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“Risk society is aatastrophicsociety.”
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Chapter 1

Introduction

1.1.INTRODUCTION

It seems that disasters and large-scale onesticydar, are becoming an inevitable part
of modern societies. Such calamities as typhooms, @arthquakes and strong tsunamis
are taking place all over the world, endangering tlves of people and their
possessions. Indeed, a disaster can be considedesaster if a natural or manmade
hazard is coming in touch with, and is devastatingan, cultural and economic assets.
As an example of a large-scale event shaking thédwee may mention the recent
earthquake and tsunami of 26 December 2004 in Asgahurricanes Katrina and Rita
in the United States (Autumn 2005) and the vashgaake in Pakistan (October 2005).
But let us take a look at the following:

The Chernobyl accident occurred on April 26, 1988Jkraine (then part of the

Soviet Union), when the unit 4 reactor of the Clobsi power plant suffered a
catastrophic steam explosion that resulted in a, fa series of additional

explosions, and a nuclear meltdown. It is regardedhe worst accident in the
history of nuclear power. Because there was ncagomient building, a plume of

radioactive fallout drifted over parts of the west&oviet Union, Eastern Europe,
Scandinavia, the United Kingdom, and the EasteritedrStates. Large areas of
Ukraine, Belorussia, and Russia were badly contarad) resulting in the

evacuation and resettlement of roughly 200.000 leeop

The September 112001 attacks are among the most significant evientsave
occurred so far in the Z1century in terms of the profound political,
psychological, and economic effects that followedhe United States and many
other parts of the world. Then, a series of co@i#id attacks upon the United
States was performed, in which a total of ninetieackers simultaneously took
control of four U.S. domestic commercial airlinecsashing airplanes into the
World Trade Centre in Manhattan, New York City —ttb@f which collapsed,
and the U.S. Department of Defence headquarteesPtntagon, in Arlington
County, Virginia. The official count records 2.986aths in the attacks.

In August of 2002 a 100-year flood caused by overeak of continuous heavy
rains ravaged Europe, killing dozens, dispossessimmyisands, and causing



damages of billions of euros in the Czech RepuBligstria, Germany, Slovakia,
Poland, Hungary, Romania and Crodtia.

* The 2004 Indian Ocean Earthquake, which seismic embmmagnitude was valued
at least 9,0 on the scale of Richter, killed folilegvvarious sources up to 285.000
people (Lay,et al., 2005), making it one of the deadliest disastersndern
history.

* The Kashmir earthquake 2005 was a major seismabdisturbance, registered
7,6 on the moment magnitude scale of Richter. Th&isani government's
official death toll was 87.350. Some, however,mate that the death toll could
reach over 100.000.

» The official death toll of hurricane Katrina (200S)estimated at 1.325 and over a
million people displaced. Devastating the city oévN Orleans, the damage is
estimated to be from $70 to $130 billion, makingtrikea the most expensive
natural disaster in U.S. history. Hurricane Ritas e seventeenth named tropical
storm, ninth hurricane, fifth major hurricane, asswtond Category 5 hurricane of
the 2005 Atlantic hurricane season.

The sizeof the event is the distinguishing feature thatamall these adversities,
characterised by vast devastation to physical ptp@es well as often stunningly high
human losses. The unprecedented rage of thesesewakes them appear on the top of
the agenda of both public and academic debate. Mbeu of questions arise in this
respect, however. Some of the most obvious arethfgse devastating events to happen
again in the future? How vulnerable are we to sexnts if they hit us again? Can we
prevent such calamities from happening in the &R2uknd: can we prepare ourselves to
these events?

These questions, although they may seem simplse faindamental issues of
attitude towards disasters in contemporary sosieti®e may notice that risk, and
especially very low risk (of a very big event) iedted differently by individuals than,
say, prospects for benefits or the chance of goe#. | This phenomenon was first
observed by Kahneman and Tversky as a duality ofsae making (see Kahneman
and Tversky, 1979). The so-called ‘certainty effédéscribed as giving less weight to
outcomes that are merely probable in comparisonutcomes that are realized with
certainty), following the authors, contributes iekraversion in situations involving
certain gains, and to risk seeking in situationsliving certain losses. According to
prospect theory, people tend to underestimateiskeof losses (in our case, an unlikely
but still possible disaster). Even moibid, p.286) “small probabilities of disaster are
sometimes entirely ignored.” The consequence afiththat individuals (who, after all,
are society’s constituents) do not properly pregarean adversity, and are completely
taken by surprise when it strikes; a phenomenoinviaa directly observed in the recent
case of hurricane Katrina (2005) devastating tfe @i New Orleans. This drama has
taught us that the awareness of disasters as smmafice-high consequence events
should be raised in order to help avoid futureufais. Actions to be taken should in the
first instance include gaining insight into the gesses behind a disaster in an
established complex system, followed #ypriori scanning of potential directions in
which the economy may develop after a shock. Howeveas not possible to think

1 A 100-year flood means that a flood of this intgnmay be expected to occur, on average, onceyever
100 years.



about steering socio-economic adjustments and eggavithout intimate knowledge of
the nature of a disaster. This particular issue lesome the pivotal point for the
commencement of our inquiry. We shall start withtth

1.2.DISASTERS AS A‘T HEME’

A study of the impact of natural disasters as atidistiplinary effort requires
knowledge of the laws of nature, the engineerirgperties of physical structures, the
working of economic systems, the sociology and pslagy of individuals, the
institutional settings and the political processekind the planning and implementation
of precautionary measures, recovery, and recorigirue- in short, a multitude of
disciplines and sub-disciplines. In this thesis, strall concentrate on only one such
dimension, namely the economic side of the ‘nareatbehind a disaster. However, we
should be aware that influences from all theserdileéds make themselves felt in the
economic sphere. Occasionally we shall encoungmnth

We shall proceed this Chapter with the justificatand the problem statement for
our research, followed by the description of thaegal research design formulating the
scope, aim, research questions and our ‘philosapélyind disaster modelling. We shall
conclude with a general outline of the thesis.

1.2.1. Why the Need for Such a Study?

The current study covers the modellingméjor disasters, i.e. events of a scale that
have rarely taken place before. One of the questibat may come up with respect to
the chosen domain of research is: why care abath peculiar, uncommon, almost

abnormal events if these are unlikely to happenw@y should we bother about the

methodology for loss estimation if most probably sisll never experience a disaster in
real? This is a fair question, to which US Natiofdsearch Council (1999, p.39)

provides a clear answer:

“...ex postmeasurement by itself does not directly address[th] primary
purposes [...] for quantifying indirect effects. Detening appropriate amounts
of resources fowictims of disasters cannot wait until after a disaster] [...
Valuing mitigation requires estimation of expectleds savings over time.
Measurement of actual losses from one particulaniegontributes only limited
information for that purpose. Finally, planning egency response necessarily
must precede a disaster.”

Provided this, we may justify our choice of subjestthe grounds that exploration
of major disaster consequences is a vitally impartask for contemporary societies in
view of their sustainable developmenbjectives (see Brundtland Report (UN, 1987),
as well as UN International Strategy for Disasted&ction, UN\ISDR 2001). However

2 Here we interpret the term ‘sustainability’ in thay it is generally understood today, i.e. as ingehe
needs of the present without compromising the tgtolf future generations to meet their own needsg h
following the UN Brundtland Report (1987), p.54.s&inability is a helpful concept to be employed in
thinking about major disasters, especially if lidkéo the concepts of mitigation, adaptation and
resilience, which will be discusses later in thisdis.



unusual a catastrophe may seem to be, its ardvalat be completely excluded and we
cannot afford ignoring that. In this context, weaakhould refer to the precautionary
principle (see World Commission on the Ethics ofieBStific Knowledge and
Technology, COMEST, 2005). According to this prplei an activity should not be
undertaken if one may expect that it will bring stamtial or irreversible negative
effects. In the case of disasters, one can alsopirgt it in a slightly different manner,
i.e. in terms of activities or policies that hawe lie implemented, because idleness
(‘doing nothing’) may lead to an incident, the cegsences of which cannot be
precisely estimated in advance, but may be expdotdwve serious negative or even
irreversible effects on the entire economy or dgcikt the moment that it does happen,
it will be too late to think of how it could haveeén prevented or how we could have
prepared for it. In order not to play blind, we awe be aware of the scenarios with the
worst expected outcomes. Indeed, therefore we redn-depth study about the
expected effects and consequences of major cademiti

Another question to ask is whether we do need ferdifit kind of analysis of
large-scale disturbances; that is, when compared with the rarmdf studies on
perturbations of a more conventional (‘marginatale. For this, we shall again consult
the US National Research Council (1999, p.40):

“The abruptness, impermanence, and often unpretegiémensity of a natural
disaster does not fit the (usual) event patternnupdiich most regional
economic models are based”.

We may take this to suggest that we need new whtfsrking about disastrous
events on a grand-scale. The nature of a disasemumes substantial harm being
brought to a socio-economic system, thereby prdpagan uncommon disturbance
throughout the entire system. This feature of agragting force is shared by almost
all major calamities. In fact, as we shall showfpitces us to adopt a different kind of
models in order to analyse the essence of thesereoces.

Finally, one may wonder, however, whether the figdlisaster analysis exists at
all. The point here is that because economic ‘tafplse theory’ is a compound of
studies carried out by scholars of many backgroutidsexistence of a field itself can
be questioned. To this end, Alexander (1997, p.2fns that so far one may observe
that:

“Disaster studies involve a distinctive amalgam awfademic and practical
considerations, theoretical and applied concemisiasand physical sciences,
natural and technological phenomena, and structamad non-structural
mitigation methods. The field has benefited from tnsion of opposites created
by these dualities, but development has been ted by the contradictions that
they imply.”

This observation about the fragmentation withinadier studies into sub-fields
and specialisation has a number of implication®rting to Alexanderiid, p.298).
Among others, he mentions first that due to a latkadequate cross-disciplinary
training, what he calls ‘the wheel of disasterofogyconstantly being reinvented by
specialised practitioners and academics who areangaof previous work outside their
own field. Next, there are few agreed standardstlaget is no consensus on the body of
general knowledge on disasters. Finally, failurappreciate developments in the fields
other than one’s own means that attitudes areteaty re-calibrated and innovations
in theory are not easily propagated.



Views like the above have strengthened our opiritaat the field of disaster
analysis is not a coherent one, yet is emergingnathdeed time to maturate into a full-
fledged academic field. In the meanwhile, howewke lack of consistency and
communication between researchers has in fact daasenumber of problems.
Alexander {bid) points to the following ones: in the modern wodeath tolls have not
fallen dramatically in response to improved mitigaf large-scale transfer of
technology has not occurred, and more generalbastier relief has not been adequately
combined with mitigation and economic developmdittis is in particular true with
respect to developing countries rather than deeelames, where these findings should
receive a more nuanced interpretation. However thiheat of high victim tolls is still
present in modern economies, where advanced defamasures often have created a
feeling of false security, thereby stimulating thBow of economic assets as well as
inhabitants to the hazard prone areas. Examplesharénhabitants of New Orleans,
‘unexpectedly’ hit by hurricane Katrina; and thglhdamage potential (both human and
economic) in the Western parts of the Netherlandi®re polders reach a depth of 5 to
6 meter below the sea level, and flood standardsiarsome places, set to as high as
once in 10.000 years. These issues, in particutlamected to the case of the
Netherlands, will be addressed in detail in Chapieand 8 of this thesis. We may see
from the above that both theoretical and practittalensions of disaster management
have suffered because of a lack of developmeritarfield. This thesis is an attempt to
provide anintegrated analysisand augment to the body of knowledge in disaster
research, and in particular the studies of the @tdnm consequences of major
adversities, thereby focusing on those circumstamgdeereeconomic structurandsize
or scaleof the disaster meet.

1.2.2. What is the Problem?

There are at least three reasons, as we have grgiamed, to initiate research in the
field of disaster analysis. However, there are mpaths to follow, and one needs a
certain lead to select a particular direction forirzquiry. For us, this lead was provided
by the realisation that there was a fundamentablpro at hand. This awareness was
triggered by a project in which we were involvedhe early stages of our work.

This research originated from a case study of tt@nemic consequences of
natural disasters in the framework of the Delft sBén Project “Consequences of
Flooding”, under the research therfRisk due to flooding”that was finished by July
2003 (see Delit Cluster Reports: Van der Vegral., 2003b; Roos and Roct al.,
2003; Gautam anWan der Hoek, 2003; Reinders and Ham, 2003; Satyl., 2003;
Asselman and Jonkman, 2003; Jonkman, 2003; Asseaméiieynert, 2003; Krom and
Goovaerts, 2003; Galanti, 2003; Calle, Knoeff arethe¢ij, 2003; Van Mierlcet al.,
2003)? The project team, next to ourselves, includedeagjlies from the Public Works

% Delft Cluster (DC) is a research cluster that udels six beta-institutes (Delft Technical Univeysit
TNO, Delft Hydraulics, Geo Delft, KIWA and UNESC®HE) advancing the knowledge and offering
expertise in the issues that are found on the ofwature, culture and infrastructure. The Clustes six
core research themes, namely, Soil and structus; dRie to flooding; Urban infrastructure; Subsoefa
management; Integrated water resource managemedt;Tachnical knowledge management. More
information can be found on the website of DelfasEér, www.delftcluster.nl.

* These reports are also available online from M. library.tudelft.nl/delftcluster/.



Department, Ministry of Transport, Public Work anwWater Management
(Rijkswaterstaat), TU Delft, TNO Bouw, WL Delft Hyaulics, GeoDelft, Alterra,
Delphiro and CSO. Various aspects of disaster apresgces were studietiter alia,
the hydrological, environmental and geophysicalspmeman loss, construction failure,
and others. The task of the Twente group, in wkiehpresent author took part, was to
outline a methodology for economic damage estimadiod to provide a calculation of
expected loss based on the hydraulic simulatioa loypothetical flood in the province
of South Holland (we shall return to this studyGhapter 7). This meant, that already
from the very beginning of the trajectory, alongsidith getting acquainted with the
literature in the field, we had to deal with emgerrelated inquiries.

The assessment of expected damage figures on ythathetical case was most
revealing. The study illuminated that there wasaek|of commonmethodological
ground for economic damage assessment, which ntbanta generally accepted
interpretation of the disaster situation was nat)yavailable. Being confronted with
this, we decided to direct our efforts at the ergion of the issues in depth after the
Delft Cluster Project was over. We started to ldok ways to develop amtegrated
theoretical framework capable of a consistent reflection of possible neseand
respective choices to be made at each stage oflifaster drama. This goal has
determined the course of our further research.

The exploration of literature concerning economignsequences of natural
disasters provided the definitive orientation ofisthresearch towards further
methodological inquiry into economic damage estiomat This revealed a wide
diversity of research in terms of models used, dgrdefinitions applied, and purposes
served. The existence of these differences achesstudies certainly undermined the
comparability, and in some cases, also the validityesults. Another point was the
identification of ‘weak spots’ at which contempagramodels fall short behind the
research needs. The connection between the tresdrfamework and empirical work
was not always clear, especially in the represemtadf the spatial dimension of
catastrophic events. The interpretation and appdicaof theoretical concepts in
empirical assessment varied greatly among variolslars (where a particularly severe
situation appeared to have emerged around the puadsation of the concepts of
‘direct’ and ‘indirect’ loss), as well as transpacg in model formulation was
sometimes missing.

Simultaneously, we discovered that the need fateipth research in the field of
severe unscheduled events grows, fuelled by thegriswareness of societies about
climate change and its possible implications. F@neple, Boorsma (2005), providing a
reflection on the evolution of the modern welfatates under the conditions of climate
change, greying of population and terrorism threatarns about the unprecedented
scale and pace at which those risks are developirfgct, the search for answers seems
to have resulted in a growingap between the needs to solve the problem of major
disasters and their consequences, and the insufficapacity to tackle it.

® A number of authors plea for integrative approacimehazard management. For example, Hoekstra,
(2005) claims that water management in the contéxglobalisation, climate change and increasing
uncertainties cannot be considered as a subjexigifieering solutions apart from the broader fraoréw

of sustainable development.



1.2.3. Our Vision

We decided to take a fresh look at the issues radl,htnereby necessarily abstracting
from many specific aspects (to avoid too big scaipthis level). We shall start from an
interpretation of thg@re-disastersituation in terms of the well-known economic aiar
flow concept. This, we believe, should provide tlezessary benchmark position for
further analysis. The need for analysis on theclasgale, like a region or a country, has
dictated us the choice of the scope of our studly ifocus on the meso-macro level of
industrial activity. For this, the circular flow Boept will be employed as a ‘platform’
through its notion otuninterrupted(circular) flow, which provides the backbone for
studying the destruction brought about by a bigstisr.

Subsequently, we interpret the economnipactof a catastrophe in terms of the
disruptions of the pre-disaster circular flovThese disruptions have a multitude of
consequences. They mean, e.g., that expected(fioasumption) demand will not be
available. Other consequences are that those hépiragjob will not find employment,
and, hence, will not receive a regular wage. Sdspaf final consumer demand that
have been produced will not find their hoped foydns. Simultaneously, many of those
who suffered a loss, will look for solutions to irope their situations. Finally, all these
effects again have a momentum of their own, thefayng claims on still available or
accessible resources at an unprecedented scale &nout that later).

Thus, we shall look at the disaster's impact imterof disruptions of the pre-
disaster circular flow of goods and services. Tloeee we need to find a way of
looking at the economy that can capture this nosatisfactorily. To this end, and
perhaps surprisingly, we shall employ a model thimessesinteractions that is,
circularity. This leads us to a search for framewsahat would be able to express the
myriads of interconnections in a modern indusizedi society including the
‘translation’ of these interconnections into ‘pradkl like economic surplus and net
output. This again leads us to a so-called intdusitry or input-output type of models
where industries or sectors form the productiveec®o be more precise, we arrive at a
multi-sector type of model based on teehnologicalproperties of industries. That is,
we will be looking at industries in terms of thgiroduction functions, and, more
concretely, the way these production functionsriotk. The technology ‘in place’
therefore provides much of the necessary strudinrégace the pattern of physical
disturbances that are at the hart of our explamatio

At the same time, we also shall look at what mayéléed social or institutional
rigidities. These have not (yet) found a solid plagthin today’s catastrophe literature.
Yet, we feel that these are most important in prieting the effects of a disaster. The
term shall be used by us to distinguish specifiularities that play a dominant role in
modern economies. One such rigidity concerns ol lef consumption. In our modern
societies, this level plays the role of a kind ofclaor, in the sense that large
fluctuations, possibly due to external circumstanaee to be avoided, even at large
efforts. A similar role is played by the ‘imperaivof employment. Keeping and
restoring employment opportunities belongs to tlestnimportant tasks for nearly any
government in a disaster’s aftermath. In our maagléfforts, in the later Chapters, we
shall repeatedly come back to this.

® Clearly, this approach presupposes the existehaea®ll-established accounting system, that presid
a good reflection of the actual economic activity.



We are facing other issues. As said, actually vedl &ie looking at disruptions, so
at alack of interrelations caused by the disaster. Herérnelogy (thus) provides the
core, and losses can be described in real termwety, we also should be able to
express ‘costs’ in a money terms. That is, we shbel able to analyse the disruptions
in terms of monetary flows. But then, how to thatbout ‘disruptions’? Actually, we are
entering an area that is thus far a patéala incognita

We shall also discuss economic models. These wilnbdels of the meso-level,
focusing on interactions at the industry and imbelustry levels. This choice is
deliberate because both the macro-level, withatzi$ on the national aggregates, and
the micro-level, with its focus in the individualkegson or agent, are not entirely
appropriate to address questions of preparatignaftit dealing with the risks of really
big disasters. To that end, one most urgently needsodel type that enables the
researcher to focus on what may be its most chaistit property, i.e. the disruption of
existing interactions. To that end, a most impdrteandidate family of models is
provided by the now available input-output modélswever, these models also have
certain drawbacks. In fact, they are, despite therel’, somewhat unlikely candidates.

The problem is that much of modern input-outputlysia deals with impact
studies in so-calledpeninput-output models. This type of model is an eberglvehicle
for determining the ultimate effects of changesamsumer demand on employment,
imports, and other affected categories. The ‘bridgegrovided by reasonably stable
patterns in inter-sector or interindustry trade, i8dhe standard approach we rather are
looking at ‘interaction’, not ‘disruption’. As wehall show, to study disruptions in the
industrial networks, we shall have to go back t® Ibasic building block, the sector’s
production function. As we shall see, this will pide a means to analyse the changes in
inter-sectoral trade as a consequence of the opaast Interestingly, to study
disruptions, we shall go back to very early inputput forms introduced by Wassily
Leontief in the 1930s, the so-calletbsedones(Leontief, 1936, 1937). The closed
models in particular stress man’s dependence orittiee economy in producing his
consumption basket and, most importantly, in priogjdhe desired jobs. In our view,
closed models are better in bringing to the fore tany dependencies that exist in
modern economies. Unfortunately, the now availdbéoretical apparatus is not very
developed. This is the reason why we devote mu@ntain to this issue building up
our model in Chapter 6. In fact, we start from dpen model, but for the adapted input-
output disequilibrium transformation that we offee essentially ‘close’ the system.

Disruptions or imbalances, when interpreted in teahstable proportions, may be
seen in way that some goods are overproduced wttilers are underproduced. There
literally is no balance anymore in the economyha sense that quantities demanded
equal quantities supplied. We even may have toifagkeviously existing productive
activities are still there. This actually pointsaatlifferent problem to address, and to a
different model tradition. (We recall that the L&eh input-output model informs us
about the outputs needed to produce a specifiplissir i.e. final demand. It does not
have the possibility to inform us about dispropors in the light of a specific societal
goal). Actually, there is an alternative approaging back to Von Neumann (1945/46)
that has a different philosophy, although the batgas were put forward already in the
1920s and ‘30s. Von Neumann was the first to detid growth problems in a multi-
sector setting. He thereby focused on one veryiabgpe of growth, i.e. balanced or
proportional growth throughout the economy, thatisase where all industries grow at
the samerate. Von Neumann showed that normally there gxise particular uniform
growth rate. What makes his approach interestimgufois that he, concentrating on



finding the right inter-sectoral proportions fordraced growth, also showed that, in the
light of this particular goal, some industries bmeosuperfluous in the sense that their
products are not needed in the produced amounisimplies that these industries may
oversupply, and that their products, now redung@ast a certain quantity, will receive a

price zero. Stated somewhat differently, most inguty, we can also derive that

certain industries are the real bottlenecks to gmpwvhich is the other side of the

‘overproduction’ coin. That is, the overall growtate could be higher if their output

could be increased.

There is an interesting methodological backgroundedying Von Neumann
approach. This goes back to a view put forward bll&singer at the mathematical
Seminar conducted in Vienna in the early 1930s. gdtoans (1951, ppl-2) mentions
that Schlesinger formulated a suggestion, also nhgdéeuthen, that economic theory
should not only explain nonnegative prices and tties, but should also explain
which goods are scarce and which are free (manigebad concentrated on systems of
equations which should produce the desired nonivegatutcomes for quantities and
prices). Von Neumann accomplished a quite diffetask. He introduced alternative
methods of producing a specific good, and allowadjdint production. He obtained
statements on goods (which are free and which atg but also on the available
technologies (which are used and which are not)ugddo, he firmly established the
notion of a circular flow as a situation where coadities are simultaneously inputs
and outputs in an interconnected system of productelation. Because no outside
inputs or resources were required for, the modehive a closed one. In this sense, Von
Neumann’s model is quite different from Leontiek&n Neumann’s model has always
been used to study expanding economies. Most sitegly, as we shall see, it can also
be used for studying contracting economies, ash@ndase of economies that have
experienced a severe blow, see also Kemeny, Mayenand Thompson (1956) and
Morgenstern and Thompson (1976).

Later on, in the late 1950s and the 1960s, thenbath growth model provided
benchmark scenarios for growth studies employirgttinnpike ide&.In those models,
labour is treated just the same as all the othedymtive resources; i.e., it may either be
oversupplied resulting in unemployment, or be usdpplied acting as a bottleneck.
This aspect seems to be of particular use for usconomic disaster analysis, where
people, treated here as a production factor, aistb(ted) employment opportunities in
the immediate calamity aftermath may not matchsTheans that human resources are
not used to their utmost because of unavailabiftyobs, in turn implying that those
without jobs do not have the means to sustain telms; both are a problem and need
a solution.

The multi-sector models we shall discuss are knéwrtheir ‘rigidity’. That is,
the production functions are of the so-called latigdnal type. One property of such
functions is that price changes do not induce #ukisins between input categories; the
technology is fixed, unlike technology in neo-claak production functions. (So, if an
industry wants to react on price changes, it haadopt an alternative technology,
which then —hopefully- is available).

" Seed also Chacko (1976) for additional detailtenhistorical background of Von Neumann’s model.

8 The turnpike theories of the 1960s and 1970s disamli so-called fastest routes towards goals such as
reaching full employment, increasing consumption lpgad or a better distribution of incomes; see e.g
Tsukui and Murakami (1979)



However, next to technological rigidities, theresalare what we shall call
‘institutional rigidities. We shall give these an interpretation somewtiid¢mnt from
the well-known organizational or governance rigeditsuch as analyzed in the New
Institutional Economics (see e.g. Williamson, 200@enard and Shirley, 2005, and
many others). In fact, we shall stay rather clasthe models at hand. The background
of our decision to introduce this wider type ofidiges is given by motivation that if we
think about disaster and recovery, we must take actount that labour and industries
are quite different in terms of their pre- and pdisaster characteristics. Labour is, in a
sense, much more mobile than most industries caimlm&ases where sufficient warning
time is available, labour often has survived toaamazing extent. However, we shall
focus below on two aspects that are dominant fagtoany economy. The first one is
that households’ consumption demand remains rerbbrikeonstant over the years.
Following neo-classical economic theory reasonithgs can be seen as consumers,
having chosen a basket of goods that maximises tidity, keep consuming it.
Keeping this in mind shall be a determining fadtorour research. The other factor
concerns the ‘dogma’ of full employment. Whichewgrissitudes an economy may
suffer, full employment always is at the top ofpt#orities. Later on in this thesis, these
two factors will be the determining elements foe fiost-disaster recovery trajectory.
(In this sense, it replaces Von Neumann’s propoaficgrowth objective). In model
terms, this leads us to a model that is ‘intermedidbetween Leontief and Von
Neumann. With its help, we arrive at the novel @apicof theBasic Equationin
Chapter 6, which brings together the post-disdstétenecks.

There is one more important methodological poiat the should mention at this
point. As observed by several authors in the disasimmunity, input-output modelling
makes it possible to look at the ‘inside’ of thengex inter-industry linkages within an
economic systemIn this thesis, we shall expand this notion inatve perceive, is a
novel direction. We should recall that the inforiaatin an input-output table is based
on localisedproduction and consumption activities. That is, floev and stock data are
aggregation totals based on the compilation ofviddial establishments. We shall
employ this property to describe the impact of sasier. To this end, we introduce
certain adjustments to the basic model to capture tomplex disaster and
reconstruction scenarios, thereby taking accoumhahgesn the internal structure of
the economy and its external links. In fact, wellspat forth amodifiedinput-output
framework which is, as we shall explain, specificaluited for disaster analysis and
what may be called ‘disequilibrium accounting’. fh@rmore, it can be used as a
starting point for projections in recovery scenaramd the modelling of precautionary
measures and policies.

Many issues will be dealt with ‘along the way'. Agen, we stresphysical
disruptions. But what about economic coStsVe shall emphasise that it is important to
define clearly what is meant by ‘economic costsd amow they are measured.
Essentially, two types of costs are met in therditére, direct and indirect losses.
Broadly defined, direct losses refer to physicaindges to property and assets, and
associated losses of circular flow, stemming diyeftom the ‘interaction’ with hazard.

°See, for example, Cole, Pantoja and Razak (1998)s{1997), Shinozuka, Rose and Egu¢h998),
Okuyama, Hewings and Sonis (2002).

91n the scope of this thesis, we choose to focuthereconomic side of disasters, and especiallfnen
economic costs in terms of interruptions of ecomffiw. We explicitly abstain from addressing other
dimensions of disasters connecteder alia, to the loss of human lives, the valuation of esteat have
cultural or historical value, or other non-markssets.
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Indirect losses are, in turn, often connected terraptions of business operations
throughout the economy. This implies also, thatlevdirect calamity consequences are
often a matter of measurement, indirect lossesimequore than that; namely, some
inference into the processes of disruption andvego In addition, a number of other
essential elements comes to the fore in the dismuss disaster losses, which are
connected to the choice of perspective, be it irror economic; and the choice of the
valuation method. To keep the appraisal of losses@ated with a disaster consistent,
one should also exercise caution with regard totwhan the literature referred to as
‘double-counting’ (we shall extensively discuss seissues in Chapters 2 and 3).
Effectively, this concerns the awareness of the¢ tiaat assets, involved in production
activities, can be measured either as stock, @ioas Essentially, with the exploitation
of stocks, flows are produced. For example, machiaad equipment are stocks; at the
same time, when used in production processes,giveyrise to the flow of new goods.
If such capital assets are accounted as lost l@aséukeir stock value (e.g., replacement
value), then the flow of goods that will not be gwoed by them are already taken
account of. This implies, that counting both thecktand the flow values of the same
asset means counting it twice. Finally, time aspafcicosts should be considered
explicitly. While in the immediate disaster aftetmaonly direct physical losses are
observed, in the medium run indirect losses frosirmss interruption surface. Because
we select to have the pre-disaster development gmth threshold to which the losses
should be related, we shall propose that costsaaflamity may be defined depending
on the trajectory the economy will (or wishes to)ldw after the catastrophe. This,
evidently, makes planning in the form of contingenenarios essential. Other issues
concern the time aspect, and the role of typicaladyic modelling. Finally, we should
stress that we make a distinction between type®mnoérgency assistance such as
personal aid and assistance, clearing deletissetera and the systematic recovery
efforts. We basically shall only look at the latter

1.3.RESEARCH DESIGN
1.3.1. The Scope

A number ofchoiceshad to be made when we were setting the agendauforesearch.

First of all, in this thesis we are focusing on the exalion of the effects ahajor
disasters. These are significantly less studied sinaaller or ‘marginal’ shocks. The key
difference between the two is that, under normauenstances, impact analysis is the
usual instrument to discuss ‘minor changes’, iisruptions that do not endanger the
stability of the system. Large-scale adversitiesthe other hand, impose disequilibrium
and structural change and affect an economy ireitirety, whereceteris paribus
assumptions are almost impossible. This meansntlagdr disaster analysis requires a
new kind of models to investigate the nature ofpfeesses behind efforts to achieve a
new equilibrium. We shall concentrate on such apghes.

The next choice that had to be made is the context in whlishsters and their
consequences can be studied. Clearly, many aspeattse considered and many paths
can be followed. Among these are the economic,tipali social, sociological,
environmental, ecological, cultural or psychologiespects of calamities. Because
these problems have many aspects, it is impossilever all of them in detail within
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the scope of one manuscript. For this reason, wesshto narrow our research to the
study of one particular dimension of disasters, élgntheireconomic consequences.

Third , it appeared that disasters have very differenphemic consequences in
developed and developing countries (which we wdllir@ss in more detail in Chapter
3). This may imply that different modelling frameske have to be employed for each
particular type of analysis. Considering this diffece, we have opted for the
exploration of impacts in the modetmeavily industrialised societigsther than in the
less developed economies. Considering the complesit modern industrialised
networks, we decided to focus on the effects thaadverse outside shock may bring,
disturbing the established balances and links withdse networks.

Fourth, disaster analysis may serve different purposesying from implications
for national policy-making to raising the awarenessindividual risk perception.
However, it appeared that many studies are to fa dégreead hocmade with different
conceptualisations of the term ‘damage’. A concalptugeneralised methodology
seemed to be the missing link between the empiggamination of consequences of
real disasters and policy advice. Filling this gafth a very diverse literature at hand,
turned into a challenge at large. However, we detith direct our efforts at the quest
for a better, more coherent and more geneethodologyputting it at the core of our
research. Therefore, this study has obtained adtieal-methodological focus.

Fifth, the study of the literature on disaster analfisis shown a greatriety of
research at several levels. Often studies are rigokito the effects of an adversity on
the micro level, i.e. the economic consequencepdoticular businesses or groups of
people. We should not underestimate the value e$ehinferences; notwithstanding
that, it was found that studies of the effectslmdconomy-wide level are substantially
underrepresented. This means that little is knoWthe loss of interconnections and
links between the economic agents at large, whidh particular essential for getting
insight into the consequences of major calamitiéish this in mind, we have decided to
direct our inquiry on the analysis of the linkagasl relationships within the economy
at the national level.

Finally, the origin and nature of disasters, be they man-made or natural, are
essentially of little difference for our investigat. In the current inquiry we opt for
inquiries into the substantial disruptions brougitd an economic system by a hazard
without particular reference to causality. We skgubint out, of course, that the nature
of a calamity determines the character of disturbato a great extent (like damage
caused by flash floods would be different from artlequake, a drought, an outbreak of
a pandemics or a nuclear explosion). However, encitntext of this study we shall not
pay specific attention to the origin of a disasivertheless, because our case study is
situated in the Netherlands and deals with largdesitooding, for convenience sake we
shall make reference to natural disasteough our findings and methodology have
broader applicability.

1 For more insight into man-made or ‘manufacturésks in the context of modern societies as opposed
to external risks (natural hazards), one may corthel works on risk society, for example, by Ulrich
Beck (1992) and Anthony Giddens (1990, 1999).
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1.3.2. The Approach

Thegoal of the current inquiry is thus:

To develop a methodologically consistent framewatk a good grasp
of the complexity of connections within an indadised economid
network; suitable for the reflection and analysi§ thhe economig
consequences of a severe disaster; and which nsaybal used as a toq
for policy analysis of both pre-disaster precaution measures and
post-disaster actions directed at targeted recargton and recovery.

The goal as it is formulated above contains thfements that are at the core of
our investigation: the reflection of actual proesssn the wake of an adversity;
modelling the consequences of an adversity, andptiiey dimension. In order to
achieve this goalresearch gquestionswere formulated providing structure to the
inquiry. The following questions and sub-questiamse identified:

1. What is the essence of a disaster in a contempecanyomy?
(Chapters 2 and 3)

a. How can we define a disaster?
b. Which concepts are essential to describe a displsesromenon?
c. What kinds of economic effects of disasters caiubatified?

2. In how far is it possible to model the impact afisaster in an economy as a
complex interrelated system in a consistent way?
(Chapters 4, 5 and 6)

3. How can meso-level economic modelling help undedsthe way modern
economies may deal with disasters?
(Chapters 6 and 7)

4. How can this methodology contribute to the formiolatf the role of policy
in addressing disaster consequences and prepasddritesse in modern
industrialised economies?

(Chapter 8)

a. To what degree can disasters in contemporary $egie¢ prevented?
b. In how far can contemporary societies preparedisaster and how?

The above guestions raise an array of fundamesgaks not yet well covered in
the respective literature. Another set of issuescems methodological aspects of
modelling economic consequences of a calamity. Hegracture and transparency are
sometimes missing. Lastly, we are also touchingithpe issues connected to economic
policy-making. From an economic perspective, weraostly interested in the analysis
of actions and measures, their suitability withpees to the purposes served, and the
identification of such economically grounded pugms
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To address the research questions, we need tdigistabsuitable framework, a
mode] in order to be able to incorporate various elasehdisaster analysis we would
like to study.

We are of the opinion that disasters are complenpmena that in fact consist of
multiple processes. This implies that we may amaily divide those processes into a
number of stages. Applied to modelling, essentiallych an approach based on a multi-
step procedure should make an analysis of econsystem performance after a shock
more transparent and controllable. We suggest értheoways one may think about
major catastrophes and their consequences iféee alia Steenge and Ré&arjova,
2007). These can be considered the building blotkshat can be deemed as a novel
approach in economic disaster analysis. Ultimagelyzree-stage procedure is proposed.
The first step is to get a proper perspective @nrthture of the economic disruptions
brought about by a hazard. Here it is importantay attention to the emerging market
disequilibrium and mismatches in the disrupted eoun network. The second stage
consists of addressing the post-disaster imbalaameés systematic investigation of the
options open to an economy when entering the peaster period. Multiple paths can
be followed; the challenge is to identify and motlelse of them that are most likely to
happen or are most preferred. During the third estag special type of cost-benefit
analysis of variougx-antepolicy measures is suggested, based on the geagmbph
dimension of the catastrophe. We envisage thataptemary measures, if taken,
impose costs; at the same time expectedly theyldlodier better protection or reduced
losses as a gain. On basis of respective costbanefits of various measures, their
feasibility can be analysed.

For the projections in the future development guobses and processes with the
prevalence of uncertainfy scenario analysidbecomes a way out to analyse at least a
number of selected trajectories. The essence aeflilnsss of scenario approach in
disaster analysis is apparent: by formulating sgesa those variables that are
essentially exogenous can be endogenised, thusag@gevaluable inferences in the
possible aftermath processes. The art of formgatirenarios is hidden in two boxes:
first (following Duchin, 2006), formulate fruitfldlypotheses leading to meaningful and
ingenious inferences; and second (following Fontatal Rueda-Cantouche, 2004),
translate the narrative of a scenario into the @mpete variables or parameters
comprising a particular model. If the researchesuscessful in applying this approach,
it adds to the development and testing of a thetbwy additional dimension of
exploration of future option and their systematiterpretation, being a noteworthy tool
for policy advice and action planning. With thisetcircle of theoretical analysis, future
simulation and decision-making support is complete.

So, recapitulating: we have observed a great variatapproaches at disaster-
related studies. In our view, there is a need fanmon ground and integration to bring
the existing notions and concepts under one umjfyoof. Particularly urgent is the
situation where a very big catastrophe, naturalmanmade, hits a highly developed

2 Here, we might find a parallel with the famoustidistion that Frank Knight, made between ‘risk’
(which refers to situations where the probabilifyan outcome can be quantified by means of known
probabilities) on the one hand, and ‘uncertaintyhére the outcome cannot be quantified via a known
probability) on the other hand (Knight, 1921). imel with that, we would propose that, strictly dqeg,
major disasters, as we discuss them in this thaseshetter described by uncertainty than by N&K, in

the later chapters (see Chapter 8), we shall premenmapproach that attempts at quantifying those
uncertainties in terms of probability.
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industrial nation. It appeared that many, often atyent, opinions exist. This is a
situation that should not be accepted and shoulddikessed as soon as possible.

We shall advocate the need for a general methodmbtplatform’. In this study
that is provided by the notion of the circular flowhe catastrophe’s impact then is
modelled in terms of disruptions of this circuldow, which causes imbalances in
production and consumption. Given an objectiveeimis of where the economy should
after the disaster, recovery and reconstructiongoeans can start. We shall present a
novel type of inter-industry model that focuseshenimbalances and disproportions.

We would like to stress that we are not aiming edvjging a totally new
foundation for the construction of the disaster lgss field. Rather, we will make an
attempt to contribute to improving conceptual c@mee in the emerging field. We thus
are not aiming at providing an all-inclusive analysf a disaster outbreak; instead, we
have chosen to study one of the elements pertathgaster analysis, placing it in the
more general context of disaster policy and managggntrom a methodological point
of view, we also are not aiming at presenting thest’ model to analyse disaster
consequences; rather, we wish to suggest a gefremralework as one of the ways for
transparent and consistent analysis of disasterneodc impacts within a complex
modern industrialised economy.

1.3.3. Outline of the Thesis

Part I, Concepts, starts with two conceptual Chapters.p@ha2 describes the core
concepts in disaster analysis. We attempt to sétdedefinitions that describe the
disaster phenomena in the economic context of esgarch. These are followed by the
notions connected to the coping capacity of a aysteresponse to a calamity. These
terms are central to the analysis of system’s valmbty and resilience. They are
indispensable in the new type of thinking about anajribulations in modern
economies, as they specifically describe the aties of the disturbed system. We also
clarify the use and applicability in disaster as#yof related concepts of susceptibility,
resistance, robustness, redundancy and sustaipabRolicy-related notions of
adaptability and mitigation are described in thisa@ter as well, with the focus on the
difference between the two, namely the system-teteradaptability, and hazard-
oriented mitigation.

Chapter 3 follows this discussion with the debatmuad another set of concepts
connected to the analysis of the consequences ir radversities. Attention here is
drawn to the differential impact of disasters. Fims terms of scale, it is important to
distinguish between minor shocks, and major shdck&hich disasters belong. The
character of the impact of these two types of shatdtermines the scale, and thereby
also the approach to be taken to analyse thesectmida the case of a major calamity
we have to do with severe displacements in thebksi@d economic network. The
second difference is determined in terms of the tybeconomy affected. It is proposed
that developing and industrialised countries bé#erént kinds of burden as a result of
a major hazard. We complete the Chapter discuskmgoncept of economic damage.
We argue that the precise definition of damage ésngn a number of considerations,
where choices have to be made. The first concenes purpose, which damage
assessment is intended to serve; the economicimaaacial appraisals being the major
issue of choice. Second, the spatial and temporna¢rsions of damage have to be
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considered before the analysis is launched. Finallgvoid confusion in the application
of damage concepts in empirical studies, one hdwtaware of the measure of asset
value used in the study. Thinking in terms of sgoakd flows proves to be an excellent
guide. We conclude with providing the definitionsr fdirect and indirect economic
damage.

Three Chapters comprisingart Il, Building a disaster model, focus on the
discussion of models and modelling in and for deasnalysis. In Chapter 4 we
provide a review of selected literature dealinghwitodelling of economic effects of
major calamities. Here we concentrate on the diffee between measurement and
inference. The former, in terms of direct physiciEimage, can be observed and
measured directly; the latter — in the form of nedt economic damage — is much more
difficult to grasp, though. This means, that madegllis needed to get insight into the
interruption of production and consumption actestiwithin an established economic
network. In the light of this distinction, we rewieDutch modelling schools, as well as
internationally known approaches. We conclude wittiscussion of the choice of the
model, putting forward that input-output approabbidd prove especially useful in the
analysis of economic structure on a grand scal¢, should be adjusted for the
modelling of major disruptions brought about byaadrd.

Chapter 5 contains the outline of the standard thgputput model describing the
interrelationships within an economic system witshart historical retrospect and basic
model formulation. Given the particular ends ouquimy is serving, the analysis of
major shocks, we provide a critical review of thaxacteristics the model possesses to
be adjusted paving the way to our adapted analysis.

Chapter 6 forms the core of our investigation. \Wetswith the outline of three
issues central to the theme of disaster modeliiteytwined in input-output approaches:
the size or scale, the presence of rigidities, poticy issues present in disaster
management. All of these have to be incorporatetdisequilibrium’ modelling of
disasters. We continue with the brief literaturemiew on the existing models in input-
output circles preceding our efforts on the cordiom of a framework viable of
reflecting major disturbance. In particular, thecstled Event Matrix attracted our
attention attempting to structure thinking aroundsleock and its aftermath. After
presenting our assumptions, we set off for the riodgourney in the disaster-adjusted
input-output world. From the very outset, we decidesplit the analysis into three
stages: immediate post-disaster situation, recogéage and analysis of prevention
strategies. For the first stage, we derive whatatkthe ‘Basic equation’ as a reflection
of imbalances within an economy immediately afteshack. This is also the starting
point for stage two, when recovery paths are medeliringing the system to a new
equilibrium. Multiple paths are possible; therefemenario analysis is chosen as a tool
to deal with the uncertainty. Finally, the buildindocks of a sort of cost-benefit
analysis of preventive or precautionary measures @mesented. The elements of
vulnerability, resilience, adaptation and mitigatare incorporated in the modelling as
it is presented in this Chapter. The built up sohésraccompanied by small examples.

The Analysis partPart 11l of this thesis, consists of three Chapters, twalnith
are devoted to case studies, and the conclusiopt@haVe begin with an illustrative
calculation of industrial loss due to flooding letCentral Holland in Chapter 7. This
case is based on the hypothetical (yet possiblaulation of a dike breach near
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Rotterdam resulting in a major flooding. Essenjiathis is the data from Delft Cluster
project (see Section 1.2.2), the case we haveedtdmtilding our preliminary model
from, and with which we would like to compare trsimates made with the improved
methodology.

In Chapter 8, we continue the analysis, now draveingxplicit link between the
economic analysis of disaster consequences in gleaad our proposed model in
particular, and policy-making. Effectively, we aegthat the economic component is
indispensable for decision-making about such a ¢exn@gsue as water management
and flood protection in the Netherlands. Fortunatdiis seems to become more and
more common practice, though the transition fromuhantly engineering solutions to
a more integrated decision-making involving mutipdarties is yet in process. We
stress that this is an important development, eaibheprovided the shifting attention in
flood protection philosophy from probability managent to risk management, where
the latter is a product of probability and effect.

In Chapter 9 we conclude the thesis with a summamgin findings and
contributions, and further research agenda. We igeoa general reflection on the
model we have developed, placing it in the broadgective. We point at the role that
our proposed model may play in the light of develepts taking place in disaster
analysis and policy practice. We also provide sainsing remarks on the limitations
and issues that may become potential topics farrduinquiries or a follow up of this
thesis. One of those is found in gaining additionalght in theories emphasising the
prominent role of space, like the New Economic Gaplyy theory; another possibility
accompany theories explaining policy change, likditipal economy. Many other
aspects connected to disaster phenomenon werel@tls scope of the current study.
However, we suggest that the road to more intagraincluding inter-disciplinary,
approaches should be followed also in future wiYle conclude with suggestions for
further research.
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Part One

Conceptual Issues
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Chapter 2

Core Concepts in Disaster Analysis

2.1.INTRODUCTION

In this chapter we intend to contribute to the delma the fundamental concepts in the
field of disaster analysis is an open one. We sitédimpt to clarify selected issues and
work towards consensus on basic concepts suchsasteli and catastrophe, as well as
related concepts of vulnerability, resilience awdd@tability. What is the essence of a
disaster? Do we mean an economic or natural difaltehere a difference between a
disaster and a catastrophe? What are economic rabifisy and resilience? Are all
these mere ‘buzz’ words, or are they meaningfuhg& In the coming Sections we shalll
address these questions.

The purpose of identifying and providing a shape fitee core concepts in
economic disaster analysis can be found in the teegdin more insight into the nature
of a disaster in modern economies, to deepen terstanding of the processes behind
it, improve explicability by modelling; and ultimely being able to articulate the results
and findings to the broad audiences inside andd®itee scientific community. A well-
defined conceptual base will be the initial stefunlding our integrative approach to
disaster modelling.

2.2.\WHAT IS A DISASTER?

It is considered to be true that natural disasteostly erupt spontaneously or at very
short notice. Therefore people are often caughsuoyprise when a calamity occurs.
Usually little can be done to prevent or reducertfagnitude of a natural phenomenon.
Nature and the extent of the impact of naturalslesa on human society (number of
deaths, structural damage, insurance casts;etera do not depend solely on the
characteristics of the event itself, e.g. a stoathr strength of an earthquake. Other
factors can prove to be equally significant: foammple, the proximity of populated
areas, disaster-proof constructions and infragtractthe ability of individuals and
businesses to respond and adjust to a calamitioviah Cole (1998) earthquakes and
flash floods, mass movements, mud and snow avasndold- and heat waves, tidal
waves, droughts, volcanic eruptions, storms antatbwes “are natural occurrences. In
contrast, damage caused [...] can always be tracgddtbehuman activities. By setting
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in flood valleys man has put himself — consciouslyunconsciously — at the mercy of
flood risks.” Therefore, it is more the interactibetween the natural occurrence and
human induced systems, which leads to a disaster.

Tsunamis, floods, droughts, hurricanes and eartepuaeem to have become a
constant threat to contemporary societies. In tmt decades we have seen a growing
awareness of the devastating effects of these alatlisasters on the economies of
developing and developed countries. The World Bdhk, United Nations and the
European Union have published a number of reparthis probleminter alia ECLAC
(1991, 2003), UN/ISDR (2002), Colombo and Veterellno (2002), Freemaet al.
(2004), Arnold (2006). Parallel to this awareness mote a strong increase in the
interest in the methodology of estimating econom@msequences of disasters on
current and future welfare of modern societies.

Calamities appear to be of a dimension we hardbeggnce regularly; yet, more
and more frequently, the terms ‘disasters’ or ‘sttgphes’ are used. However, these
concepts are rarely defined precisely. This mehat bn the one hand, contemporary
societies more often face exceptional events obualustrength and consequence, and
have to find ways of dealing with them. This implidnat a new problem is now facing
the world, which needs to be solved urgently. Gndther hand, there is yet no enough
insight into the nature of these calamities andr thetential impacts. Some ten years
ago Alexander (1997, p.298) remarked: “there hasnb& general lack of holistic
analyses that treat hazard, risk and disaster grated phenomena. Many links
between the various aspects of them remain poodgrstood.” This is still largely so;
at present there is not enough adequate sciektifisviedge on the issues of disaster
vulnerability, response and preparedness. We shall by identifying the essence of
disasters in the context of our research.

We will recall that disaster analysis, and espgcitd economic dimension, is a
relatively new field of study. Alexandeib{d, p.289) makes the following observation
on this: “as befits a field in which the sociat@mmbined with the physical, and in which
some 30 different academic disciplines have a hamokt concepts associated with
natural disaster lack fixed definitions, as they ased by practitioners with very diverse
objectives and perceptions.” Quarantelli (1995Mofek this argument by stating that the
field cannot develop properly as a research enserpmless there is more clarity and
consensus on the central concepts in the fieldt iBhahy, in approaching the issue of
major disturbances we shall first try, for clarity’s sako establish the definition of a
disaster to be used within the scope of this thédangside the concept of disaster, we
shall come across a number of other terms ofted ursealamity analysis, concerning
the nature and scale of the event, the coping dgpafahe system in response to it, and
the ability of a system to adjust to a future plolesicalamity. In the course of this
Chapter, we shall cover them as well.

2.2.1. The Concept of Disaster

In general terms, catastrophes that may have disasteffects, can be usually
categorised as being of natural or man-made or{gN/ISDR, 2002). Natural
phenomena that can pose threats to humans canrbeexveather events, earthquakes,
floods, droughts, storms, tropical cyclones andibanes, wildfire, tsunami, volcanic
eruptions and avalanches, as well as epidemic shseplant or animal contagion and
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intensive infestations. Man-made calamities cargeafrom technological disasters,
such as industrial pollution, nuclear power stataifure and radioactivity, toxic waste
and dam failure; to terrorist attacks. Nowadaysegms both categories of calamities
are increasing. First, the climate change rese@mernational Panel on Climate
Change, IPCC, 2001 and 2007; and World Wildlife fatation, WWF, 2004) proclaims
substantial shifts in the global climate, incregssea levels and average temperatures,
leading to unpredicted changes in weather and rbesase in number of extreme
events. Furthermore, in the past decades, man-disdsters and the threat of terrorism
in particular, are experienced all over the worlthis has posed a new, until now
unknown danger, where the coping capacity of natiorresponse to these challenges
has become of critical importance.

Let us first of all consider the termsatastrophe’and disaster. Although
‘catastrophe’ is frequently used alongside 'disasikeis not a well-defined term, being
simply referred to as ‘unusually severe disast&Vik{pedia). For this purpose,
‘disaster’ is a more familiar concept, referringthe first place to “the impact of a
natural or man-made event that negatively affatas property, livelihood or industry
often resulting in permanent changes to human sesjeecosystems and environment”.
UN/ISDR (2002, p.338) provides a similar definiticadding that “It results from the
combination of hazard, conditions of vulnerabibityd insufficient capacity or measures
to reduce the potential negative consequencesskf 1t is important to note that the
impactor consequences are mentioned, not the evertft itdgth is called a disaster. In
line with this, natural hazard, the term more comiypaised in American literature, is
the manifestation of disaster, exacerbating vulbleraconditions and exceeding
individuals' and communities’ means to survive #mive. Quarantelli (2001, p.332)
points out that it is not the natural phenomenaealovhich lead to a disastrous impact,
it is a combination of the extreme phenomena emgrgn the nature and socio-
economic system that, when enmeshed, can proddesteuctive outcome. Alexander
(1997, p.289) has a similar interpretation: “evestural disaster involves a unigue
pattern of physical energy expenditure and humarcti@n”. Furthermore, he adds
(ibid): “there has been an increasing tendency to regjaesters as caused more by the
social conditions they affect than by the geophalsagents that precipitate them”. In
other words, hazard represents only the potentinlchusing damage (Benson and
Twigg, 2004), following these authors, or the exption of the effects of a natural
phenomenon (FEMA, 1991). It is the interaction be#w a hazardous event and human-
induced systems that makes this potential turn anttisaster. Moreover, Horlick-Jones
(1995), Bankoff (2001) and Schipper and Pelling O&0 claim that, contrary to
widespread views, disasters in modern societies nate natural, but rather social
phenomena. Morrow (1999, p.1) from the sociologmadspective, adds that “disaster
vulnerability is socially constructed, i.e., it s out of the social and economic
circumstances of everyday living”. In other woridls;an be said that disaster event only
triggers those inherent vulnerabilities to surfaoel intensifies them in the face of
survival. Dombrowsky (1995, p.241), who developedsaiological approach to
disasters, is even more explicit in defining “disasas an empirical falsification of
human action, as proof of the incorrectness of hummsight into both nature and
culture”. Therefore, it takes two, the outside d@gamd the human-induced system, to
make a disaster.

The abovementioned disaster definitions make a pleiat that for the concept to
gain its scientific contents, it has to be polishedrfiriev (1995, p.285) discussing the
methodological issues of definition and delineatidrdisaster, notes: “It is argued that
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there are two principle orientations or approaches research, namely an
applied/pragmatic one and a theoretical/concemnal These are based on ontological
and epistemological grounds, respectively, whialves@s the main factors determining
the existing differences and variations in the witugl and understanding of disasters.”
This may serve as a guiding principle for discugdime theme of disasters, explicitly
marking the differences between applied and thealetesearch. In his study of
disasters, Gilbert (1995) summarises the theotetiqgmproaches in literature. He
crystallizes three broad paradigms: Firstly, disa@steare seen as a duplication of war,
where human communities are reacting globally asjantside aggression. This partly
contradicts Quarantelli (2001, p.335), who exgdlcéxcludes social conflicts (such as
wars, ethnic genocides, riots or civil strife, rexmns, terrorist attacks, acts of
sabotageget cetera from the scope of disaster concept. Secondlyastiss are an
expression of social vulnerabilities, inherent peofs, which a society has to deal with.
This presumption supports the point of view of Movr(1999) to which we referred
above. Thirdly, disasters are described as anrergranto a state of uncertainty, where
the danger is difficult to define; it is appareat it exists, yet its shape is elusivero
some extent, in our opinion, disasters possedhiralé characteristics. Very often, it is
an event stipulated by an external agent, whickrstthe society’s practices away from
their usual path. At the same time, the state afrgency can trigger the failure of the
system’s elements to perform because of their erterfaults. Finally, in the
contemporary worlds of climate change, threatseofotist attacks and technological
advancement, we are dependent on the environmetitvevén. If this experiences a
serious breach, whether natural, technologicalumndn-induced, a disaster may deem
unavoidable. Yet, the exact source and timing ai@nal hazard remains uncertain.

Furthermore, we want to pay attention to the litea dealing with the economic
aspects of disaster definition. Rose (2003) is ohehe few authors attempting to
provide an explicit economic dimension to the défin of a natural disaster. Rose is
trying to ascertain whether, in economic termsamwaties should be seen as a separate
unique event, as a representative of a type ofteyvenwhether it depends on the event
as soon as it adversely affects the economic peeonce of a country. Rose develops a
typology, based on three groups of characteristes,

“First, are the ordinary physical characteristitshe natural, technological or
political-economic stimulus (causal agent, arealemtx rate of onset,
predictability and duration). Second, is the ecoitomagnitude, or “effect”,

which really defines the disruption rather than ¢irent that triggers it. Third,
is “manageability”, which is the buffer between ploal characteristics and
the effects in terms of society’s ability to modthe disruption.”ipid, p.5)

The author concludes that research on economicpliens based solely on causal
agent, although it provides a substantial explanatis too limited to explore the
consequences of calamities in contemporary ecorsrRiese’s insights have added the
revealing categorisation of what he called urbanugitions, transitional disruptions and
water-related disruptions.

3 Here, we may again refer to the well-known digdtm of Knight between risk and uncertainty
(Knight, 1921). In his view, risk refers to a sitiom where the probability of an outcome can be
calculated. The reliability of the estimate depeadsheoretical insight and stable empirical cdodg. If
the reliability is sufficiently high, this impliethat one can insure oneself against the particeNant.
Uncertainty, on the other hand, refers to a siwmtivhere the probability of an event cannot be
determined, and where the outcome cannot be inagaidst.
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Besides, an interesting question is: What is thiestiold in economic terms at
which a natural hazard becomes a disaster? Vanwmsuring scales for economic
disasters can be found. For example, one of thean @perational tolerance level of 2%
or greater output reduction in the economy affe¢Raise, 2003). This might imply that
hazardous events curtailing over 2% of productibthe US would in economic terms
be considered a major calamity. In this sense,idame Katrina does not apply to the
US, but it definitely applies to the level of thiate of Louisiana. Similarly, Katrina
would be a national disaster, had it occurred éNletherlands. According to Rose, due
to the varying size of the economy in question &mel time horizon chosen, the
definition of a (economic) disaster becomes a irdatoncept. This interpretation
immediately addresses the important issue of dpdtrmension, which has to be
included in disaster definition. Thus, when spegloha disastrous event, one has to be
explicit about the geographical area that is reféio when describing the effects of a
calamity.

Apart from the relativity of the spatial dimensiof the concept, the suggested
output loss threshold can also be argued. In fsetxander (1997, p.290) summarises
that elements that have been used to define disastade the following four: number
of deaths; value of damage and losses; impact th@social system; and a geophysical
definition (the latter, however, is discrediteddmyme authors who consider disasters to
be a pure social construct). Among authors whargited to quantify a threshold for
disaster, Smith (1996) offers an alternative megsaamely economic damage in
excess of 1% GNP. Albala-Bertrand (2002) suggésts“a disaster impact is generally
defined as major if estimated direct losses appraeaexceed the average GDP growth
rate of an affected country and/or damage serioacts economic activity even if
direct losses from the event are not a signifigaomtion of GDP”. Bureau of Transport
and Regional Economics (BTRE, 2001), Australia, &esv, offers an absolute total
cost threshold of 10 million dollars to define aafiter. These last three quantifying
definitions of a disaster are essentially basetherconcept of losses, where economic
damage, direct, indirect and total losses are meet. The explanation of these terms
needs a special Chapter in itself, as various asithifer also varying definitions of the
underlying concepts. We shall devote Chapter Béadiscussion of damage and related
concepts in disaster analysis, which our readalsis advised to consult.

The situation as above, where multiple points éénence exist, gives too wide
space to interpretation of what a catastrophe disaster might be, leaving the concept
vaguely defined. Bram, Haughwout and Orr (2004hduwmting a study of economic
effects of 9/11 terrorist attacks in New York, ofathat “measuring the scale of a
disaster is never easy”. Therefore, it would beewtis narrow the definition, and in
doing so, we shall return to the foundations ofliasic definition of a calamity. In the
available descriptions, often ‘permanent changeshe affected systems, ‘change of an
outstanding radical and rapid character’ or ‘sesidisruption of the functioning of the
community’, are referred to. All these expressi@usnt to an extraordinary sort of
negative impact that a system is experiencing. Ftioat, one can derive two main
features of a disaster: the shock is sudden orpewed, and it is exceptionally strong.
Gunderson (2003, p.35) in his studies of ecosystemialking about “surprise —
unexpected discrete events, [that cause] discatytimulong-term trend”. At the same
time, we recall that socio-economic scholars likdkg&, Colding and Berkes (2003,
p.359I) call crisis a special type of surprise. sTeort of ‘surprise’ factor makes the
systems enduring a disaster particularly vulnerahke strength that the hazard hits with
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makes it almost unbearable. So, the definition dfsaster to be used within limits of
this thesis is as follows:

A disaster is a discontinuity resulting from intetian between a naturagj
phenomenon or a manmade failure, and a human-irdlegstem, wherg
the system becomes adversely affected beyond #le et minor
changes, implying loss of connectivity within tetablished system, wit
well-specified spatial and temporal dimensions.

=)

The definition of disaster as stated above im@iesear scale distinction on three
levels: spatial, temporal and the strength of imp®éhereas the first two dimensions
may essentially be left for determination withire thamework of a particular study, the
issue of disaster impact requires additional elatbom. In the following Section, we
shall devote attention to this factor.

2.2.2. Disaster and Catastrophe: A Matter of Scale

We have pointed out in the previous Section theatastrophe is “an unusually severe
disaster”. Although Rose (2006, p.28) would “offeo specific definition of the
threshold at which a disaster becomes a catastiopbaefers to the examples of the
recent calamities, such as Hurricane Katrina (200 Indian Ocean Tsunami (2004)
and the attacks on the World Trade Centre (200bwever, the following question
arises when discussing the scale of a catastropbémt, namely: What exactly
distinguishes a ‘catastrophe’ from a ‘disaster’any other sort of adverse shock?

Concerning disaster as a major external disturbéam@n economy, we have to
address developments that take place in the systetime disaster aftermath. In our
investigation, we highlight the exploration of diter effects in developed countries
with well-established industrialised networks innttast to those in developing
countries (as also do Morrow, 1999; Shook, 19979.dNall return to this discussion in
Chapter 3, Section 3.2.4 of this thesis. Followtihig line, we are thinking in the first
instance in terms of interconnectedness on varievsls between production sectors,
markets, as well as individual agents, such asym@s, consumers and government.
Under normal conditions, markets for goods are airivby scarcity-abundance
mechanisms, which determine prices. Some marketscannected through product
substitutability and complimentarity, thus influémg prices. As we know from
economic theory, prices are superior mechanisnggering incentives — both to
produce and to consume. This means that final mtoduarkets and intermediate
product markets (via production processes) arerdatmected in a circular flow.
Individual consumers and governments, that makésides to consume final products
following their preferences, dictated by utility raaisation, affect prices and
guantities, determining how much output should kedpced. This, in turn, affects the
demand for intermediate goods, and therefore aigplg, and consequently the markets
for intermediate goods, and so on. This is a simgtgesentation of a circular flow of
activity. Taking into account international trade a part of economic modelling
exercise will impose another layer of complexityl amterconnectedness. Clearly, a real
economic network reveales even a greater levehwicacy, from which it becomes
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apparent that a shock, brought about by a devagtatitural phenomenon, may have
serious consequences for almost each element cgimgpra system. Moreover, in a
regulated economy, where market forces are noteptesn all markets, impact of a
disturbance can be even more substantial, as Inoaakets can clear through the price
mechanism.

In Chapter 1, we mentioned the difference betweeraayinal impact and major
shock and made a choice in favour of analysis of sed@&teirbances, to which disasters
belong. The essential point of difference is thader minor impulses, a robust
economic system remains stable, as it is relatigeiigkly able to adjust and restore
equilibrium. However, in the situation when a systaundergoes a significant
fluctuation affecting a complex economic networktli®e urbanised high-tech society,
the effects are expected to be much more sevesxdAtler, 1997). Also, the presence
of the so-called rigidities plays a role here (wadh upon them in Chapter 3, Section
3.2.4). When a major shock is in place, a systermatabe described as robust, in a
sense that it can instantaneously deal with a shacll needs time to find its new
destination again. This means, that we ne#ter conceptghat would be able to
describe this situation. Besides, a major shockatbe analysed as a sum of marginal
ones, because the dislocation occurring to a systesevere tribulation is of a much
higher order and has by far more reaching repeimusshroughout an economy (Van
der Veen, Vetere Arellano and Nordvik, 2003). Thignessof the event plays a major
role, which is also pointed out by the investigatior the aftermath of hurricane Katrina
(see, for example US House of Representatives, )20@6o observeilfid, p.1): “a
catastrophic disaster like Katrina can and did wheim most aspects of the system for
an initial period of time.” To further elaborategtpoint, it is the severity of a shock
which plays the crucial role. When a calamity oscuinere is a point when established
balances within the system become so disturbed, ithabasic structure no longer
resembles its features and returning to the prentfy state requires enormous
resources not to be found within the system itdedfllowing Carpenteet al. (2001,
p.778), who focus on resilience issues in ecosystéelin this case, we think of
perturbations as displacing the system from a @adi configuration and the
underlying structure as determining how the sysiglinevolve after the displacement”.
This lends itself as a suitable point to draw tive |Ibetween a ‘disaster’ and a
‘catastrophe’. A disaster is a substantial advehsek to an economy which is however
found before the collapse point, while the systenstill able to maintain its basic
structure and its operation, though partially haregeA catastrophe, on the other hand,
can be characterised, in its extreme, by evidehegstem failure on its various levels.

This means that we are dealing with some threslelel of persistence that a
system can endure before it collapses under ancimpad this point marks the
boundary between an ‘ordinary’ disaster and a t@jfaise. This brings us to the next
question of where this boundary is, which separtitesystem being able to recover its
operation, and the system experiencing a failutechvis not able to resume operation
without attracting outside resources. Carpeatal. (2001) provide the answer to such
a question, framing it in terms of resilience aadistance. They give an example, “two
systems [...] may have the same resilience, butrdiff¢heir resistance, as measured in
terms of how much they are displaced (or disturb®g)a given physical force or
pressure”. So, according to Carpenter and collegguesilience is a system
characteristic; whereas resistance is shock-depérider definitions of resilience and
resistance are offered, respectively, in SectioBsl2zand 2.3.4). The interaction of the
two determines the level of persistence of theesysafter a particular shockbid,
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p.779). This means, that the shock that jeopardistls the level of resilience and
resistance (to which we shall return in the nexitia), dooms the system to collapse.
That's when we suppose it should be called a cafase.

For clarity’s sake, a disaster can be referredstadbig shock’, conceptually
distinguished from a marginal impact (Okuyama, 20G8gues for development of the
theory of economic disasters). At the same timeatastrophe can be described as
follows:

A catastrophe is an extremely severe adverse shwitich causes 3
substantial disruption of the system, with wellefed spatial and
temporal dimensions, to the extent that it fails p@rform its vital
functions for a considerable period of time, orfeer.

In this connection, disaster literature seems &l déth 'disasters’ as shocks that
go beyond the conventional marginal analysis. TBeNational Research Council has
similar findings (1999, p.40): “the abruptness, @npanence, and often unprecedented
intensity of a natural disaster do not fit the @i¥wevent pattern upon which most
regional economic models are based.” Provided thecic nature of major
disturbances in particular in terms of the consagaes of which remain as sources of
potentially high threat to modern societies, wdlgtansider, in the scope of this thesis,
both disaster and catastrophe events. For a whédeshall not look at the differences
between the two; rather, we shall attempt at piagiéhsight into the processes brought
about by these severe calamities as an alternatitree conventional analyses of minor
shocks. We refer to the latter, again, as suchkshac which a system is robust in the
sense that it can deal with them with ease andivela fast, without incurring drastic
changes in its structure.

2.3.DEFINING COPING CAPACITY IN RESPONSE TO ADISASTER

As we have seen above, in the analysis of econ@ystem response to a major
catastrophe, an entire collection of concepts sischulnerability, resilience, adaptation,
mitigation, as well as related notions come upht durface. Definitely, we need more
elaboration and clarity on these concepts. Receatiyobservation was made among the
economists active in disaster research¢kdgova, 2006) that there should be more
consistency in using resilience, based on thetfattboth the processes before, as well
as after the outbreak of a disaster are describeslience without mentioning the
term; or the notion is widely used as a popularzduvord, becoming effectively
empty.

Alexander points out the importance of taking iatwount these new, emerging
concepts in disaster analysis (Alexander, 199791):2'Many influential writers have
seen vulnerability as one of the keys to underst@ndisaster, because it is correlated
with underprivilege, with past losses and with sypéibility to future losses”. The
problem is, however, that neither multidisciplinatiterature covering disaster
modelling, nor economic literature in general, hadeveloped widely accepted
definitions of these concepts. In this Section Wallstry to contribute to the debate on
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these important concepts, by attempting to clattifgse matters. As outlined above,
defining the scope of the concepts, on the one maedetermines the borders of the
analysis to be performed, requiring more specifiéiom the researcher; and on the
other hand provides more insight for drawing infexes for policy directions.

2.3.1. Resilience and Adaptability in Disaster Agsis

Let us start with the concept of resilience, cdrtaour analysis. It often surfaces in
disaster studies, though not often its precisendi&fn is provided, and its meaning
varies depending on the context. The reason weectwpay special attention to this
concept is connected to the topic of our inquirginely, large-scale disturbances and
their economic consequences. Indeed, specific @matushocks we study, i.e. disasters
or catastrophes, as defined in previous Sectiengindamentally different from major
studies that focus on what is often referred ttnasemental or marginal impacts. The
scale of major shocks, alternatively, triggers dloeurrence of a different set of effects
within an analysed system, and consequently regjaireew mode of analysis. This, in
turn, demands a new set of concepts charactemsidgdescribing the phenomena and
the system undergoing major changes, necessarydover the processes behind a
calamity. In this respect, resilience is the comdaking the event of a disaster and
displacements in an economic network to the achieve of a new equilibrium state
(as well as recovery to follow), the process oftenitted in incremental or impact
studies, as it is assumed to take place almosritesteously through the working of
economic (market) forces. Here, on the contrarysyatem found out of balance
occupies an important place in disaster analysis. frocesses taking place at recovery
stage, are not straightforward, and thus need rceogdoration. Resilience, in our view,
is a reliable guide in this inquiry.

It is of interest to observe the evolution of tlesilience notion. Technically, the
term ‘resilience’ originated in the field of ecolp{Carpenteet al, 2001, p.765). Green
(2003, p.21) notes, however, that “as a concepgastbeen translated from the material
science [...] into ecology [... where] the term hasrbsehifted into systems theory and
significantly widened to take account of multipléatslity domains”. During this
evolution, the original application of the notiofresilience to characterise individual
features has also expanded into the analysis aérgysattributes. Besides, Denhardt
(2005) mentions that the concept is more frequarggd in medical, psychological and
ecological studies, rather than in studies of osggions. We shall proceed with the
discussion on this theme.

Starting, we shall provide a selection of views oesilience among the
environmental scientists and (socio-)ecologists. bédéeve this would allow for a
substantially deeper and richer exploration of lgasknds and ideas, which can
ultimately be borrowed for concept definition inralisaster analysis. Gunderson and
Holling (2001), the distinguished scholars in thedd, define resilience as the capacity
of a system to undergo disturbance and maintain futsctions and controls.
Alternatively, the key criterion of resistance,tieir view, is persistence of the system,
and therefore it is necessary to consider resistgmbich is essentially a flexibility
parameter) as the complimentary attribute of msde (which the authors consider as
an absolute measure). Carpergeal. (2001, p.765), in turn, defines resistance in term
of magnitude of disturbance, which can be tolerdtefbre a socio-ecological system
moves to a different region of state controlledabyifferent set of processes. In contrast
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to Gunderson and Holling, Carpentetr al. place the concept of resilience as very
similar to persistence. Also, they view resiliemsea multidimensional concept, namely

“...we must begin by clearly defining resilience @rrhsof whatto what. These
aspects change, depending on the temporal, sanlspatial scale at which the
measurement is made. [...] Just as resilience cathieved in one time period
at the expense of resilience in a succeeding perixgllience at one spatial
extent can be subsidized from a broader scalee¥xample, it is common for a
regional crisis—drought, say—to be relieved by importation of resources
from the state. The region persists, but only tglowexternal subsidy.”
(Carpenteet al, 2001, p.767)

This interpretation of resilience explicitly reges clarity on the choice of
temporal and spatial scales, which is a convenllipdéficult task, leading to the issue
of boundaries, which we already came across whsgugsing the concept of disaster in
the previous Sections. The solution to these pazidehe art of being consistent in
defining various dimensions of the concepts usdadersame study.

Another attempt for an elegant solution is providgdAllenby and Fink (2005,
p.1034), where “resiliency is defined as the cdpgbof a system to maintain its
functions and structure in the face of internal axternal change and to degrade
gracefully when it must.” However, the term ‘degeadracefully’ remains vague,
leaving broad room for interpretation. In this senthe definition provided by the
Resilience Alliance (2005), assembling efforts he research on resilience in social-
ecological systems, seems to provide a clear gn@l@mcompassing a wide range of
basic characteristics:

“Resilience as applied to ecosystems, or to intedraystems of people and the
natural environment, has three defining charadiesis

1) The amount of change the system can undergostlhdetain the same
controls on function and structure;

2) The degree to which the system is capable ébsganization;

3) The ability to build and increase the capadgityl€arning and adaptation.”

This Resilience Alliance definition is also broadoagh and can easily be applied in
social sciences, in particular to the study ofghevival of economic systems under the
impact of an extreme negative shock.

The internet-based Wikipedia gives an adjustedndifin of business resilience:
“In business terms, resilience is the ability of@ganization, resource, or structure to
sustain the impact of a business interruption awbwer and resume its operations to
continue to provide minimum services”. This defmit, however, does not encompass
the frequently incorporated element of learning addpting often seen in the (socio-
)ecological literature. We would nevertheless agwith the latter. In this connection,
we once again refer to Gunderson (2003): “Adaptiepacity is a component of
resilience that reflects the learning aspect oftesys behaviour in response to
disturbance.” Thus, talking about the resilienceaofystem, one should discuss its
adaptability as well. In terms of disaster analykis means that adaptability of a socio-
economic system is an essential part of the whalegss of ‘living with the threat’ of a
disaster. The process of adaptation in advance tmknown possible calamity includes
building up resilience, meaning resilience as ac@ss of learning and adjustments,
rather than a state, adding to it a flavour of dyits.
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One other aspect of the resilience is whether @ isormative or an absolute
notion. Carpenteet al. (2001) argue, “unlike sustainability, resilien@nde desirable
or undesirable [...] In contrast, sustainability is averarching goal that includes
assumptions or preferences about which systemsstate desirable.” This is an
interesting statement as, indeed, a system undessstan have inner resilience and
bounce back responding to a shock; however, thig n@ necessarily result in a
response which is desirable from the point of viefvsociety. Instead, there are
numerous ways how an (economic) system can cushéisaster in any other way than
expected by planners. Taking into account the nadbbadaptability, which is included
in the concept of resilience by Gunderson (2003kinyg it an ever-evolving process, it
is important to consider resilience of a systencanjunction with sustainability goals.
Provided the resilience is built up in line withetbustainable development trajectories,
there is an increased chance that the systemrsisglbnd in a crisis situation in a way,
which is most preferable.

2.3.2. The Economic Dimension of Coping Capacity

Among social science researchers, recently thera growing urge to pay more
attention to the concept of resilience. The inadafequency in using the term
‘resilience’, especially in disaster modelling aatalysis, and the fact that this term in
the past was unjustly disregarded, formulated #sedrfor a more coordinated effort,
also in the economics world. Rose (2004b) touclpes the issue of resilience, which is
repeatedly coming to the surface in disaster liteea Taking into account a wider
temporal span in disaster analysis, i.e. time reugsfor recovery in the disaster
aftermath, often taken as a part of impact analysisilience becomes an essential
matter, as it has a direct bearing on the totaladgnsustained by an economic system.
In relation to this, it can be assumed that a higbsilience level can make the economy
recover faster and with fewer costs. We shall patlthe trend in thinking about
resilience among economists.

If we follow Parker, Green and Thompson (1987) ¢hretions describe the
coping capacity against major (economic) shockssceptibility, vulnerability or
resilience, and adaptability. A number of inferencean be drawn from this
classification. First, we note that the authorsela reciprocal link between resilience
and vulnerability. However, we can argue that onesdnot exclude the other, and a
system can be vulnerable to hazards, but at the same also resilient in its response to
a major disruption. This means that we would optvidnerability as a static, inherent
feature of the system under attack, while viewiggjlience as a dynamic characteristic
of the system in action, responding to the shoeko8dly, the concept of resilience is
clearly separated from ‘adaptability’, which is fdifent from what we observe in
ecological literature.

On the other hand, Green (2003, p.25) states thatresilience of a system is:
‘the dynamic response of vulnerability over timeth® perturbations to which the
system is subjected.” With this, Green pointshe static character of vulnerability and
the dynamic character of resilience, as we sugdesdteve. Furthermore, Greebid)
proposes that “a resilient system is then one winehds under stress but does not
break, and which returns to a desirable state #ffierperturbation has passed”. This
statement on the one hand clearly suggests thidiemes is a post-disaster category;
and on the other hand assigns the positive charéxtessilience, assuming that its
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resemblance should result in a system coming back desirable state. Rose (2006)
also complies with the latter. We disagree with éarand Rose in this respect, but
would rather take the position of Carpergerl, that resilience without being coupled

to the concept of sustainability is context-freed #éargeting resilience alone can lead to
an outcome which may be different from the desealhte of recovery.

Rose (2004a, 2006) provides an analysis of res#ienovered in economic
literature on disaster analysis and opposes the Wi®t resilience encompasses a
portion of pre-disaster adaptive capacity. He cfaitmat resilience is purely a post-
catastrophe feature, characterising the “inheredtaalaptive respongéso hazards that
enable individuals and communities to avoid somiem@l losses”. Rose clarifies, “in
contrast to pre-event character of mitigation, ecoic resilience emphasises ingenuity
and resourcefulness applied during and after teat&vThe author makes an apparent
distinction between the pre-disaster mitigationivites directed at decreasing the
probability of the catastrophic event to occur, d@hd post-disaster adjustment of an
economy, characterised by resilience. It is impurt®o mention that in American
literature, mitigation is usually referred to anyefulisaster preparedness measures;
while we would suggest distinguishing between twpes of ex-ante measures,
mitigative and adaptive, both of which can be int@or in terms of decision-making.
First, we define mitigation as:

Mitigation is a set of pre-disaster activities dited at addressing th
source of hazard, thus aiming at decreasing theeahrposed by g
potential hazard.

117

At the same time, in our view, adaptation is dieecat preparing the system to perform
in a superior way in response to a negative impAgtadaptation in the context of
disaster preparedness, we mean:

Adaptation is a set of pre-disaster adjustment véitds directed at
creating conditions within the human-induced systbat enhance thid
system’s resistance to an outside shock, as wetsassponse capacity
to cushion a negative impact, thereby improvingatslience.

An example of mitigation would be activities diredta the reduction of GO
emissions, which are intended to decrease thetefééglobal warming; alternatively,
practicing evacuation in case flood alarm is isstedlding flood defenses, reallocation
of economic activities to the areas less prone a@patds would belong to adaptive
measures. A similar definition can be found in afethe project descriptions of
Netherlands Organisation for Scientific ResearcW@ 2004). Interpreting adaptation
in such a manner is similar to medical preventiveagures taken in anticipation of an
epidemic aimed at strengthening the individual immwsystem. In this manner, we
argue, resilience is closely connected to adaptatidhich can also be found in the

14 While we would say ‘inherent and adjusting respsfissee our definition of adaptability below.
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socio-ecological literature reviewed at the begigndf this Chapter. Mileti (1999, p.5)
supports this view, regarding resilient systemshase that “can withstand en extreme
event with a tolerable level of losses” and “tak#igation actions consistent with the
achieving that level of protection”. Note that Mileises ‘mitigation’, which we would
substitute with ‘mitigation and adaptation’ as dissed.

A number of authors have introduced concepts thae la wide reach in disaster
analysis. For example, Benson and Twigg (2004, )p.Rlthe context of research
dedicated to increasing the safety of vulnerablenroanities and to reducing the
impacts of disasters in developing countries, defimtigation as an all-inclusive
concept, being “any action taken before, duringafier a disaster to minimize its
impact, including structural (physical) and norustural measures”, including post-
disaster activities. The Board on Natural Disas(@é899, p.944), the US, shares this
view on mitigation. At the same time, this concepems to overlap with the term
preparedness, which refers to the period in timartbhbefore a disaster and marks
(ibid) “any specific measure taken before disaster estrikisually to forecast or warn
against it, take precautions when one threatens amange for the appropriate
response”. Preparedness, thus, can be considaredr iexicon, as part of adaptation.
Freeman, for example, uses preparedness in theimgeaincontingency planning (see
Freeman, 2006). Parker, Green and Thompson (1B8Wever, consideadaptationas
an all-inclusive concept. German scientists (seeefkample, Messner and Meyer,
2006), in their turn, considevulnerability a broad concept, including exposure
indicators, elements at risk and susceptibilitye Buthors diverge in defining all these
concepts, as discussed above. Resilience is viawadarrow sense, which makes in
their analysis a part of susceptibility of ecol@ianits. Susceptibility within the
context of flood damage research, according to tfibid, p.5), “in a broader meaning
relates to system characteristics and include koortext of flood damage formation,
especially awareness and preparedness of affeetgulgoregarding risk they live with
(before the flood), their capability to cope witiethazard (during the flood), and to
withstand its consequences and to recuperate (héidtood event).”

To avoid confusion, however, we abide by makingistirtttion between pre-
disaster measures as mitigation (directed at tHacten and control of hazard) and
adaptation (directed at the improvement of chareties of a human-induced system to
respond to an adversity); and post-disaster rasiieeflected in response and recovery
activities. The definitions of concepts related rasilience in disaster analysis are
discussed in the following Sections.

2.3.3. Our Definition of Resilience

At this point, it is clear that interpretation asilience among economists often limits
the application of the concept to the post-disastaation alone. However, it is difficult
to imagine that the inherent capacity of a systemespond to an outside shock should
be seen as such an ultimately rigid category. &ustsimilarly to immunity, it can be
built up in advance to prepare the system for titside threat. So, we state:
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Resilience is the ability of a human-induced systeml. cushion &
shock, responding to it by adjustment; 2. safeguaehtinuity,
maintaining its main characteristics; 3. exhibitateing capacity to
improve its protective mechanisms in the face toféuperturbations.

This implies that, in our view, adaptation is natlyr following the concept of
resilience. Essentially, the two are closely cotedtcwhen the resilience stage in the
immediate disaster aftermath, with its emergencgvery and restoration activities, is
over, and some daily routine has returned, adaptatikes over to prepare the system
for future threats. Kendra and Wachtendorf (20081) as a part of disaster analysis
community, state that “resilience [...] suggests ailitga to sustain a shock without
completely deteriorating; that is, most conceptiofhsesilience involve some idea of
adapting to and ‘bouncing back’ from a disruptio®lpporting this view, we note,
furthermore, that adaptation can come from the wdtimmwithin the system, but it can
also be triggered from outside, like public polidherefore, within the scope of this
thesis we shall consider the concept of resiligngether with the adaptive capacity of
the system, as ‘resilience’ emerges from continuadaptation process, as well as
adaptation is often enforced by the experiencealamity. In Day (1987, p.252) we
find supporting evidence: “The economy may therhzeight of as being made up of a
set of interacting adaptive processes, i.e., asngplex, adapting system.” This means
that adaptability is inherent to the economic gystand thus naturally presupposes
adjustments in the face of expected adverse events.

We can summarise here that the concept of resdiéman important element in
disaster analysis, which describes the processeadjpistments and survival in an
economic system under attack. Essentially, becandger ‘normal circumstances’ an
economy can be described by the notions of stabéitd robustness, resilience is
unnecessary in the standard impulse analysis.ityé¢he studies of major disturbances,
resilience provides content to the time dimensiorthe disaster concept: including
adaptability element, it points to the need forppredness in thex antesituation, and
can be seen as a key indicator for policy goal witensidered together with
sustainability. The latter is because enhancindjegese should be considered a policy-
oriented cost-effective tool to manage catastropisic (Parker, Green and Thompson,
1987; Rose, 2006). Also, reflecting the abilityao$ystem to cushion a major shock, the
notion of resilience suggests that a certain tipgnsafter a calamity has to be taken on
board of disaster analysis, lying at the core tdldshing disaster consequences (with
which we continue in the next Chapter).

The link between the application of resilience poticy action can be explored in
the example of flood defence policy in the Nethed& Eventually, one can note the
straightforward connection between the use of tbecept of resilience in damage
assessment as a post-disaster policy instrumentitauagbplication for the purposes of
building up the pre-disaster protection policiesvesting in improving the inherent
resiliency of the whole economic system in advacexe stimulate a better response to
potential disaster, meaning lower losses, as welh dealthier reaction of the entire

15 We should add that Day’s evolutionary approackdonomic change offers perspectives that may be
worthwhile to consider in the perspective of thekisociety (see also Day, 1993, 2004).
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economy to any adverse outside impulse. We shatluds this issue in more detail in
Chapter 8.

2.3.4. Concepts Related to Resilience

When discussing resilience, a number of other qaisceome to the surface. In the
previous Section we elaborated on resilience, atibg and adaptation. However, some
other terms need to be touched on briefly to awnidecessary confusion. In doing this,
we do not pretend to establish unanimously accegeéiditions, but rather to clarify the
meaning of those concepts, with the aim of havomges sort of ‘operational definition’
used in terms of this thesis.

As mentioned, Parker, Green and Thompson (198®rgefo susceptibility,
vulnerability and resilience. Susceptibility seetmde a good place to start. According
to the authorssusceptibilityrefers to the physical exposition to hazard, llecabf an
object in the vicinity of potentially dangerous areThe EU project FLOODsite
defines it as the propensity of a particular recepd experience harm (Gouldby and
Samuels, 2005, p.26). For example, the locatioa pfoduction site in the flood plane
of a river makes it highly susceptible to a floddinerability, in our view, is static, and
reflects sensitivity of the system to a disturbants potential to be harmed. In other
words, vulnerability is the propensity of a systemncur damage. Therefore, clearly, a
system can be susceptible to hazard, but not rexdgsaulnerable. Nextresilience as
established in the previous Section, is a dynanuncept resembling the coping
capacity of a system to deal with a shock (as aeglthe learning abilities to adapt in
advance to potential dangers). As seen, ParkererGaad Thompson (1987) define
resilience as a reciprocal of vulnerability; thisour view, is not exactly the case. Also
Adger (2000, p.348), from the environmental ecorsbimipoint of view, states that the
former is only a ‘loose antonym’ of the latter. Aded the dynamic connotation
assigned to the definition of resilience, we cantbat a system can be vulnerable to a
shock, but this does not necessarily imply thaitsihot resilient anymore. Though
vulnerable to a disturbance, the system may reaitti$ in a resilient way, adjusting in
the face of a calamity and neutralising its negatimpacts.

The concept of resistance comes close to resilidtesistancés the ability of the
system to bear a shock and withhold damage; resdiés the ability to react. The subtle
difference with resilience can be explained wheimking of resistance as a static
concept. Then, it can be noted that resistancheigdciprocal of vulnerability, which
expresses the exposure of the system to a shocksapdtential to incur damage, and
which can be seen analogous to Rose’s concepatit s¢silience (see Rose, 2006; his
concept of dynamic resilience would be analogousotio concept of resilience).
However, whereas a system has a given (or develdgeel of resilience, its resistance
can be different depending on the outside shockn{ash as the system is vulnerable to
a different extent depending on the impact, se® @teen, 2004)’

8 FLOODsite project for integrated flood risk anagysnd management methodologies covers the
physical, environmental, ecological and socio-ecoicoaspects of floods from rivers, estuaries ared th
sea. For more information, consult also the wehbwtev.floodsite.net.

" Following Green (2004, p.323) “vulnerability caa Befined as the relationship between a purposive
system and its environment, where that environnwamies over time”, which directly points at the
variability of vulnerability depending on the owtsiconditions.
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Robustnesss also sometimes discussed in the debate oneresl A robust
system is the one that is “healthy, strong, dufaMéth respect to disaster events, Rose
(2006) defines it as avoidance of direct and irditesses. The definition of robustness
by Bruneauet al. (2003) coincides with our definition of resistancereen (2003)
suggests that a robust response, as opposed silianteone, is not flexible but rather
makes system remain unaffected by shock. We magredsthus, that robustness is
often seen to be very close to resistance; yetatter being applied from natural and
social sciences; the former stemming from the egosts’ vocabulary. However, we
shall notice that it is important to note that, fact, the concept of robustness is
conventionally used in marginal analysis of incrataéchange analysis in economics.
Alternatively, a system facing a major calamity, discussed in this thesis, cannot
reveal robustness anymore, as it is severely dagnagel is forced out of its
equilibrium. Resistance and its reciprocal, vulbéity, in this respect seem to capture
a broader connotation, also applicable to the amalyf events on a grand scale, which
are in the focus of our enquiry.

Redundancyas the measure of excess capacity (also fouriRose, 2006; and
Bruneatet al, 2003; together with the concept of resourcefidgscan be seen as part
of resilience, particularly in the sense of “dugtion for preventing failure of an entire
system” (Wikipedia). This interpretation of redundg in theex-antesituation fits the
proactive character of resilience as we describe ieing a process and revealing
adaptive features.

Finally, sustainability which we already mentioned in the context of ahgoing
discussion in this Chapter, is the ability of tlystem to maintain into perpetuity. The
Brundtland Report (UN, 1987) defines sustainableetippment as “development that
meets the needs of the present without compromtei@@bility of future generations to
meet their own needs” (also found in the documentain the EU FLOODsite project,
Gouldby and Samuels (2005, p.26). As mentionedrbethis is the reflection of the
desirable state of the system in the view of leemgat development and in conjunction
with a wider spectrum of variables, describing éimironment in which the system is
operating. This positive character of the terminggtishes it from resilience, which has
no value judgement. So, the system can appearergsih response to a calamity,
although this does not make it necessarily returrthie desired sustainable path.
Legitimately, Tobin (1999) considers “sustainahte aesilient communities” within the
context of hazard mitigation.

We can conclude at this stage that the underlyiffgrdnces we noted between
the concept of resilience and the related termofiea very delicate. Disaster scientists
and those working in the related field of analy$isuld be more aware of this. To avoid
confusion, within the framework of this thesis weal stick to the definitions as
outlined above.

18 Also, Bruneatet al. (2003), alongside robustness, redundancy and mesfolness, includeapidity as

a constituent of resilience. Yet, in our view, tieinition of rapidity as the capacity to meet pities and
achieve goals in a timely manner in order to cantasses and avoid future disruption, overlaps with
definition of adaptability in terms of avoiding fue losses; and also has some positive judgment of
achieving a prescribed goal, which we would radssign to sustainability.
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2.3.5. Core Concepts Shaping Disaster Analysis

The new concepts for disaster studies as we hdugedehem in this Chapter are not
only necessary for describing the specificity dfaaty situations, but also for gaining

more insight into the processes behind economiastks phenomena. For example,
these new concepts may be used as tools to orgamisthinking about precautionary

policies preparing for a potential hazard, as wvasl thinking about action in the

immediate disaster aftermath. Without identifyilgge elements involved in working

of an economic system under extreme conditions,cliviwe can understand and
structure by introducing and clearly defining thesential concepts in the new field of
disaster analysis, modelling cannot be realisedv We can take a step further and look
at how far the identified concepts can be usefulriderstanding and modelling disaster
impacts.

We can imagine that when a country, hosting impdnteioduction facilities, is hit
by a major hazard, a part of the established ecanowtwork is gone, the system
misses its constituent parts and thus cannot keepaoking properly. The asymmetry
of shock would then mean for a number of produsarsounding the economy that they
lose their customers; others lose suppliers. Thwsducers experiencing difficulties
will not be able to perform their obligations tarthparties, causing an avalanche effect
throughout the economy. Imbalances in relative pridgns between the various sectors
within the economy then become commonplace, leadmgexcess supplies and
demands on various markets, neither of which idgral@le. Ultimately, this would
translate into shortages for consumers, who willbeable to obtain all the necessary
goods to satisfy their needs. The described preses&s the immediate disaster
aftermath are a reflection of economy’s vulner&pilthe degree to which it incurs
losses as a result of a hazard.

Practice has shown that negative consequences iexped throughout the
economic network cannot be automatically restonegdrticular on regulated markets)
because of disproportionalities and rigidities timapede the return to balance (see
Chapter 3 for further discussion on rigidities),ezging on a large scale. The system
appears to be severely out of equilibrium, and sdedeorganise itself to return to a
balance. This means that a whole range of adjusgnsetemming from the resilience
potential of an economy, is required; but how tokrabout that? On the one hand, the
comeback to a (new) equilibrium can be entirelyusted to the market forces. On the
other hand, is the market capable of providing atsm to such a complicated
problem? We should clarify: is the outcome of tharket solution desirable, efficient,
fair? Is it impossible that market failures andidiges sabotage the whole recovery
process? Probably, in some cases another parsy regiulating hand of the government
— is necessary to restore the balance at the laesst At least in regulated economies,
for example, the Netherlands, the mix of marketf-etes and government
intervention seems inevitable. However, as soorthasgovernment steps into the
matter, it should have some guidelines which ogtiare available and which policies
are best to help gain control of the situation.ri&cnic modelling of potential disruption
and the options open for recovery should guide dbeision-making process in the
important post-disaster phase of development.

Also, a proactive approach to disaster preparedrasde analysed from the point
of view of risk-averse policymakers, where the prgmnary principle can play a role
(see COMEST, 2005). This principle first emergedh@ context of ecological debates,
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and is also applied in the studies of risk soéigsee Giddens, 1999, as well as Beck,
1992). According to the precautionary principle,amtivity should not be undertaken if
one can expect that it will bring substantial oewersible negative effects. Applying the
precautionary principle to disaster preparedndss, dan be interpreted in terms of
activities thatshould be undertakeihit is to be expected that idleness (‘doing rniogh
and hoping that a disaster does not happen) cag bbout substantial or irreversible
negative effects. Indeed, the possible irreveigibdf the effects of a disaster (where
system and/or group risks may play a significam¢)rehould be considered seriously
and brought to the awareness of both the broadigualpld the decision-makers. In
essence, the analysis of the robustness and nesilief an economic system, and its
adaptability to a changing physical environment balp identify those elements of an
economic network, which can endanger the stabdftghe entire system if they are
displaced. This can involve both the elements gfsial infrastructure, and essential
nodes in the socio-economic network.

The forms that adaptability and resilience can thee in the framework of
policy-making can be an interesting research togiith the background definition
established, one can investigate what those terreanmin reality, and which
measurements should be used (see Rose, Oladosuliamd2007). For example,
according to some sources (e.g., NWO, 2004), atlaptecan be regarded as
autonomous (i.e., as we have suggested abovey lethiket forces), or it can be driven
by public policy in the anticipation of a threathdl latter can be seen, in turn, as the
planning of adaptations as a reactive processsti#ering the recovery in the aftermath
of a calamity; or as an anticipatory action, buntdup response capacity in advance (a
clear revelation of resilience potential). It cam éxpected, according to the source
(ibid), that in the long run adaptability may take orreme forms, such as changing
spatial patterns of residence, work, agriculturérastructure and nature.

We can distinguish here a range of scientific ¢é§fdo make adaptability more
tangible. Essentially, these are aimed at defimintical system characteristics, which
should be able to guarantee the continuity of dmeran the face of calamity. Kendra
and Wachtendorf (2003, p.44) state that researébethe New York State Department
of Conservation and Recreation (DCR) and the Mwsltiglinary Centre for Earthquake
Engineering Research (MCEER) in the US identifieé dimensions along which
resilience can be measured. They claim that thes&in robustness, resourcefulness,
redundancy and rapidity (similarly to Bruneatual. 2003). Kendra and Wachtendorf
add (2003, p.45): “resilience should be seen natimeas the application of scientific
knowledge and techniques, but also as an art.” &rgement stems from the finding
that all disasters are ‘same, yet different’ (supgm by Denhardt, 2005), which
presumes that we have to be prepared for theirecpu@sces in advance, yet be able to

9 Following Giddens (1999, p.3), “A risk society associety where we increasingly live on a high
technological frontier which absolutely no one céegdy understands and which generates a diveo$ity
possible futures”. Further, Giddens remariksd( p.4): “A world which lives after nature and aftie
end of tradition is one marked by a transition frawternal to what | callmanufactured risk
Manufactured risk is risk created by the very pesgion of human development, especially by the
progression of science and technology.” Because emmodisk societies, to a certain extent, are
disconnected from nature, the growing importanceaifi-made risks is stressed, while risks conneoted
natural hazards as a threat to modern societiesamewhat disregarded. We shall agree on the former
point, yet would draw the attention of the readethe danger of underestimating the importancéef t
latter point, which we shall follow with the dis®ign concerning vulnerability of modern industidalk
societies to natural hazards in Chapter 3, Se@i@r2. We shall also come back to the risk sodiety
Chapter 9.
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improvise on the spot in each particular calamigec What the authors offer as a
system to achieve resilience is that it should esss firstly, a high degree of
organisational craftsmanship; secondly, the abtlityespond to the singularities; and
thirdly, a sense for what is the same and whaiffisrdnt from prior experience in every
new experience. This suggests that a resilienegpor a system should have some sort
of built-in philosophy about the manner in whichshiould respond to a shock when
occurs in reality, as well as the capacity to adjmsnediately when facing an unknown
danger.

On the more operational, however still aggregagvell Tobin (1999, p.16)
suggests that the following characteristics shaybgly to sustainable and resilient
communities, which can be addressed in advance:

 Lowered levels of risk to all members through resticexposure to the
geophysical event.

* Reduced levels of vulnerability for all memberssotiety.

» Planning for sustainability and resilience musbhgoing.

» High level of support from responsible agencies poldical leaders.

* Incorporation of partnerships and cooperation fi¢dint governmental levels.
» Strengthened networks for independent and interdégp® segments of society.
* Planning at the appropriate scale.

We may also draw from Pingali, Alinovi and Sutto0Q5), who offer the
following strategies to augment the food systen@silience, which can readily be
applied to more general cases: strengthening dliyerebuilding local institutions and
traditional support networks; reinforcing local kvledge; and building on economic
agents’ ability to adapt and reorganise.

Other examples are the works of Cole (2004a,b)revHa a series of studies on
the economic effects of hurricanes on the Caribbsgland of Aruba, he distinguished
several ‘survival strategies’ for a small islanebeemy (however, without mentioning
the concepts of resilience or adaptation expligitlfhis would typically include a
duplication of crucial lifeline systems such as thed and drink systems, particularly
around international hotels (where reliance onismursector is critical for this island
economy). In case a disaster hits the primary itigelsupply system (i.e., water,
electricity and gas supply, transport and commuiunasystems), excess capacity
should be available to ensure the continuity ofubeal activities. This, however, comes
at a price ofa priori investments, which cannot be spent on alterngtivposes, be it
consumption or investments in capital. All benefitsd costs of such precautionary
measures should be considered and carefully weigiedt a particular decision has to
be taken.

What we are especially interested in, within tha@tegt of our research, is the
application of the principles outlined above to feliéntiation between ways the
economy can react in response to a disturbancésafising the negative consequences
in production interruptions. Built on the reviewadethods and strategies to make
resilience and adaptation operational, we sugdest the following schedule can be
applied:

1. ensure business operation continuity outside theaated area (supply side)
by means of:
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a. having a back-up lifeline system, including elattyi, water and gas
supplies, telecommunications, alternative transpion routeset cetera

b. maintaining extra stock (both for raw materials éndl products);

ability to switch in a flexible way to new procurent and consumption
markets;

2. ensure the availability, distribution and exchawgenformation as a crucial
asset in immediate decision-making for economicnegge@nd government
institutions?

3. substitution of lost domestic output by increaseddpction of goods and
services by businesses at home, utilising sparéugtmn capacities — on the
supply side;

4. adjustments in the consumption pattern via produdistitutability on the
demand side;

5. diversification of the economic system - both ore tphroduction and
consumption markets to reduce dependency on tiségdeutesources.

It can be noted that the classification that wesioi§ directed at the micro- and meso-
levels of individual producers and sectors of aonemy. At the same time, ensuring
the building up of resilient individual elements thle whole system will expectedly

have an aggregated effect on the economy leveldigeand Wachtendorf (2003, p. 48)
draw a connection between links at various levEley assert that, on the one hand,
resilient communities provide the context in whiolyanisations themselves become
more resilient. On the other hand, however, orgdiuss provide the infrastructure for

a community’s resilience, in that organisationabources, networks and overall

capacity are what make coordinated community-weponse possible. They conclude,
“the relationship is iterative and telescoping,ypld out across multiple scales within
organisations, between organisations and betwegmisations and the community.”

The outlined classification of resilience emboditienpractical activities, as we
propose, provides another possibility to demonsttiaat adaptability and resilience are
seamlessly connected. Some of the elements (alsodfon Rose, 2006, though
structured into the inherent and adaptive resib¢mwidently belong to the post-disaster
performance, such as the ability to find new bussngartners, adjustments in
consumption patterns and provision of informati®he rest of the constituents depict
adaptation variables, building up resilient capacithich cannot emerge at the moment
when a disaster hits, without being ‘prepared’ mivance. This includes back-up
systems, additional stocks, economic diversificgtiand the existence of spare
capacities for production, which will appear todssential to our discussion of rigidities
in the next Chapter. Unless present in advancesetloptions cannot be used as the
calamity strikes. Therefore, the economic agent® ha takea priori action to ensure
the presence of resilient capacity. Yet, in thegkmrun, resilient response in the
immediate disaster aftermath, also possessingraitgaelement, gradually becomes an
adaptative process, shaping preparedness to taetjabthazard in the future.

%0 The utter importance of information as a decisiaetor in immediate reaction and planning was
substantially emphasized by the US Bipartisan Cdtemireporting on the consequences of hurricane
Katrina (see US House of Representatives, 2006)
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2.4. SUMMARY AND DISCUSSION

In this Chapter we addressed conceptual issuesctathto the definitions of a number
of important concepts in disaster analysis. Firsthg focused the concepts of disaster
and catastrophe, often alternated in use. We ¢stabl that there is not much
convention on the definition of the very subjectdidaster studies, which essentially
underlies the lack of order in the field, let alotiee existence of the field itself.
However, we attempted to bring more clarity andraef disaster, resulting from the
interaction between natural and human-induced syst@as a shock going beyond the
scale of what can be referred to as a minor or malrgmpact, affecting the established
balance throughout the economic system with exgjgatial and temporal dimensions.
Catastrophe, in turn, is a 'severe disaster’, cauacute displacements of a system, in
its extreme leading to overall failure. In factaeing a line between the two sorts of
calamities is not easy, but we state that is it @ten of scale and severity, which
distinguishes the two.

In the debate about long-term effects of floodingd asociety’s capability to
recover, a number of concepts are gaining incrgaattention in disaster analysis,
among othergesilienceandadaptation.A problem is that neither the multidisciplinary
literature covering disaster modelling, nor the remuic literature, have developed
generally accepted definitions. Yet, some trends ba observed. They certainly
deserve more elaboration.

Taking into account a wider temporal span in desaahalysisresiliencebecomes
an essential matter as it has direct implicatiomshe total damage sustained. We need
this concept in the study of major calamities, Wwhimply severe disturbances, as a twin
brother of robustness that is used in the minoclkslamalyses. Resilience, in our view,
reflects a system’s capacity to adjust in the fafceibulation and respond to it in a way,
which could cushion the immediate negative impaotaintaining its main
characteristics (Gunderson and Holling, 2001; Alleland Fink, 2005). Some authors,
especially from the (socio-) ecological field, #utite learning and adaptive capacity to
resilience as well (see, for example, Kendra andchdéadorf, 2003; Resilience
Alliance, 2005), with which we agree, too. In coat@n to this, it is assumed that a
higher resilience level can make an economy rectaser and at lower cost (Rose,
2004a). Recently, in disaster consequence studdsgience plays a more prominent
role: re-organizing the system so that it respamagisdly in a flexible way to a shock,
becoming a goal in itself. In her study on watemagement system, De Bruijn (2004)
points to the superiority of resilience strategigssides, a prudent policy-maker would
couple this goal with the sustainability principf@oviding resilience with normative
contents (Tobin, 1999).

To enhance resilience of a system, one has to thinkerms of disaster
preparedness. As immunity, resilience can be imgufdm advance. In this sense, it is
connected to the concept of adaptabilgaptation thus, is directed at the preparation
of the system to the expected adversity, and caardocal, national and even global
aspects. Adaptation is intended to reduce inheweirterability of a system to a
calamity, as well as to improve its response capgaice. resilience. The difference with
the widely usednitigation strategies is that, contrary to adaptation (whschimed at
the system under attack), mitigation is seen aseth@ety of strategies, aimed at
preventing or limiting the adversity.
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The debate on the concepts in disaster analysg&;ridbed in this Chapter, is
completely open and asks for ongoing contributionke hope to have provided a
consistent examination on a number of issues fl@mretonomic point of view. Because
we have started from the fundamental questionsimmidisaster analysis, it was
necessary to provide the definitions of core cotxeffering a basic structure for an
integrated thinking about the processes in compnomic systems provoked by an
event of a major disaster. In the following two @teas of Part Il, we shall continue

with discussing economic concepts in, approaches feameworks for modelling
disaster consequences.
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Chapter 3

Consequences of Disasters

3.1.INTRODUCTION

We would like to recall two aspects of disasterat twe established in the previous
Chapter: the term 'disaster' does not refer tohitheardous event itself, but rather to its
consequences, and is defined as the interactiomebet natural or manmade hazards
and human-induced systems. Shinozuka, Rose andhEdu698, p.1) make a
compelling observation:

“...earthquakes are much like the old philosophicalundrum: if a tree falls in
the forest and there’s no one around, is therasefAd&Gimilarly, in an area with a
small population and little economic activity, amrtbquake is not very
meaningful.”

This brings us to the point that when talking abcatastrophes, we are clearly
dealing with situations where human settlementsiviites and lives are destroyed,
whereas otherwise it is just a rage of nature. dewiange of effects can occur, such as
loss of life; psychological trauma’s; devastatidrpmoperty and assets, both residential
and business-related causing deterioration of weelfaurtailment of human activities
caused by failure of public services; interruptadrbusiness and production activities;
damage to historical and cultural heritage; deogyatstures and arable land; destruction
of environmental conditions, ecological imbalanas] so forth. The multidimensional
character of consequences results in the analysisaster impacts involving a variety
of disciplines, including, among others, economsegiology, ecology, engineering and
environmental sciences. As pointed out in thisithe& limit the scope of exploration
of disaster consequences to the study of econdifeicte of a major adverse shock (we
tackled the issue of scale in Chapter 2, Sectigr2p.

Besides, it is important to realise that, as asf&zais compounded of all the
impacts it brings with it, it should therefore bensidered improper to regard one effect
as superior to the otHér What we are attempting to achieve is, concenasin the
economic side of calamity consequences, to corngilta the understanding of the

21 For example, we shall not evaluate the non-mopeimpacts on households, which is becoming
traditional in flooding literature. We refer to MAR1999), Alterra (2003), and Van Ast, Bouma and
Francois (2004).
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nature of devastations and the means to deal hétim t preparing contemporary society
for potential disturbances. This makes us reaha¢ the stakes are high. In this Chapter,
we shall closely study the effects disasters marg lramodern societies. We shall try to
distinguish between various types of impacts, angpgre the stage for economic
impact modelling, which will follow in Chapters B 6.

3.2.CONSEQUENCES OF DISASTERS

A first task is to distinguish essential aspectdiséster consequences. First, we want to
pay more attention to thecaleof the event that is studied. In the previous @gpve
have found that it is the scale of the distresparticular, which makes a disaster a
specific topic for research. On the one hand, sgidf disasters are different from the
conventional studies of marginal or step-wise cleandike incremental change in tax
policy, trade tariffs or government expenditurenpécts brought by a calamity are
conceptually different, due to the very scale @& é@vent. This stems in particular from
the observation that a sum of a number of margih@nges would not produce the
same outcome as one major shock (Van der Veenre&/Arellano and Nordvik, 2003).
This means that we have to open a new chapteristtidies of impact analysis, with
special attention for disasters. Needless to say ¢htastrophes, as extremely severe
disasters, should occupy a separate niche expleyistgm failures.

There are a number of aspects that are essentiakémmining the magnitude of a
calamity. First of all, on the global scale, clim@hange is often recognised as a factor
contributing on the one hand to the increasing a&fion variability and changing
exposure to hazards; and on the other hand to tamnutyr regarding its effects in
specific localities. Next, there exists a diffeiatibn of disaster effects in the literature
between developed and developing countries, asliheacter of damages sustained
depends on the economic (infra-)structure of thaesp. In the following subsection,
we shall cover these topics and concentrate onligraission of disaster consequences
in developed countries, present rigidities and lehges during response and recovery
stage. Because many issues in disaster and exeeemt analysis are considered to be
connected to the ongoing climate change processeshall first start with that.

3.2.1. Climate Change: a New Challenge

Disasters are particularly dangerous because treeylifficult to predict. Currently, a

number of challenges can be identified that magXmected to contribute to the (more
frequent) emergence of calamities (MunichRe, 2006k scale of a disaster depends,
first of all, on the nature of the hazard and sdgoln consequences resulting from
this. However, the two are connected: the strorigernatural downturn, the more
severe the consequences. If the hazard becomegasmygly likely, and the

consequences of this are not known precisely, rieapected to be momentous, the
situation deserves special treatment. One of tloadby recognised dangers at the
moment is climate change, posing additional pressarthe development of the entire
globe. We shall examine what this could mean fdustrialised societies in particular.

The last decades have shown growing awarenesseadndteasing concentrations
of ‘greenhouse’ gases in the atmosphere, whichbalieved to cause climate change.
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This is currently identified as global average wiagn(as pointed out by some experts,
see the report of the International Panel for Cler@hange, IPCC, 2001, p.72), and is
identified by the increase in the number and sgvest extreme weather events,
increased precipitation and the sea level rise (Nalst, 2006). Following US National
Research Council (2002, p.1) “Abrupt climate changere especially common when
the climate system was being forced to change rapadly. Thus, greenhouse warming
and other human alterations of the earth system in@agase the possibility of large,
abrupt, and unwelcome regional or global climatiergs.” This means that nowadays,
when global environment is changing rapidly, it nieythe reason why the world more
frequently experiences extreme disasters, suctswasaimis, earthquakes, floods and
hurricanes. As apparent from different sources QPQ001; World Wildlife
Foundation, WWF, 2004; US National Academy of Sceé=) 2005et cetera this trend

is increasing. The consequences of this are viytuaipredictable. Although we can
assume that man can hardly influence the probwloifia hazard, it is becoming widely
acknowledged that unscheduled extreme natural ewefitftorm part of our future. For
example, following Penning—Rowsell and Peerbol@41 p.9), and indirectly also Van
Aalst (2006, p.12), the potential for large-scédmding exists all over Europe (see also
other recent publications supporting these deveéoys) like Van Dorland and Jansen,
2006; Stern 2006 and IPCC, 2007). Therefore, wee Havtake the unexpected into
account when thinking about development trajecofiee argument is also supported
by Benson and Twigg, 2004, and Hungarian Academ$ai¢nces, 2004). ldentifying
climate change and its effects as potential partaddstrophe emergence mechanism
necessitates admitting that we are in fact forceddapt to living in the world where
disasters have high potential. Schipper and Pell2@6, p.30) point out that “the
scholarly realms of disaster risk and climate clessg also starting to merge”.

In an attempt to gain some measure of control o¥er climate change
developments and their consequences at large, HelnteHilhorst (2006, p.3) plead
for what we would interpret as amegratedapproach (we shall return to the discussion
of this issue in Chapter 8, in the context of Dutcter and flood management), which
could include

» better coordination among the climate changeastéss and development
communities;

* an even-handed attention to the reduction of rgreese gases and the risks
associated with climate change, including througihagced disaster management;
and

» improved conceptual and methodological approathesmderstand and respond
to local manifestations of disasters while simutausly addressing underlying
complex and partially global processes.

This statement provides a wide platform for debatieich aims at bringing together
climate change challenges, and couples them tcstdisanalysis and development
trajectory planning. O’Brieret al. (2006, p.64), however, make a step further and
connect the climate change problem with disasteragement and resilience-building:

“Disaster policy response to climate change is dépet on a number of factors,
such as readiness to accept the reality of clingienge, institutions and
capacity, as well as willingness to embed climatange risk assessment and
management in development strategies. These comglitdo not yet exist
universally. A focus that neglects to enhance daphailding and resilience as a
prerequisite for managing climate change risks,willall likelihood, do little to
reduce vulnerability to those risks”.
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To achieve those goals, Van Aalst (2006, p.5) pomit that challenges posed by
climate change can not be managed separately froroaaler context of development:
“...the additional risks due to climate change shootd be analysed or treated in
isolation, but instead integrated into broader re$fado reduce the risk of natural
disasters.” Besides, Thomakd al. (2006, p.47) suggest what they call the following
experiments: 1. Enhancement of resilience/vulnétaldiialogue; 2. Identifying regions
of large-scale vulnerability; 3. Execution of vutability analysis using a formal
methodology. We notice that both O’Brien al. (2006) and Thomall@t al. (2006)
point out the methodological underpinning behindadter vulnerability analysis. To
this end, the conclusion can be drawn that not ewajuations of disaster consequences
themselves, but also a wider range of goals, sschktdying resilience, contingency
planning as well as designing development trajéetoconnected to climate change
depend on the theoretical grounds of disaster aisalyrherefore, we shall continue
elaborating how economic damage can be identifnebinaodelled.

3.2.2. Disaster Impacts in Developed and DevelopBauntries

Another important consideration in studying disasttnsequences in economic terms is
that it matters which type of economy is affected jazard vulnerability of small cities
versus big agglomerations, see Cross, 2001; anddkige, 2005). One example is the
distinction between developing and developed ecan@ystems. Some authors claim
that disasters in developing countries result ircimmore severe devastation than in
developed countries due to the vulnerability of fibvener triggered by a high degree of
susceptibility® (see in particular Mechler, 2004; but also Chpkis, Mitchell and
Liljelund, 2001; Murlidharan and Shah, 2003; Pimgalinovi and Sutton, 2005); at the
same time, other authors consider the study obipigms in industrialised countries as
a priority because of increased complexity (like rMo, 1999; Steenge and
Bockarjova, 2007). In this subsection, we shall adslitee differences stipulating the
emergence of this division. In the Section 3.2.3 stall deepen the discussion of
disaster impacts in developed economies.

Let us look at the core of the differences. Thesoeawhy developing countries
suffer severely from a disaster is that they aghllji susceptible to natural hazards —
with generally lower protection standards, stemmingm the inability of these
countries to finance advanced protection measiiss, the high level of vulnerability
of these economies to a calamity is often stipdldgincreasing sensitivity to climatic
variability due to dependency on agriculture andidandustry. These are also
inadequately developed to satisfy the needs of iggpwopulation. Also, problems of
conflicts, governance and weak public financial agament further impede
development (see Benson and Clay, 2003). The gquesthether such societies are
becoming more or less resilient remains open. &sehterms, high vulnerability of
developing countries to natural hazards combinet leiv level of resilience, inability
to cushion the adverse impact can turn a hazaodainlevastating disaster.

Alternatively, we have to be particularly aware tbhe consequences of these
natural tribulations on modern societies, as, tiaally, people found it attractive to
establish their settlements in places such as baeks, river mouths, coastal arees,
ceterg because this was advantageous in terms of teleyell as for recreational

22 See the discussion of these concepts in Chapter 2.
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purposes. Settlements in these areas are natpralhe to forces of nature, and need
additional protection. The reason that contemporacpnomies are significantly
sensitive to potential calamity and why it is beamgnincreasingly challenging to cope
with them lies in the increasing accumulation afre@mic assets and economic activity
at a speed, which has never been witnessed befiMéiSDR (2002) make the
following general note: “Population density and wtie, unplanned urbanisation,
inappropriate land use, environmental mismanagemedtloss of biodiversity, social
injustice, poverty and short-term economic visiore amportant determinants of
vulnerability.” The issue is also recognised by g Commission (2006), which, in
drafting a directive on the assessment and managesh#éoods, points to two trends in
the development of flood risk, namely, increasecale and frequency of floods, and
marked increase in vulnerability. Developed coestiare in general less susceptible, as
they are able to invest continuously in advanceateutive measures. However, the
level of vulnerability of industrialised economiissnot easy to determine, as at least
two factors contribute to it. On the one hand, ¢hegstems do not rely on agriculture
anymore, which implies higher resistance. On theeiohand, a developed economy
consists of a complex system of inter-industriagivoek. Rose and Guha (2004, p.120)
note in this respect: “Greater interdependence esaubese direct losses to ripple
through the economy to a greater extent via mamoypds of cost increases and lost
purchases and sales. Greater self-sufficiency maamsonomy is more vulnerable to a
disaster within its borders because of reducedetradh the outside world.” This
suggests that the sensitivity (or, rather, vulnditgoof a modern economic network to
outside shocks, however, remains difficult to elsthb as interaction effects are
involved throughout the entire system, and the ffsa part of this system should be
considered in the context of the entire economyerd&tore, we propose that it is
essential to study complex economic systems aslitbeyme affected by major adverse
shocks.

Besides vulnerability, we also need to determireléivel of resilience of modern
systems to major outside shocks. During recovesg, af excess production capacities
in the non-affected areas, resulting in producsohbstitution; adjustments in economic
behaviour of firms and households; as well as otimys of resilient response of an
economic system to a shock can take place. The itndgnof these cushioning effects
depends on the availability of alternative soufesupply and demand in the economy;
the duration of the physical disruption; and thesgpoility to extend production. In
general, assessing in advance whether alternativecess are available and whether
production elsewhere can be relied upon, remairexenemely difficult task. However,
this should be an essential part of disaster aisalpdéso, although modern economies
have undergone substantial change during the dastigy towards information societies
based on knowledge (on information technology dsselents in connection to hazard
perception see Mitchell, 1997), high-tech produttand services, it is not apparent
whether their ability to respond to an adverse ilsg@lhas deteriorated or improved.
What can be stated with a high level of certairdythat modern economies have
acquired new qualities, which need to be studiedling (2003) asserts: “Urbanization
affects disasters just as profoundly as disastersatfect urbanization”. At present, only
a few studies exist which perform in-depth expliorad of resilient response in
industrialised economic networks. Nevertheless,emaitention is now being paid to
this topic, among which also our current study.
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3.2.3. An Industrialised Economy as a Complex CitauFlow System

Further in this Section, we shall focus on the dpton of the impacts of a disaster in
an economy with a highly developed industrial dtiee. Essentially, because of the
complexity of modern economic systems, their elasiare tightly interconnected
through a diversified multi-level system of linR&/ith this in mind, we shall focus on
the analysis of linkages and dependencies withosehsystems. In this context, the
concept of circular flow becomes a useful tool whlgsis.

The circular flow as a framework in which we sHalither discuss disasters can
essentially be borrowed from macroeconomic themygduced by Quesnay, and later
became a part of macroeconomic textbooks, see fkample Mankiw, 1994;
Chamberlin and Yueh, 2006). The concept of producais a circular flow dates back to
early writers such as William Petty in England aRdthard Cantillon in France.
However, the Frenchman Frangois Quesnay is gepearadlited with developing the
first real model of the circulation of commoditiestween interconnected sectors of an
economy. His Tableau économique, published in uarigersions between 1758 and
1766, is a representation of the production, experedand distribution of commodities
in a two sector economy (agriculture and manufaog)r To express his views,
Quesnay employed a very special device, the sedallgzags. The first effort to
transcribe the zigzags into a modern input-outpunit was made by Phillips (1955),
after which many efforts followed (see Steenge,@0Qeontief, in his early work on
input-output tables for the USA, saw his (own) wark an effort to build a modern
Tableau économique for the United States (Leonti@36,1941).

The idea of a circular flow is central to the urelending of how an economy
works. An economic system can be thus viewed astaank where there are actions
and interactions between households, firms, theegouent, financial institutions and
the foreign sector. This has come to be known asiticular flow of income.

The basic scheme of flows in an economy can berebdebetween firms and
households (found in Figure 3.1). We may notice thare are two loops: the blue
arrows illustrate the flows of goods and servicesiroon arrows stand for money
circulation. This means, that between firms andskbolds, there is a clock-wise
exchange of labour as a factor of production tofihms, and of final goods from the
firms to the households. Money streams go in thposipe direction to goods and
services in the form of consumption expenditurehafiseholds for those goods and
services, which are also revenues for the firms; fagtor payments from the firms to
households, which are essentially earned incoméhéosupplied labour (i.e., wages). If
we consider only the small inner circle of streaoismoney and goods between
households and firms, we will observe that hous#hare supplying labour and
consuming final goods; and firms are producing goodthe economy. Also, a flow of
intermediate goods can be observed from the mddtegoods and services to the
market for factors of production. Intermediate goade those goods that will be further
used in the production of other final goods andvises; these transactions can be
traced, for example, within the input-output intediate transactions matrix, to be
discussed in more details in Chapter 5. It can hiswisualised as a scheme of inter-
and intra-industry flows as shown in Figure 3.2.
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Figure 3.1.The economy as a circular flow.




If we extend our scheme and include governmengnfiral markets and foreign
countries, we shall obtain a more complicated cbarflows (Figure 3.1). Here, in
addition to the above-mentioned streams of goasjces and money, we may observe
also the transactions that are added due to thsemce of the third actor, the
government. Both firms and households have to pag<, in exchange for which they
receive government services (that can be homeleodrity, defenceet cetery; and
receive, respectively, subsidies and transfer paysneésovernment is also spending
money (government purchases) for some goods awnttegron the market for goods
and services; as well as borrowing and lending moime the financial market.
Households and firms are participating in the foiah market, too, by means of
borrowing, lending, saving and investing, respetyiveceiving or paying dividends or
interest.

The circle is completed by the leakages to ancciiges from foreign markets.
Namely, some of goods and services that are praducabundance are exported (for
which payments are received); alternatively, thgeeds and services that are not
produced domestically, or not in the required ant®umre imported (for which
payments are made). Finally, financial marketsniopen economy witness the inflows
and outflows of foreign investments.

O
A

Final
Demand
Categories

Figure 3.2.Scheme of input-output inter- and intra-industons.

Above, we referred to the circular flow as représdrin terms of an input-output
system. An input-output system provides a stylisedresentation of the complex
circularity discussed above (see also Leontief,119hd Samuelson, 1991). In that
system, each industry (denoted as A, B and C inorEi§.2) is producing some amount
of output. Part of this output will be used by g@me sector (say, sector A) for its own
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needs. For example, part of equipment and machimeguced by heavy industry will

be used in production (e.g., will go from A to Mnother part of sectoral outputs will

be traded between other industries for their prtdocneeds. Thus, the flows of
intermediate goods between all sectors can be wxéirom A to B, from A to C, from

B to C, and so on). It is also possible that intdiate goods stream in both ways
between two sectors (like on the diagram abovejs €hn be the case, for example,
when agricultural sector is selling its outputstite service sector, as well as buying
some services from it for the purposes of productiche final part of output produced
by each sector is allocated to the final demandgmates, such as private or public
consumption, investments or exports. Also, finamdad categories are supplying
labour and capital depreciation back to the pradeactectors, which closes this input-
output circle of flows.

It may be useful to introduce briefly the basiatistinput-output model already at
this place. (We shall come back to this model metensively in Chapters 5 and 6).
The model describes, m-priori specified detail, the production of goods and ises/
in an economy. The model is based on the notidnteflocking production processes.
Two types of inputs into these processes are disshed, i.e. commodities, the
production of which is described in the requiredtade and commodities, the
production process of which is not described. EXaspf the first type are the various
kinds of agricultural products, the products ohtigind heavy industry and services.
Examples of the second type are labour, importsitalainvestments and government
services in the form of taxes and subsidies. Ttierlaategory is known as the primary
resources or factors. The production processesnagelled as so-called limitational
production functions, also known as Leontief prdduc functions. The term
‘limitational’ here means that the proportions ihigh the inputs have to be combined
in production is fixed, basically on technologigabunds. That is, the model (at least in
its basic structure) does not allow substitutionwleen inputs based on price
movements, as in ‘smooth’ neo-classical produdiimetions® Standard, we have:

X =Ax +f [3.1]

where the if x n) matrix A stands for the technologically determined matifixnput
coefficientsf for the g x 1) vector of exogenously determined final demamitix for
the vector i x 1) of total output required to produtevhere we shall assumiz0. The
dimension of matrixA informs us that the production of goods and services is
considered. The columns of the matrix stand for iteuts of the ‘produced’ or
‘intermediate’ inputs into each production functigiin Chapters 5 and 6 we shall
discuss the way the input coefficients An —and in the row-vectol, below- are
obtained). For us, at the moment, it will be sugit to notice that the coefficierag of

A represent standardised value flows from industay industryj. Matrix A, together
with the information inf andl in [3.2] represent the circular flow in a very cse
form.

To complete the model, we also need to introdue€rtbn-produced’ or primary
factors or inputs. For the moment we shall onlyidgaiish one such input, labour. We
have:

2 The literature distinguishes several types of gdixmodels, in which price effects do have an
influence on input proportions. We shall only csicaally refer to those forms.
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L=Ix [3.2]

wherel represents the vector of labour input coefficients each production function,
and the scaldr total labour income or employment. The elementsané known as the
direct input coefficient$* Important is that the elements loflso are technologically
determined. (One reason that the production optimary factors is not considered is
the fact that these processes are of a quite éiiffarature, often involving long-term
activities such as teaching and education in tise célabour. Sometimes also they are
not sufficiently known as in the case of impor&guilibrium pricesp are given by the
equation:

p=pA+wl [3.3]

wherew is the wage rate, such as euros per hour earmbd. rbw-vectorwl also is
known as the vector of value-added coefficientsg Wéte that built-in is the property
that labour can buy the economy’s net output, tirarnodity bundld. In fact, we have
the following balance between income and experglitanother instance of the model’'s
built-in circularity:

wix =pf [3.4]

The model enables us to calculate the effects ehange in final demand.
Suppose exogenously determined final demand chaadés- Af) . From [3.1] we then
obtain straightforwardly:

(x +AX) = A(f +A¥), [3.5]

which gives us the new total output vector.

The above model essentially has only one scardenited factor, i.e. labour.
That is, any limits to production are caused byssjble shortage of labour. (In models
distinguishing additional primary factors, analogigyu several of these production
bottlenecks are distinguished). Suppose labounlisavailable in the amout In that
case, the economy faces a labour shortabglif as given by [3.2]. This means that the
consumption bundl&is not feasible, and must be chang&We should remark that the
model does not address issues of unemploymenmare general, of ‘resources’ that
are oversupplied. So, if a situation whdreel is interpreted as a situation of
unemployment, there are no mechanism that, e.glowdrive the economy towards a
fuller use of labour as a productive factor. Susdues need to be addressed in more
elaborate versions of the model.

The model usually is compounded on the basis ofsaetion reviewed for a
specified period of time, which normally is one yekinally, the model is static

4 The so-called indirect or total input coefficiear® the elements of the multiplier or Leontief rixaof
this model. This matrix also will be discussed ima@ter 6.

% More elaborate models put limits also on the aslity of the produced goods, but for the momeat w
shall abstract from those possibilities.
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because an analysis of the effects of investmentsot part of the model. That is,
investments are accounted for as one of the caésgof final demand, but their effects
on the economy’s dynamics are not analyzed.

The equations [3.1],[3.2],[3.3],[3.4] represent thiial situation, i.e. before the
shock. All entries are in money values. This isalbecause the empirical data needed
to implement the model often are available onlyrianey terms. Thus, we work with
physical units expressed in monetary terms; seéeMénd Blair (1985, Ch.2). An
additional advantage is that money value repreenta enhance comparability
between sectors, regions, and over time.

The static model, however, has a second form, kb®ed model. The standard
form here is:

X=Mx [3.6]

The elements of the columns B again are interpreted in terms of production
functions. In this model, the distinction betwe@mnoduced’ and ‘non-produced’ (i.e.
primary) goods and services is not made; all conitiesdare equal in this sense. Total
inputs are given by the vectx, total outputs by vectox. The model thus tells us
that the solution, is the dominant right-hand eigenvector of malixAs we see, this
matrix has dominant or Perron-Frobenius eigenvatgeal to unity, withx the
corresponding eigenvector which gives the outpapertions for this econonty.

The model [3.6] thus does not address question®\vimg the consequences of
changes in final consumption demand. It only answee question: which proportions
are needed - in terms of inputs and outputs —aiothie economy can reproduce itself in
one period? This implies another difference with tipen model [3.1] above. We may
wish to interpret one of the columns M in terms of the (proportions of a)
consumption bundle for households. These householdisrn provide the necessary
labour inputs for the industrial processes. Theffaoents in the row ofM, which
corresponds to the ‘consumption inputs’ columnntizee comparable to the direct
labour inputs in vectol of the open model. If the consumption vector iasomably
stable in proportions, this interpretation seemseptablé?’ The price model
corresponding to [3.6] is:

p=pM [3.7]

That is, the equilibrium price vectop is the left-hand Perron-Frobenius
eigenvector oM.

Suppose now that an economy is described by [3l&t is, we have a perfect
fine-tuning in the sense that inputs and outputspaecisely matched. Suppose also that
this includes labour and that this implies a sitratof full employment. Suppose

26N Chapter 6, we shall encounter a closed Leontiedlel where the coefficients matiik is the sum of
two input coefficient matrices, one standing fog technologies in uséj, and another for the real wage

(H).

27 Nonetheless, several authors object to this vieesabse man would be introduced as a ‘machine’
requiring certain inputs to produce its produd.(iabour force).
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furthermore that for some reason the input vedianges taMy wherey Z¢£x, & > 0.
In that case, we have

2=My [3.8]

wherez is not equal ty (because is not an eigenvector ®f). In that case, the perfect
circular flow as depicted by equation [3.6] is ldstfact, compared to the circular flow
in [3.6], now (relative) over- and undersupply denobserved in [3.8]. If the situation
persists for some time, entirely new efforts wil bndertaken to restore some kind of
equilibrium. The question then is if such a sitoatis advisable. The alternative is that
the government prepares the country for the sdnaby preparing itself and by
preparing various scenarios. That is the line we shall parsier on, especially in
Chapters 6 and 7.

3.2.4. Disaster Impacts in an Industrialised Econgnthe Role of ‘Rigidities’

The circular flow representation of an economy lasva shows that all agents and all
markets within a system are interconnected on saéVerels. Unexpected severe
adverse shocks to an economic system cause intierrsipn the circular flow and as a
result, chain reaction eventuating in the paralgsaof the entire economic network.
One of the factors which can aggravate these sff@e so-called rigidities, which can
emerge due to what we would call technological dect(rather connected to the
existence of the so-called ‘critical’ sectors thaty cause the emergence of bottlenecks
in production cycle); and institutional factorsofmected to contractual obligations,
time lags or lack of informatiomt cetera. The latter fall outside the direct scope of this
study, although they have an implicit influence tbe former. At the same time, so-
called technological factors guiding the emergeofcagidities are discussed further in
this Chapter, as part of the exploration of promurcbreaks and changes in economic
structure, that at the core of our grand inquirg (@ shall see, the discussion of
rigidities plays an important role building our neddh Chapter 6). The other two issues
that we are going to illuminate in this Section #ire ability of an economic system to
respond to a shock and the role of government aspartant actor in steering disaster
aftermath. In the modern economies, where privat @ublic domains interact and
form the economic landscape of the country, alsoigisue of responsibility, disaster
prevention and preparedness come up to the surfypecific to the thematic of
disasters is the problem of insurance, which wdbae covered below. First, we shall
discuss rigidities.

‘Rigidities’
For any economy, a set of rigidities can be deteechiwhich are inherent to a system.
Delimiting the possibilities of the functioning $gm, these are important to consider in
business-as-usual times; more than that, they becomcial in times of extreme
situations as disasters. Here, we shall attem[ataio at the processes behind a disaster
in an industrialised economy, to identify thoseidities connected to technological
factors, and their role shaping disaster aftermath.

Focusing on gaining a better insight into the retfrdisasters and their economic
consequences in contemporary industrialised ecammie in fact have to pay
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particular attention to the production and consuomptactivities, and disturbances
thereof, the role of government and response ofptineate actors on its incentives.
Essentially, an economy is a network consistingnattiple production establishments
producing goods and services for different branaiesdustry and with different sizes
and production capacities. When industrial uniteihging to different industries within
a locality suffer a different level of output faiy we talk about an asymmetric or
heterogeneous shock. Heterogeneous character ofiggamduced by these shocks
contributes to the specificity of disasters. Sompeets (Cochrane, 1997a) note, in this
respect, that should an economy experience a hamogs shock, i.e., each sector
would be damaged to the same extent, the totalfigsses would be limited to ‘direct
damage’ (often referred, but not limited) to phgsidamage; (we shall discuss concepts
of damage in more detail later on in this Chaptee Sections 3.3.4 to 3.3.6). This is
because every sector within an economic network shtink proportionally, and
production activity can still go on, however, on smaller scale. Yet, with a
heterogeneous shock, so called ‘indirect damagegear (which are effectively
connected to the disruptions in the economic cacfibw; to be followed in discussions
in the subsequent Sections 3.3.4 to 3.3.6), andimiact even exceed the magnitude of
the direct losses. Indirect losses thus seem miffieutt to control, and following
Cochraneibid), these are less sensitive to economic strucheet (ndustrys. service
dominated economy), than to damage pattern, sizeéhef economy, preexisting
conditions, and the manner in which recovery iaficed. This means, that the relative
magnitude of the economic system, system’s vitdlitigich is directly connected to the
concepts of adaptability and resilience discussddhapter 2), asymmetry of the shock,
and recovery planning are central to the undersignaf processes behind the disaster
event in modern economies. In this Section, wel st@micentrate on the latter two
aspects.

As a result of the asymmetry in effects, one oftyipes of limitations experienced
in an economic network iproduction bottlenecks. A ‘production bottleneck’ in an
economy can be broadly defined as a situation inchvioverall production is
jeopardised by one of the affected sectors, whichro longer supply the vital inputs to
the rest of the economy. Several causal factorsaamgork here. One of them is a
structural or technological factor, which is théséence of so-called ‘critical industries’
in an econon®’. When, as a result of a natural disaster, an unéss of production
throughout the sectors in the region is obserJeskd sectors become especially crucial.
The size of such an industry is not significang br small, a critical sector is a highly
important (perhaps, the only) source of input fdheo industries without close
substitutes. If it becomes destroyed by a hazard,re substitutes to it can easily be
found (either in imports, inventories or excessacdy), many sectors depending on this
critical sector will not be able to continue protiao, affecting other sectors in turn,
thus jeopardizing the operation of the entire systlh such a situation, it is possible
that total economic loss figures throughout theneocoy may substantially increase due
to the indirect effects (see also Cochrane, 20@i)ven these circumstances,
disturbances in the critical sector will predomitharirigger over-proportional losses
among the industries depending on the criticalosess purchasers, i.e., relying on it as
the supplier.

ZCritical sectors, as we discuss them here, impigdities of different nature than those that are
conventionally referred to as ‘key sectors’ in mgil science and are often identified by means of
significant backward and forward linkages obtaifredn the input-output analysis (for more background
information on this issue, see, for example HaZ#7,0; Beyers, 1976).
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A second type of rigidities, of anstitutional nature, can worsen the picture. We
shall mention some of them; these can be, for el@mmport limitations, payment
lags, contractual obligations, lack of informatiaimne necessary for finding new
business partners or markets, as well as for r&-acing, et cetera As the literature
suggests (Cochrane, 1997b), the existence of sattteriecks can substantially raise
economic loss expectations. Furthermore, provided éxistence of institutional
rigidities, the technological factors become evemaraffected. As we mentioned in the
paragraph above, critical sectors may get affedtedting the capacity of the entire
system to operate. With severe institutional lingtas, in the immediate disaster
aftermath each disturbed sector may in fact beoaontieal, as in the initial time period
resources are fixed, and cannot be substituted. Mieians that system is found out of
balance and, what is more important, out of prapost In such a situation, essentially,
the sector suffering highest disturbance becomedirtiting factor, a ‘bottleneck’, for
the entire economy until adjustments and/or suligiit possibilities emerge. Also, it
has been noticed that some certain proportions, éxigshich households consume final
products. In this sense, short-term resource tigidie it labour or raw materials) and
stability of consumption bundle (the elements @f Wectorf in equation [3.1] above) fit
in the input-output framework where technology eers fixed. We shall return to the
issues of rigidities and proportions in Chapterandl 6. Beyond that, there are some
employment issues to be considered.

Another limiting factor in recovery efforts can becognised, which are claims
regarding ‘full employment’. In fact, we have tediss it in terms of excess production
capacities. For example, if in the rest of the ¢oynwhere producers outside the
devastated area are not fully employed, they cle taver part of the lost output.
However, if domestic substitution is not possiblee do full employment of resources,
the economy will hardly be able to adjust and expiés production activities elsewhere
in the country, which can make the total loss fegufor the entire country increase.
Under the circumstances of full-employment and egoent limitations to growth,
domestic producers (as well as consumers), if ptessinay start looking for suppliers
abroad, and, by importing the missing goods, ensanginuity of production. This, in
effect, means that domestically produced goods satestituted for ones produced
abroad. On the one hand, this helps companiesdeutsie affected area maintain
production in the short run. Yet, in the medium dong run, output that is imported,
economically speaking, is considered lost. Effedyiv the reason is that the goods
produced domestically before the shock, and impaafeer a calamity, in the longer run
become crowded out of the in-home market. With irtgoacontinually increasing,
broader welfare effects can be expected in termsngfloyment, income distribution
and price stability. We shall leave these issueduidher elaboration outside the scope
of this thesis; rather, we shall continue with otfiendamental aspects governing
recovery.

One of the broadly recognised critical sectorsifislihes, broadly defined as
sector(s) providing infrastructure facilities (re@adailroads, and air transport), utilities
(electricity, gas, water supply, sewage system) @rmmunication services. If out of
order, lifelines are a bottleneck for a whole arblany authors emphasized their
prominent role in contributing to losses (see, @gCole 1998, and Shinozuka, Rose
and Eguchi, 1998). This is due to the fact thatipotive sectors are highly dependent
on the supply of utility sectors, as well as infrasture and communication in the
contemporary world (see for example the studieRade and Benavides, 1998; Rose,
2004b). Many economic transactions depend diremtlyphysical lifeline systems — for
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example, purchase of power and water by businessg@ouseholds, the trucking of
goods between the industrial areas and to the firakets, the flow of information
within and beyond the region. Dysfunctional lifelsxmay be responsible for paralysing
the whole productive system. Even in cases wherisasi@r has a limited direct
(physical) impact on the area, the indirect meditemm impacts due to physical
infrastructure failures might be much more devasgathe effects of which may stretch
far beyond the borders of regional or local ecorssmi

The observation is important that (even) partiarujption of lifelines results in
larger negative effects than can be seen, for eb@ndirectly from an input-output
table. As indicated by Tierney and Nigg (1995),tadan the business impacts of the
[Mississippi] 1993 floods indicate that lifelinersie interruptions were widespread,
were perceived by business owners as very diseiptand were a much more
significant source of business closure than agblmgisical flooding”. Other research
outcomes support this finding. Based on the appreaggested by Chang (1998, p.82)
and Rose and Benavides (1998, p.96) ‘lifeline gisam effect functions’ can be
estimated for each branch of industry. Detectedh lsgctoral dependence on lifeline
supplies is central to the approach. From busirmssey, electricity dependence
coefficients are deduced and employed to deterthi@aleterioration of sectoral output
as a result of physical lifeline disruptions. Altatively, Okuyama, Hewings and Sonis
(2002) offer to model lifeline collapses througle iimposition of final demand impulse
due to the interruption in lifeline services on {hest-disaster input-output table with
adjusted coefficients.

Modelling the effects of lifeline network failurendhe rest of the country can be
complicated further by their mutual interdependeniteshould also be taken into
consideration that lifeline networks make up a clempsystem, interconnected with
each other. The Report of the Centre of Advancegirteering (CAE), New Zealand
(1997, p.12) states: “But, most importantly, in maeases there is a high level of
interdependency between lifeline services. EadHirié generally needs the others in
some way”. Furthermore, Rose and Benavides (1988 that modelling the cases
involving severallifeline element disruptions is not a straightfard task. The reason
for that is the presence of non-linearity of thaéserdependency effects. The CAE
Report takes a step further, exploring lifelineensbnnectedness. It distinguishes
between the interdependence of lifeline networksperation (if A fails, B fails), and in
response (need to fix A to get to B). Essentidifglines deserve a separate study,
tracing their effects on the performance of thé oé®conomic infrastructure, as well as
their interdependences, which are crucial for engnalisaster consequence analysis. In
this thesis, our model will not include an expl&dcount of lifeline failure, although we
acknowledge the importance of this factor for disagnalysis. We believe that this
should be added as a specific dimension to thg-fldiged model, which we leave to
further investigation. At the moment, we shall cemicate on the fundamental issues of
interconnectedness. Further in this Chapter, w# &hra to the concept of damage and
continue with the discussion of specific modelshe next Chapter. Before that, we
shall touch upon issues such as response and rgcané the role of governments in
the modern economies.

To summarise, we should note that the various tgpeiskinds of rigidities, as we
have outlined them in this subsection, are condeici¢he concepts we have discussed
in Chapter 2. In fact, we should see the emergehe&idities and resilience as two
sides of the same coin. If the economy is not pexpeo a calamity, and has not built in
advance some essential elements (consult in pemtiGection 2.3.5 of Chapter 2)
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improving its potential to bounce back in the faifea disaster, it will have to face
extreme rigidities during the recovery period. Thieans, that to decrease the
(potential) effects of those rigidities, the systhas to direct its efforts on improving
resilience before a disaster takes place. Yet,usecaunfortunately, this is not always
the path that is taken by the societies (the ca$¢ew Orleans provides a noteworthy
example of that, as reported, among others, by 06; Menzel 2006; Kokt al., 2006,
and the Brookings Institute), we shall seriouslysider the existence of rigidities in the
aftermath of a catastrophe in the rest of the sh&liearly, government should play an
important role in determining the milestones it siat reaching. We shall continue with
that.

The Role of Government

Government usually plays an important role in thenediate aftermath of a disaster.
One of the typical observations one can make imatelyi after an outbreak of a
calamity is that government is normally expectedh®ypublic to take the initiative and
responsibility to provide basic human and financ&dources to ensure the spin-off of
recovery and disaster relief operations. The gawemnt can help improve the situation,
providing both physical resources as well as ingentto the public and industry
steering the revival of the economic activitiesnAmber of possibilities exist, which
have to be considered. On the one hand, this cdad& such activities as organised
evacuation, provision of temporary dwellings, delrieaning.et cetera These rather
belong to what we refer to asrhergency aid and fall out of the scope of the current
inquiry (to what we also pointed in Chapter 1). Wia are more interested in, is the
role of the government that offessructural recovery aitf in the form of extra financial
resources to cover, for example, individual lossésch were not insured, provide
subsidies or tax relieves to the companies hit loglamity,et cetera However, it is a
matter of knowledge, as well as political and ecoiwointuition, to choose the right
measure and instruments for recovery, providingribentives, which should ultimately
result in the desired effects. At the same timek [&f initiative and insight on the part of
the government may lead to severe consequence$) ascdelayed response,
unnecessary human and physical lod8es.

From emergency experience in disaster situationsa#t become apparent that
substantial inference into the essence of catdstragvents and their consequences is
necessary before decisions are made. Probably fahe avays to model recovery is to
employ scenario work, choosing various incentives & government can implement,
which should result in a variety of reactions of @onomic system, leading to a
spectrum of outcomes. We do not directly estimagevblumes of these investments to
include them in the model, though indirectly welkkake this aspect of recovery into
account? It is an important aspect of disaster consequemmeelling, as steering of an

9 This statement would require, strictly speakingaasumption concerning the ability of the govemnime
to continue operation in the times of major adugrsio avoid complications at this stage of reskave
shall stick to this very assumption.

%0 see the report of the US House of RepresentatBelect Bipartisan Committee investigating
preparedness and response to Hurricane Katrina JEhélouse of Representatives 2006), emphasizing
these aspects.

31 As an apart, we should note here the relationosemnment expenditure to disaster loss and benefit
accounting. It is important to bear in mind thatgopublic expenditures connected to relief managéme
are attributed to losses, while others to positiffects. Some of expenses are just transfers, asitiixes
not received, due to a production standstill, unegrpent benefits paid out, and the like. Thesedfens
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economic recovery can have a substantial influeaoethe further development

direction that the country takes, in turn determgnthe total loss figure. We recall that
we interpret total disaster losses as a differdseteeen the actual post-calamity path
and the potential path that an economy would heNewed without a disturbance.

Disaster Insurance

Also, often when discussing calamities in the jiorcof the private-public domain, the
issue ofinsurancecomes to the surface. Increasingly, this occupiese space in the
debate among the issues on the public agenda, dedndo the sharing of
responsibility. A common argument is: if damage barinsured privately, those losses
should no longer be a burden for the governmenweéder, is it that easy? When
addressing the issue of insurance, one should ibearind that we are considering
large-scaleadversities, such as major flooding in the Netms (to which we shall
return in Chapters 7 and 8), which are a specsg ta connection to insurance. Let us
first explain the insurance principle. As a rulesurance companies collect insurance
premiums that (should) cover the payments of clamma fixed period. Premiums are
calculated on the basis of the average expectddcepent value of the insured asset
and the probability of the event against which #sset is insured. This means that
incurred costs in a calamity are spread among tiieybolders on a periodical basis,
where premiums reflect average expected loss aridd@ a mark-up. This principle is
applicable to the cases where events have a ceapteiictable frequency. If this
frequency (probability) is known, as well as thelueaof the insured assets, the
insurance policy can be determined. However, oheestis uncertainty with respect to
the probability of an event (again, analogouslKtaght), the average expected loss is
more difficult to assess. Also, the difficulty tdffdrentiate in time, space and among
individual policy holders, makes insurance of ‘lgevobability-high consequence’
events more problematic.

Kunreuther and Michel-Kerjan (2005), in their stumfyterrorism insurance, point
out several aspects, which make extreme eventergliff from the usual insurance
arrangement. Following them, we can apply threthe$e to disaster insurance, namely,
catastrophic losses, interdependences and ambigtity latter means that a disaster
event is typically characterized by a low, yet utaie frequency, which complicates
assessing and pricing the disaster risk for inst@a@ompanies (see also OECD, 2004).
Catastrophic losses, basically, mean that largebeusnof people as well as property
can be affected, leading to substantial claim&rtlgpendence is stipulated by the chain
of events where not necessarily the insured obpecindividual are liable for the
occurring losses. This is in particular true fodirect losses (which we shall address
later in this Chapter), when businesses or indaislisuffer damage due to failures in
other parts of the network, such as contemporasp@unies. Kunreuther and Michel-
Kerjan (2005, p.48) summarise: “Failures of a wéak in an interdependent system
can have devastating impacts on all parts of te&egy.”

As we see, a disaster is often an event bringirmgitahigh group risk and system
risk. The former is a type of risk that not an indual, but a whole group of individuals
incur damages; the latter concerns the criticackhehich can result in failure of the

reflect the redistribution of welfare, which, hoveeydoes not reflect the change in the total weltdrthe
society (see MAFF, 1999, p.25). At the same tinteeioexpenditures, such as investments and inaease
public demand, should contribute to stimulatingresric activity and can be seen as benefits.
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whole system, be it economic, social, environmeptapolitical®? This means that
when a catastrophe takes place, a large groupdofidiuals become affected at once,
possibly covering a relatively large territory (tme referred to as affected area).
Covering claims associated with such a disasterimes|access to substantial amount of
capital. This leaves basically two options: eitimsurance premiums for ‘low frequency
- high consequence’ events may explode (making iitually inaccessible for
consumers), or insurance companies should haveateesupplementary ‘emergency’
capital sources in case a major calamity happemshi$ end, Jaffee and Russel (2006)
point to the possibility of a government providimgurance companies with loans to
guarantee smoothness of accounting and preventrdgzini within a specified risk-
sharing arrangement. However, the authors alsot maih that even this may not be
enough. Because the residual risk is high and bamheasure, re-insurers covering
insurance company losses may be reluctant to prdhid type of financial service, and
the available ones may be expensive. Some autleogs (Cole, 1998) point to the
disaster risk as uninsurable, a type of event ifhabmetimes described as an Act of
God. Clearly, the above points to how future depalents can evolve in rebalancing
the public-private domain mixture in modern econesniln Chapter 8, we shall follow
up on this topic.

3.3.THE CONCEPT OF DAMAGE

Among a variety of consequences a disaster may, hdamage in general is a
measurable category, a quantification of societyikerability. Economic damage in
particular occupies a special place in disastesegnence assessments. The purpose of
an a-priori assessment of economic damage is gpingight in the damage potential
that a hazard may bring. In this respect, the lefaocietal vulnerability to a disaster,
the organisation of mitigation and recovery prograes, as well as evaluation of the
need for investments in proactive protection messudepend essentially on the
expected extent of damage. However, much is asnadrtain in this area. 'Damage’ is
one of the most controversial and multifaceted geimdisaster analysis; one rarely
finds the same definition of damage in publicatidram different sources, such as
authors, research institutes, or government agendiee National Research Council,
the US, provides a striking example (1999, p.5):

“Somewhat surprisingly, however, the total econdosses that natural disasters
cause the nation are not consistently calculatedlowing a natural disaster,
different agencies and organizations provide damaggmates, but these
estimates usually vary widely, cover a range oftgoand change (usually
increasing) through time. There is no widely acedgdtamework or formula for
estimating the losses of natural disasters to #tiem”

With little consensus on this key concept in disasinalysis, advancement of the
disaster community can only be achieved by prorgo#in integrated approach where
generally agreed concept definitions would formaai®. Here we quote Mitchell (2000)
who notes, “Terminology that is confusing or cotgéscan lead to misunderstandings,
unwanted actions or protracted episodes of inteidovheel-spinning”. So, there is a

32 Cochrane (2003) uses systemic risk in a diffecemtext, which is related to the financial stantet,
both concepts are similar in nature.
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need for a common set of concepts to achieve psseghéet, in general terms, recently a
convergence seems to emerge among scholarly auimadsstinguishing two main
elements of damage, direct and indirect effectsh{gher-order effects, like suggested
by Rose, 2004b), forming the core of the debatewdi®r, many discrepancies still
appear on the operationalisation and applicatimelée The difficulties experienced
usually are threefold. Firstly, there is often ngrement on the common reference
point. Here, such terms as public costs, privatetssoinsurance companies’ paid
compensations, and total economic costs — are @h ifacompatible in a single
comparison. Next, there is often no agreement erstlale of studies, be it temporal or
spatial. Finally, sometimes no distinction is mabletween the stock and flow
measures/dimensions of damage, which induces pessibnfusion between the
concepts of direct and indirect damage. This, mm,tunay lead to double counting,
imposing a methodological bias on the estimatioffe. shall touch on these and a
number of other issues concerning damage definitiothis Chapter, outlining the
multiple dimensions of the concept and challengesdidressing thert.

3.3.1. Who Are the Stakeholders?

The multifaceted character of damage clearly stémrm the various purposes it is
meant to serve. Who is in the end interested inadgmand damage estimations in the
context of a calamity? Evidently, there are mudtiphterested parties. First of all,
governments are concerned with the actual and égbetamage figures — for budget
planning, investment arrangemerdscetera This results from the fact that the task of
providing public goods (also including their prdien) is delegated to the government.
Policymakers and planners should have precise damaig to be able to steer public
policy in the desired direction. The Ministry of Iftie Works and Transport (the
Netherlands), the Ministry of Agriculture, Fisheand Food, MAFF (the UK), the
Federal Emergency Management Agency, FEMA (the &i&),the Bureau of Transport
and Regional Economics (Australia) are examplesuzh government organizations.
ProVention Consortium, The UN International Strgtefpr Disaster Reduction
(UN/ISDR) and the UN Economic Commission for Laimerica and the Caribbean
(ECLAC) are examples of international (intergoveemtal) organisations, which carry
out research on the natural disaster-related apalim the purpose of policy
implications.

Next, insurers, their associations, re-insurers@metrnment insurance regulators
have a high stake in information connected to daregimation. Whether actual or
expected, knowledge about damage is a factor aftaotial importance to establish
insurance premiums (which in some countries aralaggd), which in turn have crucial
influence on (the stability of) the insurance amdinsurance markets (see previous
Section where we have outlined briefly the problearsd specificity of disaster
insurance, as well as discussion of insurance ap€h 8).

Some industries are among the dominant stakeholdeisaster organisation
systems. For example, the electricity industry Wwél interested in achieving continuity
of its supply also during calamity periods. Somgesech in this direction has been done
in Japan (Shumut&t al., 2002; Yamano, Kajitani and Shumuta, 2004). Another

¥ In addition, we refer to Bikarjova, Steenge and van der Veen (2007).
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example is the analysis of high-tech industry dassaigpcurred after the Northridge
earthquake in the US (Suarez-Villa and Walrod, 3999

Clearly, individuals and businesses are anothemgyad stakeholders in damage
assessments. With this knowledge, decisions aboutte insurance and mitigation can
be taken. Finally, academic researchers and expetisaster analysis are the ones who
are capable of providing this data, as well analyst and, if necessary, supplying
policy advice to governments. Here, the fundamentarest in the damage estimation
and modelling stands to the fore of the developrderte.

The parties which have a stake in damage estimaieneach interested in a
specific aspect. Governments are concerned withrovfatance issues, i.e., budget
expenditures, which are affected by expected disatdmage figures. In this sense,
government interest involves a broad spectrum, agalecovery expenditures, losses of
taxes due to business interruption, increased nuofigenefits to be paid due to rising
unemployment, and so on. Thus, ’'state accountingy fbe concerned, as expected
increase in budget expenditures have to be baldmgegw sources of income, such as
for example, higher taxes. Alternatively, othertestaudget recipients, who would have
otherwise been a priority, may become deprived lezaf government expenditures
being adjusted in favour of disaster mitigation aecbvery.

Private actors, such as insurers have a commentéest, reflected in the value
of claims to be paid under their policies. This esvdirect damage to property and
assets, as well as human lives (as mentioned hehadatter category falls outside the
scope of this thesis). In addition, businesses béllinterested to know whether they
might be confronted with production disturbancesawdver, whereas the insurer’s
insight into the possibility of a disaster is bassda probability calculation, that of
businesses and especially individuals are baseddividual risk perception (see, for
example, Heems and Kothuis, 2006; Tatano, YamagaetiiOkada 2004, and others
discussing this issuéj.Naturally, industry representatives are mostlgii@ested in the
performance of their particular branch. Finallyademic research in disaster analysis is
formalised on the broad range of damage assessitemtadditional aspect of damage
which they are interested in is in particular ecoimdamage, based on the concept of
opportunity costs. We shall return to it in Sect®8.3.

Summarising, each of the abovementioned partidshaile a different perception
about what damage means. Secondly, depending oenttheuser, various aspects of
damage may be considered. Finally, the estimatiatamage suiting the purposes of a
particular stakeholder group could demand a spsoidlof methodology (for example,
based on financial appraisal or economic damagen&sbn principles). We shall
elaborate on this further in the following Sections

3.3.2. Spatial and Temporal Dimensions of Damage

Just as the definition of disaster must be roateinporal and spatial scales, this also
holds true for the definition of damage. In thict@n we shall focus on two important
dimensions of the concept of damage. In termssmdce depending on the area
considered in the analysis, the amount of damagevasay, which is true both in an

3 This aspect will not be covered in our inquiry,esé we focus on the insight into sustained damages
an economic system rather than on perceived damages
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absolute and a relative sense. For example, whather limits the study of the
consequences of hurricane Katrina to the city oivNBrleans or the state of Louisiana,
or even the federal level, the amount of damagkbeildifferent (because many areas
outside the city were affected as well). Concutyenthis also applies to relative
numbers, which are usually expressed by the logsasis regional or domestic product,
GRP or GDP. Whether we refer to the damage caug&tiina in terms of regional or
national products makes a substantial differente. ifsue of the spatial dimension of
damage hinges on the definition of spatial dimemsibthe economic system chosen for
analysis of disaster, as we have outlined in Chhaht&/hereas an 'economy‘ acquires
its borders for the purpose of a particular studig dimension can be readily applied to
the determination of damage. The larger the argared by an analysis, the larger the
absolute losses, because in the contemporary gebdal interconnected world
consequences of disturbances in localities may feveeaching repercussions on the
grand scale.

Another aspect of damage assessment is its tempagitude. Often, the effects
of a disaster stretch out overtime spanafter the physical event took place. For
example, buildings may collapse months after adloo an earthquake, because their
construction was undermined by the direct contath water or due to ground
movements. This means that attributing damage astmto the point of time directly
in the aftermath of a calamity is inappropriateisTénly provides an estimate of direct
vulnerability of a system to the hazard without sidering the ability of the system to
adjust in the face of a calamity. The relevant joasbecomes then: How long should
the time span be to be taken into the analysisisafster consequences? For example,
the UN Economic Commission for Latin America ané tharibbean (ECLAC, 2003
p.12) suggests “convention calls for the maximunfieé-year time frame although
most losses occur during the first two. In any c#se estimate of these effects must be
extended throughout the period required to achibegartial or total recovery of the
affected production capacity”.

The choice in favour of a broader time dimensiosupported by the resilience
argument presented in Chapter 2. We put forwart résilience is the response of an
economic system to a perturbation in a way thatighions the initial adverse effect of
the shock and strives to achieve new balance, taatjuso the new conditions and
disequilibria. During this process, a number ohg¢fsi can take place. For example, in
the disturbed production network, where a partimhs temporary appear to be out of
business as a result of a calamity, firms outdideaffected area with spare production
capacity can decide to increase their productionpleying new opportunities and
thereby acquiring a larger share of the market. @omes, which are able to switch
quickly to new suppliers and customers, are ableesmme production, keeping the
overall production cycle running. This means thatoacalled substitution effect is in
place, which can be seen as one of the elemertgedilient economic system. In this
way, domestic production substitution deflates itiegal damage figures, contributing
to the recovery of overall output. Yet, these psses are conditional upon the
emergence of rigidities in the disaster afterm#tiht we have discussed earlier in this
Chapter (see Section 3.2.4), and to which we sloaie back in Chapter 6 developing
our model.
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3.3.3. Economic versus Financial Damage Appraisal

As pointed out above, damage estimation servesuagpurposes, and it is therefore
important to decide which particular purpose aipaldr study has. This will, in turn,
affect the selection of aspects of damage oneirgggo evaluate. In this Section, we
would like to stress again that there is a majdfedince between financial and
economic appraisal. Below, we shall briefly discheth.

Financial assessmeig based, in the first instance, on the businetmnba sheet,
which consists of two parts: Assets and Liabilitidssets represent the value of all
assets and resources at the disposal of the conmpahg given period of time; and
liabilities reflect their sources. Assets includalrestate, machinery and equipment, raw
materials, stocks, as well as monetary assetschigh, money deposited on a bank
account, and investments. Liabilities consist opita (shares and reserves), and
financial obligations such as bonds, and other debhe main accounting equality
holds: the total value of Assets is equal to thaltealue of Liabilities. This means that
the costs of a disaster to a company would theresept a change in the value of a
business as a whole, which then can be tracedghrawchange in the total Assets and
in the change of total Liabilities, which would shéhe same result. So, interpretation
of one of those changes is enough to determineuatiog loss.

The valuation in accounting terms as describetienprrevious paragraph is rooted
in the depreciated value of lost assets (the dedcdbook value’), which is obtained
when the purchase value of an asset is decreasételmount of depreciation. This
allows for the gradual writing-off of assets andaerces, spreading the costs over
several periods of time. The costs of lost assetsthen expressed in terms of
depreciated value (for machinery, equipmenteterd, which is the remaining value of
an asset after depreciation at a particular peintime, and equals the balance-sheet
value. This virtually implies that for example, brde-year-old machine should be
replaced by the same old machine. It is importakieep in mind in this respect that the
replacement principle for assets does not preshm@urchase of new equipment. If it
does happen, than the difference between the defgdwalue of an asset and the price
of a new asset that comes in its place is congidesean investment, not a loss.

An alternative approach to accountingeisonomic appraisalwhich is based on
the economic (opportunity) cost principle. Standaiternative costs represent anything
that has to be sacrificed to obtain some speaifioroodity or service. In this, economic
assessment differs fundamentally from the finan@alproach. For example, a
government may have to decide between two optidriad preparedness, like dike
strengthening and a public campaign on raisingdfldek awareness. The alternative
cost of investing in dike strengthening in thiseagould be foregone investment in
public campaigning.

Unfortunately, the concept of alternative costsaiscomplex one, and its
application in disaster damage assessment bringy e@nceptual problems. Because
assets are lost as a result of the hazard, we wilyidiave to do with the loss of
resources. Losses due to a hazard are not a che@gethere is no trade-off between
various ends on which money could be spent (oppiyticosts); it appears only in
making reconstruction and recovery choices. This iproblem in itself: it is not
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straightforward how to define disaster losses imgeof alternative costs.Because of
this difficulty, the methodological underpinningsf ¢he damage concept, and
consequently damage estimation remain disputalde, fér existing marketanarket
prices are used in the valuation of goods and senit&¥e suggest that the same
principle should be applied for the valuation oftl@ssets. By this we mean that the
value of a lost asset is the market price of antaggh which the lost one is replaced. In
fact, it is possible that a market for used equipinad machinery exists; which means
that estimates of capital goods based on the remplent principle are very data-
intensive (requiring an extensive knowledge of skete of lost assets at the time of a
calamity). Yet, to simplify the estimations, we malso assume that only primary
markets exist where new products are traded. Thigddvimply that both a brand-new
piece of equipment that is lost, and the one théite years old, are replaced by a new
machine at its current market price. Also, the tesd property is counted by the market
value of the replacement property (either rebuippurchased instead of the lost one).

The analysis of damage as a consequence of aatisasuld be based on either of
the methods described above. A number of authors aiaout the danger of mistaking
the two principlesitter alia, Benson, 1997; Van der Veen al, 2003a). Researchers
carrying out damage assessment should watch dgréfat there is a consistent use of
concepts in the appraisal, to ensure the relighblittheir results. In this thesis we shall
focus on theeconomic damagestimation, and therefore we shall continue wité th
techniques and methods describing it.

3.3.4. Economic Damage Assessment: Stocks and Flows

When conducting an economic appraisal of damagerried within an economic
system, it is important to make the essential miston between two measures of asset
value: stocks and flows. While stocks reflect gitgmheasured at a given point in time,
flows reflect quantity per unit of time. Usuallytosks and flows are related. That is,
stock is often considered as an accumulation @fdjand flows represent the change in
stock (in a given period of time). Because stockes @ften generated by flows, in
economic theory it is generally accepted that akstealue of an asset equals the
discounted value of future flows, generated by #sset. This has direct implications
for the accounting of business interruption as saulteof property loss. Economically
speaking, one of the manners of thinking aboutvidee of machinery or equipment
used in the production of goods is actually cormandethe present value of all the goods
the machine will expectedly produce during itstlifee. In terms of assessing disaster-
imposed damage, this means that one can inclutkereihe market value of lost
equipment, or evaluate the expediea of output that will not be produced because the
machine is lost. Consequently, including both messgan not be done, because they
both represent the same value of a single assstbdks are counted together with flows

% Only a few authors make it explicit, for exampBram and Rappaport (2002) compare the
development trend in the aftermath of 9-11 disagiiéh the projected trend without a disaster; while
others (Rose and Lim, 2002) abstain from such amoagh. Yet, in our view, it cannot be seen as an
alternative cost, but rather as a threshold scenari

3% We abstain for a moment from considering damageassets of exceptional cultural value (what is
sometimes referred to as irreplaceable objectsrtpfon damages to nature. For non-market valuation
methods, semter alia Van Ast, Bouma and Francois (2004).
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(for the same asset), one should guard againstel@obinting (MAFF, 1999; Messner
et al, 2007). Thus, stock and flow values are only messof the same category, not
categories to be measured separately.

More than twenty years ago, Ellson, Milliman andbBas (1984, p.559)
concluded on the basis of their literature survegt t‘'most of the economic impact
literature fails to make proper distinctions betwdbe measurement of loss and the
measurement of long run patterns of personal incangployment, and population
growth. Much of the research has confused stocKlamdconcepts in the estimation of
loss. Double counting is often involved, and thesks are not estimated in present value
term”. This confirms that the issue of stock amuwflmeasurement is at the core of
proper damage assessment, and one has to payt aeméaf attention to this important
issue.

However, if stocks and flows measure the same, white of them should be
preferred in damage assessment? We can look ah#igsis of this issue done by Rose
and Lim (2002). The stock of capital and machinmesults in a flow of production and
income in future, which means that business ingions and capital stock affected
measure the same thing. Rose and Lim (2002, pa® $ihat, for several reasons, an
estimate based on flows can result in a bettemasti than estimating damage based on
stocks, or property damage. Their reasons aredllening: Firstly, an estimate based
on flows makes up a better proxy of lost valuegsaiit accounts for damage due to
business disruptions. To this end, disturbanceSugsiness operations are not always
attributed to the loss of stock (for example, irtdabkactivities can be paralysed because
of the failure in electricity supply), and thus lomeasure takes consistently into
account all business interruption that have efiecthe economy. Secondly, flow
measures are more compatible with macro-econonranpeters, such as GDP, value
added, and employment. Also, Rose and Lilmdf state that a stock based concept can
result in an over-exaggeration of damage since amgrtion of the property value may
translate into service flows in any time. Thirdgstimates based on a flow concept are
more compatible and more consistent with the diftn between direct and indirect
damage (we will address this later in this Chaptémally, flow measures require an
explicit time dimension. This means, that economiadelling of losses should have
well-defined borders. This becomes an importanhipoi departure in the literature for
the discussion of time dimension of damage, to Wwhiae shall also return in the
following Sections.

3.3.5. Damage in the Literature

In this Section, we shall address the definitiohdamage which are currently used in
assessing the possible losses due to a naturastelisapening the debate on
methodology developments for damage estimationudbrer of studies estimating the
consequences of a severe natural phenomenon, ioccurran industrialised economy,
are now available. These studies, however, useerdiit methodologies, partly
involving different sets of concepts and definisorDifferences exist, e.g., in the
treatment of direct and indirect costs (to be askid later), the role attributed to
substitution effects, and the statistical databasaddition, sometimes, concepts from
the financial domain are used interchangeably witbnomic ones, often resulting in
inaccurate assessments.
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So far we have discussed various aspects of damadedamage estimation.
However, we have not as yet defined what damageamomic terms precisely means.
Let us first go through a number of terms thatwged interchangeably with ‘damage’
to get to the essence of the matter. The repofaiional Research Council (1999)
attempts to portray those most frequently used,tior@ing apart from damage, such
terms as impacts, losses and costs. In this thesisare talking about impacts and
consequences that encompass a broad spectrum emftsefiWe shall use damage
alongside the terms losses and costs when talkiogtanegative economic impacts
while exploring the literature on disaster analysisthe literature we find a multitude
of damage classifications: direct, indirect, prignand secondary, induced, second- and
higher-order effects are mentioned. Moreover, #grens used do not always have the
same meaning. With such variation, it is not aryeask to compare different studies
consistently.

Cochrane (2004) offers a straightforward clasdiitcaof damage irdirect and
indirect losses. He suggest®if, p.37) “Terminologically, indirect loss is any fos
other than direct loss. Direct loss is a loss lthkirectly to disaster. It includes all
damages, plus employment losses due directly tockheure of damaged facilities.
Indirect losses are anything else.” This is a sifiepl view on the indirect costs that can
be applied in the instances when total loss figarebtained, and direct (physical)
damages are known. Further, Cochrane offers mgiamation on indirect losse#id,
p.39): “Indirect losses are a result of dislocadiguffered by economic sectors not
sustaining direct damage. Activities that are eitfegward-linked (rely on regional
markets for their output) or backward-linked (rely regional source of supply) could
experience interruptions in their operations.” Qacie thus defines direct loss as the
sum of physical loss resulting from the direct iatgion of the forces of nature with
human-induced environment, and the losses due sindss interruption as those
incurred by companies in the affected afelmdirect loss, subsequently, can in fact best
be described by the ripple effects throughout tbenemy, taking into account all
production losses incurred outside the affected.afe number of American authors
performing disaster analysis support this pointiefv, among others, Cole, Pantoja and
Razak (1993), Cochrane (1997b), Chang (1998), avgk Rnd Lim (2002). We note
that Chang (1998) follows Cochrane (1997b) definempnomic losses, marking a
convergence in opinion.

Another group of researchers, however, maintaioraesvhat different view on
the interpretation of direct and indirect lossetug, direct losses may sometimes
include only physical damages; all losses causebusyness interruption, both inside
and outside the affected area, are considerecertdihmong others, Booysen, Viljoen
and de Villiers (1999), BTRE (2001), MurlidharandaBhah (2003), and Messner and
Meyer (2006) refer to such demarcation betweeremsBarker, Green and Thompson
(1987) agree, however they suggest a distinctidwden direct costs and primary and
secondary indirect costs along this differentiatibirect costs relate to loss of land,
capital and machinery, therefore to stocks, andngmy indirect costs to business
interruption, a flow. Moreover, secondary indir&dtects relate to multipliers in the
economy. In view of the discussion between the nmeasof stocks and flows, the
authors warn us that one can not add the first dategories (i.e. direct and primary

37 Cochrane (1997b) extends the definition of ditmsts by not only including the physical damage to
land, plants and houses, but also induced physféadts, which are the consequence of the disaatet,
often referred to the disruption of lifeline systédiscussed earlier in this Chapter) that causdgiadal
business interruption (see also Tierney, 1997).
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indirect costs) unless production is lost to fonea@untries. This means that, in current
terminology, for those assets that are involvepriduction processes, primary indirect
and secondary indirect losses can be added to micfmunterruptions in the production
circle; the loss of other assets can be accouhteddgh direct damages.

For completeness’ sake, another type of damagddheunoted. Sometimes this
is offered to analyse the macroeconomic effectdisdsters (see for example ECLAC,
2003; Murlidharan and Shah, 2003; Freenearal, 2004; Mechler, 2004 and 2006;
Linnerooth-Bayer, Mechler and Pflug, 2005). Theferoinclude stochastic modelling,
macro-financing models and budgeting approaches.BBLAC report notes however,
that macroeconomic analysis acts as ‘complemestatistics’ reflecting the impacts of
a catastrophe in terms of macro-variables, whicdukhnot be added to the estimates of
direct and indirect damage.

A final remark about various types of damage camat@buted to Rose (2004b),

i.e. the linguistic differences between the namishe concepts themselves used in
disaster damage analysis. The main distinctioref&véen the direct and the rest of the
losses. As mentioned, these exist in a vast varsetgh as, indirect, induced, primary,
second-order or higher-order effects. Rose advaaga®posal that, in order to avoid
confusion between the disaster loss modellers,ténms should be used to distinguish
between the major sources of damage, — direct ghéthorder effects. This, according
to Rose, overcomes possible misuse of input-outguminology and also is general
enough to cover the effects illuminated by variodels used in disaster analysis.

3.3.6. Weak Links in Damage Assessment

So far in this Chapter we discussed a variety afcepts connected to damage
definition. At this point, we may summarise, thai widely accepted definition of
damage can be found in the literature. This commius based to the fact that, firstly
there is no agreement on the economic points olrde; financial appraisals are
mixed with economic cost-benefit analyses (CBA).aMha financial appraisal is often
the basis for investigating the sum of money todm®vered from insurance companies,
CBA is a helpful means to weigh alternative measagainst disasters. When the two
are used simultaneously, methodologically incomsistesults are a consequence.

Secondly there is confusion on the temporal and spatialesc While financial
appraisal limits itself to a single organisatioikela company or sometimes a state;
economic analysis can be carried out at multipktiapscales, ranging from local to
regional, national or global. Here, choices havedanade. A similar argument can be
made about the temporal dimension, where finareialuations are tied to specified
timeframes (like months, quarters or years). Aléiuely, economic appraisals can be
implemented for an arbitrary time frame, whereaities for the estimation of direct and
indirect effects of a calamity. Each of these dfedemands a specified time scale,
which should be internally consistent within a $enstudy.

Thirdly, there is the issue of double counting. This ierofdue to the confusion
between stock concepts and flow concepts. We wi g further explanation, although
this issue was already addressed in the previocigo8e. The point is that the alternate
use of stock and flow measures in one study isranoon phenomenon, which has
crucial consequences for the entire damage estimatiowever, Rose (2004b) notes
that the issue is not simple. According to him,stls a controversial subject. | am in
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agreement with analysts who suggest it is apprtpt@include both the stock and flow
measures in the case of damaged property, wherkattkee represents the opportunity
costs of delays in restoring production.” We caguar that, on the one hand, lost
property can not have an opportunity cost becatisleeovery fact that it is lost. It can
be seen as loss of resources, which has to be raecbfor based on the market value.
On the other hand, one of the arguments suppatim@ssumption of a broader look on
the post-disaster recovery can be found in Col®§19.126) claiming that, in fact,
disasters can also be viewed as part of the dewelnp process, providing
opportunities, alongside with tragedy. In other d&ra post-disaster situation may
represent an entirely new state of affairs. It fgracterised by new challenges,
conditions and incentives for all economic agerdsing the consequences of an
adversity. This means that the post-disaster siudb some extent resembles more
flexibility, as entrepreneurs, who lost assets assalt of a calamity, have to take new
decisions, whether to resume production activi(i@s some cases, start everything
anew), or not to do so. In this sense, lost assehtso be seen as a sunk cost because
can not be reimbursed in any way (except for imsceaclaims, which simplifies further
argumentation), and therefore can not be takendaontmunt in future decision-making.
Based on these two arguments, we can say that ithei@ need to account for stocks
and flows twice: lost assets are accounted forhen grounds of loss of resources.
Delays should not be added to losses, as the neatisn in the aftermath of a disaster
brings also new opportunities offering a choiceesfuming or opting for a new type of
activity.

The other possible source of double counting i®awtng for both loss of income
and expenditure. Although this aspect does not comeften in the studies, we find it
important to address this possibility as well. Gacte (found in National Research
Council, 1992, p.101, also cited by Chang, 1998)vides a thorough explanation on
this account:

“...the level of economic activity can be measuredcbynting expenditures, or
incomes, but not both. Income [...] must be equiviatervalue of the products
produced. This is because the price of a proddiects all the costs incurred in
its creation, which in this case is the sum of vgageterest, and profits. This
simple result provides an important loss-accoungingle: damage assessment
should focus on incomes lost or spending lost,rmitboth. Either should yield
the same result.”

This statement should be borne in mind by reseascperforming financial, as
well as economic appraisals. Similarly, as we hstated in Section 3.1.3, financial
appraisal should be based either on accountingdsets or on liabilities. This implies
that from the point of view of financial loss asseent of lost stocks and profits are to
be counted, while output loss should not. This reednat one should either take a
producer or consumer stand. Whereas producersi@reing spending for their inputs,
wages, taxes, as well as foregone profits, all dbesumers are loosing is the end
product (which indeed serves a source of incomegfoducers). Thus, accounting for
final output loss is enough, and adding any otbes Icategories should be tested for
double counting.

Next, loss definition suffers from the fact that in ieaus studies the delimitation of
the various categories of loss is unclear. As dised, various studies use notions such
as direct, indirect, primary, secondary, inducechage. Although lately, we also notice
a trend towards the convergence to the directactlifoss division. Here, two main
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approaches can be distinguished. As we have dematetst some authors support the
division of costs based on the spatial criterioe.(iall losses attributable to the affected
area are direct, losses incurred elsewhere areettlli or based on the stock-flow

differential (all physical damage is stock, and sidared direct; all losses associated
with production curtailment, whether within or odts the affected area, measured as
flow, are indirect). In this, however, each sciehis free to choose; yet, provided that
double-counting is avoided.

Finally, various purposes and destinations, as outline®eantion 3.1.1, that
damage assessment serves are an obstructionwoeddeross-study comparisons. This
means that we have to get things straight and ledtal consistent economic loss
definition to be used within the scope of this thes

We shall bear in mind the points of attention oeiti above, while establishing a
definition of economic damage to be used furthehis thesis.

3.3.7. Our Definition of Damage: Direct and Indired.oss

To avoid the ambiguities found in the literatdteye start by adopting the general
framework of economic loss appraisal (which implieat the used key concept is
economic costs as discussed above). We build dpolassification of economic loss
by Cochrane (2004, p.37): “Direct loss is a loskdddirectly to disaster. It includes all
damages, plus employment losses due directly tockhgure of damaged facilities.
Indirect losses are anything else.” Rose (20041%)pin his discussion of direct versus
higher-order effects, makes a similar propositmmse “the term ‘higher-order effects’
to cover all flow losses beyond those associatdtl thie curtailment of output as a
result of hazard-induced property damage in thelycimg facility itself.” Based on
these statements, we defifle:

Direct losses are those damages, which are hazaddded; indirect
losses are incurred in the economy as a result o$s| of
interconnectedness and interdependence betweentsageithin the
predefined economic network.

Based on the MAFF (1999, p.15) views on double-tiogn we relate_direct
losses to: physical damage to capital assets, includingldimgs, infrastructure,
industrial plants, and inventories of finished ermediate and raw materials destroyed

38 Inter alia the World Bank, the UN, IIASA and Swiss Re. Sesodbr reference ECLAC (1991 and
2003), Benson and Clay (2000 and 2004), Freeshah (2004).

3% We notice that in our definition, we distinguishtWween direct and indirect losses; yet, it is diyec
compatible with Rose’s distinction between dirent éhigher-order effects. In our connotation, while
direct physical losses are more ‘visible’; indirgletmages, like businesses impeding their operatizh
thus interrupting the circularity of an establiskenomic flow, ironically enough, are not that amgmt,
while forming a substantial part of total lossetighout the economy. It is due to the ‘latent'unatof
indirect losses that inference about the workinthefeconomic system is needed to bring them tipeto
surface.
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or damaged by the actual impact of a disdSt8usiness flows, which are interrupted
directly as a result of physical disruptions, dsma part of direct losses. It is important
to notice that the losses of assets in the disaséar involved in production activities
give rise to what is known as business interruptaomd, together with losses incurred
by businesses elsewhere, which are in turn refetweds _indirect losseshould be
estimated in terms of disturbances of circular flpmhich we described in Section
3.2.3). Formulating disaster damage assessmenerinstof emerging concepts of
vulnerability (or, alternatively, resistance ascdssed in Section 2.3.4) and resilience,
we have to take recovery into our appraisal fram&vas a part of medium-term effects;
and adaptation as a part of long-term effects.

Besides, with respect to the MAFF definition, orlyat loss of output is
considered which is not taken over by domestic peceds. This means that MAFF takes
the substitution effect on the (national) macroeledirectly into the definition of
damage. However, because of the difficulty of aotiog for the substitution effect as
well as the multiplicity of other resilient actioreg once, we prefer to distinguish
between what we would call gross and net busirmgssruption. Gross production loss
in this context can be seen as the accountingldbsdes in the immediate disaster
aftermath (the extent of vulnarability). The neduk for damage estimation is obtained
when resilient response takes place and we camuactar it. In the end, we define that:

On the macro level, only that part of non-producedput is lost (net),
which is not taken over by domestic producers, &htth is substituted
by the goods produced abroad.

In other words, the proposition above suggests trathe national level, any economic

activity within the system that contributes to thecrease of lost output (e.g., using the
spare capacities, or expanding the capacitiesingafdst on the unsatisfied demand),
should be seen as ‘neutralising’ initial loss. Thisuld essentially mean that on the
micro-level, there would be losers and winners; ftirener are those who were hit by

the hazard, the latter are those who could takeattvantage of new opportunities; on
the macro level, those effects are added.

In this enquiry, we are most interested in the @ffef disasters connected to the
loss of connectivity within a complex industrialiseconomic system. This brings us to
the type of damage attributed to the disruptionosfs of goods and services in such a
system. In terms of defined damage, we shall cdratenon the business interruption as
indirect effect in the entire economy. As alreadgi¢ated, evaluation of such damage
requires more than a survey of physical losseseratmodelling of interconnections
and interdependencies within an economic netwonkeisessary. This means, that we
have to pave the way to building a model that mtesius with insight into these
processes in the disaster aftermath.

“0We acknowledge the existence of non-monetary itspaet we shall not provide an appraisal of those
impacts within the scope of this thesis.
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3.4.SUMMARY AND DISCUSSION

In this Chapter, we have gone into the discussiontiee consequences of major
disasters in industrialised societies. In contr@asteveloping countries, modern complex
economic networks seem less predictable, in terinboth their vulnerability and
resilience to a major hazard. In-depth studiesuohssystems are needed to gain insight
into the processes behind a disaster.

In fact, modern societies with high concentratidnwealth are faced with an
additional challenge, which will expectedly triggemplification of disasters in the
future, i.e. the ongoing climate change. Extremeather events, which seem to
intensify through the time, are the biggest danged this has to be dealt within the
broader context of development. We paid attentiothé account of the consequences
of a disaster in the modern economy. We identiffeée categories to be considered:
scale, rigidities and the role of government.

We postulate that two types of rigidities can beplace that characterise an
economy, namely, institutional and technologicdhich appear to become intensified
in times of adversity. We focused on the descnptbstructural rigidities pertaining to
an economic system of production and consumptidinitees. Such rigidities can also
be referred to as ‘bottlenecks’, a more familiamten disaster analysis. Literature
identifies failure of the lifeline systems (inclagi infrastructure, transport and
communications), full employment (in terms of laafkspare production capacities in an
economy) and the emergence of the so-called ‘aliectors’ as factors contributing to
the creation of major bottlenecks for the recordiom and recovery in the disaster
aftermath. Clearly, institutional aspects of linditenformation, contract obligations,
uncertainty, and so on, impose more challengehersystem and may also intensify
technological rigidities.

Furthermore, we addressed the role of governmemstdaring the post-disaster
recovery and the issue of disaster insurance. Ealbgngovernments are expected, if
not demanded, to provide at least some basic aidlifaster victims, as well as to
provide a spin-off for reconstruction and recovagfivities. This means, that for this
underpinning modelling is necessary to suggestdinections to be followed, and
measures to be chosen for launching recovery pmoges. At the same time, the topic
of insurance tends to reappear on the public deagémda, while governments are
increasingly willing to share the responsibility ridk management. However, disasters
and major calamities are not common for the privatirance industry, as they are
characterised by the presence of catastrophicdpggerdependence and ambiguity, all
of which makes it troublesome for private insutterslefine the amount of premiums, as
well as to ensure the presence of capital to gatedf disaster-related claims
simultaneously. Here, a smart mix of private anbligisolutions should be sought.

In the final part of this Chapter we addressedctirecept of damage, its purposes
and definitions. The lack of consensus in the d&gaommunity, which we noted in the
previous Chapter, has direct implications for trenaeptualisation of the damage
notion. Essentially, we found that depending on phhepose served and stakeholders
concerned, damage can have different contents.hetssa reflection in the multiplicity
of existing models and methodologies to assess genecause of the scope of current
study, we concentrated on the issue of economicadamwhich should have explicitly
defined temporal and spatial dimensions. Moreowerpointed out the clear distinction
that has to be made between the economic and falaapproaches, and the respective
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sets of concepts belonging to each of the categdri@ally, we also drew attention to
the division of loss measures into stock and fldhis is in fact a crucial point to mark
the so-called double counting of losses. We sultmait caution should be exercised in
accounting for interruptions in production procesgessentially interruptions of flows
of goods and services in an economic network) #r@t characterised by losses
associated with production still-stands.

To summarise, we propose, in the framework of shigly, to use the division of
damage intalirect andindirect loss, — whether loss takes place directly on ttee f
the disaster outbreak, or outside of it. We alsotineed that losses connected to
interruption of business flows in the affected atdggering production standstills
elsewhere require a different way of accountingnpared to direct damages to the
physical environment. For the latter, a type ofisti@al method can be used to assess
the costs of lost properties, land and machinetyidlwvis a stock measure). However,
because of the complex interconnections within mmdsconomic networks, which
characterises contemporary industrialised societee needs an advanced model to
trace the changes within these complicated systemdsestablish the value of indirect
losses (which is also a flow measure). This mebas we have to have a model to
account for interruptions in th@rcular flow.

We have also tackled briefly the issue of scala afisturbance and the relation
between direct and indirect losses. As discussehlisnChapter, disaster consequences
and therefore damage in the industrialised socasty directly connected to the
complexity of the economic system under attacks Theéans that we can assume at this
point that because of the close interconnectedoiegarious elements within a system,
any direct damage would most probably imply a reddy high extent of indirect
damage. Because in the contemporary world systerstiaeents depend on the array of
conditions and the state of other constituentspniigasters are likely to push a system
out of balance (and thus out of proportions), dns to resonate far beyond the borders
of their direct impact through a complex chain wllanche effects. This means, that
under these conditions we can expect that a magasiér in the developed economy
would be characterised in particular by the intnsf the ripple or indirect production
effects relative to the direct loss. The role dfilience in this situation is to neutralise
indirect losses, adjusting in the face of a disasted through a-priori adaptation, to
minimise direct losses, decreasing economic systeniherability.

In the following Chapter 4 we shall discuss thesgaties for such modelling
and make a selection of literature on economicyaisbf disaster consequences before
proceeding to the development of our own model (f#ra 5 and 6).
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Part Two

Modelling
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Chapter 4

Literature and Modelling

4.1.INTRODUCTION

In the previous Chapters we outlined the genemhé&work for our research, i.e. the
issue of large-scale disasters, which break ownindustrialised societyand their
consequences. We aim at finding a way to descnitterims of modelling the economic
effects of a disaster on society at large, as aglestablish working definitions for a
number of concepts frequently used in these amalyse

Chapter 3 mostly dealt with the debate on the &ffe€ a calamity in a modern
industrialised economy with a complex network obremmic interconnectedness, and
the definition of damage. We established that esboodamage consists of two
components, direct and indirect, and that it isirg&f on the basis of a distinction
between stocks and flows. We found that we cangmrize the difference between
measuremerdndinference Whereas direct damage estimation requires colgclata
(which can be observed and measured to a certémt®on physical disruptions, such
as damage to buildings, equipment, and other phlysissets, caused by the hazard
itself, it is much more difficult to observe or nseae theconsequencesf this loss -
indirect economic damage, requiring more inferefrean assessment. By indirect
damage we mean the disruption of the circular flolvgoods and services in an
economic system, leading to the more complicatestade effects in production and
consumption markets. A temporary or persistentajplgearance’ of suppliers and/or
consumers from an established system can resontesignificant effects on the
welfare of society at large. To get a handle osehftow disruptions, we need a vision,
a philosophy, and finally, a model, which coulddea the analysis of the processes in a
contemporary economy, which evolve in the faceiséster threats. In this Chapter we
hope to get closer to the core of our investigatian the literature covering economic
loss modelling.

We already observed a number of problems in the &iedisaster studies (tackled
in Chapters 2 and 3 of this thesis). First of thikse are connected to the very existence
of the field; there is a community of researcharsgdemics, experts and practitioners,
basically in its early stages of formation. At thement, this is characterised by a wide
array of topics covered; concepts used and defirstapplied, which in itself —perhaps—
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may reveal a lack of a common methodological bdsisany case, all these factors
make it difficult to compare, analyse and capitats the existing valuable knowledge;
yet our goal is, within the scope of the currerdegech, to provide an overview of
studies dealing with economic modelling of disastensequences. Highlighting the
failures and advantages of each approach, we styalto illuminate the features
valuable to our fundamental inquiry, where we gokbt the primary questions and
basic principles underlying disaster analyses.

Yet, a number of features are shared by many schaddnong these, we find the
notion of the meso-level’ as a most promising levidie typical macro-level of the
national aggregates usually often is too abstratb@ aggregated to be able to deliver
the information sought for. At the same, the typiodcro-level of the individual
persons or agents may be too prone to accidergisitudes, which leaves the meso-
level of investigation. One of the tasks then, igtidguish disaster modelling from other
approaches and methods, is the representatiorsafdéir and disequilibrium at a grand
scale within an economic system in the immediataster aftermath.

Another feature is reflected in the choice of digies’ that any model maker is
confronted with. In our work, we shall focus on tiypes of such rigidities. The first
one concerns technological rigidities as reflegtedertain proportions between inputs
and outputs in the technologies employed. This eis@l also connected to the
employment in terms of labour requirement, andpttogportions in which final products
are consumed by labour (that effectively comes ftooaseholds). In particular, we
shall consider here such ‘fixed’ or ‘invariable’gmortions regarding our consumption
behaviour and our employment objectives. The se@®md an institutional nature and
concerns time lags, uncertainty, and so on. Aetiek of this Chapter, we shall put forth
a proposal for a general framework to be usedlzsses for extending disaster analysis
in our study.

4.2.THE BoDY OF LITERATURE ON NATURAL DISASTERS

In this thesis we have chosen to focus on the ndelbgical issues of studying the
economic consequences of major shocks in industleconomies. This, in principle,
implies that we are interested in the literaturbiolr explores disaster impacts through a
wide range of natural phenomena. For this purpesejecided to be open to the studies
of research conducted in various domains of natdisdster types, such as floods,
hurricanes, earthquakes, or tsunamis (see for deaRgrker, 2000; Kunreuther and
Rose, 2004). The selection of works below featpesurbations that natural hazards
bring to the economy, and the way the system ratgptmthem.

In this Chapter, we offer only a selection of authdealing with the analysis of
consequences of natural disasters disturbing tteeconnectivity within an economic
network. We have to note from the outset that,tdube natural origin of the calamities
we are studying, authors covering one or anothgredsof disasters are split
geographically. For example, British and Dutch aeskers are more concerned with
the issue of major floods, American authors covesstty the effects of major
earthquakes (although floods, hurricanes and otharral phenomena are studied, the
scale of the events is not of the dimension wel@wking for), Japanese scholars are
exploring the impacts of earthquakes and floodsedwy tsunamis. The scale of the
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event played an essential role in our selection.aféelooking for analyses of a major
hazard resulting in a vast disruption within a @msconomic system.

Not only the nature of a disaster, but also theppse of the study make us
distinguish various schools. We mentioned this um discussion on the concept of
damage. For example, studies concerned with pedésisues, such as problem solving
for a specific sector, are more ad-hoc oriented teudies focusing on the overall
damage estimation within a specified economy. We ai presenting an overview of
the different approaches, picking up elements, etmossible, that could be used in
building our own model. As we shall see, these walogies differ significantly in
background philosophy, objective and scope. Evédlgtusome main lines will emerge,
but by and large, the debate is just beginning.

4.2.1. Dutch Modelling Schools

We shall start with a discussion of recent modgl®fforts in flood damage assessment
in the Netherlands, reflecting the social scienositpn in damage assessment. For a
long time this aspect was continuously overlookedttempts to find engineering and
structural solutions. However, it was discoveredt thtle knowledge had been collected
about the broader impacts, like economic and firnosses, loss of human life,
environmental effects, and so on. This means tmatquest for exploration of these
aspects has just begun, and as yet is far fronglbeid down in a unigue methodology;
rather, depending on the kind of questions one essio address, different types of
models are employed. Often, models in economic ainpaalysis focus on the micro
and meso levels, without looking at the generaiupgof a calamity. In the framework
of this thesis we are mostly interested in newasdelines in the macro sphere, which
pay attention to the issues of interdependencyimtedaction at the national level. As
mentioned, we shall consider what happens at treeariavel as a resultant of events at
the meso and, sometimes, even at the micro levels.

A first model (or perhaps, ‘method’), which attes\pd provide a methodological
insight into the array of impacts, is the so-calidndard method’, developed by HKV
Lijn in Water, a consultancy company, in a studytfee Dutch Ministry of Transport,
Public Works, and Water Management, MTP (Vrisou vé&rctk, Kok and
Vrouwenvelder, 1999). This method is based on $ipesiandardisations and is also
used in the High Water Information System, H{SMeulepas and De Klerk, 2004;
MTP 2005a), which provides information about highter developments in the primary
dike * system to professionals and policy-makers. Thenateaddresses various types
of direct physical damage, as well as loss of lifeises extensive data from the today
available geographic information systems (see Agpe®A for a description and
applicability of GIS data), and detailed unit logg damage) functions for direct

*! The High-water Information System in the Nethedris designed to monitor flood defences, to
present inundation and loss calculations. Seveadkieholder organisations are involved, with a a@ntr
role for the Ministry of Transport, Public WorkscaWater Management (MTP).

2 A few words of clarification are needed. Primailyes protect the area against the ‘outside’ waileg,
the sea, the rivers or the lakes. At the same timepndary dikes are found within the primary dikeas,
which take care of the so-called compartimentabsadf the primary dike ring with the aim to lintite
flooded area; under normal circumstances, howekies; do not directly protect the area from flooding
(see also Chapter 8 for more information on thecButater and flood management).

79



damage estimation. Each loss function includesetrekements, namely estimated
maximum damage per unit in construction categorypraductive sector; number of
units in a category or sector, and damage factahfoparticular category or sector. The
maximum estimated damage value is determined bydpkcement value of assets,
which is effectively 'book value‘ (as we discussadChapter 3). The number of units
per category or sector represents the number ddibgs per respective construction
category or number of establishments per produde&or. The damage factors are
sector- or category-specific and vary accordingh® flood depth (e.g., the higher the
level of flood, the higher the damage factor, dngst the higher the damage incurred by
the object). Damage factors in these functionslarezed from simulations by means of
hydrodynamic calculations and GIS maps based oangbar of scenarios, taking into
account the presence and strength of intermedéedtendes, differences in elevation and
water levels, and building types. The method allalesinguishing damage factors for
the following activity sectors: agriculture and megtion, pumping stations, means of
transport, infrastructure, companies, and housiaAljhough providing a detailed
account of direct physical damages, the method pagsvely little attention to indirect
losses throughout the economy. In a recent ver&ee MTP, 2005b) the original
classification of losses into primary direct losggsmary indirect losses, and secondary
losses (Vrisou van Eck, Kok and Vrouwenvelder, )988s been replaced by a
classification into two classes only: direct anditiect losses. Currently, in the standard
method, direct material damage (substituting fampry direct losses) is defined as
damage caused to objects, capital goods and mogablis as a result of direct contact
with water. In the new version, direct damage doebtisiness interruption (which
replaces primary indirect losses) refers to lossese to interrupted production of
businesses in the flooded area. Finally, indireshdge (replacing secondary losses in
the previous version) is viewed as damage to bssisappliers and customers outside
the flooded area and travel time losses due toeiradplity of roads and railways in the
flooded area.

The method is not ‘problem-free’: “all the finankcisand/or economic
consequences of a floodib{d, p. A-1) are assessed, which suggests that treratep
notions of financial and economic damage are maitlgtin contrast (see Chapter 3 for
the discussion of theis issue). Also, double cagn{also discussed in Chapter 3) may
be a problem. According to the method, when diaect indirect losses are added, then
both the costs of replacement of lost capaald the loss of goods and services which
are not produced as a result of production intélwapat the production site are
included. Following our earlier discussion, UK Mitry of Agriculture, Food and
Fisheries (MAFF, 1999) suggests that including kbestegories can mean counting the
same costs twice, as the first one (the costs pitatagoods used in production) is a
stock measure, and the other (the non-producedsyjasc flow measure of the same
damage category. In addition, Eijgenraam (2005ntgoat another source of double
counting resulting from the overlapping summatidrdivect and indirect losses when
calculations are done for each dike ring separ&fdiya summation of total losses in a

3 The part of the Netherlands vulnerable to floodimgn sea or rivers is subdivided into a numbes@f
called dike-ring areas. Each dike-ring area is aurded by a ring of natural or man-made water
defences, such as dikes, dunes, concrete struciurgégh grounds. There are 99 such dike-ring aireas
the country, including the ones along the Meuse PMZ005c¢, p.13). A dike-ring area consists of one o
more polders. One of the largest dike ring areaspeises the densely populated Western part of the
Netherlands and covers important parts of the paes of North Holland, South Holland, and Utrecht,
and includes several major cities (Amsterdam, Rdé®, The Hague, Leiden, Haarlem, Goud&e
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number of regions (dike rings in this case) is ddhen it may occur that some of the
costs that are direct in one region may be aneatliloss for another region, and vice
versa, which means that a portion of costs is adejeeatedly.

The Netherlands Economic Institute, NEI, (Briexteal, 2003) presents a method
to assess the maximum damage brought by a flo@ddike ring, including explicitly
the calculations of indirect effects of productitoss throughout the country. NEI
follows the classification of damage in the staddawethod. Noteworthy is the manner
in which indirect losses are estimated. In this, NI report refers to the underpinning
study by the Tebodin consultancy group (Van dergBemal, 2000), which determines
the maximum value of damage for various producseetors. This, in turn, is obtained
via the summation of the maximum values of buildingstallations and final products.
NEI, based on the study of Tebodin, suggest thatinter-industry effects of shutting
down part of a productive sector in the countryestmated in a way, which avoids the
rigidity of the standard input-output multiplier.n@ authors argue that substitution
effects, that take place outside the region (dikg in this case) as well as the presence
of suppliers within the region that are ready tketaver lost production during the
reconstruction period, are unaccounted for in tipui-output national multiplier, and
thus applying it would exaggerate the effects dfibess interruption. Therefore, only
25% of the indirect standard input-output multiplegfect is included in the business
interruption losses. Furthermore, both Briesteal. and Van den Bergt al. do not
account for the market value of the lost assets,tdhe the replacement value (after
accounting for depreciation) as a threshold fomesging maximum damage (which is
basically a financial concept).

The Dutch Central Planning Bureau recently pubtiskeveral studies on water
management and policy assessment. In a recentisfuiddsented a cost-benefit analysis
rooted in economic welfare theory; an example is #malysis for infrastructural
alterations of river courses: “Giving Space for AratCPB, 2000), with only limited
attention to typical indirect effects. In two othsetudies (Ebregt, Eijgenraam and
Stolwijk, 2005; Eijgenraam, 2005), the CPB presentarther developed methodology
based on a cost-benefit analysis, focusing on theroreconomic level rather than
standard damage calculations for a particular dikg This attempts to present a more
complete picture of the overall effects between tioastituent parts of the entire
economic system. Eijgenraam (2005) discusses opsafaty standards for dike-ring
areas. This study also contains a correction of Mantzig's 50-year old contribution to
solve the economic decision problem regarding tpén@l height of dikes (Van
Dantzig, 1956). Within the context of economic gtowthe expected annual loss by
flooding is the key variable. The Eijgenraam stymlgvides the formulas for optimal
investment in the heightening of dikes. The optatian problem results in the
minimisation of expected damage (which is basedtlwn damage functions) and
covered by the investments in the strengtheniniipofl protection defences to prevent
damage. This optimalisation provides the econoryicaptimal investment strategy.
Software based on Eijgeraam’s approach, OptimaiigeDuits, 2006), provides the
calculations for the moments in time when the itwents have to be made, and what
the amount of the investment should be. Furtherntbee software determines optimal
flooding standards per dike ring as a functionimoft(in connection to this, see also the

shall return to this issue and pay more attentiathé discussion on the Dutch example of waterflmod
management in detail in Chapter 8.
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discussion of current developments in Dutch wated #iood management policy in
Chapter 8).

We have seen that a number of studies are nowadailvhich focus, broadly
speaking, on the micro- and meso-level. So far,rasaconomic studies are relatively
underrepresented. However, new research lines asugd in several directions. An
overview of damage evaluation methods as a resudt fiooding is provided in the
study of the Centre for Sustainable DevelopmentMadagement team at the Erasmus
University Rotterdam (Van Ast, Bouma and Francd@)4). The report outlines ample
possibilities for establishing the value of asseisd includes indirect monetary
assessment strategies for non-market goods (liderfie pricing, contingent valuation,
contingent ranking and cost avoidance methods)midtely, the authors develop a so-
called risk assessment approach, based on a discbu@BA framework,
acknowledging the non-monetary damage aspects, @agnage to the nature and
environment, emotional damage as well as unceydaiaind the risk perception of
policy-makers.

The special point of attention for the Netherlansighe event oflarge scale
flooding (either from the sea or the rivef8)A rising sea level and an increased
probability of flooding of polders along the Dutdkiers and the coast demand a quick
and permanent solution. We note, however, thaethee relatively few reports on the
consequences for Dutch society of a large scataliifmy. Until recently, there have been
several publications on small-scale inundations there was practically no experience
with the societal and economic effects of majoodle (Van der Veeet al, 2001). In
the broader international literature it can alsmbied that the vast majority of scholarly
work dealing with floods focuses on relatively shsmlale events. This means that the
authors are basically concentrating on the micfeets of the events, producing cost —
benefit analyses for the regional level. Largesdhliods analysed on a national level
thus remain an issue, which is not covered.

Some recent Dutch work in the meso- and macro-gpfisakarjova, Steenge and
Van der Veen, 2004a,b; Van der Veen and Logtmeijgds) concentrates on the effects
of large-scale calamities in highly industrializecbnomic systems. Here, the case study
of a hypothetical dike breach near Rotterdam (Kempwas studied, evaluating the
effects of such an event for the entire Dutch enpnovan der Veen and Logtmeijer
(2005) have tried to illuminate the so-called eauiw hotspots as a result of this
hypothetical calamity, mapping those spots in teofnsconomic activity in the flooded
area which would cause most of the (indirect) lsss¢sewhere in the country.
Bockarjova, Steenge and Van der Veen (2004b) offeldimgy blocks for a three-stage
procedure using an Input-Output based frameworlpl@ying a geography component
for modelling economic impacts of major disturbanedthin an economy. An extended
version of this approach is further developed asdussed in this thesis. The first stage,
as the novel element in the approach, is to acctamthe immediate post-disaster
situation, ‘disequilibrium’. When an essential paft a socio-economic network is
suddenly ‘not available anymore’, this substantiathdermines the ability of the entire
economic system to function properly. The secoadesfollows, where looking for new

* To illustrate the urgency of the situation, a &ngike breach is enough to flood the Prince Alelean
polder with the city of Rotterdam to an extent $&mito that of the flooding of New Orleans after
hurricane Katrina, where about 30 dike breachek ptace (for more information, see Kek al,, 2006).
These findings also support the consequences @haginary Katrina in the Netherlands, see Dykstra
(2005).

82



equilibria and design of recovery scenarios takasep Basically, such a setting implies
that one has to look at a complex system suffegimtisruption as a whole, while it is
trying to establish a new balance. This is acconguhby often extremely complex
adjustments within the system itself, as well as ittvolvement of government in the
recovery processes. With this in mind, it is impatt not only to evaluate the possible
damage that an economy can incur, but also to kiothe possibilities for steering
recovery. Clearly, a number of options exist aneséhshould be studied as well. For
example, the country may wish to re-establish st@ttis quo anteas soon as possible.
On the other hand, it may also wish to use the sionato renew selected parts of its
physical infrastructure. Finally, the model can umed as a basis for a cost-benefit
analysis (CBA) platform for the evaluation of varsopolicy options when the outcomes
of multiple preventive measures and recovery pedimsbe compared.

The above-discussed methods present a picture @élsiand methods for damage
estimation currently used in the Netherlands, theerpretation and justification. One
characteristic to be noted is that the methodofogie economic cost assessment are
still developing and are rarely described in deféliis is one of the factors which can
explain the difficulty in comparing the various fnetlologies, also because the
underlying concepts often vary in dimension. Thisams that it is not an easy task to
compare the relative merits of the assessmentsdeby the different methods. At the
moment, a multiplicity of partial studies are asaile, which, however, do not easily
add up to a single picture. In future work, conesrce to clear and possibly uniform
definitions of the concepts, as well as an exptibibice of the modelling framework, is
considered desirable.

4.2.2. International Modelling Expertise

On the international arena, often researchers tenahalyse natural disasters in the
broader sense, taking into account the geographigab-technical, engineering,
economic and even political aspects. This is du¢héofact that initially studies of
disaster consequences were dominated by the cigiheering field which focused on
exploring the physical impacts of geological andi®ogical hazards (which has also
been the case in the Netherlands). Economic asatyarted gaining importance later
and therefore had to ‘stream in’ the establisheldl fof study, when it became apparent
that broader perspective on disaster analysis awgratanding of the processes and
their consequences behind this phenomenon in modegieties are of great
importance. One of the most vivid examples candumd in Scawthorn, Lashkari and
Naseer (1997).

The study of Scawthorn, Lashkari and Naseer (1898n integrated approach,
which, however, overlooks some economic insighigjently an important element of
disaster consequence analysis. In this reseagdneral outline of the disaster is drawn
up, presenting the timing and scheduling of eveAtsstudy of hazard mitigation
activities” is outlined on the basis of cost-benefit analgsisved from simulations of
past disasters in the designated area. It is stiageto observe how the issue of supply
and demand for structural protection measures agaatural disasters is tackled. This
involves not only financial considerations to pawiadditional safety, but also, and not

> We recall that hazard mitigation, as defined byetizan scholars, contains actions directed at the
reduction or elimination of risk, and includes bptiobability and consequence.
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less importantly, sociological and psychologicahsens for decision-making. For
instance, Scawthorn, Lashkari and Naseer (1997)leded that public demand for the
civil protection and implementation of mitigatioreasures against earthquakes depends
on the personal perception rate of such indicaasrsseismicity, seismic hazard and
seismic risk® This has led to the identification of a specifi@a in which public
awareness has to be raised on the issue of natisdters. Here, inquiries into the
inferences alongside the measurement and their comcation to the public prove to
be an indispensable tool in a democratic policyimzk’

We note that the Scawthorn, Lashkari and Nase&d7(18tudy covers a wide
range of physical impacts of disasters and mitigatstrategies, without, however,
explicitly engaging in modelling indirect econonaffects of business interruption. This
is evidence of the need of a special study into riaelling of broad economic
consequences of major disruptions. Here, a numbapgroaches are available on the
international arena, when one tries to gain insigid the post-disaster surviving
capacity, thereby focusing on direct and indireétats. These, as we defined in the
previous Chapter, come about as a result of digmnptin sectoral purchases and inter-
industry supply and demand imbalances.

First, let us note the efforts to determine the@ on businesses and economy
in general on the part of national and internatiomstitutions and organisations (for the
Dutch experience, please consult the previous eatem). In this field, there are a
number of studies. The report from the BTRE (200ith the objective to establish the
costs of natural disasters in Australia over titneexamine the trends in these costs, and
to develop a model for the costs of future disasteses economic costs at the national
level as a threshold for estimating losses. TheoRepotably refers to the fact that
business interruption costs are deemed insignificarovided there is production
transfer between the producers. This is possibly ifra high level of resilience in terms
of business substitution is present within an eogncsystem (as we discussed in the
previous Chapter); otherwise exclusion of this d@@sh from the total cost picture is not
legitimate. The report however concurs with inchglilosses associated with the
increases of imports or decreases of exports. Hewdecause the authors assume a
high level of resilience in the system, no accaifrinhdirect business interruption losses
is made.

Next, we refer to Benson and Clay (2004) with theport for the World Bank
on the economic and financial impacts of naturahsiiers. In this study, the authors
investigate the fiscal constraints to and implmasi for economic growth, development,
and poverty reduction, with particular focus on @leping countries. The study adopts
what is called an eclectic approach that is basedhe construction of a historical
narrative of disasters for the country or regiorttedf case study. According to Benson
and Clay, disasters are not treated as a ’black lhex external negative economic
shocks,. A mixture of formal quantitative and qtaive analysis is employed to

“% An array of literature can be found dealing wiile issue of individual risk perception, which iseasf
the critical issues for policy-makers (see, forrapée, Plough and Krimsky, 1987; Baker, 1990; Eiser,
2004; Kaiser and Witzki, 2004; Tatano, Yamaguchd akada, 2004; Heems and Kothuis, 2006;
Messner and Meyer, 2006).

" See, for example, the Report of the Dutch Natidnafitute for Public Health and the Environment
(RIVM 2003, p.14), which suggests that in casesrevltbe risk of some events is characterised by
complexity and high consequences, the choices coimgeacceptable levels of risk should be discussed
in an open public debate.
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examine the economic impacts of natural hazardanaéconomy-wide level, where
guantitative investigations are partial, involvingcombination of regression analysis,
the use of charts to examine movement around treadsl ’'before-and-after’
comparisons of disaster impacts, such as the fstedaand actual economic
performance. Interestingly, the authors use ahygbthesis, which implies that there is
no direct link between disaster shocks and econgpeidormance. A qualitative
political-economic analysis is complementary tocplajuantitative results within the
specific economic and social policy context of eacuntry in the case study. By
disconnecting the disaster event from overall eogogerformance, the authors are,
however, obliged to explicitly reject their nulligthesis before alienating the effects of
a calamity - which can be a justifiable approactstiedy developing countries where
adversities occur frequently, and virtually aret dithe development trend.

The UN Economic Commission for Latin America and taribbean, ECLAC
(2003), and the British Ministry of Agriculture, dfieries and Food reports (MAFF,
1999, 2000) offer broad and rather detailed framksvdor disaster consequence
appraisal, but provide no unified model. The forroevers in its analysis such aspects
as social sectors, infrastructure, economic sedties agriculture, manufacturing and
tourism), and other factors (including environméitad macroeconomic effects). The
latter is in effect a cost-benefit framework foe tappraisal of flood and coastal defence
projects, including damages to property, infragtries indirect business losses, non-
monetary losses to households, as well as recnadtiand environmental values,
comparing costs and benefits of specific measuaréset so-called ‘do-nothing’ option.

Macro-models, however, are available, for examplamf the International
Institute for Applied Systems Analysis, IIASA, Aust (see Freemaet al, 2004;
Mechler, 2004; Linnerooth-Bayer, Mechler and PflRg05). The model, as outlined by
Mechler (2004), consists of three elements, antlyses the macroeconomic trade-offs
in natural disaster risk management, assessingndroeconomic costs and benefits
and cost-efficiency of management measures. Theehnatggrates probabilistic natural
hazard losses into macroeconomic planning modeiss first step, the model translates
the direct losses into macro-impacts in terms @ivfl. Secondly, the insurance module
analyses different (re-)insurance strategies fer ittsurance of infrastructure by the
public sector. Finally, risk management is assebyanieans of a CBA. However, little
attention is paid to the economic and productidateel structure of a system under
analysis with impacts on the meso-level.

The models and approaches outlined above are dhd#he macro-scale as the
focus of their studies. Alternatively, if we ad@gt approach based on the sectoral level,
a number of other methodologies are available. thgutput Analysis (I-O) and
Computable General Equilibrium (CGE) are well-knowpproaches. Both types,
however, traditionally have their typical advantagand disadvantages. For example,
because standard input-output theory is often asengid in terms of its technological
ties and thus less appropriate in situations whsrestitution possibilities present
themselves, input-output based methods have bemmedi as being the less evident
choice if market-based mechanisms play (or sholdg)pan important role in the
processes under study. On the other side of thetrspg CGE methods, allowing
instantaneous price adjustments, have been characteas being overly optimistic
regarding market flexibility and overall substituti tendencies when confronted with
real world adaptive (in)capabilites (Rose, 199%)04b), often restricted in the
immediate disaster aftermath and later recovery omted out at these issues in
Section 3.2.4, Chapter 3).
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Rose made a significant contribution to the dewmlept of disaster-related
modelling in I-O, as well as in CGE paradigms. Wiik conceptual works (see Rose
and Lim, 2002; Rose, 2004b) and particular theudision on resilience (Rose, 2006)
which we introduced in the two previous Chapteng)continued his work in modelling
economic consequences of adversities. The focus ofimber of Rose’s modelling
effort contributed to the understanding of theuafice of lifeline disruptions caused by
a hazard on the interrupted economic flows and tlepiercussions throughout an entire
system (see Rose and Benavides, 1998, on elegtifeline disruption analysis, and
Rose and Liao, 2005, on water service disruptiong)h the help of specified impact
coefficients, disturbances in other productive sectvere modelled within an input-
output framework as a result of electricity systdsreakdowns. However, the
investigation was carried out at the county scaleich does not correspond to the
magnitude of events we are looking for. This mehas for our inquiry, we can use the
elements of his approach, although we would haadjost them for the larger scale of
an event in our study.

In a number of studies, Rose (Rose, 2004a; Rbag, 2006) paid attention to the
analysis of resilience and mitigation. In Rose iz (2005) and subsequently in Rose
(2006), a CGE approach is used to study resiliemzkits quantification for cases of
major disruptions, viewing the economic system’'{acity to react to adversity.
However, the authors acknowledge that without &rtrefinement, CGE models, as
well as nearly all other economic models, refleglycbusiness-as-usual’ conditions;
while disasters and other extreme major disordersiscontinuities, and therefore may
make a system reshaped in a different sort of pattRose and Liao developed
modeling improvements advancing the CGE analysisnajor supply disruptions of
critical inputs by specifying operational definiti® of macroeconomic resilience (which
include water and other input conservation, ina@dasubstitutability of other inputs for
water as a critical resource, back-up suppliese4iiiday usage and change in
technology), linking production function parametdrs various types of producer
adaptations in emergencies, developing algorithros recalibrating production
functions to empirical or simulation data, and deposing partial and general
equilibrium responses.

In their research, Rose and colleagues came attresssue, and justifiably raise
this in their work, that in effect any model used &n analysis of changes in ‘normal’
circumstances has to be adjusted for an analyssearits of major disturbances. This is
very important for disaster studies, as it poimtsatserious gap in existing modelling
practices and the need for methodological advancenide lack of development of
methods for economic disaster consequence anaysiences the need for our current
study. The fact that Rose and colleagues rais€uhgamental issue only substantiates
our attempt to find an adjusted, well-structuredd ammansparent methodological
framework for major calamity description, analysisd exploration of recovery and
preparedness actions and policy.

Persistently, Rose (1995, p.296) reveals: “My owse wf CGE models has
increased my appreciation of input-output economatler than diminished it.” This
statement is a witness to the usefulness and imapzetof the input-output approach in
contemporary modelling, despite its, sometimes arsgived, drawbacks (for more
discussion of this issue, see further Rose, 1985he following, we shall concentrate
on input-output analysis. One reason for doingssthat the model remains attractive
for the assessment of costs incurred by a disast#roffers a simple way of accounting
for a complex economic system. Another reason & thseems a better tool for
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analysing situations of severe disruptions becaiis@llows us to concentrate
specifically on the physical side of the problemhand. This means that, on the one
hand, as a complete and internally consistent axtowu system, it should be able to
make the connection between the physical disruption the immediate calamity
aftermath, and map them into the input-output ‘actimg’ tables. Our main point,
however, is that input-output is underutilised oderdeveloped as a methodology in
dealing with disruptions and imbalances of the tyyee are discussing. Input-output
methodology, as it stands now, does not offer  Wlexible set of tools to deal with
such situations. The problem here is (partiallyredavith CGE methodology) that it
stresses interaction and equilibrium, while thetolisaster situation, as we discuss it, is
characterized by severe disruption, often chaod, amsequently, disequilibrium. In
situations where the economy is suddenly confront&th an entirely new set of
circumstances, with hazard-imputed consequencestenhhas to act quickly, and has
to make decisions in a non-standard way in thet ligh suddenly restricted or
unavailable resources, input-output, as it staisdsssentially inadequate. Our approach
proposes that a return basic principlesis needed to give it its due place and scope,
and to extend to major shock analysis.

4.2.3. Input-Output Modelling in International Disster Literature

Many authors have chosen inter-industry input-outpodels for analysis because of
their ability to reflect the structure of a regibreconomy in detail and to trace
economic interdependence between the regions bgulatihg indirect effects of
disruptions, as if one was ‘localising’ the disaas event. The use of these models to
estimate the regional impact of natural hazardesdaack to work by Cochrane (1974).
Later, in his study of the economic impact of artteguake in the American Midwest,
Cochrane (1997a) suggested an inter-industry maslel means of measuring indirect
loss. The approach used by Cochraibéd) relied on both the existence of regional
input-output tables and several assumptions omiove management, importability of
shortages, exportability of surpluses and the amotiexcess capacity in each sector,
the output of each sector consisting of a fixedpprbon of other sector outputs.
Cochrane provided an analysis of the relation betwdirect and indirect losses,
focusing in particular on the dependence of thatined magnitude of indirect losses. As
a result of a number of simulations with variedrusguts and damage patterns, an
emerging pattern was observed, about which Coch(a064, pp42-43) concludes:
“Indirect loss [...] is less sensitive to economimusture (manufacturing dominated or
service dominated economy) than to damage pattegree of integration (size),
preexisting conditions, and who is financing theoseery.” This means, that the relative
magnitude of the economic system, the system’styit@vhich is directly connected to
the concepts of adaptability and resilience disediss Chapter 2), asymmetry of the
shock, and recovery planning are central to theerstdnding of processes behind the
disaster event in modern economies. The study ohf2me is a valuable contribution to
the understanding of the consequences of majaurtesices on the generalised level.
However, there is no additional insight into theisture of an economic system and an
analysis of changes thereof. This means that thl/sia performed does not provide a
more detailed perspective on disaster phenomendmnwa complex industrialised
network, which we are studying.
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Continuing with the literature overview, we shouldte the HAZUS software, a
multi-hazard loss estimation methodology, developgsd the Federal Emergency
Management Agency and the National Institute ofldug Sciences (for detailed
description of the software, see (FEMA, 2001), wehboth Rose and Cochrane were
among the contributors). This is based on the d@am a geographic information
system and is intended to simulate the direct adotéct economic effects of a specific
natural hazard, like an earthquake, flood or witairs. The HAZUS algorithm is
essentially 1-O based, though it is neither a lin@@gram, nor a CGE model. Let us
clarify: within the HAZUS setting, it is assumed ath household spending is
endogenous, thus favouring type Il input-output tipliers. With the specification that
households behave according to the Life-cycle maafelconsumption (assuming
constant average consumption through the yearsilmaséhe total income earned), the
pattern of consumption is disconnected from rediomeome at a particular point in
time, and thus remains constant. Although the &@lgordoes adjust trading patterns, it
does not allow for product and input substitutidnisen by relative price changes, thus
keeping the model more transparent, and the resadi®r to interpret relative to CGE.

The Indirect Economic Loss Model (IELM) componehtHAZUS uses the post-
disaster surviving capacity in terms of a partwi&/ing production as a starting point
for recalculating inter-industry supplies and dedwanThis is done as follows. The
algorithm determines the impacts on the inter-itijusales and purchases by means of
row- and column-wise multiplications of the trarnsags table with the factor of
survived capacity. Following this procedure, finster-industry inputs are multiplied
(input-output transactions matrix columns) by tespective percentage of the sector’s
post disaster capacity; then shipments (input-dutpansactions matrix rows) are
multiplied by the surviving capacity. Finally, tladgorithm adds the pre-disaster final
demands (household, government, and exports) teeaat a complete measure of
excess supply and demand by sector. The algoriththeomodule then identifies and
balances the shortages and excesses. If excessndlemaletected, the algorithm
searches for a way to adjust sectoral capacityctount for unemployed resources in
the region, and by importing from other regions,ickhare user-defined. If excess
supplies are detected, the algorithm searcheslt@mative means of disposing those
supplies, specifically through export. The modejuats potential outputs iteratively,
depending upon the unique characteristics of thmn@wy under study, until all net
excesses are eliminated.

The strength of the software is that it representsof the most complete methods
to modelex-anteand ex-post disaster consequences in an integnadedher, with an
explicit geographical component. However, the mddefies on a number of specific
assumptions. Unusual for an input-output analysitheé treatment of rows as columns
of transactions matrix according to the survivimgduction capacity, while resulting
coefficients and multipliers are interpreted in twventional input-output sense. The
reason is the assumed stability of technologiceffments (see also Rose and Chen,
1991), i.e. column-wise proportions within eachtsecthat's why, if the input-output
transactions matrix is also multiplied row-wisertieal proportions become altered and
need new interpretation or modification.

Cole contributed a great deal to the developmeninpfit-output techniques
applied in relation to earthquake analysis. Colantgja and Razak, (1993) used
economic models based on social accounting mat(8adls), which are effectively
extensions of conventional input-output tables aftdn cover additional income and
expenditure flows between institutions, such asskbolds, government and the rest of
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the world?® to measure the consequences of planned and uepl@wonomic events in
small island economies. These models were consttumh the basis of past disasters,
and simulative models were produced for the speaifeas most prone to the impact of
natural hazards. The approach offered by Cole,dpar@ind Razak uses a so-called
Event Accounting Matrix (EAM), whose elements cepend to the entries of the
SAM. Such a matrix is constructed so that it erslie mapping of the direct impact of
the disaster onto the SAM. Following Cole (199833,), the EAM records the intensity
of the impacts on each activity and transactiothenfirst instance, and the response (or
recovery rate) of each activity or transactionradtelisaster in the second instance. With
the help of an EAM, a system’s vulnerability anguatments can be modelled, and the
results can be used to design strategies for regioone to natural disasters (we shall
return to the EAM idea in Section 4.3). The auttsarggest that such a technique can be
developed further into a full-fledged expert systBmuse in post-disaster economic
recovery efforts, which could in turn provide anfrawork for the integration of a
sector-specific expert system in transport and m&ieply systems and other activities
in the public and private sectors. The discussiorthe use of expert systems versus
decision-support systems in policy-making was curgd in Cole (1998).

In his following studies, Cole (2004a,b) proposesatel to analyse how disasters
and their consequences affect social actors armghgede throughout society. The focus
of these works of Cole is the preparedness forsthss and survival strategies, which
should improve societies’ capacity to face adviesiaaind recover from them (found
also in Cole, 1995). Essentially, the suggested ahddnges on investments in
protection as a ‘buffer’ saved for the case of weiyp Purchase of formal insurance,
maintenance of stocks, provision of a duplicate ewasupply system or even
maintenance of social networks can be seen astmeess; at the same time, these
precautionary measures come at a cost. The opjityrizost of the resources used for
investments in the ‘buffer cannot be put into protion, increasing welfare in
business-as-usual times. In more technical teex&ntepreparations and spending on
protection are ‘leaking out’ of an input-output lgband in effect remain idle (as they
cannot be used for other purposes) before disastkes. This means, that investments
in preparedness can be accounted for in a spetd@darow (as costs) and column (as
sources) of a SAM matri¥ With this additional account, a SAM becomes wisat i
called an insurance accounting matrix. When mautgithe post-disaster situation, the
benefits of precautionary investments in termswfdr costs and faster recovery can be
identified. Then, these benefits can also be weigigainst the costs incurred, but also
against the ripple effects which are not realisechlise part of resources were taken out
of the system for the sake of protection. The sstggkapproach allows a demonstration
of how contingencies and protection in one sectoinoone segment of society can

“8 The SAM provides an insight into the link betweiaput-output tables and the so-called sector
accounts, which include factors and institutionse SAM particularly focuses on the representatibn o
consumption and factor remuneration. Also, thevégtipart of a SAM is identical to the input-output
table, although the level of aggregation is usuallych greater. Differences between the other mdirés
SAM are substantial, however. This reflects theediity in purpose among users of the SAM.

“9In his works, Cole widely makes use of SAMs, Sbaiecounting Matrices, which are an extension of
a standard input-output table, constructed basetiesame double-entry principle, and include detar

of additional information. For example, Cole buiklis studies of small island economies around SAMs,
accounting for the segmentation present in theespclike the division between the rich and the poo
modern and traditional sectors, public and privagetors. Adding the new information to the standard
input-output table, one can see the specific pattéincome and expenditure per group, and thul/s@a
which effects calamities can have on each groujs €an be a very useful exercise for cases where
differences between social strata and sectors dsimgreconomic network are substantial.
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affect vulnerability of another, as well as to exaenthe optimal level of protection
investments to be made.

Another input-output based model on the internati@rena is one presented by
Santos and Haimes (2004). Santos and Haimes offat they call the inoperability
input-output model for studying the disturbanceg do a terrorist attack. Within an
input-output framework, the authors use decompwsitanalysis to arrive at the
description of how terrorism-induced perturbati@as propagate throughout an entire
economic network resulting from system interconedoéss. In essence, inoperability,
as defined by Santos and Haimes, refers to noretapisoduction loss, where decreased
production due to a disturbance is related to ths-planned’ production level.
Ultimately, an input-output type equation is ob&n which is an alternative
representation of conventional output-final demanddelling. The model uses a
Ghosh-type coefficient matrix, which is, essenyiathe supply-side input-output model
(see Chapter 5 for a more detailed descriptiorhefdtandard input-output model, as
well as Ghosh, 1958; Miller and Blair, 1985). Itates the (normalised) inoperability
output to the demand-side perturbation that is alsonalised according to the ‘as
planned’ output level. The model is an example firgput-output modification for
calamity modelling, although does not include acudésion of the essence of
perturbations. Although the model is meant to shght on the processes in an
economic system in the wake of a calamity, the rhogerates as a usual equilibrium
artefact, not accounting for the mismatches andalarres in the economic network
brought about by the major shocks.

Finally, we would like to outline the joint work$ ®kuyama, Hewings and Sonis
(2002 and 2004), built around extending an inpupoumodel with a time dimension.
In addition, the dynamic character of the introdlu&equential Interindustry Model
(SIM) allows the adoption of production chronology various production sectors
(divided between anticipatory, responsive and jugtme modes) to model the impact
of the unscheduled events, as well as recoveryecmhstruction thereafter. The model
is developed for both single-region and the biwagl settings (using input-output table
for two regions). The just-in-time sectors (mos#grvices) are characterised by the
conventional input-output equation, whereas inpuipot equations for anticipatory and
responsive sectors are modified. The anticipatoogen(represented by agriculture and
most of the manufacturing industries) providesdbpendence of current period output
on future (anticipated) output and current finalm@ad. The production of a sector in
the responsive mode (construction industry) depemalspast output and current
demand. Providing the implications of this analysisrecovery and reconstruction, the
authors conclude that inventories and the avaitgbdf perfect information play a
significant role in analysing the surprise aspdaroadversity on output fluctuations in
the disaster aftermath. One cannot prepare for reaxpected, unanticipated shock,
which means that high losses may follow. As a tetiue model shows that mismatches
between demand and supply as a result of fundan@etdurbations within an
economic system in a short period of time are uitmale. Essentially, the model
proves to be valuable for disaster analysis andesylent recovery over time. On the
one hand it is capable of providing insight int@ ttecovery phase-wise planning to
avoid bottlenecks; on the other hand, it may alsaised to identify those temporal key
sectors, crucial to the economy-wide recovery. Harethe model does not pay a great
deal of attention to the infusion of the shocklftsehich is done through the decrease
of final demand.
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Looking at the methodology used by researchersheniriternational arena for
economic disaster analysis, we can conclude tleatithods, which incorporate input-
output and SAM techniques vary among authors aodige us with a vast range of
information for consideration in our studies. Expeces with manipulation of the
input-output model and its extensions in the attetopmodel post-disaster recovery
show that existing approaches are as yet incomphkatd that improvements are
certainly called for.

4.3.ANALYSIS AND CHOICES

In the introduction to this Chapter we stated ttigaster analysis as a community of
researchers, practitioners and academics is siling shape, and that therefore
generally accepted theoretical and methodologiaaéb are still missing, in contrast to
more established fields of study. This is one & timderlying reasons why research
efforts carried out all around the world in theesitific community are spread so widely,
both in method and purpose, which complicates tldeation of a common
denominator. The evolution of the disaster reseacchmunity indirectly triggered the
emergence of multiple approaches and schools. We &iempted to make a selection
from these, which we present in this Chapter.

In the remainder of this Chapter, we shall elaleomt those elements in disaster
consequence analysis that seem promising to usériown modelling. After this, there
will be a discussion on the choice of a basic modgframework. We shall conclude
this Chapter with a summary.

4.3.1. Literature on Methods and Models

Needless to say, much valuable work has been dorikei field of disaster impact
modelling. However, much of it has been devotethto study of particular empirical
needs or cases (Shinozuka, Rose and Eguchi, 198®ye the electricity system
blackout consequences after an earthquake aresadalpr serves specific practical
purposes (Tierney and Nigg, 1995; Freenearal, 2004). Tierney and Nigg (1995)
emphasise that lifeline service interruptions aftee 1993 Midwest floods were
perceived by businesses as very disruptive, and wenuch more significant source of
business closure than actual physical floodingef@net al. address risk management
in terms of macroeconomic planning, i.e. the inooagion of potential future natural
disaster losses into current budgeting activiflde nature of the problem at hand often
forces the researcher to develop specific methodscdise-oriented problems, while
wider theoretical and methodological aspects hackmaain invisible. For example, in
her study, Chang (2003) develops a methodologycdst-benefit analysis of disaster
mitigation measures for urban infrastructure systewith the emphasis on evaluating
societal impacts. This should be seen as an imgaztantribution to the field of disaster
studies, as Wisner and Luce (1993) point out teay vften the emphasis of analyses is
on the physical hazards, not human vulnerabilitgiclv Chang successfully fills in. In
the current analysis we shall take a conceptualdgw@int, returning to the main
concepts behind economic disaster modelling, Jendgainto account the ‘human side’
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of a catastrophe. This can, we hope, connect apptadies and methodological
advancement in the field.

The literature suggests that it is essential gmgoon as possible, it becomes clear
what exactly has happened, and how the situatienchangedmmediately aftetthe
disaster. Evidently, a disaster, by definitionngg about a shock to an economy of an
unprecedented scale, and thus marks a break iesthblished development path. The
severity of an event, together with a lack of faanity with similar events in the past,
gives little room for experience for both econoragents and decision-makers to react
quickly and appropriately to an adversity. Thiore of the reasons for the failure to
perform and respond effectively to the tragedy emNOrleans after the devastating
hurricane Katrina in 2005 (see US House of Reptatieas, 2006; as well as Ink, 2006;
and Menzel, 2006). Among others, Penner (2006, pXplicitly states: “Katrina
spectacularly exposed widespread weaknesses inptidic policy response to
catastrophes, weaknesses that afflicted everythamg the humanitarian response to the
operation of the food insurance programme.” Thelistion the effects of Katrina
witness an agreement on the fact that the calasaitye unexpectedly; no one seemed to
have anticipated neither the event, nor its scatestrength of impact. This means that
such (perhaps, virtual) experience should be bugit in advance by modelling,
simulating and analysing possible disaster evesits@l as drawing up scenarios of
expected damage with potential recovery possislitiThis is essential in putting
recovery programmes into place and in reviving priactivities after the factual
systemic shock. We can draw from this that disasteparedness aspect is essential,
and it is important that disaster modelling framekgoare able of providing gooek-
anteanalysis to support policy and action.

However, modelling and analysing an economy unttess is not an easy task.
The literature (Okuyama, 2003b; Van der Vedral, 2003a; Cochrane, 2004; Rose,
2004b) seems to agree that a precise starting fuvidisaster research is often missing.
Even where it is assumed ‘obvious’, the basic issoedisaster implications always
require additional attention. For example, therenis accepted formula for the
representation of disrupted ties within an econongtwork as a result of a disaster.
There is also little clarity about the recovery lgo@and in many cases returning to the
pre-disaster state (what is referred to as 'noryhatee for example McEntire (2006)
becomes a common strategy, while other optionsfea left unconsidered. It becomes
clear that in the first instance there is a neadpimper understanding of the post-
disaster situation. Okuyama (2003b, p.12), e.gesthe uncertainty that appears as a
result of a disaster:

“Uncertainty arises after a disaster because fingt, extent and range of direct
damages are unknown right after the event; sectimal,trends of economic
activities, especially the fluctuation of demandcdme unclear in the short run;
and third, the influx of demand injections for reepy and reconstruction
activities makes the long-run forecast of econogniavth in the region difficult.”

In our approach, we want to stress the importafictanting from the basic need
of an adequate reflection of post-disaster survipertiuction capacity in an economy.
There is a range of attempts at pointing the wayetmnomic modelling of the disaster
aftermath. A set of three factors can be distirfgeaswhich basically stipulate the track
of post-shock developmenthe level and severity of the damage incuyréde
economy’s resilience potentjadndthe external factorgfor a discussion of resilience,
vulnerability and related notions, see ChapterC)chrane (1997b, pp243-244) points
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out that combinations of similarly defined facttrigger the recovery direction of each
particular economy to a (new) equilibrium, and @itipe the ratio of gains and losses of
a shock brought about by a disaster.

Other authors, e.g. Rose and Lim, (2002, p.12)uds@ similar issue whereby
preconditions can pave the way for an economy’sigalrcapacity after a calamity and
point out that “More sectorally diverse economige aetter able to withstand the
shocks of business interruption losses”. Adger (20p.352) contributes to this
discussion, adding that promotion of specialisatioeconomic activities has negative
consequences in terms of risk to individuals anmcctonmunities. We can interpret the
argument behind such reasoning to mean that spedatconomies are less resilient to
major shocks, as they rely on few areas of speaitidin and are thus less flexible in risk
distribution. Specialised economic systems canlutxhi greater risk of failure in case
the resource or industry(ies) it relies on are gdaathermore, Adgeet al. (2005,
p.1037) suggest “in social systems, governance rmaadagement frameworks can
spread risk by diversifying patterns of resource asd by encouraging alternate
activities and lifestyles.” However, before studyiprevention, one has to understand
the mechanisms of a disaster in a modern economy.

Here, we start with Cole, Pantoja and Razak (1998)¢, recapitulating the
situation in an economic network immediately aftezalamity, introduce what they call
an event accounting matrix, EAM (see also the pievisubsection). This is one of the
comprehensive efforts to try to realise and martagerecovery of an economy in a
disaster aftermath in a systematic manfidihe aim of establishing an EAM is to bring
structure and transparency in thinking about tls®rdier induced by a calamity, and to
provide a direction for recovery planning, for whithe authors confirm its importance
in economic disaster analysis.

The specific focus of Cole and colleagues on neditismall (island) economies
like Aruba and their preparedness for destructiaumral phenomena can be deemed to
be related to the character of the problem at hBssentially, the relative dimension of
disturbance at the core of Cole’s attention is ieduend therefore an analogy can easily
be drawn to our study of a large-scale calamitgrinndustrialised economy. Due to the
location of the island in the Caribbean basins iquite susceptible to a natural hazard,;
due to the relatively small size of the countryuBa is also relatively vulnerable to
hazards. For example, the island is completely widg@t on tourism, which in turn is
sensitive to natural hazard events. This meanseabah a moderate natural adversity
can cause significant harm to the functioning andueance of the entire society. In
their modelling effort, Cole, Pantoja and Razalemtit in the first instance to provide
insight into the post-disaster destructions, as agbutlining the recovery, with the aim
of ensuring the sustainability of the small econamyiew of future challenges.

The explicit choice of Cole, Pantoja and Razak 8198 describe the nature of
economic processes in the immediate disaster atbrrand to simulate economic
restructuring thereafter, led the authors to adopmnotion of an EAM, which is unique
in the disaster community. The stage of structuwhghaos and disorder, basically

°0 A somewhat similar approach, although referredsta ‘parameter matrix’ approach in the extensfon o
the so-called Indirect Loss module, can be foundd&zUS (FEMA, 2001, p.16-34). The HAZUS
algorithm uses these matrices as a tool to makelgugemand and value added adjustments in the
disaster aftermath sector-dependent. However, dniécplar construction of the matrix is not elalieth
upon.
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before recovery starts, is often overlooked by mamnghors. Only with accurate
knowledge of the survived capacity and availabkowveces in the disaster aftermath,
can further recovery and reconstruction activitiesplanned and implemented. Cole,
Pantoja and Razak (1993, p.B-8) attempt to findlat®n for the disequilibrium stage
via an ‘event matrix’. They state:

the intensity of an event E may be represented Hanges in the coefficient
matrix, say, E*A, and in the exogenous demand Ys Vhctor is related directly
to the “event matrix” [...] and simply measures theeat to which a particular
activity has been disrupted. Hence, the total ipaw may be written a¥:

XM ={1-EM*A}* P(T)Y

Note, that an ‘event matrix’ may be a matrix oregtor, but should be compatible
with the corresponding SAM (see also our descniptd the method in the previous
Section). Also note that X, E and P (respectiviial output, changes in the production
coefficients and cumulative impact) are functiorfs time. Time is an important
parameter according to Cole, Pantoja and Razakhasdo be explicitly included in the
analysis. Further on the same page, Cole, PantgjaRazak ipid) further clarify the
meaning of an event matrix:

In general, then, the “events matrix” is E(w;, t, r;). The parameter pis the
characteristic lag associated with the transadtioh The remaining parameters
define the impact of the disaster and recovery t-and r respectively represent
the initial impact, the time-scale for recovery,dathe expected impact of
reconstruction.

Apparently, the philosophy behind structuring tharious steps in disaster
analysis, like initial disruption and recovery aittes through time, by means of an
‘event matrix’ is, irrefutably, an important methaddgical contribution to disaster
modelling. Cole, Pantoja and Razak (1993, p.4-Wjinae:

In the most general case, the event matrix wildlset of tables corresponding to
entries in the original input-output table whiclkesifies i) the extent of damage
to internal and external components, ii) the gaalrecovery and iii) the time
scale for recovery. The details [of how an eventrixas specified] will depend
on the situation under investigation

However, the development of the matrices comprifiveg'event matrix’ received
little further advancement in disaster studiespéiticular, the precise mathematical
definition and derivation of an EAM are missingpesially the connection between the
E and A matrices. At the same time, Cole, PantoghRazakipid, p.3-16) themselves
are proponents of the so-called ‘expert systemagmbr, which implies that, following
the authors, matrices defining the initial distonti as well as recovery are to be defined
independently by outside experts in the field airexmic recovery.

In our opinion, the definition of an ‘event matrixas stipulated above, offers
another lead. We would like to distinguish two mastages here. Stage one
encompasses element i), i.e. reflection on the s#ahtion immediately after the
disaster -primarily a listing of production and samption imbalances- while stage two

®1 We recognize here a variant of the Leontief ortipligr matrix to be discussed in Section 5.2. Hare
is the matrix of input coefficients as appearingguation [3.1].
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consists of the elements ii) and iii), the diremtavery planning with implications for
the long-run development trajectory. Moreover, i owiew, the circle of disaster
analysis as presented so far is not complete,igasritssing the proactive element, such
as the analysis of prevention measures,ethenteadaptation of an economy to the
potential adversity, building up resilience andu&dg vulnerability. For this purpose
we suggest that a third stage has to be adde@ fortiposed modelling activities, i.e. an
evaluation of (policy) options that exist with respto disaster preparedness. We shall
return to this proposition in Chapter 6 when weaddtce our own model. Before that,
we have to discuss the arguments behind the cludieebasic modelling framework
(next Section) and its construction (Chapter 5).

4.3.2. Choice of Modelling Framework

Models that we highlighted in this short review a®owhile each have their strong
sides, seem to suffer from malfunction in some eesfHere, we summarise briefly the
main points of limitation in current disaster effanodelling and make a choice of
model for our own inference.

In our view, one of the features that disaster imgdehas to reflect is that clarity
and insight should be provided with respect to ithenediate post-disaster situation.
This is important because disaster studies, as weusk them in this thesis, are
considering a specific situation in which an ecoimsystem suddenly appears, which
is a major calamity. This is in turn characterisgdvast physical disruption, loss of
lives and resources which consequently resulthénldss of connectivity within the
economic circular flow and a (possibly, enduringpalance situation, where the scale
of the initial shock plays a leading role, as wecdssed in Chapter 2 of this thesis.
Modelling disaster repercussions in this way isdmeiog methodologically different
from conventional marginal or step-wise impulse lgses, and should not omit the
disequilibrium stage of disruption before procegdio recovery exercises. This is
probably one of the most widespread flaws, becausdellers are ‘trapped’ within the
merits of most existing models, based on the notibequilibrium, which is in turn
difficult to neglect. This implies essentially thaare should be taken in choosing
modelling tools for analysing disaster consequerares their appropriateness, while
equilibrium models seldom appear to be adjustethéospecific purposes of disaster
problem.

Further, some minor points should be addressedth&n@roblem is that other
models lack a convincing geographical dimensiosa@netimes miss a connection to
the spatial factor. Few models have explicit terapdoundaries, not always taking a
wide range of economic effects present during #mvery phase into the analysis
(which can also be positive alongside the negateercussions of a disaster; for
example, driven by the resilience potential). Nexime research efforts are directed at
the scale of events, which is unusual, but notrasdyas we define in this thesis. For
example, very few works concerned a disaster ssdfa&rina, which points at the need
for carrying outex-antelarge-scale analyses. Here, the problem is thaene to draw
inferences about future events based on previoosr@nces; unfortunately, extremes
sometimes do occur, and we need to be ahead ofatmmi¢hink about unlikely, though
not impossible, events to prevent devastating trafases. Finally, some models are
developed to suit particular (ad-hoc) needs, aacefbre miss generality.
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Nevertheless, by and large the methodological @eisastill open, depending on
what the country or region views as its biggesbfam. One of the additional issues to
be explored concerns policy in countries differingpolitical and economic structure,
which also influences the choice of the model. Ipure market economy decisions
made can be expected to differ from those madenioie regulated country. Here, we
have to look for novel solutions which addressehgre range of (pre)conditions. First
of all we should decide on the choice of the lexfehnalysis: at the moment, there is a
need for a macro-oriented framework, which at tmes time provides insight into the
disturbance of structure and operation of the ergwcio-economic system under the
conditions of a calamity (Van der Veen, 2004). Neaxbdelling efforts should be
oriented at providing a wide range of economic @feinflicted by a disaster, in
particular covering the extent of direct and indireconomic losses throughout the
system. Finally, it is essential that models arpabde of covering available policy
options. Whether proactive or recovery-orientedicgomeasures should be modelled
and analysed with regards to the possible resphas¢hese might cause throughout the
economy. Being able to assess relative costs andfitse of various measures, such
models would offer indispensable means to supparistbn-making.

After the review of literature on the existing mtdand discussion of their pros
and cons, we may say that for the analysis of tis@®nsequences, we are looking for
a model, which possesses three important feat&regtly, it is the ability to model a
complex economic system, where numerous actorsnggsdependent on each other,
producing high-order interconnectedness. Secoritllys the capability to model a
system which is (temporarily) out of equilibriumdatends to return to a (new) balance.
Thirdly, the model should include a module to tréa¢ analysis of policy options
anticipating and preparing for a calamity. The corahbon of these three conditions for
a model is a truly challenging task.

Which model should be chosen to analyse a compseypmted economic system?
What limitation and opportunities, both availabtgpeesent, as well as still unexplored,
do models offer for disaster analysis? These questare not easy to answer; there
basically are just too many unknowns. We addrefisisdssue in Chapter 3, where we
stated that, depending on the kind of questionsvish to address, different models are
used for economic analysis of major catastrophestai® preferences seem to exist,
depending on country and type of catastrophe wh teistudy. In the United States, for
example, a number aharket-based approachésve been presented recently focusing
on short and medium run disequilibria (see, fornepie, Cole, Pantoja and Razak,
1993; Cochrane, 1997a,b; Rose and Lim, 2002; @@ie3; Okuyama, 2004; Okuyama
and Chang 2004; Okuyama, Hewings and Sonis, 20@). not many authors have
considered economies, where government exercisssvedy significant influence on
the markets, where modelling would require morerditbn to the (proactive) policy
side (we shall return to the discussion of the oilgovernment in water management
and flood policy in the Netherlands in Chapter 8).

Other existing analytical frameworks circulating teimationally contain
Computable General Equilibrium and Input-Output eied including their Linear
Programming variants, and social accounting magriédl have their strong and weak
points. Input-Output models offer a transparentcitire of an economy by sector, allow
concentrating specifically on the physical side tbé problem at hand, and are
temptingly simple. And although input-output is eig used as a methodology for
dealing with large-scale disruptions we are disagssit still needs methodological
fine-tuning for the maturity required for this tyjpé analysis. In fact, standard Input-
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Output methodology, stressing interaction and émuim, does not offer a very
flexible set of tools to deal with post-disastetuations characterised by persistent
disruption and disequilibrium. This problem is jly shared with the CGE
methodology, which is often seen as a superiorrata’e to input-output approachfgs.
In a sense it can be argued that standard Inpyst@ubeing limited by the fixed
production functions (essentially, proportions begw the inputs used, which are
technologically determined), is an antipode of @@E models deemed to be intricate,
involving multiple actors and markets, and flexjblellowing markets to adjust
elastically through the price mechanism to the m@aumstances. Rose (1995, p.296)
holds an opinion, which can bridge the gap in tleghodological debate between CGE
and 1-O proponents:

“...economists using CGE models often see them as algprovements over |-
O. They point to an enhanced emphasis on institstiand a broader set of
interactions, or to non-linearities and substitatipossibilities in response to
market signals. At the same time, they often talt¢knowledge that their models
are based on more restrictive assumptions thamie@els, in that they typically
assume optimizing behavior and that the economynigquilibrium. Most
important is the fact that these more recent madte formulations would be of
limited value without an 1-O model of sectoral mtependency as part of their
theoretical core and without an empirical 1-O taiolenake them operational.”

Also, while acknowledging the value of CGE andnitsrits, it is not exactly what
it seems, in the light of calamity analysis. AltgbuCGE models can be exceptionally
suitable for the analysis of impacts in terms ateuguantity adjustments, this often
used framework should be applied with due care he &nalysis of disaster
consequences. We shall briefly address this inucmtjon with disaster analysis.
Firstly, CGE as an equilibrium-oriented model regsia system to be in balance, while
disturbance caused by a calamity can require damiied recovery time before a (new)
equilibrium is found. This means that the modelitgr standard formulation cannot
handle modelling such circumstances. Next, thaljlety allowed by CGE concerning
price adjustments to quantity restrictions may aetays be applicable in a calamity.
Because a substantial part of the productive cap&igone, the catastrophe can be
expected to cause a great dealimbalancesor disproportionsin the economy’s
supply-demand relations. It can endorse persissénations of shortages of some
products as well as over-proportional suppliestbérs, which can substantially expand
the duration of the recovery period for an economyaddition, when discussing the
concepts of disaster, damage, and resilience (Etsftand 3), the sheer scale of the
disaster becomes a separate factor in itself. Tdeme pointed out, rigidities may play
a significant role. Sometimes the markets are ritdwad to clear because of
government interference and imposition of pricelings, free emergency aid or
rationing of a wide range of products. Other resitths for working of the market
mechanisms can be caused by the chaos in the egomomediately after a major
calamity, unavailability and imprecision of infortien, lacking means of paymert
cetera Also, in places where some areas are hardly egdehand where markets can
essentially become strongly localised and discamgeacoming back to normal is a

°2 For example, Rose Oladosu and Liao (2007) distitgfive types of disequilibrium in their modeling:
disequilibrium in the labour market through the Kegian Closure Rule; disequilibrium in the trade
markets through trade imbalances; disequilibriah@ government accounts through deficit spending;
disequilibria in goods markets through shortagegrifcal materials; and disequilibria through pric
rigidities.
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challenge. Rose and Guha (2004, p.137), suppotliisy state the following: “the
typical CGE model, even based on short-run (vsg-iam) substitution elasticities, is
far too flexible and is likely to greatly undergtagarthquake impacts [...] Deliberate
efforts must be made to incorporate real worldditggs as well as resiliencies.” We
may infer from this that the authors, essentialyggest that CGE framework used for
major shock analysis, with its underlying assumpgioof substitutability and
(instantaneous) price adjustments, exaggeratee#habilities of economic systems to
react and adapt in the face of disturbance, whiclildvlead to overly optimistic
estimations of disaster impacts in general. We lshadd that, in our view, rigidities
and proportions should get a more prominent rolenodelling disaster aftermath in
modern economies.

In choosing an appropriate approach, thus, oneoidranted with trade-offs
between the extent of the complexity and flexipitihat the models are able to offer in
situations where an economy is facing an entiredy rset of circumstances. Here,
decisions have to be taken in a non-standard walyeilight of suddenly restricted or
unavailable resources and disrupted connectionsirwa system. Therefore, in our
inquiry of the fundamental issues underlying a stisaevent, our choice of a modelling
framework is stipulated by the questions we wanariewer. Namely, in light of the
nature of a large-scale calamity, the specificitytree shock to be analysed, and the
methodological challenge we are facing, we sugtiestthe Input-Output model, as a
basic tool for inquiry, can be a suitable candidatea framework. We believe that it
possesses a lot of potential, worthwhile to explémput-output is unique in the sense
that, it is one of the first models of sufficieminge and usability to analyse issues such
as policy change, technological change, internatibrade and natural resources (see
Rose, 1995). There are a number of advantagesvéhake connected to the decision to
take input-output as a basic framework. First df ale are attempting to gain an
overview of an entire economic network. Second, theognised strength of the
framework is its simplicity and transparency, whiaih combination with the covered
interconnectedness of an economy, gives a powarfuiment in its favour.

The insight provided by the input-output is nowaslalso widely used and further
developed by researchers and planners in suchregsias the US and Japan, as well as
in developing countries, where the neutrality & formulation is preferred (Rose,
1995). The issue of neutrality of model formulatioan be interpreted in terms of
modelling reconstruction programmes in the calanaifiermath, and whether these
should be regulated and steered by the governmienhether market-based solutions
are preferred for the economy to restore its dgpilin. In fact every economy consists
of a mixture of private and public sectors, whicleans that not all markets can be
cleared automatically with the help of an ‘invigilland’. This implies that government
interference in case of emergency may be necesskamyever, the degree of this
involvement is a major point for discussion. Whergamerican scholars, from a
country where markets are more prominent, tendptofar market-oriented solutions
(and where CGE models are perhaps more appropriatebpean scientists, where
governments play a more significant role in theneenies, tend to pay more attention
to regulatory approaches. In the latter case, lioéce of policy formulation, as offered
by input-output, may be considered an advantage.

Another strength of the Input-Output model is iksd@lent link to the empirical
realm; data in the form of input-output tables i@gularly collected and organised: this
is one of the richest statistical databases in nw@untries around the world. Input-
Output allows for the concentration on differentdustrial as well as regional
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aggregation levels and the studying of variousot$fefrom local to global. Though in
its standard formulation using input-output cansatisfy the needs of the new type of
economic disaster consequence analysis, its patemgans that we can stretch the
borders beyond conventional analysis and look fierr@ative solutions. In fact, one of
the input-output fundamentals, which fits our neteddescribe the ‘real’ economy, is its
connection to the physical world, which we havedfbect on, with its disruptions and
malfunctions, before taking on the commitment talelgossible recovery trajectories.

In this respect, we propose a more general positiomodelling major disruptions
in economic networks based on the Input-Output éw&ork. Here, a procedure is
necessary based on the division between the immeedisaster aftermath, the recovery
planning and the analysis of possible precautiomasasures. We hope that this
generalised approach provides a connecting briédgeden the theoretical foundation
of the model and its empirical application for diga analysis. We suggest returning to
input-output fundamentals, trying to give more itelity to what basically appears a
rather rigid framework. We shall conclude this Cleapwith a short summary, and
continue with the description of an input-outpanfrework in Chapter 5.

4.4.SUMMARY AND DISCUSSION

In this Chapter we discussed methods and models bewg used in disaster

consequence analysis for modern economies. We paeularly interested in the

discussion of the methodologies for the study adnemic inferences connected to
major calamities. In this Chapter, we offered a&stbn of authors contributing to the
field with studies on the economic impacts of diseson contemporary societies. We
signalled a missing convergence in the scientifisaster community concerning

methodological issues of disaster analysis. Thiy delay the development of more
integrated methods, for which we wish to plea.

We divided the discussion of the literature in tparts, i.e. Dutch modelling
exercises and international expertise. The reasamdt the danger of floods in the
Netherlands as a low-lying country triggered theché conduct broad flood damage
assessments. Historically, much knowledge was aclaied within the scope of
physical damage evaluation and prediction, as ibkl fwas dominated by civil
engineering advances and expertise. However, reagntly, little was known about the
economic repercussions of a major flooding of thantry. Probably the first effort to
arrive at an integrated assessment of damage veasditalled ‘standard method’
(Vrisou van Eck, Kok and Vrouwenvelder, 1999; amisdu van Eck and Kok, 2001),
which was recently upgraded in one of the goverrinneports “Flood Risks in the
Netherlands” (see MTP, 2005b). However, the metdods not have a profound
indirect loss estimation module, and it presumahlpolves the double counting of
losses. Two later reports from NEI and Tebodin €Beet al, 2003; Van den Bergt
al., 2000) include a better description of the indireffects of a potential flooding,
which is estimated based on the input-output miigtip, adjusted for substitution
effects between and within the sectors. FurthermBigenraam (2005) suggests a
model to support economic decision-making for thabfem of investing in protective
dike improvements. Here, the author takes into aetdhe amount of direct and
indirect effects of potential flooding, to provitlee optimal level of protection, but the
economic damage is borrowed from HIS, which isiim tbased on the standard method.
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All these works are characterised by micro- and avesproaches, based on the
calculations per dike ring.

On the meso-macro level, the team of the Erasmugelity of Rotterdam (Van
Ast, Bouma and Francois, 2004) has developed Wegtrefer to as the risk assessment
approach, where attention is paid to the methododbgside of the problem.
Furthermore, the work of the Twente group resuited number of project reports and
publications. Van der Veeet al. (2001) instigated the discussion on the societdl a
economic effects of large-scale calamities on titéonal level, stressing the importance
of a theoretically sound approach. Delft Clustgrores then followed (Van der Veen
and Logtmeijer, 2003; Van der Veet al, 2003a,b), explicitly focusing on indirect
economic damage methodology and mapping of impbgaonomic activities. Later,
the methodological developments in the disastetyaisaof disruption, recovery and
policy were continued, offering the building blodks a three-step procedure within an
input-output framework (Btkarjova, Steenge and Van der Veen, 2004b). Infeent
the economic hotspot determination and mappingbeafound in Van der Veen and
Logtmeijer (2005). However, the debate on the apgmomost suited to the Dutch
situation and flooding disasters is open and furdltlyances are being made.

In the international arena, the topic of a methoggl dealing with economic
disaster consequence estimation remains a consnsutject for scientific debate. The
international and national bodies involved in disagprotection and preparedness are
sometimes the same ones providing broad guidebnésameworks for broad damage
estimation, although they rarely offer a model (§ee example, MAFF, 1999; BTRE,
2001; ECLAC, 2003; Benson and Clay, 2004). Macralei® offered by IIASA
(Freemaret al, 2004; Mechler, 2004 and 2006; Linnerooth-BayeecMer and Pflug,
2005) are much more tangible and usable. Howewesset mostly deal with macro-
effects and risk financing in and for developinguewies, which provides a different
focus than the one we are studying in this thesis.

Typically, in disaster economic modelling amongderaic scholars, one can see
that opinions are divided on the use of modelschtiften leads to the discussion of
the Input-Output approacts the CGE approach. Rose and colleagues, howeser, u
both frameworks and offer extensive methodologézalounts. For example, Rose and
Benavides (1998) and Rose and Liao (2005) providenaut-output analysis of a
lifeline breakdown and its effects on the disruptad production activities. At the same
time, Rose (1995, 2004b), and Rose and Lim (200&yige methodological insight
into economic disaster modelling and challenge®@ated with this. Furthermore,
Rose (2004a, 2006), Rose and Liao (2005) chooseotmentrate on the issue of
economic resilience in a disaster context and utsntfication with the help of CGE
modelling. Ultimately, Rose offers a legitimateigiahat essentially disaster analysis is
different from the ‘usual’ modelling based on eduwibm and a smaller scale of
changes. In turn, for disaster modelling, reguladeis need to be adjusted to particular
major shock requirements.

In our overview of the literature on disaster mdéidgl we note that there is a
whole range of authors who favour the input-outggyproaches as a leading modelling
framework. Apparently, input-output models offerieh potential for disaster analysis,
not all of which, however, has as yet been disaein this Chapter we illuminated a
number of input-output based models for disastatyais. The approach of Cochrane
(1997a,b and 2004) and HAZUS (FEMA, 2001) are basednanipulating an input-
output table to account for disaster losses, aftbich balancing takes place by
adjusting inventories, imports, exports and exgssuabstitution capacity within sectors
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to take over part of the lost production. Althoutitis is an attractive module, the
approach seems to be less transparent and iseinse ad-hoc, where the opportunities
for rebalancing are determined by the user. Cot @ileagues (Cole, 1998, 2004b;
Cole, Pantoja and Razak, 1993) offer several wbdsed on the input-output approach
and SAMs, presenting the possibilities for analylsismeans of what they call an event
accounting matrix, the EAM. The EAM, an innovatelement that captures the essence
of post-disaster disorder and later recovery plagnis a concept which has not yet
reached its definitive shape, but which is an deoeldeparture point for further
research. In his later studies, (Cole, 2003, 2064&nds his modelling to an insurance
accounting matrix approach, introducing protectiomestments as a ‘buffer’ for an
economy to be used when disaster strikes.

Furthermore, Santos and Haimes (2004) offer thealed inoperability input-
output model for analysing the repercussions @freotist attack, although they do not
include disequilibrium modelling. Finally, Okuyamg&004) and Okuyama, Hewings
and Sonis (2004) provide a time-adjusted inputsautpased sequential interindustry
model, the SIM. The advancement of the model ifte &nalysis of production
chronology and recovery planning are worth notibgt the disequilibrium stage
remains a problem.

After analysing the models at hand, we finally read to the discussion of our
goal of choosing the framework to be used, as & lfasthe adjustments to achieve the
prototype of a disaster model. Ultimately, to dovem need a novel way of looking at
the established modelling framework. As in therditare we reviewed, the main line of
the debate concentrated on the two major modet$ insthe field, i.e. the I1-O and CGE
approaches. The decisive confrontation of the tveanéworks made us realise that
CGE, with its range of valuable features, suchedsabioural equations and attention to
detail in the high-level analysis, as well as aagrdeal of flexibility, still remains
unsatisfactory. As noticed by a number of reseascire disaster analysis, CGE loss
estimates are often understating real losses, becthey rely on a high degree of
substitutability. This means, that more accountughdoe given to post-calamity
rigidities. Also, we think it is important to moddisequilibrium first, before proceeding
with recovery and reconstruction analysis. At tlaene time, input-output, with its
transparency and simplicity in reflecting the coexptelationships within an economic
network, fits better to our needs of a basic maagliframework, able to provide
answers to fundamental questions in disaster asaWéth its range of possibilities and
neutrality of formulation, input-output offers agmnising territory to be explored and
exploited for the requirements of gaining inferemctdisaster phenomenon.

Along the way, we established the importance of nieso-level, addressed by
input-output types of model. It focuses on theratéons at this level, and has excellent
potential also to address disruptions in theseant®ns. Simultaneously, we already
touched upon the presence of certain rigiditiesth bof a technological and an
institutional nature. These rigidities show up ertain model parameter configurations
that are less flexible than others. These, latervah be reflected in our views on
disaster modelling.

In the next Chapter we shall describe input-outputs standard formulation, and
then proceed to the construction of our adjusteg¢ragrh to model disaster
consequences in Chapter 6. We shall start withfutelamentals and provide the
necessary extensions to the model to shape itlssster analysis tool.
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Chapter 5

Input-Output Methodology

5.1.INTRODUCTION

So far we have addressed conceptual issues inidglee df disaster analysis. We
introduced the topic of disasters in modern scesetind their economic consequences,
discussed the fundamental concepts frequently tuisethis type of analysis, and
reviewed the literature, highlighting selected wsikith the focus on gaining insight
into the processes in an economic system, whiclkappo be under pressure when a
disastrous event occurs.

In the preceding Chapters, we prepared the stageufomethodological inference
in modelling, and, in particular, selecting andlithaig a model for the specific needs of
a major shock analysis. We have based our ingightthe nature of disaster on the idea
of the circular flow in an economy. A number of ti@@s distinguish our approach,
where disequilibrium and loss of connectivity pldne main part. For the analysis of
economic disaster consequences in modern industdakbconomies, we selected the
input-output framework (see the discussion of iterdture in Chapter 4) as a basic
point of departure for constructing our own modwjlinstrument. The transparency of
an input-output framework and its rich potential disclose relationships within an
economic network of circular flows were the centi@htures which determined our
choice.

Input-output analysis is a method of systematicaluantifying the
interrelationships between the various sectors adraplex economic system based on
the notion of technology. It is a recognised taotdflect the circularity of flows within
an economy, which is central to our inquiry. Operalisation is usually in terms of
transactions between the constituent parties, aadbusiness enterprises, consumers or
consumer groups, public authorities and partiesgents abroad. These transactions are
grouped into those dealing with the basic elemehtsn economy, such as (types of)
production, distribution, transportation, consuroptiet cetera The interactions are
represented as the entries in a square or rectmmatrix. Therows of the matrix
register the sales of each production sector terabctors or to consumers of the final
product. Thecolumnstell us about the purchases of each sector frdraraectors or
from the providers of the so-called primary inpuBach number in a row is
simultaneously a number in a column; each outpatsis an input into some production
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process. The double-entry bookkeeping of the imuiput table reveals the fabrics of
an economy, connected by the flows of trade, ulihgalinking each sector of the
economy to all the others.

An input-output table is constructed from the olwedr data for a particular
geographically well-defined economic area. In ps&ctthe economic system to which it
is applied can be as large as a national or evemglttbal economy, or as small as the
economy of a metropolitan area or a single entsgpiihe economic activity in this area
consists of a number of segments or producing secidese can be industries in the
usual sense, i.e., sectors of an economy accotdiagecognised classification scheme
(like the international Standard Industry Classifion, SIC), or even much smaller
categories. The level of detail (or, vice versaagfiregation) can vary according to the
opportunities that the data allow or the requiretsei the goals set. Experience has
shown that work on input-output matrices constarcinvolves ongoing discussions on
the basic problems of classification, definitiorddreatment.

The input-output model can be used for simulatimg tconsequences of various
forms of economic policy. Some models involve saktypes of economic control or
optimisation. Many applications involve scenari@lgsis, running or testing the model
under different assumptions regarding instrumemtssiclered relevant to the policy
issues under discussion. The instrumental appr@@nbergen , 1952, 1956) consists of
specifying the targets (e.g. concerning the balasfcpayments, sectoral or regional
employment, and so on) and then determining howirte-tune the set of policy
instruments to reach the targets. This involvesctiraplicated task of establishing the
time path (including lags) between the introductadrthe instrument and its effect on
the target.

After the short introduction in Chapter 3, in ti@hapter, we shall provide a
further description of the standard input-outpainfework. We believe that in order to
answer the fundamental questions in disaster asajysrding our research, we should
start from the basic elements underlying the coottbn of an input-output model,
namely, the physical side of the model, its embadigerpretation of the real world,
and its ‘accounting’ background. This has also bkeaontief's approach to model
economies and to provide forecasts — building bisctusions on his view of economic
theory, yet with a eye on the real events and s taking place in the economy
(Bederov and Kapkov, 2003). We shall conclude tBisapter by discussing the
restrictions and challenges of the model in théatligf our intended analysis, and by
preparing the groundwork for the construction, amassence, the extension, of the
basic model in the next Chapter.

5.2.DESCRIPTION OF AN ECONOMIC STRUCTURE: THE INPUT-OUTPUT
M ODEL

5.2.1. Some Background

Input-Output has a long history. Its origin dateslto the Eighteenth century French
authors, in particular the Physiocrats, who dewedbpn early form of an input-output
table, the so-calledableau économiqueThis Tableau was based on the concept of
circularity, the notion suggesting that social @ednomic systems can be described in
terms of an uninterrupted and interconnected flb\yamds and services from producer
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to consumer, and back. Disruptions of the circéilaav means that shortages arise or
that production will be in excess of demands, vd#trimental consequences for the
economy. Later, many authors worked on various $oofinput-output theory. We can
mention the names of Marx, Walras, Cassel, PopoaldWand Von Neumann.
However, in particular the Russian-American schoassily Leontief provided an
appropriate framework for empirical applications input-output theory. During the
1930s he published input-output tables for the Acaereconomy, which he interpreted
as modern Tableaux économiques. Besides being aiptesn of the economy, the
main purpose was to investigate the impact of simftfinal (consumer and investment)
demand and technological change on the Americamogoyp. The focus was in
particular on the consequences of such change @r raiables such as employment,
import-export balances, and the price level. Dutimg 1940s and 1950s, input-output
became the core of modern national accounting,tdube work of scholars as Stone
(1962), and others.

In 1953, Leontief presented a dynamic version @& Hasic model (Leontief,
1953). He accomplished this by modelling investradnt production capacity along
input-output lines. This meant that a new matrbe so-called capital matrix, was
incorporated in the model. TH& row of this new matrix represented the sales of
industryi to the other sectors for enlarging productive cipaThei™ column, just as
in the input-output matrix, registered the purclsaseindustryi needed for its capacity
enlargement. Leontief's approach led to a numbedefelopments. First of all, it
provided a basis for multi-sectoral work in grow#ind development economics.
Furthermore, it was a significant stimulus for tregwal work on the mathematical
properties of dynamic models. It also meant a n&atisg point for academic and
national accounting work on the construction of &roa@l capital coefficients matrices.

Regional applications of input-output analysis dadek to the early 1950s (Isard,
1951; Chenery, 1953; Moses, 1955). Later, aftestsuitive standardisation, extensions
into inter- and intra-regional analysis became labée, as did applications in the supra-
national field for international comparison (Poless1980). Further developments of
the input-output model included the introductionsotial accounting matrices (SAMS)
in which the social and cultural aspects of ecomoohiange were recorded (we could
find this approach in our literature review, nameBpole, Pantoja and Razak, 1993;
Cole, 1995 and 2004a,b). The new United Nationst&y of National accounts (UN,
1968) was a revision and an update of the exigtystem of national accounts. Initially
there were two variants of the model: quantity gride versions. At present there is a
large body of literature on input-output theory amg@plication, see e.g. Kurz,
Dietzenbacher, and Lager (1998). The mathematicahdations were substantially
developed over the years. At present, each inpyzdunodel basically consists of two
forms. There is the primal or real model, whichegiws the relations in the real sphere.
The dual or price model gives the price implicasioExtensions are now available in
several areas. These include: Extensions of thie basdel to deal with environmental
pollution policies; Applications of input-output cteniques to the structuring of
demographic and social data, which were at theshafsihe rise of socio-demographic
models; Application of programming methods to dateocessing and model
construction and solution.
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5.2.2. The Basic Model

The basic unit of the table is the transaction ketwits constituent parties (firms,
sectors, industries, consumers, governmental aggn@nd so on). The set of
transactions consists of two parts, intermediatefaral deliveries, where all entries are
in value (money) terms. If a delivery is intermedjat means that it is an input in some
(other) production process and, hence, is procefséter. A delivery is final if it is
bought without any intention of further processinget us consider now the
intermediate purchases of a seqtdr.e. the sales of all sectors to this segjorAs
mentioned, in input-output analysis a column veci®rused to represent these
purchases. The elements of this vector then redistin the origin and the magnitudes
of sector’'s inputs. If we denote the observed (monetary) vafuée flow from sector

to sectolj by the symbok;, we get the (column) vector:

4

zZ [5.1]

Returning to the input-output table, the rows oé t§)’s record where the
intermediateoutput of each sector end up. If there is no sdphr distinguished final
demand, total outpuk;) can be written as:

X =242, +..%7 +.2, [5.2]

The set of all linear equations expressing therzas for each commodity being
produced or used in the course of one (static wersf the model) or several periods of
time (dynamic version) completely describes thermi¢pendence among the sectors of
the given economy. Sectps demand for inputs from the other sectors duthrgyear
in this way will be related to the amount of goguieduced by the same seciavver
the same period. Applying this to thesectors we obtain the mathematical structure of
an input-output system, see Table 5.1 below.

The fundamental law of input-output ‘accounting’udiprium ensures that the
corresponding row and columns totals of an inpupoutable must be equal. That is,
the following equality should hold:

D% = D2 [5.3]

i=1l..n j=l.n
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Purchasing sector
Total
Sectors 1 k n
1 Z11 Zik Zin X = ; 4
j=1l..n
5
o
(7]
o k Za Zik Zin X% = 2.2
= j=l.n
T
n
n Zn1 Znk Zan Xn:jEme
i=1l..n
Total 2% 2% 2% X= >z
i=1..n i=l..n i=1..n i=L.n

Table 5.1General form of an input-output table

This logically leads to another equality, statimgttthe sums of all columns should
equal the sums of all rows:

i=1.n

D4 =D %=, D% [5.4]

j=1.n k=1..n i=l...n k=1..n j=l..n

The input-output transactions matrix in absolutenge (as above) can also be
transformed into a matrix, which entries are exgedsin terms of production (or
technical) coefficients. If we denote technical flioents asa’s, these are obtained by
dividing the entry in each cell in monetary termsthe total sum of the respective
column:

a =3 =4 [5.5]

A matrix, which containgy’s as its entries is conventionally denotedAasatrix
and has dimensiom(x n). This matrix is referred to as the matrix of teicial input-
output coefficients, and accordingly represents téwhnical structure of the whole
economic system. Thus, production coefficients shiowhe essence the production
technology visible by columns, determined by thhactre of purchases of each sector,
which are in turn used as production inputs. Orother hand, row-wise we observe the
sales structure of each industry as the row entelesal sales of each sector’s products
to other sectors. The transition from the coefficiorm of the transactions matrix for
its typical element; is simple, and can be directly derived from theagmpn [5.5] as

Zj = aj X



In addition to the intermediate deliveries, we idtiish sales to purchasers whose
decisions are external (or exogenous) to the (decf the) industrial (i.e. producing)
sectors - for example, households, governmentahage and foreign trade. The
demands of these units — and hence the size af plechases from the industrial
sectors — are generally the outcome of consideratioutside the domain of the
producing units. Therefore, the demand of thesereat units is generally referred to as
a final demand, basically being exogenously gi@enoting byf; the final demand for
sector’si production, we can add it to the existing interragdoutput on the right hand
side of equation [5.2] and obtain the total or grostput for sectar

X =z, +Z,+..+z +.z, +f [5.6]

We can now substitute tt®g's for the above derived production coefficienis
in equation [5.5]. This results in an expressiontfa total outputs in matrix notation,
which is the basic relation of input-output anadysi

X = Yax +f D [5.7]

j-l..n
or, in the notation of Chapter 3:
X=AX +f [3.1]

wherex andf, respectively, stand for the vectors of total etitpnd final demand, and
A for the matrix of input coefficients, all in thaitial situation, before the shock. We
distinguish n industries, st is (0 x n), while x andf are 6 x 1). Also, we should note
that the final demand category is usually subdiideo several categories, such as
domestic final demand and foreign final demand. Bstic final demand again may
consist of vectors of household consumption (C)vegoment expenditures (G),
investments (1) and other elements; foreign finaindnd is referred to as exports (E).
Thus, total output in an economy adds up to thé-kvedwn equation:

X =z +C g *i te, [5.8]

where ¢, g;,i, ande are the column elements, respectively, of privaasumption,

government expenditures, investments and expotigshware also found in Table 5.2.
Alternatively, being engaged in a production precesich sector not only has to pay for
the inputs it obtains from all other sectors (imithg itself), but also has to pay for other
types of inputs, such as labour (W) and capital. (N)gether with certain other
categories, such as imports (M), these form theieradded’ part (V) of sectgr These
items together are known as the ‘payments’ sectorpimary cost categories.
Incorporating them into a formula for total expeodes, we obtain:

X, =z +W, +n, +m [5.9]
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where, correspondinglyw;, n; andm, represent the row elements of the primary

factors, respectively, wages, capital and impakte.now can express the whole system
in the following way as appears on Table 5.2 below:

Processing sectors |
(purchases) Final demand Tota
_ output
1 .. ..n
1
Processing
sectors i z C Oi i S X
(sales)
n
5 Value W w
?ér;i?ts added n 0 N
Imports m M
Total X cC | G E X
outlays

Table 5.2 Expanded flow input-output table

So, let us elaborate some more on the formulas] [&8d [5.7]. We can
straightforwardly transform to haweas a function of. We obtain:

(I - Ax =f [5.10]
or,
x=(1 -A)*f [5.11]

where matrix(I — A)™ is usually referred to as the Leontief inversether multiplier

matrix. Denoting its elements by the symiag| we thus can write the equations [5.5.]
and [5.6.] as:

X =a,f +a,f,+. . +a; f +. . +a,f [5.12]

This shows in a direct way the dependence of grogsub on thefi's. In fact,

looking at theaj’s in this context, we notice that we hamﬁ :a% . Verbally, the
i

ay's (or multipliers) represent the amount by whighss output would change given a
unit change in final demand. This property can tilesed to obtain a simple model:
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Ax = (1 - A)Af [5.13]

In general, the multipliers of the famo(is—- A) ™ Leontief inverse account for the

total effect of the exogenous impact (which isiatéd by the change in final demand as
discussed abovéj.

It is also possible to find multipliar,; for each sectgr In a general mathematical
formula, this sectoral multiplier can be presengéeda sum of all multipliers in the
respective columpt

ay =.a, [5.14]

This sectoral multiplier can be used to see whalfitist-order and second-order sectoral
effects are of an exogenous shift in final demark first-order effect of changed final

demand for the product of sectofa ;) represents in this context the increase of its

demand for inputs to increase its output by the amof the expanded demand for its
products. The second-order effects,{ reflect the responses of other industries (as

well as sectoj itself, and thus it incorporates both inter-indysand intra-industry
connections) to the increased final demand of sgctdhe reason is that all other
sectors will have to produce more of their productsupply sectoj with the inputs
necessary to produce the extra goods or servicedgedefor the increased final
consumption.

As an aside, first- and second-order effects asritbexi above cannot be directly
translated to or compared with the direct and extieffects that we defined in Chapter
3. The reason is that as a result of a major dianre (such as a disaster), part of
production capacity, alongside the part of thelfsb@mand, is gone; thus, the system
itself has shrunk. In this sense, a direct effeatid include both exogenous changes of
lost demand and lost production capacities; indiedfects would be determined as a
reaction to that exogenous shock within the systdere, multiplier effects will be
interpreted as indirect effects. Yet, the reathportant question to answer is whether
multiplier analysis is appropriate is such a sitat or that alternative ways of
exploring system’s response should be explored.s\dl come back to this issue in
Chapters 6 and 7.

To complete the model, we will add the labour marké¢ recall that we already
have paid attention to labour as a special factgroduction in the beginning of this
Chapter. One reason we mentioned is that laboukehaffects play an essential role in
disaster analysis, because disturbances in thikatsaare a prime origin of long-term
delays in recovery and growth. Labour also is tteat pf the value-added rows of an
input-output model that probably is most directiyolved in the production processes.
It is purely technologically determined, which mnsewhat different in the case of all

3 In the literature devoted to input-output modelithe type of multipliers just described is being
referred to asimple multipliers. These are distinguished frdotal multipliers, which are found via
elements of the Leontief inverse of a model thatlagsed with respect to households. In this thesly
simplemultipliers are considered following this notatioomputed for the open model (Miller and Blair,
1985, p.102).
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other categories. Depreciation and imports havierdift backgrounds being a) much
more institutionally determined, and b) being midegible in terms of the presence of

substitutes. The other elements of the value-added, such as taxes and subsidies,
are purely exogenously determirédror ease of exposition we shall treat labour as th
single primary input factor in the production fuoct In the standard input-output

formulation we then have:

L=Ix [3.2]

wherel represents the vector of direct labour input doiefiits and the scaldr total
labour income. We shall follow, as mentioned, staddnput-output methodology in
imposing that the relation betwe@nand| is technologically determined. In addition,
we impose that all entries are in money valuess Thimost useful since money value
representations increase the direct comparabiltyoss sectors, regions or time
intervals® We thus work with physical units expressed in ipakar monetary terms;
see Miller and Blair (1985, Ch.2). We also needriaepequation. With equilibrium
pricesp and a wage rat®, standard we hav&:

p=pA+wl [3.3]
We already mentioned the implied income equation:
wlx =pf [3.4]

We also notice that the economy described by tloeeabquations is in perfect internal
balance. In fact, we meet here a perfect circuéav in the sense that commodities are
simultaneously inputs and outputs of each prodaoctwocess, either directly or
indirectly. Corresponding row and column sums ayaa¢ reflecting the equality of
supply and demand at the sectoral level. This ials@lid for the labour equation: the
wages that are paid by the employers is spent odgyand services as represented in
the commodity bundlé

5.3.A DIGRESSION INTO DYNAMIC INPUT-OUTPUT M ODELS

Scenario analysis is one of the strategies to egplong-run economic behaviour,
where the term ’long-run‘ often is taken to imphat changes in technology may be
part of the analysis. Another aspect is providedlignges in output volume. If capacity

¥ Imports, on the other side, form an even more dimaed post of the value added part, as it include
goods that are produced by other types of sectoe. i@ay see imports thus as a component that reflect
the exceeding capacity of in-home industry, ascedtave to import those inputs that are not abkdla
on the domestic market, or which home producersiar@ble to produce in the necessary amounts.

5 We should recall that the total national produgiressed in money terms is often taken as a proxy f
national welfare.

*% |n the case of money values, we encounter thenalige notatiore = eA + |, where each element ef
is equal to unity, and the wage rate fixed at unity
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constraints may form a problem, changes in outpilthave to be accompanied by
expansion of the production volume. This usualhangethat the economy is confronted
with the necessity of a substantial investmentapital goods. (We should note that
investment aimed at expansion should be distingdishom replacement investment,
which does not increase capacity). Modelling inwesit, however, asks for the
introduction of a time dimension into the modelohé&ef (1953) was the first scholar to
explore an extension of the basic form [3.1] al@mg line. To this end, he introduced a
so-called capital matriB. The elemenly; of this matrix stands for the amount of capital
stock of good necessary to produce one unit of gpod

The introduction of the necessity to produce capgjtadds meant that this type of
production, previously a part of final demand fisnbad to be accounted for explicitly.
Below, we shall first briefly refer to Leontief'siginal model. Hereafter we shall, also
briefly, discuss the Duchin-Szyld model (1985), ethiaddresses a number of
shortcomings of Leontief's original model. Leontshrted with a closed form, given
below. That is, there is no separate entry yetefargenous final demarid.We have,
for a single time period:

X, =AX, +B (X, —X,) [5.15]
or,
X, =[I =A] B (Xeag =X4) [5.16]

where we immediately recognize that [5.16] is ateesion of [5.11]. Solving fox,, ,

we find that future paths can be expressed in teiymoperties of matrices A and B,
their interaction, and the initial position of tkeonomy. We also see that this model
offers a most interesting approach to the stock-lliscussion presented earlier. Part of
the total productionx, is flow, and is used up during one period. Anotpart of

production B) crystallises into stock magnitude and adds t@aciy The model offers
a consistent way of dealing with these two dimemsio

The above model, however, has a number of shortgsrim terms of stability
issues. These are caused to a large extent by ¢kdisp of the accelerator part (such as
a requirement to re-invest all capital goods witheufficient flexibility to react to
changed external circumstances (Leontief, 19530f8rd970; Tsukui and Murakami,
1970; Jorgenson, 1998; and Steenge and Thissen). ZGHBvercome such limitations,
(Duchin and Szyld, 1985) proposed an alternativeadyic model. Their model requires
an additional variable, i.e. explicitly focusing am sector's available productive
capacity. In the model a sector invests in expapdscapital stock if and only both its
output is growingand its capacity is fully utilized; if either conditiois not met,
expansion investment will not take place. So, thedpction of goods for investment
purposes depends not only upon final demand bt this sectoral rates of capacity
utilization. The model also allows for changes awae in the coefficients matrices, as
indicated by the subscript The simplest version of this model, assuming a e
time lag for all capital goods, can be written as:

" We should remark that the mathematical propedigbe closed dynamic model closely resemble those
of the open model, see Brody, 1970.
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X, =A, X, +B,, 0, +f [5.17]

t+1 t

or

(I -A)X, —B,,, 04 =T, [5.18]
with

0,,, =max[0;c,,, —C,] [5.19]
with

Cuy =C, +0y [5.20]

Here (dropping the time subscrip#); B, x, andf are as defined before,stands
for capacity, ana for desired addition to capacity. The vectyy,, the desired capacity

for period {+1), is separately projected as a moving averageecdnt past rates of
growth of output. The initial conditions include uaek for the vectoc att=0, and for
the vectorc* ando att=1. The full model includes additional equationsresgnting
factor inputs and a price equation, also with tepecific coefficients matrices. We
again recognize, after rewriting, the basic formil3in [5.18].

The dynamic model described by the equations [§3.8P] and the
corresponding price model (not discussed here)eansed to analyse scenarios based
on alternative assumptions about the exogenousblas such a$, the technical
coefficients, the rates of capacity utilizationdatte interest rate (as modeled in the
price equation). The model can be employed to callewdutputs and prices on a yearly
basis, where changes in output will define investinae the sectoral level.

Brody (1970) offers an interesting link between ftev dimension of theA
matrix and the stock dimension of tBematrix. To that end, we define parametgrs
where:

by =at;

[5.21]
wherei andj stand for, respectively, selling and receivingtsex That is, capital
investment stands in a technologically determinekhtion to the flow outputs as
registered in matribA. We may think here of depreciation allowances Wwhia this
form, determine so-called ‘turnover time’. For agelevant that this link allows a direct
interpretation of the growth parameters in termshef circular flow characterisation of
the input-output model we discussed earlier.
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5.4 .CHALLENGES AND L ONG-RUN ASPECTS

Returning to what we outlined in the previous Chkagpt disasters cause problems
throughout the entire economic system, where tlstudied elements of the system
trigger a separate chain of events, interconneeitid other causal chains induced by
subsequent actions and reactions. The input-outymatel has a number of limitations
and challenges, which come to the fore in the amlgf disaster consequences. For
example, in disaster analysis, changes in pretgispsoduction levels will, through the
fixed coefficients assumption, translate directiyoia change in the sectoral demands
for labour. A shift in these will translate into shift in final demand, and so on.
Subsequently, multiplier effects will enter with nsequences felt throughout the
economy. Clearly, without additional informationist problematic to analyse in which
way the pre-disaster balanced economy will champe. main reason is the exceptional
nature of the events studied. Input-output propodi established under ‘normal’
conditions in equilibrium will change, but in whiakay is difficult to anticipate, in
particular because of the multitude of interactingltiplier effects; (small) shifts in
intertemporal behaviour of economic agents in themédiate post-disaster period may
completely upset traditionally expected patternsoofcomes. It is clear that further
assumptions or, probably, hypotheses are requireg iwant to pursue our modelling
effort along these lines. Below, we shall outlin@wamber of input-output restrictions
for disaster analysis in this Section. Let us rettadl standard formulas in the previous
Section, in particular:

AX = (I —A)Af . [5.13]

which describes the relation between changes intingguirements, and changes in
final demand stand. Very often, the analysis oinges in policy or economic structure
begins from the model formulation like [5.11], whecoefficients or multipliers are
present. We noted in the previous Sections thal filemand categories are viewed as
being determined exogenously. The above formuladlaows us to assess the effect on
the economy of a change finFor example, we may study the effect of a changbe
investment level due to a switch in spending, amm@sequence of a natural disaster.
Such changes in investments now are translatedh@arespective Leontief inverse
(1 - A)™" into changes in outputs of the industrial seciothe region. It is important to
bear in mind here that the term ‘impact’ or stegevianalysis is used when the
exogenous change is caused by one ’impacting agenta small number of such
agents) and when the changes are expected to iocihe relatively short run (e.g. next
period). This means that such an analysis suits faek relatively simple small-scale,
short-term economic shock examination when prodactoefficients are supposed
(and assumed) to stay unchanged.

Once we attempt to introduce a vast, large-scakrdgeneous shock, a number of
basic input-output modelling assumptions may becomestionable. The scale of the
disaster plays the key role in determining the shafpthe model. This is an aspect that
seems to be less covered in the literature, irsémse that size usually is not treated as a
separate factofn concretowe may think here of small island economies béidy a
devastating hurricane, but also of devastatingdfosuch as experienced by a heavily
industrialized country like the Netherlands in 1953 disaster research, this would
mean that ‘equilibrium’ for a period of time hashie replaced by ‘disequilibrium’ and
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‘connection by ‘disconnection’. Noteworthy is aldtat consequences of a large-scale
event cannot be seen as a sum of consequencescedotiy a number of minor
events®. As we discussed in Chapter 2, such a major cafgutaces the functioning of
the whole economic system under pressure, whileoma&vents have only marginal
impacts. Soon it becomes clear that standard iopigut exercises can no longer
support such large-scale shock analysis. This stéimssly, from the presence of
rigidities triggering persistent disequilibrium ¢me markets in the face of disaster (see
the discussion in Chapter 3); secondly, from thenmexity of the economic
consequence scenario(s); thirdly, from the timegeawhile the economy is under
effect; and fourthly, from the need for efficienéspurce reallocation in disaster
aftermath.

As noted in the discussion around the choice of ehaul the previous Chapter,
disequilibrium and loss of connections within anmamic system after a calamity are a
common problem for disaster modelling. However,ytlage difficult to cope with
conventional modelling tools, as normally models based on balancing principles. A
disaster, resulting in the breakage of existing tighin an economy and pushing it out
of the established equilibrium for a significantipd of time, is the first challenge we
have to deal with in the construction of our ownd®mlo This implies that we have to
think in novel ways about the current notions ofiiélgrium and disequilibrium. This
raises the fundamental question on how to defing/caninterpret an input-output
model, which could perform sectoral studies of aon®my under ‘extreme
circumstances’.

Next, there is the issue of the nature of the shdtdsentially, by the very
definition of disaster (see Chapter 2), the shackoo substantial, and significantly
outweighs the shocks modelled in other cases. Suikturbance in a complex modern
economy would cause a chain reaction, and mostapigbundermine the assumed
stability of the established flows, while in theudies of economy-wide effects of
relatively minor impulses, it is assumed that ther®mic system under examination is
robust, i.e. the basic structure stays stable.rbigémeity of a shock will inevitably lead
to the emergence of disproportions within the systevhich will have to be
'addressed’. The second challenge in our modellmgoi deal with the emerging
disequilibrium and look for new proportions withime system that would make it work
again.

Besides, when long-term effects and broader chaagesexamined within an
economy following a severe adverse shock, we asecély dealing with projections
and forecasting of an event with unknown consegeentiere we face a serious
problem. As the period of projection increasesimet (for example, modelling the
longer term effects on a development trajectoryyl @ine number of assumptions
increases, the accuracy of a projection exercisgstéo decrease. This is a consequence
of a diminishing ability to accurately forecast thew final demands (i.e. the elements
of f), and of changes in production structure (in féwe, elements o). In the normal
situation, a firm can sell part of its product ther manufacturers and part of it to final
users. The relative proportions between these paeishe resultant of many factors,
which, apart from economic ones, include politisai¢iological and historical elements.
At the same time, a firm buys its inputs in speciforoportions from other

%8 This statement was one of the conclusions of aetldiay workshop on methodology on damage
estimation held in 2003 in Delft, the Netherlan&®r further reference, see Van der Veen, Vetere
Arellano and Nordvik (2003, pp289-290).
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manufacturers and employs the necessary amounthef primary inputs. The
catastrophe, by its very nature, will destroy pdithis economy-wide network. It is not
obviousa-priori, what will happen if a firm is confronted with tlect that some (or
most) of its customers or suppliers are lost, eengporary basis, or perhaps forever. At
the same time, new players can arrive or unexpegtarkets can emerge, possibly
signalling new opportunities. At the national orbswational level it is almost
impossible to predict what will happen becausedssare embedded in a much wider
setting. Disasters, as one-time events, are veficudi, often even impossible to
predict, and thereby assess the changes thatriyse upon an economic system, as
well as its pattern of reaction and recovery. QYegost-disaster economic policy needs
to steer the distribution of the available goodsappropriate ways between various
categories of buyers and suppliers. For instangmliay choice in favour of relieving
shortages in final demand may alleviate problenthetargeted groups, but at the same
time may increase inter-industry imbalances. Thi®wsh that choices are not
straightforward, and involve complex interrelati@rsl interactions.

The needs for clearly defined goals and well-comiated policy in the early
disaster aftermath are triggered by the existemacsl,(in fact, strengthening) of the
rigidities, which we discussed in Chapter 3. Whudse point at, is that an economic
system under stress is severely damaged, the retb@ircular flow is disturbed, and
little is known of what will happen next. It is dtee the uncertainty that the markets are
slow and have difficulty to find their clearanceingo Looking for ways to find suitable
policy directions forms the third challenge for amodelling exercise. The outlined
challenges require us to take a different appraacifulfil the modelling needs of
disaster analysis. We can conclude the followimgatldress the first challenge, the
modelling of a disequilibrium situation, we needfitad a way to account for the assets
left after the outbreak of a calamity, while relexithe balance assumption.

The last challenge can be addressed by scenarigseémabften a formalised
version of so-called ‘what if' inferences. These édvecome an essential part of
business decision-making, and are currently widelyd in areas such as asset-liability
and corporate risk management, and research amdogpavent over medium- and long-
term time frames (see Harris and Schwartz, 2002 #thnique appears to be most
suitable for studying events with a low frequendyoocurrence, which nevertheless
result in substantial, even irreversible, consegaen(such as climate change, the
depletion of fossil energy resources, pandemiczgeing), or for the analysis of large-
scale policies with major impact (like controllethissions of C@ policies aimed at
sustainable development, economic integration sadke). New visions are suggested,
among others, on scenario analysis done in varields, for example CPB (2006),
Duchinet al. (2002), Swart, Raskin and Robinson (2004), Vanugtan, Heijnen and
Jager (2002). Although scenario analysis is ofteeduin disaster (economic) analyses,
it is sometimes not yet recognised as a formal tdele, the abundance of assumptions
in cases where data are scarce and often incompledewhere analysis is complicated
by the presence of too many unknowns, often camepéced by the analysis and
comparison of various disaster situations undeiouarcircumstances. This way, policy
analysis will not result in a straightforward answeather, scenario analysis offers
distinct borders within which outcomes can be dekmatiable. The formulation and
analysis of alternative scenarios incorporating usheented, exogenous assumptions
bound by internal consistency is a promising apgnda shed light on feasible options
for policy and action. Projections about changeprimduction coefficients, the pattern
of demand as well as resource relocations (and, #ie impossibility thereof) during
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the disaster aftermath and recovery can be featura@rious combinations, tracing
their impacts throughout the economy. Simulatingiotss situations and events can
reveal important impacts and help identify thosettlenecks’, which can be avoided if
policy measures are taken. Formulating scenariog nedp illustrate the merits and
potential of disaster analysis, in particular i timput-output setting, employing the
structure and insight of the latter into the compksues at various levels, from global
to local, which input-output has to offer. Essemfiainput-output with its strong
technology tie can be well complimented by scenapproach. Scenario analysis offers
more controlled flexibility without undermining thiategrity and transparency of the
basic model, while at the same time broadeningaissibilities. Scenarios are also a
prominent tool to structure our thinking on thertication and formulation of credible
research questions and hypotheses, which are gisteaningful and ingenious.
Particularly in the form of so-called turnpike &ejories (see Dorfman, Samuelson and
Solow, 1958), optimal paths have been studied i@ tiontext of growth and
development questions. Turnpikes describe the patcanomy should ideally follow,
givena clear objective (that is: the economic decisikers should know where they
wish to be going), andiventransparency of the constraints, see especiallkuisand
Murakami (1979). Also, for exploring further thelemf scenarios within input-output
context, dynamic input-output can be made useks;the version described in Section
5.3.

5.5.SUMMARY AND DISCUSSION

In this Chapter, we recapitulated the basic constns behind the standard input-
output framework. Based on the input-output talbere the transactions between
various actors on the economic scene are recordety on the production and
consumption part, an input-output model can be t@dated as expressing the
dependence of the total output of goods on thd fieenand for these goods. The main
line of thinking is that any increases or decreaseBnal consumption would cause
ripple (multiplier) effects throughout all the sexs of production, in reaction to changes
in demand. This is what is referred to as demaneedrimodel, where the multipliers
matrix is referred to as the Leontief inverse.

The main findings of this Chapter are on the impila#s of model constructions
for disaster modelling. We showed that there aneiraber of features in a basic input-
output model, which are most important for our mated analysis. Essentially, the
guestion is how far we can use the merits of irquiput framework in economic
disaster analysis and where adjustments are negess&apture the reflection of a
disaster phenomenon. We formulated a number oflecigéds to be addressed and
overcome in our modelling Chapter, i.e. the reftecof disequilibrium; the emergence
of disproportions; the choice of policy goal in fhest-disaster modelling in the view of
post-disaster rigidities. We suggest that the iguiput approach can be supplemented
by scenario analysis, opening a wide field of opputies and hypothesis formulation
for the situations where outcomes are unknown. Whth established methodological
background, we shall continue with the core ofiauestigation in the next Chapter, i.e.
model building for the analysis of disaster conseges, recovery options and policy
measures.
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Appendix 5A

Input-Output and Geography

5A.1. Compilation of Input-Output Tables

Input-output tables are compiled in many countaesund the globe. They are built by
official statistical offices, specialised officiadr semi-official institutions such as

national banks or universities, private companiesdividual researchers. There exist
several methods to build input-output tables, whiltlshare a number of characteristics.
There is a close connection to System of Natioralofints, which guarantees internal
consistency of the tables and consistency withnthiggonal totals on the macro level,

such as gross or net national income or produtgriational organisations such as UN,
OECD or Eurostat have played an important role smiigy guidelines for the national

accounts. In 1968, the United Nations issued gundelfor a new overall framework,

which still forms the basis for today's system. Smew system integrated the
production data in two matrices, the make matrik e use matrix.

Several stages can be distinguished in the buildinogess, where each of them
requires specialised expert knowledge. The firagestconsists of organising the data
sources such as on individual firms, investmentsges, consumer behaviour, import
and export. These data are incorporated into spdafmats that provide the building
blocks for the tables. The make-use system makesxalficit distinction between
commodities and industries. The use matrix has ausmon € x i), while the make
matrix has a dimension & c). Thus, the make-use framework often is rectamgula
distinguishing more commodities than industriedié advantage of it is that industries
characterised by multiple production now can belyyascommodated without a-priori
dealing with complex allocation problems. A drawkas that the economic modeller
now faces the task to build an input-output tabiettee basis of two matrices. Various
methods have been developed to do this. Well-knarenthe methods based on the so-
called commodity technology assumption and the strgutechnology assumption.
They generate tables of dimensioox €) and ( x i), respectively. If one opts for aa (

X ¢) table (as we do), the technological interconmerstiare stressed, while opting for an
(i x i) table stresses the institutional aspects.

After the data have been incorporated in the maeeframework, the stage of
balancing or integration begins. That is, the cpomding totals in the make and use
tables must be corrected to give the same row @unuo totals. This is a labour-
intensive stage, because many sources of errdn, asuicorrect data or classifications,
or complex ‘border cases’ must be addressed. Aratpassue forms deciding on
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appropriate definitions of commodities and indestriBoth ¢ x ¢) and ( x i) methods
have their own merits. Most important is that thane internally consistent, and
consistent with the broader system of national act

In fact, as we mentioned above, input-output tabtescompiled based on the very
detailed data of individual economic agents, sukrterprises and households, which
are then aggregated to the desired level (regioadional or even global). Due to this
aggregation, in fact, the inherent geographical mamment of input-output tables
becomes to some extent latent. Yet, in economicefling, we are often faced with
decisions and actions that have explicit geogragpldomension. Current technological
developments in the field of earth observationrodfeolution to this issue. By means of
so-called geographic information systems (GIS) Jitilewith the real spatial format can
be recovered, and geographically-related featurag be brought into the up to now
‘spaceless’ models. The routes of input-output &biethe micro-level data provide an
excellent basis for infusing more geography ints thodelling framework. We shall
provide a short description of the GIS below.

5A.2. Geographic Information Systems

Recently, the so-called geographic informationeyst are gaining more prominence in
various research fields, expanding the possilslitEmodels and methods by installing
the link between the abstract theoretical worldnaddels and real-life geographical
component, which was not there before. We shabflyriintroduce the geographic
information systems, and reflect upon the oppotiesiit opens for achieving our
modelling aims.

A geographic information system is a computer-basgdtem that enables
capturing, storing, analysing and displaying vasisorts of geo-referenced information,
i.e., data that is identified according to its lbea (i.e., latitude, longitude, and perhaps
elevation). Data capture is in fact identificatioh objects on the map, their absolute
location on the surface and spatial relationshifise analysis part consists of the
possibility to lay links and combine informatioravihe geographical attribute. GIS thus
enables integrating mapped variables, construetimhanalysis of new variables. GIS is
also able to analyse spatial relationships androh@te the adjacency between the
objects (what is next to what), containment (wisaéinclosed by what) and proximity
(how close or far is something to something elstgpping data within GIS involves in
fact a complex conversion of data from the sagellitages into digital data that should
be able to reproduce maps. Displaying data requhresability to locate (analysed)
thematic data back to a map. GIS technology isagt €nhancing the efficiency and
analytical power of traditional cartography. Walbps, interactive maps, animations
and other graphical products that can be genevatath GIS allow better visualisation,
thus heightening the ability to extract and analygermation. Images retrieved from
GIS are also a more effective tool for the commaition of results, often conveying
technicalities in a comprehensive manner also to-swentists. GIS technology is
therefore becoming an essential tool in the effortgain more insight into various
processes and events provided its capacity toattplinclude spatial dimension.

In the GIS environment, it is possible, pointingsaime location on a map (or
screen), to retrieve information about it from offsen files containing layers of
attribute information. Each layer represents a paldar theme or feature of the map.
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Such systems may, for example, include informatiarsuch attributes as topographic
features (like elevation, slope and orientatienceterd, demographic attributes (age,
gender, education levedt ceterd, economic attributes (like type of economic atyiv
by sector, number of production facilities per sechumber of employees, value added,
et ceterd, as well as others. This means that with a GISaan link thematic attributes
to location data, such as people to addresseshtings to streets. Using ‘intelligent’
digital maps, one can then layer thematic infororatn top of one another to obtain
better understanding of how complex reality worksogether within the same
geographic area. Each layer, in fact, can be sedtam or off, which is controlled by
the end user of GIS. One chooses, which layersttbine based on the questions one
needs to answer (US Environmental Systems resdastiiute, ESRI, 2002). For
example, GIS can be utilised in numerous fieldshsas agriculture for spatial analyses
of agronomic data; in banking and commerce foriggimsight into sales, inventories,
product logistics, customers’ profiles, purchadmadpits, financial behaviour, and needs
for additional products or services; in utility sacfor modelling electrical, gas or water
supply systems; in health care for the studiespafeamiology and mapping health care
system; in insurance for risk visualisation, anialyand distribution; in transportation
for infrastructure management, fleet, logistics &aasit management; and many more.
GIS also opens new possibilities in study and avéceesearch: most of the problems
facing the world toady, either of environmentalpeamic, political or social nature,
exist in geographic context. GIS technology is ¢fiere able to meet the most topical
needs for the analysis of issues on today’s reBeagenda, and will undoubtedly
become one of the most demanded research tootademic circles.

Being not an end in itself, a geographic informatgystem is rather a means to
integrate a variety of information and applicatiom$h a geographic component and
create a single manageable system capable of tiefleihe multi-layered reality. For
example, we may first locate production faciliteghin a zip-code or a region, and
then link each of them to the number of employeatput, or profits for the purposes of
evaluating their importance in regional or natioeabnomy. Another example is the
field of risk and emergency management, where Gl8lready widely used as one of
the critical tools of research. Here, for instarresponse time of fire and rescue squads,
victim evacuation or traffic congestion can be gsatl, making an overlay of the
location of residential and industrial areas, regstem and the information containing
road capacity. Combining all these data, it wouéd gossible to pinpoint the exact
locations of bottlenecks for rescue squads or eatamu streams, and seek for better
solutions. Evidently, the backbone of GIS is gootagd@naccurate data can result in
inaccurate models and maps, skewing the outcomasatyses and ultimately resulting
in poor decisions. A number of institutes and redeaentres worldwide are putting
effort into the advancement, collection, capturd pamocessing of data. Among many,
ESRI, USGS in the US; SPINLab (VU University of Aimslam), Geolab (Technical
University of Delft)>® and Geodan consultancy in the Netherlands candmtiomed.

Summing up, the power of GIS is the ability to teldifferent information in a
spatial context. GIS can be useddter alia, for scientific investigations, resource
management and development planning. Because gbimalogy allows combining
geo-referenced data from different sources, aabeghat was not possible before, it can

9 TU Delft has launched the Gomatics master prograrim 2005, specialising in the combination of the
science and thetechnology of three-dimensional oreasent, visualisation and analysis of geo-
information.
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reveal important new information and thus can imprdhe factual base used for
decision-making. An active and broad market for &8hnology and its application

nowadays facilitates the lowering of costs conméd¢btedata acquiring and processing.
In addition, continual improvements in GIS hardwaseftware and data, are expected
to lead to an even wider span of application oftdehnology throughout government,
science, business and industry.

GIS has excellent development and application piatefor future research and
practice, as new insights that can be gained wiBl® environment, are providing the
explicit link with the geography component that vedten missing so far. Following US
Geological Survey institute (USGS, 2006), environtakstudies, geography, geology,
planning, business marketing, social sciences atherodisciplines will keep on
benefiting from GIS tools and methods. Together va#intography, remote sensing,
global positioning systems and geography, the GI8vblving into a discipline with its
own research base known as geographic informatiemses.
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Chapter 6

Input Output Modelling of Big Disasters: the
Proposed Approach

6.1.INTRODUCTION ©°

In this chapter we shall focus on mathematical imageof disruptions in the economic
structure in the immediate aftermath of a majomslier. Thinking aboularge-scale
disruptions is central in this Chapter. Input-Oui@s the chosen framework, will act as
a guide in our inquiry.

The basic structure is again provided by a visutidisaof an economy as a
complex circular flow system with numerous intestgins between producers and
consumers. Under the usual (pre-catastrophe) cstamoes, it can be described in
terms of a fine-tuned network of supply-demandtretes, which determine quantities
bought and sold. The disaster causes a suddendoreakin this network; part of the
system becomes dysfunctional, and the survivingspaeed to adjust to the new
circumstances.

We shall start with a number of observations onpttieciples and backgrounds of
disaster modelling in the input-output frameworkn Mtegrative model for disaster
economic analysis will be introduced, accompanigd mumerical example. We shall
put forth the building blocks focusing on the imnagd post-disaster situation in terms
of system imbalances and disproportions. Hereafeeshall discuss the recovery stage,
followed by elements of a cost-benefit analysispotential prevention policies. We
should point out again that this is not a fullydiieed model yet. However, it will
provide the methodological core of a new approaith ample development potential.

%0 This Chapter is largely based on earlier studfesucs on the consequences of a hypothetical biggfl
in the densely populated and heavily industriali¥éelstern part of the Netherlands @Rarjovaet al,

2004a,b; see also van der Veen and Logtmeijer,)2@35well as the article by Steenge andkagova
(2007). These studies in particular made us redfizecrucial role of rigidities in thinking aboudrbe-
scale disasters.
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6.2.DEFINING THE PROBLEM

As we know, input-output modellers interpret a giac flow in a special way, which
requires some words at this stage. To this endyetdd like to refer to Figure 3.2. The
model’s basic form, the standard, open input-outpaodel, distinguishes two categories
of destinations for commodities, i.entermediate demandy industries andinal
consumptionThese two categories form the point of departur@iw disaster analysis.
Intermediate demand reflects the needs of eachsinddor products from other
industries. Final demand consists of categorieh sa& households’ consumption,
business and government investments, exports amhtories. Correspondingly, also
two categories of inputs are distinguisheitermediate and primary inputs
Intermediate and primary inputs taken togetheiafspecific industry are interpreted as
production functions. Primary inputs include expé&més on the so-called input factors
like labour, depreciation, imports, and, to a darextent, taxes and subsidies.

We shall pay particular attention to one of thanany input categories, labour.
Labour occupies a special place in disaster analpsisause it is different from the
other input categories. For example, residentiehgmay be more severely affected —
with many victims- than the industrial or serviceagters. Economically, this would
mean that firms lose part of their markets, withnpnaonsequences. This also means
that if the stricken quarters harbour a substargat of the work force, required
primary inputs are momentarily unavailable. Eveprdduction facilities remain intact,
this situation causes a mismatch between the ua@l@iprimary production factor
(labour) and the intermediate inputs. Vice versaalso may be possible that the
workers have withstood the shock relatively unhatmehile their work places are
heavily affected. In that case, there is another sbmismatch between the inputs:
labour is sufficiently available, but it cannot benployed because of the displaced
production facilities. At the same time, we may exve imbalances between the two
demand destinations. As in the last case, whilal fiemand is still in place (because
people would survive and thus need to satisfy tdemands), intermediate inputs are
not available to produce the required goods andfgathis demand. Unless spare
labour is employed elsewhere in the economy, it rgihain idle, or decide to move to
the area where labour market offers more emploympeportunities.

In any case, we shall employ the fact that lab@as properties, which make it
different than the standard production facilititsaddition, there is another issue that
we will address. Safeguarding full employment i @f the most important policy
goals in modern economies. We shall address thstiqnewhat this mans in terns of
model choice when we are discussing the rigiditied we want to account for in our
modelling effort.

Because disasters by their very nature are congsderts, we suggest a split into a
number of stages. In fact, we propose to distifguisree steps. First of all,
understanding the disequilibrium emerging in thenidiate disaster aftermath is a
‘must’. Although it seems like a justified step ltaking from disaster logics, many
conventional economic models fall short in depigtthsequilibrium, as mostly they are
based on balances and marginal shocks. Our maogledifort concentrates on the
mismatch between intermediate and final demandyo&ts in the disaster aftermath.

Next, it is important to realise that an economyadg always able to achieve a
new equilibrium position 'on its own‘ within reasalole time, given the scale of the
shock that we are considering. A most recent exampbvides New Orleans
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recovering after hurricane Katrina. One year afther disaster, the Brooking Institute
refers to the situation in the area as ‘stagnambtath public and private spheres (Liu,
Mabanta and Fellowes, 2006) and ‘making a slow dzok (Liu, 2006). Further, an

uncertainty in terms of market behaviour is desatil{Liu, Fellowes and Mabanta
2006, p.13).

“To be fair, one year is not much time to turn ardwa city devastated by such
storm. But, one year can be a long-time for theketdr...]. In short, much work
is needed [...] to boost market confidence in Newe@mk and move the region’s
economy affirmatively forward.”

Moreover, the conditions in which the disaster mafold can vary greatly,
which means that there is actually no single reégueecovery. It becomes clear that
modelling disaster consequences implies a sigmficeeed for data about economic
agent behaviour, the precise circumstances angrthmesses present in the disrupted
system after a shock. Besides detailed data amdnation systems, ‘understanding’
and ‘analysis’ (see Petak, 2006) are especiallgddér in disaster management. This
already seems to suggest thailtiple recovery paths should be analysed under various
conditions and circumstances. This is also essefatigbolicy-making in steering the
economic recovery back to a situation of equilibriu

Knowing the options and possibilities in advance &m economy to recover
should facilitate the structure of reconstructiowd aecovery in the disaster aftermath
when decisions have to be taken fast and effigieivtét, the time pressure and public
expectation that are experienced by officials tbgetwith limited information in
calamity aftermath make decision-making extremelfficdlt. This means, that
knowledge about vulnerability of an economy to ésgale shocks, its resilience
potential to get back on track and the desiralitevery options, have to be prepared in
advance.

To provide a solution to the issues mentioned abexentescenario analysiss
indispensable. The formulation of scenarios with peetive hypothesis and
assumptions underlying each of them is one of thgswo address high uncertainty.
Choices in favour of one aspect of recovery matrictghe possibilities elsewhere due
to the limited availability of resources. In inpattput terminology, stimulation of final
demand consumption with all means may alleviateptaary needs, while this may
imply a crowding out of domestic industry in thea¢gprun due to imports substitution
(we touched upon this in Section 3.2.4). In therenitr study, we shall outline the
possibilities for modelling a return to equilibriyms well as the need to concentrate on
a specific option, such as restoring the pre-disasituation. In many respects,
analysing the return to pre-catastrophe balancess proportions can be seen as a
threshold for damage estimation. That is, this campa can show where the economy
could have been, had the disaster not happened.

Finally, for the country to be prepared for a ptiEnhazard, precautionary
measures should be considered. We discuss thiseathird stage in our modelling
effort. Weighing economic costs to be made to im@et a particular mitigation
measure against the benefits to be gained in tleefifoften in the context of disaster
preparedness) should underlie policy decisions &kach analysis is appropriate. Here
we also refer to the issue of expressing lossemdnetary terms, which may well be
applied to industrial loss, but is a much moreigate issue in cases of assessing human
life or psychological damage. We shall attempt #onginsight into the economic
performance of a society, concentrating on productiapacity and the loss thereof.
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Before proceeding, we would first will clarify a méber of assumptions behind our
approach.

6.2.1. Assumptions

Our approach in this Chapter will have a definieographical basis. To include this
aspect, we shall, for the moment, introduce soneeifip assumptions (which may be
relaxed in later work).

We shall assume, first, that all economic capagtyembodied only in the
productive elements comprising the economic sysfidmat is, in the activities involved
in the production of goods and services, employioagh labour and capital, and
producing value-added. Often the concepts undeinaconomic theory are neither
tangible, nor directly measurable; terms like wedfar utility are good examples here.
Featuring such concepts in quantitative models brayg in an unwanted degree of
obscurity, and require ‘indirect’ operationalisatiby means of proxies. Here, thus, we
shall only deal with ‘tangible’ categories of prative activities. Input-output analysis
addresses these activities traditionally in terrhs@-called sectors or industries. A
sector normally consists of a substantial numbésiafilar’ production establishments.
Essentially, input-output modelling presumes thiatfiems within an industry have
approximately the same production function, theusid/ production function. In
practice, this function is some appropriate averafjenumerous individual (firm)
production functions. To obtain the individual fifemctions, one thus has to go back to
the original data underlying an input-output talfellowing this road means that it is
data availability that ultimately determines thevdle of precision. (An appropriate
definition that recognises the possible aggregatiases involved in defining a ‘sector’
may replace the present one in later work.)

Second, we assume for the moment that individuahtpl are either completely
gone or completely undamaged in the disaster afittrmThe simplified discreet
division between either entirely lost or completatydamaged facilities in our case is a
simplification, of course. In the real world, thezgist many in-between options, like
partly damaged buildings with various degrees wéggy. This is the usual outcome of,
for example, earthquakes or floods, when closeuieieg reveal a great number of
partially destroyed buildings with detected defi@®s in construction as a result of
ground motion or humidity. Detailed examinationsl esurveys then are necessary to
bring real damages up to the surface and are immofor direct loss estimations.
Within the scope of our thesis, we shall also asstimat direct loss estimation requires
a ‘mere’ measuremefit,and is available to modellers to provide morergree into the
indirect repercussions of direct losses througlamuéconomic network. This means that
at this moment, we shall simply assume that the-passtrophe economy consists of
two parts, i.e. a part that has remained undamagdds in principle able to continue
production activities (unless restricted by inpoissing from the ‘lost’ areas), and a
stricken part that is completely lost in terms @bguction capacity, temporarily or
forever. A consequence of the second assumptidimaisif a sector or industry looses
100y percent of its capacity, it looses also AO@ercent of its employment

1 We have outlined the difference between measureamehinference in Chapter 3.
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opportunities. We shall relax this assumption irctlee 6.6, where we shall allow
labour to decrease independently of sectoral capdisturbance factors.

Third, and perhaps most drastic, we assume thahdanuaged production facility
still has access to all its pre-disaster workerss @ssumption avoids a further array of
complex and interrelated effects. For examplehé factories would have survived
without their work force, this would induce, on tbee hand, extra demand for labour,
and we would have to discuss transfer, re-schoaimyre-training issues. On the other
hand, production establishments without employeesildv be forced to stand still,
which implies extra losses till the time labour Heeen re-supplied. At this stage, we
decided to abstain from these issues. This allowstoufocus exclusively on one
particular type of mismatch, i.e. the mismatch lestivthe ‘surviving’ establishments’
production capacities and households’ demand foiswmption goods, i.e. the final
demand categories. This choice also is motivated/igt we conceive of as ‘rigidities’
in the modern, highly industrialized types of ecmes. The next paragraph will go into
this.

Fourth, experience has taught us that multipigidities exist in modern
economies. In our contribution, we have considetgilities in Chapter 3, thereby
referring to conditions that prevent discrepan@é&supply or demand to be solved
relatively quickly by the market forces. One pos#ib may be the presence of
inelasticities in the supply and demand factorsouin case, also the sheer size of the
catastrophe, in combination with the low frequemdyits occurrence, may provide
another explanation. In particular, in a post-disasituation, when the economy is out
of equilibrium, rigidities will manifest themselveven more fierce. Time in itself also
may be a cause of rigidities. Time is be necesgarggstore broken economic links in
case new suppliers, customers or markets are fourel; or time needed to ship the
goods from abroad, also in the light of new scasibf certain resources on the market
relative to others; time for adjustments in teclbgyl where input substitution is
possible. However, production processes where isulsh is less likely (for example,
if they depend on a damaged or destroyed key Jeetdr cause ‘bottlenecks’, braking
recovery efforts throughout the economic networlsoAthere may be failures of the
so-called lifelines infrastructure, be it roadseaticity or telecommunications. An
inability to use these facilities by productive ®es and the population at large may be
another contributing impeding factor. Other ingtd@nal factors may reveal the lack of
information; pre-set contractual obligations, ovgmment intervention in the form of a
price ceiling or rationing for a set of basic protiu

6.3.THE CIRCULAR FLOW REVISITED

We mentioned in Chapter 4 that it is advisabledoph a modelling framework that is
flexible enough to address specific issues in tigewsetting of a country struggling
with severe disruptions. This has led us, as expthearlier, via a number of steps, to
select input-output as a basic framework. Furthe€hapter 5 we have discussed the
standard formulation of this model and outlinedattvantages and limitations. In this
Chapter, we are going to adapt the input-outpunéwaork to fit the needs of major
disruption modelling, thereby exploiting the modeatharacteristics to our advantage.

In the coming Sections, we shall follow an approddtinguishingthree steps.
We shall propose that such an approach offers gecwent point of departure for the
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threetasks we have set in the beginning of this Chaftee first issue is how to deal
with the lost productive capacity in the immedidisaster aftermath. This stage aims at
getting a proper perspective on the nature of th&t-patastrophe disruption, which
should result in a representation of a conciseupgcof the situation. Our second task is
addressing the options for selecting a recoverly.@aarring this stage, the economy has
to decide in which way it wishes to rebuild andamstruct its productive infrastructure.
Many options exist, and it is not always clear whames should be preferred. Specific
problems in selecting a recovery path should beudised. Finally, our task is to offer
an outline of a cost benefit analysis (CBA) of s&de precautionary measures, in line
with our approach. In the last stags-antepolicy decisions should be linked to the
planned for post-disaster sectoral and nationdbpaance.

We shall devote this Section to the analysis offitet stage of our approach,
namely gaining insight into the immediate post-ata situation within an economic
network. We recall the introduction of the Leontmabdel in Chapters 3 and 5 (see
equations [3.1] through [3.4] and [5.1] throughl§).

Despite its transparency, this model is not vegaclin the way it deals with
labour as a production factorin the standard (open) interpretation, final dechés
bought and consumed by households, which in tuovige the labour force that the
economy needs. Labour, in this model, is in infinsupply. That is, any increase in
demand for labour is met instantaneously. Similaglgy decrease in employment is
met by the system without any problem: labour tie&tomes superfluous simply drops
out of the systerff

Clearly, the model also informs us about employmamid employment
opportunities (instead of ‘only’ about final conspion). To bring about this
dimension more clearly, we shall reformulate thedeio The reformulation also is
aimed to better focus on the ‘rigidities’ that wefarred to earlier. In particular, we
mean here the relation between the labour inpudgiaal demand. One of the rigidities
will be the interpretation of the final demand \@dn terms of an aggregate real wage
bundle of ‘prescribed’ proportions.

In fact, we propose to present the above open maodaldifferent way, i.e. by
employing a representation employing teal wage The real wage per worker is, by
definition, equal to the consumption package th&t worker can buy for his money
wage. Because all workers have identical prefeieacel earn the same wage, we can
denote this package by the symhoWe then have:

(f
h _(Ej [6.1]

Recalling [3.2], this allows us to write the mo@@&.1], [3.2]) as:

e m ()] -

52 Evidently, the problem of superfluous labour wiisurface in other parts of the economy such as
unemployment schemes. These schemes, by assumgdiorgt influence the basic system as given by
[3.1] and [3.2].
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The above equation provides us with an alternativesciption of the
interconnections in the economy. We distinguish twatrices; one representing the
conventional fixed intermediate input structureg thther one the real wage part. A
comment is needed clarifying the dimensions ofntiarix H:

oty

where the h-part’ should be seen as I, wheref is the familiar § x 1) consumption
vector, multiplied by the scalarll/Further, the row vectdrhas dimension 1 ®. This
means that multiplication of the latter two termelgs the rank one matrix ()fl of
dimension n x n. Multiplied by the total output W@cx, we obtain thevectorHx. The
fact that all workers are identical implies thae tproportions between the goods
consumed within this matrix are the same acrossdetors; however, the sectors will
differ according to the relative weight of employkdbour. The above equations thus
provide us with an important link between laboud @he intermediate inputs in thfe
matrix.

Bringing the two new matrices together, we obtairofficients matrix,M,
where

M=[A+H] [6.4]

We observe from the equality above thvitis a strictly positive matrix having
dominant eigenvalue equal to unity. The total outpettor is the corresponding,
strictly positive eigenvector.®® We shall also make use M, the corresponding matrix
of transactions irabsoluteterms. It is particularly useful to have a divisibetween
both intermediate and final demand (i.e. consummptjgarts per sector. Let again
denote the diagonal matrix with the sectoral owputi = 1,...n) at its main diagonal.

We now have:

M =[A+H]X [6.5]

= AR +HR [6.6]

=Z+F [6.7]
where

Z =AX [6.8]

stands for the inter-industry deliveries of goodd aervices, and

%3 Recall that we assumed tHais strictly positive. Recall further that in Chapt3 we used the same
symbolM for the coefficient matrix of a closed Leontief deb Because there is no confusion, we have
adopted the same symbol here to denote the ceeffioiatrix of a more complex Leontief closed model.
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F=HX [6.9]

for the workers’ real wage.

We shall employ matrid for a better understanding of the physical disounst
in the disaster aftermath. We concentrate on tbpgtions between the primary and
intermediate inputs, where disturbances in botegmies will bring disequilibrium
into the system. Namely, damaged factories will m®table to produce output; at the
same time, lost labour will not be able to conswgwneds in the degree it previously did.
Working with matrixM is an alternative to procedures such as adjustiegficients
matrices. In fact, what we envisage to do is ndet the data on direct loss into the
model the way it is often done, i.e. via a negatimpulse on final demand, sé®er
alia Okuyama, Hewings and Sonis (2002), but ratheoté bt the influence of a shock
on both intermediate and final consumption acteitiThis will represent a picture of
the actual disruptions in an economic network ia #ituation immediately after a
calamity. For this, we first will need th® matrix. Only when we are ready with
picturing the actual physical disruptions, we willoceed with the analysis of the
indirect repercussions of production flow interiops. In fact, we may write,
combining equations [6.2] and [6.4].

X=Mx [3.6]

We note that equation [3.6] contains the same in&bion as the set of equations
[6.3] to [6.7], but now written as closedLeontief modef* We should observe that the
model of [3.6] is different from the open model wtarted with. Solving fox now
addresses a question about the proportions thatesged for a circular flow where
stands for the bundles of total outpaisd total inputs. That is, the solution to [3.6]
gives us in a transparent way the proportions #natrequired for an uninterrupted
circular flow. We also should observe that thiseiar flow will be disrupted if the
proportions in the workers’ real wage bundle wathdnge — unless all industries adapt
correspondingly, which is not to be expected. Swe ftrigidity’ regarding the
proportions of the consumption bundle now has foandnterpretation in terms of not
to be changed input proportions.

M

M X [6.10]

6.4.INTRODUCING A CATASTROPHE: M ODELLING DISEQUILIBRIUM

Below, we shall develop our argument starting fromn knowledge of théocation of

lost capacity. Geographically differentiated knosge of the pre-disaster situation
often is available from various sources such asreff by today’s highly detailed GIS-
data bases (see Appendix 5A for more informatiorGté®). Nowadays many types of

% See also Chapter 3 on the notion of a closed mddédifferent type of closed input-output model is
discussed later on when deriving an alternativeBaguation for describing the surviving capacitiea
a calamity.

13C



such geo-referenced information systems exist. With so-called geographic
information system one may store, analyse and neaispgtial data and associated
attributes. In other words, these systems contaita dhat have an explicit spatial
reference like a coordinate or zip code. Such systenay, for example, include
information on topographic features (like elevatioslope and orientation),
demographic attributes (such as age, gender, araéida level), economic attributes
(type of economic activity by sector, number ofguotion facilities per sector, number
of employees, value addest,ceterd, as well as other information. The development of
GIS made it possible to work with extremely accerrdata essential to estimate lost
production and consumption capacity in the immedgaist-disaster situation. Detailed
GIS that contains geo-referenced economic dataalled economic GIS (see for
example Huizinga, 2003), and provides an opporgunidevelop modelling techniques
that make use of this particular type of informatio

Figure 6.1.Location of Figure 6.2.Location of lost
productive capacity productive capacity in a
in a pre-disaster economy post-disaster situation

In our model, the extent of the shock caused bylikaster can be traced based to
the information on the physical location of timelividual establishment®orming the
sector; see also Bkarjova, Steenge and Van der Veen (2007). We n@M ske this
knowledge to determine the post-disaster surviyirgguctive capacity. We shall start
with a small map schematically representing thenenuc infrastructure in a two-sector
example, see Figure 6.1. The map depicts the ttatif each production site
(establishment) in a fictive two-sector economychltalot represents an individual
establishment, where the size of the dot variesrdang to the output value produced
at each facility. The markings of the dots (blaclgrey) are indicative of the sector to
which the plant belongs. Suppose now that a flom&pacitates a significant part of
this country, as represented by the shaded afégume 6.2.

As mentioned above, the data on the precise lotatam be obtained from an
appropriate GIS database, which can also be cougethe economic GIS with
information on the economic variables per estabiisht per grid, like employment,
value added, total value of productioet cetera With this information, one can
aggregate the data from each grid within the disamtea up to the level of detail of the
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corresponding input-output table; for example, be tindustry level in our case.
Subsequently, this data on the incapacitated ptamugalue per sector can be related
to the total production value per sector of thentputo obtain the loss coefficient per
sector. We shall introduce the parameiefO < y <1) to indicate the fraction of
production capacity lost in sectorin matrix form, this yields:

| Z20REE 0
r=: - [6.11]
o .- A

We shall interpret this in the sense that, immetijatafter the shock, this
particular sector is able to produce only 100(1) percent of its pre-disaster output
provided the inputs required to maintain this piithn level are available in the right
proportions. In matrix form we may express the sumg capacity asl(- I'):

1—y1 0
(-n= : "~ [6.12]
0 l—yn

As mentioned in Section 6.2.1, we shall make omeifip assumption to avoid a
multitude of problems. That is, if sectohas lost 10Q percent of its capacity, we shall
interpret this in the sense that also j40fercent of its work force is lost or not
available. This will result in an equation of thoerh:

t=M (I-T)x [6.13]

where the new symbol t will be explained in the teah of equation [6.18], below.
Note, that equation [6.13] resembles equation [3B]a certain extent. A major
advantage now is that a reduction in the sect@t®our input requirement directly
translates into a corresponding reduction in fidamandf as specified in [3.1]. We
shall further assume that workers’ preferences metechanged. That is, proportions
within the final demand basket remain the same.rivdg also note that in the case of
no disruption, matrid is a zero matrix, andl - I') becomes the identity matrix; as a

result of this, equation [6.13] reduces to equajBof].

We shall now introducg and (1— yi) into equation [6.10] with the aim to divide
the initial pre-disaster economic system into twmponents. This will yield:

Wz i)+ A=) @+ ) - Wz, + 1)+ 1)@, + 1)
M= : - : [6.14]

ViZy + T )+ 1)@+ ) - V(@ + )+ 1)@, + )
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1/1(211"' f11) yn(z.ln + fln)

M = +

Vi(zo+t0) o V@t Tt

A-y)(@Z,+ 1) - A-y)@Z, +f,) [6.15]

1)z +fy) - )@t 1)

where we have separated the lost and spared damseonmediate and final demand
matrices. We now have the following expression, ithe suffices refer, respectively,
to the lost and spared parts of the economy:

M=M,_ +M [6.16]

Equation [6.16] now provides a clear insight in #mnomy immediately after a
disaster.

We now turn tM ¢, which is of particular interest for us in modedi the

disaster aftermath. It gives us the informatiortt@production capacity that survived a
calamity. This matrix can be written, following edion [6.15], as the sum of two
matrices:

_(1—J/1)211 (1_yn)zln
Mg=| : +
_(1_y1)zn1 (1_yn)znn
_(1_ yl) f11 (1_ yn) f1n 18.17]
_(1_y1)fn1 (1_yn)fnn

The representation of expression [6.17] is rememnsof an input-output table
like [6.7]. We observe that the first matrix on thight hand side of equation [6.17]
looks like a matrix of intermediate inputs, whiteetsecond matrix gives information on
the corresponding real wage.

Clearly, the above gives a ‘bird’'s eye view' of timamediate post-disaster
situation. Let us suppose now that the decisionersain the stricken area have access
to this information. Given that, they immediatehg @onfronted with the question how
to proceed. If they have developed a set of ap@tgpiscenarios, it is here that the
rewards of having developed such a set will be .sghere is no sense of where the
economy should go now, an extremely confused sawill develop most likely.
(This point will be addressed more fully later oA).the moment we shall assume that
the decision has been made that the circular flomcept will form the basis for the
reconstruction and recovery efforts. In that cdbe, next question is: which circular
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flow? The question apparently needs separate mttelp¢cause up to now we only have
defined acircular flow in terms of a set of correspondingoportions In addition, as
we may recall, we have introduced the notion ofdkistence of certain rigidities. Two
of these are the characteristics of the real wagelle and the role of employment
policy. Below we shall assume therefore that thenemy, in its immediate post-
disaster period, focuses on restoring a circutaw fjiventhe presence of the signalled
rigidities.

As a first step to further explore the charactef6of7], let us add the elements of

M ¢ row-wise, and adopt the symhbiok t; for the vector of row-wise summed totals.
This leads to the following equation:

(1_1/1)211. L-vy.)z, 1 Z:(:I.—yi)f1i t'l

+

[6.18]

(1—}1)zn1 (1—}n)znn 1 Zi(l_yi)f”‘

n

Equation [6.18] needs particular attention and il discussed in the following
Section. As we shall see, this expression ‘looks’ lan input-output system, but lacks
the fundamental properties of an input-output systelowever, it contains essential
information for the economy on how to proceed.

6.4.1. Discussion of the After-Shock Equation

Although expression [6.18] may look like an inputout system in equilibriumit is
not. This is because it does not obey the fundamengmltioutput rules. We can see
this immediately by calculating the implied inputefficients: dividing the elements of
thei™ column of the matrix on the left-hand side by teresponding; does not give
us the correct pre-disaster intermediate inputfaoefnts. We shall provide a simple
numerical example in the next Section as an il&tn of the argument. Apparently, in
a very concise form, [6.18] expresses the distunegportions of the post-disaster
situation when compared to the pre-disaster s@nati

Essentially, equation [6.18] is only an identity ésonomic terms. This stems
from its construction; the total ‘quasi-outputs$ietelements df, on the right-hand side
of expression [6.18] have been obtained by simple-wise addition of the newly
implied ‘intermediate’ and ‘final’ demands, and dorot reflect existing economic
possibilities. In this context, it may be usefuldevote a few additional words to the
character of the imbalances in the economy asctefllein [6.18]. So, let us take a look
at the relation between the ‘intermediate’ anddfiemands within identity [6.18]. In
fact, standard, the total product of any industthe sum of the two destinations —
intermediate demand for inter-industry productioputs, and the final demand for final
consumption purposes. We observe that proportioitbinvthe columns of the
‘intermediate part’ and within the ‘final’ deman@ator have not changed. This is due

to the fact that each column is multiplied by tlzene fraction(1- y, ) representing
remaining capacity. Suppose, however, thatwateially would like to interpret the first
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matrix on the left-hand-side as an intermediateutirgart in the input-output sense. It
that case, the constructed ‘vector of final demandanot be the corresponding final
demand vector as the relationship between theseséim (of output destinations) is
disturbed compared to the pre-disaster situattet;’s make no sense as sectoral totals
as they are only mathematically obtained row surhgy cannot be interpreted as real
industry output since the A-matrix coefficients nahbe recovered. Similarly, if we
would like to interpret the other vector as a fidamand vector in regular input-output
sense, the intermediate input matrix would appeatambe the corresponding one, and
again theti's would make no sense as totals. So, what we hake are, at begpjeces

or elementf an input-output system, i.e. at best a pag @btentialcircular flow. The
above notwithstanding, as we shall see, equatioh8]6gives extremely valuable
information about the situation immediately aftee tdisaster. In fact, it can be viewed
as a very first effort at input-output accountinghe disaster’s aftermath.

To express this, let us call expression [6.18]Bhsic equationthereby realizing
that at the moment it is only an ‘artificial’ idétytin a sense that it does not possess
economic content yet, and thus cannot be interprietéhe standard input-output mode.
In fact, the Basic equation is a mere snapshot hef immediate post-calamity
disruptions and disorder in an economic system uisat to be in balance, but is not
anymore - and thus is (partially) inoperable. Tdystem portrays disequilibrium in an
input-output sense, having lost its internal caesisy. This, in our view, forms stage
one:the basis for systematic accountifay the actual physical damage brought about
by a disaster. This means that at the moment we assummary statement on what is
left immediately after a catastrophe, and whaoss.IThis result is reflected in the type
of ‘artificial’ accounts as [6.18].

Equation [6.18] also can be seen as a measure eictnomiculnerability of the
system, because it shows in which degree a calaniiityaffect it in terms of loss of
capacity. So, we need a second step to extractniaftton regarding the economic
structure from this ‘artificial survey statementhda guide the economy to the
equilibrium. Here, economicesiliencegets a chance to be realised, i.e. how far a
system is able to adjust to new circumstancesgusuen more limited resources than
in a business-as-usual situation, and return tdilbgqum with least costs, and as soon
as possible. The third stage of disaster inquirythe analysis of precautionary
measures, which are indicativeroitigation andadaptationprocesses in anticipation of
a potential danger. These are directed both afitméation of a hazard, and at the
improvement of the system’s vitality, which conceits resistance to major shocks, as
well as its response capacity, resilience. Adjustisief an economic system in advance
to a shock may result in changes in its structwhech means that both the pre-disaster
equation, and the post-disaster identity (equatidrid through [3.8] and [6.1] through
[6.18]) would change. This will ultimately affedtia possible recovery paths as well as
the final loss figures. In this way, one may coneptre costs and benefits of various
preventive measures, which is essentially a casédfiteappraisal.

As we have discussed in Chapter 3, resilience islatively new concept to
economic analysis, and it not an easy concept tasare without the presence of an
actual shock. Spare production capacity present iradividual production
establishments, the presence of contingency ptaesavailability of information, the
coordination of actions and the technical solutitmshe (temporary or permanent)
breaks, are all indicative of the order of disagteparedness and extent of resilience
present in the system. (Studies on the nature amdeptualisation of resilience
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themselves should make another topic of a disgantads appears from the literature,
which have proved time-intensive and lengthy prgjgc

Many options become open for an economy in thestisaftermath, restricted,
however, by the available resources within theesystOne of the opportunities is, as
history often has shown, that as a result of a n@tamity, such as a war, and the vast
disruption following it, some countries are accegtithe challenge of renovation,
thereby adopting new technologies, while otherstoptecover old ones. One of the
instances was the renewal of the capital base im@&wy after World War Il, as
opposed to the UK, where this was not the casel®0’s it became apparent that
renovation of capital stock had helped Germanyewoover and to deliver a better
economic performance, while British industry forlang time employed outdated
machinery.

Uncertainty and complexity of the issues at hargbest that the entire multitude
of recovery paths can hardly to be analysed withmmlicy directions or preferences.
This is one of the core points governing scenanalysis, when extreme uncertainty
about future developments of (often) one-time evénendogenised. Policy preference
would then allow making particular assumptions dbiie desirable paths that an
economy may be directed to, thus making the studyenfeasible and probably more
realistic than a mere abstract theoretical exerd®evided viable assumptions, a
number of scenarios can be constructed to studyexample, best and worst cases
without outside intervention in the markets, aslvesl government-steered recovery.
Essentially, this brings us to the next modellingps recovery modelling, which,
however, will be first preceded by a numerical egbmillustrating the Basic equation.

6.4.2. The ‘Basic Equation’; an Example

We shall illustrate the procedure described in pihevious Section leading to the
derivation of what we call the after-shock Basiami&ipn by employing a numerical
example of a two-sector two-commodity economy. érain, we shall also use a case
study of a dike breach in the Netherlands to itatst the use of our methodology on a
more complicated example of a 38-sector input-duiiginie).

Let us turn to our example, where we represenylaatl economy consisting of
two sectors, agriculture and manufacturing. Wet $tam the input coefficient matrix:

(0,250 0150
~ 10,250 0,450

We assume that the final demand vector is:

_ (150
~ | 450

This implies that the corresponding vector of toatput is:
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400
X =
1000

The input-output system for our two-sector two-comdity economy results in the
following expression in terms of coefficients:

0,250 0,150 400 N 150) ( 400
0,250 0,450 1000 450) (1000’
or, alternatively in absolute value terms:
100 150 1 N 150 ) ( 400
100 450 1 450 ) |1000)°
Straightforwardly, we now also have the intermesliaput-output matrixZ:
- 100 150
{100 450
Following the discussion in the previous Sectiom, @xplicitly distinguish only one
primary factor, labour. Above, the correspondirtgplar input coefficients are given by:

1=(0500 0,400

We observe that the value of total labour incoimes 600, which equals the total value
of final demand (150+450). The values of wages peidsector are thus for agriculture
4000,5 = 200, and for manufacturing sector 1000 = 400. Provided knowledge bf
andl, we can arrive at matrix, representing the real wage part expressed addsuofl
consumed goods (following the transformation g$ify]):

- 50 100
“ 1150 300

To complete our transformation, we are constructirggmatrixM as in [6.7] to have
the representation of the pre-disaster economyomimal money terms, divided into
two matrices reflecting respectively the bundlestérmediate production demand and
final consumption.

v - (150 250)_(100 150) (50 100
— (250 750) (100 450) |150 300



Let us assume now that a disaster hits, and desagryculture more heavily than
manufacturing. For example, the ‘disaster pararagtderived from the knowledge on
the location of the destroyed activities and theivduction value, arg, = 040 for

agriculture andy, = 020 for manufacturing. So, similarly as in [6.15] weynwrite:

10 50 10 50
M=|404 + +06 +
- 100 (150 100 \150/
150, (10 150, (100
02 + + 08 +
450 (300 450 (300
Reassembling terms of the abdvematrix, and separating the survived part, we

obtain the following identity for the matrix deduirig the surviving capacity, consisting
of intermediate and final demand categories:

(o) o2 (o) o]

or.
v (60 120) (30 80)_ (90 200
—S 7160 360) |90 240/ (150 600

So, we have illustrated how the productive capazaty be split into two parts in a
consistent way within an input-output frameworkséa on the knowledge of physical
disruptions. The part of the system that survivezldisaster now can be written in the
form of the post-disaster Basic equation [6.18], as

%,_/

| I

Intermediate Final Demand Total Output
Input Active Active Active
60 120 1 110 290
+ = [6.19]
60 360 1 330 750

Looking at [6.19] we can make a number of obseovati First, we immediately
notice that the agricultural sector has become ifsigntly smaller compared to
manufacturing. In fact, the whole system has shrboknot proportionally. Our second
observation is that the internal relations areudistd between the intermediate and final
demand, which raises the question whether theablailintermediate inputs would be
enough to produce goods for the required final dem&lext, ‘the vector of the total
output’ on the right hand side of the identity Hasen obtained by adding up the
elements row wise, but as we know, this is by mmestruction; there is no economic
content. Essentially, it is questionable whether ghrvived intermediate part is able to
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satisfy final demand as presented in [6.19], andthdr the amount of produced goods
would add up to the induced total as it stand$ihg].

Equation [6.19] also points to the fact that maniyds are uncertain. Some of
these are not difficult to see. It is a big questifmr example, whether the structure of
final demand would remain the same, or would temdcchange, say, in favour of
agricultural products as the basic needs in natrishould be satisfied first in a situation
of limited resources. A further big question isteatatively, whether the need for
manufactured goods would be a dominating factasiémwv of the reconstruction. In the
next Section we shall discuss further recoverylehges and possibilities. Ultimately, it
is important to know which options are available,compare them, and to see which
ones are desirable.

6.5.THE ROLE OF PROPORTIONS IN RECOVERY PLANNING

At this point we need to ‘take stock’, and refléot a moment on the structure the
disaster has left behind — as presented in [6TU8}. spared area now faces the task to
reassemble these parts, and to rebuild the sysasedion what is left. Below we shall
present a procedure on how to recombine whattisvigf a specific goal in mindTlhis
goal is, as we already mentioned it, to constructoetter perhapgp reconstruct an
economy based on the circular flow notigkt the same time, we shall recognize the
existence of, in particular, two types of rigidgieOne is connected to the role of
technology. The other one concerns the most impbrtde of employment goals in our
industrialized societies; to which final householdemand vector with its established
proportions is directly connected. We shall stathwa graphical exposition, first based
on Dorfman, Solow and Samuelson (DOSSO, 1958). dftere we shall present a
method of our own.

The first graphical representation, Figure 6.&dspted from DOSSQh(d). First
we shall show how the equilibrium embodied in tlgpagions ([3.1], [3.2]) can be
depicted graphically. To this end, let us againsaer a two-sector economy in familiar
notation. We have the real system:

bl A
a21 a'22 X2 f2 X2
and the accompanying labour equation:

L + 1,x, =L [6.21]

We rewrite to obtain three equations:

|
—n
i

(1) (1 -y, )Xl - X%
(2) Ay Xt (1 -8y )Xz
(€) X + 1%,

|
—h
N

[6.22]
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Figure 6.3. Graphical representation of the total output of @pen input-output
system.

For given values of, sayf, we may represent system [6.22] graphically as in
Figure 6.3, where the numbers representing thes lowrespond to the equations as
given above. Lex = (xi1, X2) represent the solution to %16.22], graphicallyresented by
point E>. The lines (1), (2) and (3) intersecting at pdihrepresent the equations of the
system [6.22].

6.5.1. Modelling Recovery: A Different Representati

It is not well known that we can depict the sameuiroutput system in an alternative

—0
way. Let E again denote the vector of total outpxfS Let furthermoreOQ stand for
—0
the vector of total intermediate inpuAx, and OF for the vectorf. We now have, in
——0 —0
vector notation (see Figure 6.4)Q and OF representing the intermediate and final

—0
demand vectors, an@E the vector of total output. We can also write:

—0 ——0 ——0
OE =0Q +OF [6.23]

% Note that Figures 6.4 through 6.10 are drawn scade different from Figure 6.3.

14C



Figure 6.4. Output as addition of intermediate and final decharectors in an
input-output system.

That is, our equilibrium now is represented in temh vector addition, with the points
Q" and P on either side of the ray GEWe should observe the angleSO®° and
E°OF, in Figure 6.4 denoted by the symbeland, respectively. They embody our
knowledge of the production technologies as givethe columns of matriA.

Let us assume now that a disturbance of the inteiraular flow is takes place.
To explore its effects, we shall start witthamogeneousisturbance or shock. Figure
6.5 depicts, also in vector addition format, angioded’ economy in point Bhat has
maintained the same proportions as our initial enonin point E. We now define the
shock in terms of the following proportional deeljiwhere the superfix ‘1’ refers to the
post-disaster situation:

1 1 1
oE" o0 “or7 < [6.24]

That is, total outputs, intermediate inputs andlftiemand have decreased in the same
proportions. Here, again, it holds true that thes nector of total outputiﬁ1 equals
the sum of the new intermediate demar(d_Ql, and final demanoD_Fl:

OE =00 +OF [6.25]

We observe that in this case the angl@®E} and EOP° also are equal toandg, as
introduced earlier.
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Figure 6.5.A homogeneous shock in an input-output system.

Now, let us consider the impact of a big disastéth characteristicallynon-
homogeneouslylisturbed internal proportions. We then returnttte Basic equation
[6.18] that we have derived in Section 6.4. Letngsv denote, for our two-sector
economy, the point¥as corresponding to the vectoobtained via row-wise addition
as described earlier (see Section 6.4.1). We tdflea Figure 6.6 below.

Xo 7/

>
X

Figure 6.6.A heterogeneous shock in an input-output system.
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Earlier we have observed that the vector of ‘qfiasi demand’,f , in our Basic
equation [6.18] is proportional foin equation [3.1]. However, as we have seen,Her t
point E to be interpreted as the total output vector ef/stem producing a net output
equal or proportional t6, it should lie on the ray OEBecause it does not (due to our

assumption of the non-homogeneous shock), we canreethat the bundle of goofﬂs
cannot be produced by the post-disaster econoraycincular flow configuration. This
thus means that the vector addition

00 +OF =OE [6.26]

cannot be interpreted as an input-output systemgur€i6.7 is representative of the
situation. Note that we have a new angF@E? that we denote a& with 6 # . At the
same time, the angle is unchanged relatively to the pre-disaster ray,3Hnalling

that vector f is proportional tof. So, because the proportions between final
consumption and intermediate inputs are distorted, can say that the economic
structure described by the pointt & not a balanced system, and has to look forva ne
equilibrium. This is precisely what the Basic edquat{6.18] tells us. However, it is a
most useful starting point for finding a real wargisystem that is ‘embedded’ in the
equation [6.18] - in fact, we are allowed to spefkn ‘extraction’ process.

A .
X2 7/
7/

| -
>
o} X1

Figure 6.7.Graphical representation of the Basic equation.

The recovery process requiravisionof where the economy is to go. Without a
clear idea where post-disaster recovery effortailshbe directed at, a ‘laissez-faire’
recovery will not necessarily result in a sociadlgceptable outcome. In case the
decision is taken to centrally steer the recovehge government should have a
particular goal in mind with a corresponding setstfategies for the post-disaster
reconstruction period. Essentially, the task ahadhe country is to agree on such
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balances, and to devise a transition path to réaam. Our approach now will be to
‘use’ equation [6.18] to arrive at internally casteint balances. Clearly, many
possibilities exist here. We already mentioned that country may wish to ‘use the
occasion’ to diversify or modernise its productfagilities. Alternatively, it may also
opt for integrating its economy better in existimgtional or international cooperation
schemes or, rather, for becoming less dependeparicular sources or connections by
investing in selected sectors. Here the post-dis&sdsic equation can be most helpful
for structuring the recovery decisions and detemmgithe desired internal and external
balances for a particular direction.

Some authors pointed at a path that leads to eg&iorof the pre-catastrophe
proportions. To quote Tobin, for example, (1999 5). “For instance, many relief
programmes strive to return communities to st@us quo anteindeed, a common
refrain from victims and politicians alike followgna disaster is ‘to get back to
normal’.” He addsibid), “... to understand recovery, attention must beugec on: 1)
re-accumulation of capital and physical infrastiwef 2) policies and programmes of
government agencies, private organisations, anthésses among others; 3) resource
distribution.”

The above also leads to accompanying notions ot atially has been lost in
the disaster, and the type of costs the post-cafdst country faces. Many possibilities
exist here, evidently. We shall concentrate on maxticular option, i.e. the case where
one wishes to define the total cost of the disaatethe costs made to return to the
position where the economy would have been if tisaster had not happened; where
the initial position (before the catastrophe) aadsa basic reference point. A similar
view can be found in (Bram, Orr and Rapaport, 200%)ere the effects of the 9-11
attacks are studied on the development of employmexdew York city via comparing
factual trends with counterfactual inference intiteed had there been no attack. Such a
look at the definition of disaster-imposed costs,fact, means that these costs will
depend on the speed of an economic system to returthe pre-disaster track.
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Figure 6.8.Defining the recovery strategy.
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This implies, in turn, that the goals chosen, acohsequently, the recovery path
followed, will affect the total figure of disastkrsses. In this sense, to keep the costs as
low as possible, one needs to select a ‘fastest’aimost ‘effective’ recovery strategy.
This resembles the turnpike idea, to which we dledlirn later in this Section.

First, we shall pay attention to one option espbcidhat is, as mentioned, we
shall suppose that the post-disaster economy wisheseturn to itspre-disaster
proportionsas depicted by the ray @i Figure 6.8. The consequence of this choice is
that total inputs and final demand should be prijpoal to total inputs and final
demand as required by the economy in pofht E

Starting from B, how could we ‘move’ to ¥ First of all, we may notice from

Figure 6.8, that £can be reproduced as the summation of the ve@—standO_#Z.
Furthermore, we know that the intermediate inputs'@ut of proportion’ relative to the
pre-disaster situation (as the anglés different from the initial angle), and that the
relative magnitudes are not the correct ones. Teans that to arrive at some new
equilibrium on the ray OF we need to ‘correct’ only the proportions of imtediate
consumption. If reaching this goal has succeeded, @r new intermediate input
demand has the same relative proportions a$ (8€e Figures 6.4 and 6.5), then the
summation of the vectors of intermediate and fo@sumption should result in a total
output on the desired ray &BNe shall review two manners how this can be aehie

>
>
X1

Figure 6.9. The recovery strategy: an extreme case of retgrna pre-disaster
proportions

First, consider a solution as illustrated in Fig6r8. In the post-disaster situation
good 2 is present in relative abundance compargdad 1, i.e., it is in excess supply
(in other words, essentially, good 1 is a bottlénecrecovery as it is relatively scarce).
Given the proportion requirement for the productidrgoods dictated by the prevailing
technologies, a part of the total amount of godze2omes ‘idle’ and has to ‘drop out’
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of the system (i.e., the intermediate product mik shift from OQ’ to OQ*). Several
options are open regarding this quantity of gooHdz.example, it possibly may be sold
to agents outside the intermediate modelling cdrdaexpart of exports; yet) the short
run, wheninter alia institutional rigidities prevail (as we discussadChapter 3), this is
unlikely. After the catastrophe, communication aiiela may be out of order, roads may
be blocked or displaced, information is incompleted financial resources are limited.
So, for the immediate disaster aftermath, we shsdume that the availability of all
resources idixed and that good 2 cannot be used for alternativpgses; so, it
becomes a loss. This means that the economy will gtowing again from the point
E*, where the circular flow is restored. Yet, weoghll notice, that this is an extreme
contraction, which requires final consumption tduee for a while to the level of OF*
(see Figure 6.9).

X2 ya

|-

L

X

o) !

Figure 6.10. The recovery strategy: ‘correction’ of proportioms intermediate
transactions

There is yet another option for restoring pre-disagroportions (see Figure 6.10).
We may start from the final demand requirement that have obtained from our
immediate post-disaster accounts, the Basic equdBdl8]. The government may
decide to aim at favouring the final consumptionhat highest possible level, i.e. at the
level of OF. Given this goal, a solution to the associatediisqutput equation will
provide the corresponding total output and therinégliate input requirements (we need
make sure that the ‘right’ technologies are usedlowing this procedure, we shall end
up with the vector of intermediate inputs OQ** (tme O ray, see Figure 6.10),
where the post-disaster circular flow, and thuslgmium, will be restored as given by
the point E**. The question here is: are there gmoproduction capacities to satisfy
this final demand? Possibly, this road can be ¥adld when resource mobility is again
possible, and extra capacities in the needy sectmsbe acquired ‘in exchange’ for
production from the less affected sectors.
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6.5.2. Initial Position and Recovery; an Example

Now let us return to our stylised example. In Sett.4.2 we have derived the post-
disaster basic equation [6.19] for the case of Axylised example. We shall repeat it
here as a starting point for our recovery analysis:

(60120}(1} (110} {290)
+ = [6.19]
60 360 1 330 750

In the immediate disaster aftermath, all we havthiis identity [6.19]; we have
pointed out that although in a basic equation a&f6.19] we have a representation of
the survived part of an economy, there is yet naruz. To illustrate that, we rewrite
the identity in the form of the ‘induced’ input-quit equation, obtained by dividing the
column elements by the corresponding row totals:

0,207 0,160 290 N 110 ) (290
0,207 0,480 750 330 | | 750

It becomes clear that the technologies are notdbhect’ ones; the production
coefficients have changed. Thus, the Basic equatiesupposes technologies different
from those present ‘in reality’. We now shall rewerithe equation in terms of the
‘correct’ (pre-disaster) input coefficients. We aibt

0,250 0,150 240 N 110 |\ (290
0,250 0,450 800 330 ) (750

The above equation, however, is an ‘impossibleutrgutput system. The output
vector on the left hand side of the equation absvet equal to the total obtained from
the Basic equation, on its right hand side. Moreovee directly observe that this
economycannotprovide the real wage bundle for its workers. Gllton suggests that
an economy which produces total outputs of 240surfitagricultural goods and 800 of
manufacturing goods only can produce a net outpatle of 60 units of food and 380
of manufacturing, as given by the following inputtout equation:

0,250 0,150 240 N 60 )\ (240
0,250 0,450 800 380 ) | 800

The explanation is straightforward; provided nohtemogical change is present
or possible, we are faced with a disproportion leefwthe intermediate inputs part and
final demand (which in our case is the workers’l rmage). So, does it actually
represent an operable circular flow? Clearly, pelitakers must decide on finding a
strategy for reaching the ®Ray. Several options are open. Let us mention two
straightforward ones.



First, let us start with an illustration of a pdssitransition to the £path based
on Figure 6.9. As we mentioned before, this istheraextreme case. Let’s take again a
look at the proportions. The initial pre-calamiogal output proportions of the Gay
(see Section 6.4.2) are 400:1000=0,4; and the ptiops of final demand CFare
150:450=0,333. In the post-disaster system destiiyethe last equation above, total
output proportions are 240:800=0,3; and final desharoportions are 60:380=158.
From this, we can derive that, comparing to thedisaster ‘trend’, good 2 now is
present in relative abundance to good 1. So, ‘ctng the final demand and total
output proportions in the system above, we arrivbafollowing input-output system:

0,250 0,150 240 N 90 ) (240 6.27
0,250 0,450 600 270 | | 600 [6.272]

The equation [6.20a] above represents an operabldar flow, in the sense that
we may interpret it in terms of ‘good’ balances gmdportions. We may observe, that
such a system with a total output of (240, 600kt to produce final demand in the
required proportions at the level of (90, 270).sTisi clearly lower than the economy’s
potential described by the post-disaster equatob], which also corresponds to the
situation E* in Figure 6.9 as we described in thevipus Section. This means that an
‘additional’ (indirect) loss of 200 units (which abtained as a difference (290+750)-
(240+600)) should be accounted for, mounting tottial loss of 560 units at this point
in time, which is 40% of the initial production @agty. This is, in fact a proportional
implosion of an economy provided the level of a mman disruption coefficient
(recall that we assumeg] = 04hd y, = 020.

We have also considered another possibility foovecy, namely, that we start
from the Basic equation (such as [6.19]), and ¢ryobtain the desired proportions,
following the procedure corresponding to Figure06.lh fact, if we look at the Basic
equation, we see that final demand proportionsespond to those in the pre-disaster
situation. What is ‘wrong’ with a system like [6]18 the proportions between the total
output. So, to ‘correct’ those, we would need tbhembination of (290, 725) instead of
(290, 750), which we have in [6.19]. This meanat then we have a system like:

0,250 0,150 290 110 290
+ = [6.27b]
0,250 0,450 725 330 725

The system [6.20b] also has ‘good’ proportionst as system [6.27a]. Yet, the
difference is that in the situation described bweadtpn [6.27b], the corresponding
interindustry transactions matrix would look like:

73 107
73 322 )

To clarify, the respective inter-industry transac$i matrix for equation [6.20a] would
coincide with the one in the Basic equation [6.88)mparing the two matrices, we can
see that in the latter case, where we kept finatadal at its maximum requirement
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level (110, 330), we would need a situation, wheeetor 1 would need some extra
production capacity that is directly available e immediate disaster aftermath. This
means, that the latter solution would not be pdss#t the moment when rigidities
manifest themselves; this is rather a solutiong@brsued when resource re-allocation
is possibl€® The total loss incurred by a disaster to the petidn capacity of a
country in this case (and at this stage) will b§524’

Besides the issue of obtaining the ‘right’ propmms and looking for a new
equilibrium, we observe, naturally, that once tloermmy has reached the (desired)
OF’ ray, it still faces the problem of having to dehk growth program (e.g., such as
to reach its pre-disaster position &t &d possibly to expand beyond). In terms of our
model this means e.g. that part of final demand3id] now must be set aside for
capital construction to facilitate expansion. Thiswever, is the domain of dynamic
Leontief theory, and will not be pursued here (Seetion 5.3, Chapter 5 for the basic
description of a dynamic model). Also, we may ofssea connection with standard
turnpike theory’ Regarding this, we should remark that applicatioould not be
straightforward, present insight in the propert@sthe dynamic versions of the
Leontief model (especially regarding the role @ity issues) is still not sufficiently
developed?

Finally, we hope to have shown the importance afido@repared in the sense of
having available a set of scenarios for the postster period. As we have seen, there
exist many ways for an economy to react. Most irtgatrin our notion of recovery is
the notion of proportions and balances, which ghdel sought in a structured manner.

6.6.THE BASIC EQUATION : AN ALTERNATIVE DERIVATION

As we have discussed earlier in Chapter 6, becausebstantial part of productive
capacity is gone, the catastrophe may be expectgerterate anultitudeof imbalances
or disproportionsin the economy’s supply-demand relations. Belowshall return to
some of these, and try to systematize the posstgisanbalances in a way alternative to
what we have presented in Section 6.4. Our goahiresithe same, i.e. to determine the
nature and origin of disaster implied disruptioms iis immediate aftermath. This
alternative approach also makes use of precise ledge of the geographical
dimension involved.

Below we shall again concentrate on the concep @fcular flow as providing
the underlying fundamental structure for reseancltatastrophes. As before, we shall
discuss the circular flow in terms of a set of igpuwhich matches, given certain
technologically determined parameters, a set ghuistwhich subsequently becomes a

% Yet, in a situation like above, where we havetlpeissumed that the desired quantities of botidgoo
could be sold or bought at the appropriate markets,directly face the limits of our model, which
basically is ‘inward-looking’. To address questidile these sell or buy decisions, a more extended
model is needed that incorporates relations wighaitside world.

7 Turnpike theory is based on the idea that optiyali growth paths in many cases depends on a
‘closeness’ to certain special growth or developntesjectories, such as von Neumann’s balanced or
proportional growth path. See e.g. Tsukui and Manaik(1972).

% For a recent contribution and an explanation ofage instability problems, see Steenge and Thissen
(2005).
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set of inputs in the next round. This notion pre@ddgart of the necessary background
for terms like ‘imbalances’ or ‘disproportions’. @mext question then, clearly, is: in
relation to precisely which aspect (or aspects) oifcular flow do we use these terms?

Evidently, the notion of circularity, in the someattsketchy form as given above,
needs precision. In fact, we need some kind ofHarido proceed sensibly. In our case,
this anchor is provided by the notion of the congtiom bundlef as introduced in
Chapter 3. This bundle is the exogenously deterthened fixed set of consumption
goods bought and consumed by each consumer. Becéube one-to-one relation
between consumers and workers that we have imptisisdyundle also stands for the
real wage. As signalled earlier above, many regoyeths exist. However we will
select one where the pre-disaster compositionnal flemand will provide the required
anchor. In terms of our model, this means thatrmgivewve directly know which total
output vectorx is involved; the level off determines the level of. A different
composition off implies a differen. However, we shall concentrate on the case of a
final demand vector of with the mentioned charasties.

In Sections 6.3-6.5, we introduced the disasteptthpresentation of the basic
model ([3.1], [3.2]), employing the notion of theat wage bundle. However, there is a
alternative way of thinking about the transitioarfr the pre-disaster to the post-disaster
situation. We have, by assumption, discarded amsgipte changes if following the
catastrophe. So, this source of possible adaptasioexcluded. Similarly, we have
assumed that in the immediate post-disaster peribd, adoption of alternative
technologies (which possibly may be more ‘apprdpriander the new circumstances
than the ones in place) also is precluded. We thnsview the economy in terms of a
set of interrelatefixed technologies.

Here we reach an important point: once the consempector is known (relative
or absolute), we also know the proportions in whibk other activitieshould be
combined. This has a direct consequence: suppbaetiities except one satisfy these
proportions. If the one activity that does ‘not fiis a lower output than ‘prescribed’ by
the required proportions, it immediately becomee f{roduction bottleneck, and
effectively determines the scale in which the enticonomy can operate. This is an
immediate consequence of the limitational charaaierthe Leontief production
processes (i.e. there are no substitutes available)

This recalls the opinion voiced by Schlesinger &w®dithen, as referred to in
Chapter 1. Economists tend to focus too much onlibqum situations with supply-
demand equalities. Much of reality, however, isa@ned with a different question, i.e.
which activities are in oversupply and which in amspply, and how does that
influence prices? So, we are faced wilifs particular question, against the background
of a very specific and well-defined output tasg, finding a path that corresponds to the
production of workers’ consumption in the propantiaf f.

In this context, a different type of multi-sectorodel seems worthwhile to
explore. First of all, we now are thinking otbbsedmodel. Open input-output models
are characterised by the fact that the primaryofactorm a different category in the
sense that their provision usually is not parthef &nalysis. Correspondingly, if they are
in excess supply, their removal from the systensdus cause any problem. In a closed
model, our (single) primary factor, i.e. labourtrieated as amputinto a process that
generates labour power. As we shall see, in th@malated model availability issues
(of goods and commodities) can be interpreted ascudsed in a way reminiscent of
Von Neumann’s economic system (Von Neumann, 1945/46
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Here we aim to describe the situation right after $hock when the economy has
not yet adapted to the new situation. As in Cha@tere shall start from the standard
open model. We recall equations [3.1] and [3.2infthie earlier formulation:

X =AX +f [3.1]
L=1Ix [3.2]

We can rearrange the above equations as a clopatiantput system, including
intermediate inputsind the previously primary production factor, labouabour now
explicitly is modelled as amput

A (ijf X X
v\ L
______ B [6.28]
L0 L L
or
A i h X X
_____ N I I [6.28a]
I+ 0 L L
Where again

(1
h_(Ljf [6.1]

Introducing matrix M (note that by construction it is different from tma M
introduced in equation [6.4], Section 6.3.):

M o= | ooee- [6.29]

g= | [6.30]
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we obtain
Mqg=q [6.31]

That is, we have moved from a formulation in teroisan open Leontief model to a
formulation in terms of aclosed Leontief model, including an equation for the
previously primary factor, labour. Consequentlye ttimensions of the system matrix
now have becomenfl) x (n+1). We should observe that this model is differfean
the standard closed model as discussed in, e gind?a (1977). In that model, the fixed
coefficients assumption applies to all industrigs;luding households. In [6.29],
however, this assumption only applies to the sulriogs A andl. If the consumption
preferences as registeredfiohange (for example, when we discuss the podsghilior

a cost-benefit analysis in Section 3.8), atsand L change correspondingly to new

values X andL, and we will have a new column vectbr which replaced in the
matrix on the left hand side of [6.28a]. We see tha eigenvector equation [6.31]
describes an economy in perfect equilibriukh: is a matrix with dominant eigenvalue
equal to one withg as the corresponding (positive) eigenvector. HieHand side of
equation [6.31] stands for the totality of inpuwad the right hand side for the totality of
outputs. Equation [6.31] thus expresses the ecoisosg}f-reproducing property with
sectoral capacities at levegl

Equation [6.31] will be our alternative starting imto for investigating the
consequences of a big disruption. The equationbeansed to provide an answer to
guestions like: Is there a post-disaster outpuélleuch that the economy can self-
reproduce? And if so: How do we find that level?sltuations where the economy’s
production intensities do not have the right prtipos (i.e. those prescribed by the
dominant eigenvector of matrid ), we will need a new guiding equation, based on
[6.31], to point the way to go. That will be aneaitative view of the Basic equation, to
be discussed below.

It is useful now to continue with indicators thapeess how much capacity is still
available after the calamity (e.g., in our exampléipod) when compared with the pre-
disaster situation. To this end, we introducel) parameterg; (0 < y < 1) which
indicate the fraction of the production capacity influstry i that is lost after the
flooding®® Let C be the vector of the remaining sectoral capacitiés then have:

C=(1-Tq [6.32]
where
Y1 0
= ) [6.33]
O yn+1

%9 Here labour is commodity+1.
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Clearly, if we assume that [6.31] represents afloed situation, I’ is the (+1)
dimensional zero matrix. Ifl’ is not the zero matrix, we have, correspondingly,
M (I-T)g#Tq, unlessTq=yq with 0 <y < 1. In the latter case, the economy is
shrinking proportionally and replicates H20(1- y) percent of its earlier level. If the
diagonal elements of matrik are not equal to sugh (I -T')g is not an eigenvector of
matrix M , and the economy cannot replicate in the sameoptiops.

To continue, let us consider how the input sidg6o81] has changed after the
flood. With capacities changed, the available is@re given by:

M(I-T)q=t [6.34]

wheret is the (column) vector of the row sums of the kefhd side (extended with the
term tn,1 total for the labour equation compared to equaf@i8]). Let us consider
equation [6.34] in more detail:

a, - &, h 1-y O 0 0 Xy t;
: : : o . 0 0 : :
= [6.35]
a, a,, h, 0 0 1-vy, 0 X, t,
|l | n 0 0 0 0 1- Va1 L tn+l

We observe again that although [6.35] may look Bkeinput-output system in
equilibrium, it clearly is not; it just provides survey of possible inputs into a post-
disaster ‘next round® Apparently, in a very concise form, this equatéxpresses the
disturbed proportions between inputs and outputkeérpost-flood situatioft- In fact, in
terms of form and purpose, equation [6.35] is @mib equation [6.18]. That is why we
have decided to assign to both the name Basic iequalistinguishing between what
we call the basic formulation (equation [6.18]),daan alternative design (equation
[6.35]). Other possibilities to derive a similartsof equations exist as well, based on
the specified assumptions behind the transformsitibheBasic equationthereby, is an
artificial construction only to be used as an alitepping stone. Immediately below we
shall observe the link that now has been made Vgt Neumann growth theor¥.

For situations where 05 = =y 1 =y < 1, we have a proportionally shrunken
economy as we may observe in equation [6736].

0 Just as in the case of interpreting equation |6\Mi@ see this corroborated by calculating the ietpl
input coefficients: dividing the elements of iffecolumn of the matrix on the left-hand sidethyoes not
reproduce the correct pre-disaster intermediatetiopefficients.

" We again observe that proportions within the calarof the ‘intermediate part’ and within the ‘final
demand’ vector have not changed. This is due tdabethat each columinis multiplied by the same
fraction (1.

2 Recall also equation [3.8] here, where we havesémee interpretation.

3 The same observation has been made by Cochradiga,119.2.
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a, - hl X X
(L-y) o oah || x =) | [6.36]
l, -

This also corroborates with our findings during anerical example exercise in
Section 6.5.2, where we found a proportional ‘ingfd@’ of an economic system to the
level of the most disturbed sector.

6.6.1. Comparison of the Basic and the Alternatiesigns for a Basic Equation

Let us now look again at the basic equation [6\8Bich is an alternative to the Basic
equation [6.18]. We need to rearrange equatiorb]&@ be able to compare the two
formulations. First, we rewrite to:

a, - a, h @=7)% t,

= - [6.37]
&y o @, hn (l_yn)xn tn
ll ln 0 (l_ yn+1)|- tn+1
Further rewriting gives:
@-rdax - @-y)a,X, @-yu)hl |1 t
: : : H_| [6.38]
(l_yl) Xy o (l_)’n)ann X, (l_)’ml)hnl‘ 1 t,
(l_yl)llxl (l_yn)lnxn 0 1 o

Because by definitior; X; = z;, and hL = f;, equation [6.38] can be readily reduced

i

to the form:
A=)z, - A=y, 2z, @=7ma) By 1 t,
: : : : _ : [6.39]
(1_y1) an (l_yn)znn (l_yn+l) fn 1 tr‘l
(l_yl)llxl (1_yn)|nxn 0 1 tn+l

The transformation of the new basic equation [6.8%p equation [6.39]
resembles the basic equation [6.18], yet one may abtice a difference. We shall
reproduce equation [6.18] for ease of comparison:
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I-yz, - @Q-y)z, (|1 Z:(l—yi)f1i t

+ =] [6.18]

(1_y1)znl o (1_yn)znn 1 le(l_yl)fm

Comparison of the two Basic equations [6.39] andl§p yields interesting
conclusions. Essentially, both basic equationscefthe situation immediately after a
calamity, yet each in a slightly different mannarthe basic formulation [6.18], each of

the sectoral final demands was premultiplied by the composite factE a-y),

which reflects the assumption of proportional labdorce loss relative to sectoral
production capacity. The difference is, first df #tat in the new post-disaster equation
[6.39], final demand is multiplied by the loss facy,,,, which reflects the decrease in

demand according to the number of people lost due disaster. At the same time, in
the alternative post-disaster equation [6.39], laboputs per sector (in then1)"
equation) are reduced according to the technolegyirements, i.e. the respectiye

factors.

The difference between the reduction of final dedhand the labour input leads to
the conclusion that the interpretation of basicatiqun [6.39] deviates slightly from
[6.18]. Our alternative design for the derivatidrttee Basic equation, extending matrix

I' with an additionaly ,, parameter for the loss of human victims, the ohaié

expression for physical terms, and the formulatidnthe input-output system as a
closed system including the labour equation, asrde=d in this Section, has led to the
formulation of equation [6.39]. While consumers algo workforce, in equation [6.39]

a discrepancy in the post-disaster situation betwtbe people who need to be fed
(expressed in the need to satisfy consumption need$he new vector of post-

catastrophe final demand) and the people employedalaour force in production

(expressed in the wages paid to workers, and theigapability to produce goods and
services in the disrupted economy) becomes expliapparent. Finally, we should

remark that it remains a matter of choice which elddrmulation will be chosen.

In our goal to return to the pre-disaster propogiwithin an economic system, we
may turn to the Von Neumann model that we havdlprietroduced in Chapter 1. The
reason is that final demand and labour supply eedf and determine the scope of
production. In other words, when we endogenise bathdL, as we did in developing
our alternative Basic equation in Section 6.6, tt@sults in a closed input-output
system; our goal of reproducing the pre-calamitypprtions points in the direction of
Von Neumann types of models.

6.7.THE VON NEUMANN -L EONTIEF APPROACH

Below we shall briefly discuss Von Neumann’s moftel expandingand contracting

economies. We shall see that the model addresddfeeent problem than Leontief's
model. Von Neumann rather focuses on the rightgntams and prices in the light of a
specific goal. The model nonetheless shares a nurobebasic properties with
Leontief's such as the description of productiveivities in terms of production
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functions expressed in terms of input and outpeffaments. Differences with Leontief
are that unlike Leontief's industries, Von Neumanmidustries are characterized by
joint production, i.e. each industry can produceertban one product. Furthermore, the
matrices of input and output coefficients are negtdar, i.e. the number of commodities
need not be equal to the number of activities. Ikinghe model focuses on one
particular type of growth. The balanced or promordl type of growth is characterized
by the fact that the industries grow at the sarte say 5 percent per year. This implies
the possibility of industries that produce morepoitthan it can sell to the other
industries. This ‘extra’ output is a waste, and mage questions of free disposal.

As mentioned, a most important difference is th#edince in focus. Von
Neumann’s model focuses on the selection of comtiesdand activities in the light of
an overall, macro-economic objective. This is quitdike Leontief's model where these
choices already have been made. So, Von Neumamniloessa selection process in the
light of a particular question. This question idexeptively simple one: Which selection
of goods and activities should be made so thatciVities in the set minimally grow at
the same rate, which are the corresponding intEosad input and output proportions,
and which prices do obtain? The model also tells which commodities are
overproduced, and which activities are inefficisnthe sense that output values do not
cover input values. The question may be simple; greof of the basic theorem is
extremely complicated and involved an entirely nigye of fixed point theorem (in
later version, the proof was much simplified, seg. &emeny, Morgenstern and
Thompson, 1956). The model also tells us which codities are overproduced, and
which activities are inefficient in the sense thatput values do not cover input values.

Proportions under balanced growth (or contractistdy the same over time. Von
Neumann also imposed a number of conditions toaguee economic interpretability.
Most interestingly, the model specification incladie first explicit reference in input-
output history to duality between the real outpod @rice version of the same model.
(That is, the internal relations in the ‘real’ sphémply corresponding internal relations
in the associated price model ande versj

Let us now briefly introduce the model itseK: be the fn,n) matrix of input
coefficients, andB the correspondingn{n) matrix of output coefficients Let
furthermorex indicate the total output vector, aad- the uniform rate of balanced
growth. Finally, let the notations and_<stand for the concepts ‘greater than’ and ‘less
than’, with at least one equality, respectively.

An equilibrium solution to the model is formed legtorsx andy and numbers:
and that satisfy the following five axiorfs

Bx = aAx [6.40]

That is, we are looking for an output vectasuch that all industries grow with the
ratea while at least one industry grows at exactly tiade.

pB < BpA [6.41]

" This output matrixB should not be confused with the capital matrid.@ontief dynamic model of
Section 5.3.

> Here we follow the approach in Kemeny, Morgensterd Thompson (1956).
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This property is the competitiveness conditionjmaustry can make a profit.
p(B-aA)x=0 [6.42]

This is the free disposal assumption. If a comnyoditoversupplied, its price is
zero, and there are no additional problems of efation.

p(B-LA)x=0 [6.43]
That is, inefficient (i.e. loss making) processesraot used. Finally,
pBy>0 [6.44]

This axiom requires that the total value of allquwoed goods is positive. Von
Neumann imposed, as an alternative to the lastraxibe so-called indecomposability
condition. It implies that the economy cannot beateposed in independent sub-
systems.

A+B>0 [6.45]

The axiom [6.45] implies that the economy cannotibeomposed in independent
sub-system&® Although in many cases satisfying these axiomd imiply a = $,
equality ofa andg in general case require additional axioms, seedgmMorgenstern
and Thompson (1956).

The Leontief closed model can be viewed as spa@aé of Von Neumann’s
model. Ifm =n, and if B =1, the Von Neumann model coincides with Leontief's
model’” We have:

X =aAx [6.46]

So, if processes are combined in these exact piopsy we have balanced growth
or decline. Ifa > 1, we have economic growth.

p=BPpA [6.47]
Prices precisely cover the interest rate. Equiliirimplies:

p(l-aA)x=0 [6.48]

" See further Steenge en Konijn (1992) on the rbtkis axiom in relation to the phenomenon of joint
production

" We should add that Leontief explicitly opted farin simplifications such as considering only-one
commodity activities. Many of these simplificatiohave been introduced to avoid a host of problems i
empirically implementing the model.



and
p(I-BA)x=0 [6.49]

The total produced value is positive:

plx=px>0 [6.50]
and finally:
A+1>0 [6.51]

i.e., A is indecomposable. In this case, we have straighfrdlya = . If a = f = 1,
we have the closed model of Section 6.6. Both n®dedclosedin the sense that there
is no special category of primary inputs or resesrcThe system propagates without
additional inputs ‘from outside’.

6.8.ELEMENTS OF A COST-BENEFIT ANALYSIS

In this Section we shall outline what may become wrderlying principle of
performing a cost-benefit analysis (CBA) of prevemtmeasures taken in the pre-
disaster period within an input-output frameworkisrmay help us compare the costs
associated with the implementation of preventivasaees with the loss figures of an
expected disaster in the a-priori analysis settfwgoidance or decrease of losses
compared to the benchmark situation would then tasrbenefits associated with the
measure at hand. Carrying out a CBA requires a-eaflhed threshold for the
comparison of alternative scenarios to the bencknmarwhat is sometimes referred to
as the ‘doing nothing’ option (see, for example, MA 2000, p.19, for the discussion
of this issue).

Our model, by construction, allows us to investgtiie consequences of large-
scale adversitiest the level of the national economBesides, one of the crucial
features of our approach is that the model alstble to determine losses emerging at
the micro level. This is due particularly to thevd®pment of modern GIS
technologies, which make it possible to bring tbgetand link the geographical and
economic data, to be used in the input-output frmonk. The advantage of this
construction is that it allows us to model changgéhin an economic system (either
before, after or during a major shock), independdrihe level at which they emerge,
be it the sector, the region or the individual Bssament.

The possibility for performing a CBA in our inputdput framework finds its
origin in the type of scenario analysis, to whick Wwave briefly referred to in the
previous Section. For a CBA this is an indispensabbl to use in the analyses of the
options for policy and action in disaster prepassdn and to select the ones that are
most desirable, effective or optimal for a decisimaker in a particular policy setting.
In this Section, we shall consider three optionaraglustration of which measures may
be taken to limit the consequences of a possibjemaalamity. We shall provide what
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can be seen as an outline for the way in which & @©Bn be constructed in the
framework of our model.

We shall first consider one of the simplest optiohgrotection against a flood.
Suppose that the expected disaster extensivenedsecimited due to the installation
of some additional flood barriers, like artificidikes or levees, as indicatively reflected
by the reduced shaded area in Figure 6.11 when a@dgo Figure 6.2. In that case,
we might observe that this action would have saweal production facilities. As a
result of this we may expect that the recovery gssdrom this reduced flood might be
speedier as fewer connections within an economydasterbed, and achieving a new
status-quo thus would be facilitated.

Another possibility that can be analytically coresied is the installation of
additional prevention mechanisms arowmecific production facilities that may be of
critical or of strategic importance for the ent#eonomic network (see Figure 6.12).
For example, it may be an important area whereadledt ‘critical’ sector activities are
clustered (see Chapter 3, Section 3.2.4), the ftfssvhich would imply over-
proportional upwards or downwards effects throughba system. Suppose now, that
part of the plants that now could have been lbstoiaction is taken, would have been
saved by a targeted protection effort.

O e

Figure 6.11.A smaller- Figure 6.12.Different Figure 6.13.Reduced
scale disaster after effect of a disaster vulndighio a
the imposition of after the targeted disaster raéeatial
an additional flood protection of selected redigtriion of
protection barrier production facilities economictaevities

The two options for protection policy as descriladdve are essentially directed
at structural engineering solutions to keep watetside designated areas. An
alternative to such policies would be a provisidninzentives for economic agents,
which are specifically directed at spatial rearemgnts; see Figure 6.13, where two
production facilities (D and E) are moved from theaster area, and now are located in
the safe area, while the extent of an expectedlftemains the same as in the original
situation on Figure 6.2. For example, a public caigmp in the flood-prone areas
making inhabitants and businesses aware of exidtowd risks, may lead in the
medium and long term to changes in decisions cdaedeo the choices of locations
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that economic agents make. We may expect thatesu#t of such a campaign, choices
concerning residence and business locations mdtyisHavour of more protected or
geographically safer areas. Such changes, if takg place, would mean a spatial
reallocation of assets between various regionsinvahcountry (as a side effect of this
option, some agents may also consider location®aabithat would lead to an
undesirable outflow of economic activity). Anothgpe of incentives that may trigger
shifts in location preferences may be the creatbrfavourable tax conditions in
relatively safe areas (using e.g., principles &fsbiore zones). Prohibition to build new
property in the disaster-prone areas or a decisfothe authorities not to guarantee
protection from disasters and subsequent losséisetmew-comers (for example, the
latter is the case in the dune zones in the Nethdd, see e.g Commissie Poelmann,
2005), are among possible indirect measures aimeckstricting the growth and
accumulation of economic and other valuable assate endangered zones.

With respect to the possible policies aiming attigbaearrangement§,we have
to note that it is important that each incentiveasefully reviewed in conjunction with
an array of related factors in a broad context.s€éhean be socio-demographic and
psychological factors (where such aspects as ‘trugpvernment’ and the creation of
credible expectations may play an important raled) estate markets and international
competitivenesset cetera This additional information is indispensable lre tprocess
of the construction of credible scenarios.

Analysis of the imposition of possible protectioeasures, evidently, involves a
trade-off. Considerations whether or not to undertanvestments in additional
protection have to be weighed against lower diegat indirect post-disaster costs for
the entire economy, as well as the distributiorasts on the micro- and meso-levels.
Mathematically, prevention measures undertaken h@ pre-disaster situation, as
determined in our model described in the previoestiSns, would have a number of
implications. Engineering solutions, as impositmnadditional protective barriers for
the first two cases (depicted on Figures 6.11 ad@)6would first of all affect pre-
disaster consumption (as represented by véaad matrixF in equations [6.1]-[6.9]),
as for example part of public spending would beegted in the construction of flood
defences, which in a sense remain ‘idle’ untilekent of a flood. At the same time, the
second implication for our model would be a deceeashey;’s, as in equations [6.11]
to [6.18], as part of the production facilities vi@wappear unharmed relative to the
initial situation of ‘doing nothing’ (Figures 6.Xind 6.12, compared to Figure 6.2).

A different type of implications for our CBA analgsmay be involved for the
case of adaptive change in spatial activity digtidn. Here, a broader range of pre-
disaster effects throughout the economy is to heeebed. It may affect almost every
element of an input-output system already in the-gisaster situation. On the one
hand, for example, due to spatial movements of ymtion activities and labour, the
labour input vectot may change (in particular if multi-regional table® available);
also, due to regional differences, in commoditiashsas property or utilities, also
(regional) consumption patterns as givenfimmay change. Such changes would
influence in turn the construction of tHd matrix in equations [6.4], and the
construction of theM matrix in equations [6.5] through [6.7]. Major testuring
within an economy may also trigger shifts in prattut functions, which would affect
the A matrix. All of these possible or expected changethe pre-disaster situation, as

8 n the context of concepts defined in Chapter & would refer to these as an example of an adaptati
strategy.
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an economy adapts to a potential hazard, can Hgsadaas taking place separately or
together in various combinations on the basis @nhado work. A calamity, which
would now cause less damage to the ‘renewed’ ecgnanould result in lower values
for the relevant loss ratios, thés in equations [6.11] through [6.18], and ultimgte

a different picture for total disaster costs. A nieasic equation (of the type [6.18] or
[6.39]) underpinned by the accompanying changesrbednd after a disaster can then
be derived and analysed, also with respect to paiis@ recovery patterns.
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Figure 6.14.Graphical illustration of the effects of adaptistategies on disaster
impacts.

If we apply a two-commodity diagram, CBA can beslrated as follows. In fact,
the essence of such an exercise is to compareffénese(consequences in terms of
economic loss in our case) of a shock in the ingiuation to the effect of the same
shock (which may effectively have a different extén the situation where pre-disaster
adaptation and mitigation have taken place. Thiamaghat we may assume that as a
result of mitigation measures taken, and adaptreegsses taking place, the situation
can be schematically depicted as in Figure 6.14e B improved resistance and
resilience, the extent of the same shock as inimitial scenario is different in the
adapted and additionally protected economy, theodisn can now be reflected as
point E* in the immediate disaster aftermath insteadEbfin the baseline scenario.
The benefits can be defined as the changes indassthe improved situation (i.e.,
difference betweerE® and E?, and in bridging this gap) compared to the losease
in the initial situation (i.e., the difference be®@nE® and E*, and bridging that gap).
The costs made for the implementation and subseégestnucturing of the economy in
the ex-antesituation have then to be weighed against the eégddienefits. (We have to
make a not here that cost-benefit analysis haslaes®@ its own particular set of

® We follow the definition of loss that we have ddished in the framework of our model earlier ifsth
Chapter, Section 6.5.
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concepts and measures. Bridging the differencesdsst concepts of CBA and multi-
sectoral analysis will be a necessary next step.)

One of the ways to improve resistance and resi#iéaco apply the developed
GIS techniques in risk and emergency managemest & Appendix 5A). GIS
technigues, with the extensive background databese, be applied in disaster
management for analysing historical events andr tkensequences for specific
locations, strategic planning as well as assigtintactical planning on the spot in the
immediate disaster aftermath. Prompt mobilisatemmalysis and visualisation of data
within GIS can also help gaining insight into thetgntial repercussions of future
calamities to support policy and action and formiag integrative approach, for
example together with economic and hydrologicalsersmic modelling (see Chen,
Blong and Jacobson, 2003). This can be done based palette of scenarios for
possible events, where analysis of emergency regpand mitigation priorities can be
performed visualising potential outcomes and boétks, thus pointing to the areas
where disaster preparedness should be improvedllyginn the immediate disaster
aftermath, GIS will prove indispensable for prowgliinformation for planning and
coordination of recovery efforts, thus addressingagay of rigidities, contributing to
the speedy restoration of broken links or the distatment of new links. This means
that a GIS, with its entire set of techniques aathdis an important aspect in the field
of disaster studies to be addressed and integtatdr in the future, as one of the
means to significantly improve system preparedaessresponse.

6.9.SUMMARY AND DISCUSSION

In this Chapter we have proposed an input-outpsethanethodology for discussing
sudden shifts in the economic structure as a redudt major shock. Our study has
explored the possibilities the methodology may woffenput-output, despite its
limitations, seems an excellent choice if, for Wwigger reason, the stricken economy is
confronted withrigidities, be they of a technological or an institutionatuna. In this
contribution we have focused on one particular eispka catastrophe, namely #gize

in relation to the country or region that is afemttThe consequences of the catastrophe
have been interpreted in terms of a disruption xikteng connections within an
economic network. This is an aspect that inputdugmalysis, with its characteristic
focus on connections and interrelations, seemsayte been neglected largely.

In this Chapter we have focused on the model’'s gntggs in terms of rigidities.

As we pointed out, the term may need additiona&nditbn. The Leontief model often is
associated with rigidities. They have almost exgkly a technological interpretation.
That is, only particular types of activities arespible or allowed for technological
reasons. That is, substitutes are impossible, gr dificult to realise. However, there
are additional rigidities, rather ofsacialor institutionalnature that intensify the extent
of technological rigidities in the immediate digasaftermath. One of these is what
may be called the full employment ‘imperative’. The employment targets are seen
as one of the most important properties of an exgn@nd policies should be directed
at that. Employment will invariably be affectedeafs disaster. It is true, of course, that
in the disaster’s aftermath many new jobs are etkatich as in the emergency sphere
in medicine, waste collection, and, general, redton. However, these are mostly
temporary and ‘exceptional’. In terms of regulabgoassociated with the traditional
occupations, there often will be a substantial {enwb
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We have employed the concepts of vulnerability,lisse&e and adaptability
(discussed in Chapter 2) as helpful means for s&trung our thinking about the
disaster, the recovery thereafter, and over-alpgmedness. Analytically we have
distinguished three stages. These are: first,rtireadiate disaster aftermath, where the
system’s vulnerability plays a major role; secotite recovery and reconstruction
processes where resilience is most important; d&nd,tpre-disaster precautionary
strategies aiming at preparation for a potenti@lckh Here we meet the concepts of
adaptability and mitigation.

Regarding the first stage, we have put forward wilat view as the Basic
equation [6.18]. This equation offers a detailed surveytbé& imbalances that exist
immediately after a disaster. To be precise, weuadlgt defined the notion of
‘imbalances’ in terms of this equation. The Basguation also offers a structured
insight in the choices the economy has to makedfwks pointed out by a number of
authors,inter alia, Gilbert, 2002). Naturally, a great many paths barfollowed after
the direction (such as restoring the pre-catasetuation) has been determined. But
even such a central goal is only one of many tlememy may wish to consider. Our
approach makes use of the possibilities that GiSather spatial information systems
offer in obtaining a detailed insight in the geq@real dimensions of the catastrophe.

During the second stage, recovery possibilities lmamexamined, where scenario
analysis is considered to guide the way in the daceworld of post-disaster analysis.
For steering the recovery, it is important to pesse set of feasible scenarios and select
desirable ones in advance. Insights into the valméty and revival capacity of an
economic system are essential for policy adviceicwtiorms the core of the third
stage. Here, precautionary measures can be analysssibly weighted and evaluated
in terms of their gains (often, expressed in teohtower or avoided losses) against
costs made to implement those measures.

We have also pointed out that ‘costs’ should bénegefagainst the background of
the adopted recovery scenario. A good insighwlerethe economy wants to be at the
end of the recovery stage, anow it plans to achieve it, are essential here. Hgeema
the term ‘rigidity’ comes to mind. We should —agaithink of generally shared
opinions such as the importance of employment anaintaining established
consumption packages, all finding their meaninteims of the circular flow concept.

Further, we present an alternative derivation ofBasic equation for the
description of survived capacity in a post-disastynomy. In this case, we essentially
focus on one type of imbalances, namely a disrapiiothe relation between the net
product an economy can produce and the remunerafidghe labour force. After a
major disaster, there will be a mismatch betwedrpneduct and the demands made by
labour. To this end, we leave the traditioopenmodel and have focused on a special
closedmodel including a labour equation explicitly, irhieh the relevant imbalances
can be traced more directly. In this alternativerfolation, households’ consumption is
treated as an input. This approach provides amnaliee to the formulation [6.18]
discussed above, where we have used the labouti@yas an interim tool to account
for final demand loss.

In the alternative formulation of the Basic equat{6.39], we in fact ended up
with a type of hybrid Leontief-Von Neumann modehid way, our recovery planning
exercise receives a new interpretation. Essentiddgcause Von Neumann growth
model stresses the importance of obsergraportionalityin an economic system, this
also becomes our leading principle in recovery psdlection. Namely, this setting
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makes us follow such a direction, which returns th&turbed economy to its pre-
disaster proportions (both in terms of intermediatput requirements and final
demand). In this manner, all the resources thaphysically in place over the needed
proportions are considered in excess, and henbeiag ‘superfluous’. Moreover, if it
is not possible to dispose of them on foreign mackibey will become idle, and in this
setting will be seen as a loss. At the same timesd resources that are available only in
limited amounts act as bottlenecks for putting fystem back on track, at which
recovery efforts should be directed in the firsttémce to ensure fast reconstruction.

Possible extensions of the model are in severasar&pplications in inter- and
multi-regional analysis easily come to mind. Thare many more possibilities than
have been addressed in terms of the model. Theou$&lS data and coupling an
economic model with GIS techniques also offers anggbportunities for extending
empirical work in the field of disaster analysiediles, featuring a synthesis of theory
and practice, the model may be a good candidataderin policy analysis and advice.
For example, post-disaster policy will be neededdoompany market mechanisms in
steering the circulation and distribution of thesaerces in appropriate ways between
the various agent categories. In this context, wep@se that vulnerable countries
should develop a portfolio of post-disaster refiefl reconstruction policies. It is here
that more specialised models such as the dynaméelm®f Section 5.3 in Chapter 5
may find their place.

In this thesis, we have focused exclusively on ilabees in the absolute sphere.
Further attention, in any case, should be devotdqtestions concerning the
circumstances under which price mechanisms caregihiel economy in its path to a
'normal‘ equilibrium situation. Because standarghutroutput theory only provides
sustaining prices in the equilibrium situation, w&@l need here an accompanying
theory of prices to support the post-shock choickslerlying any such theory must be
insight in what markets can perform in the situatat hand, and what the role of
government should be. Another issue is the rolehef infrastructural systems like
transportation, utility services and communicationg have not addressed this point
explicitly in this Chapter. This is because we ttgdiave assumed that disturbed links
between firms in affected and non-affected areasbeareplaced without undue cost by
new or extended links between firms in the noneéfd area. However, in establishing
these connections, new types of transportationteargsaction costs will arise, which
must be accounted for in later modelling effortsmitr observations are valid
regarding the time aspects involved to properlyimfisiish between static and dynamic
issues. Thus, in a number of steps, we have maweed the Basic equation introduced
in an open Leontief model, to a Basic equationreefiin a closed model. We started
with some diagrams in ‘DOSSO-style’, and later ooved to a set of figures closer to
the Von Neumann-Leontief set of closed models. Pnevided an introduction to the
interpretation of a catastrophic event in highlyveleped countries in terms of
contractingVon Neumann-Leontief logics.

A concluding remark is here at place. The suggestedel, of Von Neumann-
Leontief type, where ultimately the system is farde shrink triggered by the level of
the most hit sector, is clearly an extreme. In fbisnulation, where rigidities take the
central place, and no substitution (in fact, nalierge) is possible, we arrive at a
‘radical’ conclusion that every input and everytseds critical. This means, that our
proposed model provides a maximum estimate of enandoss. Here, the indirect
effects, which are triggered by the direct ones ar¢heir highest. This implies that
every improvement in the level of the system’s lisce will yield alower total
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damage figure. For modelling and analysis of sugftions, a different set of

assumptions, and, possibly, a different procedur# le necessary (after the
construction of the Basic equation) to arrive atesv state of equilibrium. The aim of
our ‘modelling exercise’ was to provide a clear agwhsistent framework for the
analysis of a major disturbance in a modern, hightgrconnected economy. Further
improvements and extensions of the current framkwogether with fine-tuned

scenarios, are left for the future research agerdso, the linearity assumption

underlying the model belongs to the set of issued theeds further inquiry. For
example, the proposed Basic equation will not abuwasult in a linear implosion of the
system; an assumption of ‘perfect flexibility’ wauturn the Basic equation into an
actual equilibrium, thus implying a structural brgaaused by a heterogeneous shock).
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Chapter 7

Model lllustration: a Hypothetical Flooding in
Randstad (the Netherlands)

7.1.INTRODUCTION

Currently, several sources exist which contributetlie increase in probability of
flooding in the Netherlands. The ones attributedclinate change are: increased
precipitation; melting of snow caps in the Alpsggeering the occurrence of extremes in
peak flows; and the sea level rise. Others argithdually subsiding ground level in the
West of the country and an observed change in ¢ii®r pattern of the North Sea,
which might affect the wave patterns that reachstheres of the Netherlands. Altered
wave patterns might in turn produce unexpectedspreson the dunes that protect the
coast from inundation by seawater. This implieaf thore pressure is put on the entire
water management system in the Netherlands to anlapianging circumstances, where
modelling and analysis of economic vulnerabilitieem indispensable.

We shall take the case of a hypothetical (yet tssimajor flooding in the
Netherlands as a reference case in our researctmelpreceding Chapters we have
provided a basis for analytical approach towardslelimg economic consequences of
large-scale disturbances in modern economies. drcthirent Chapter, we shall apply
this model to an illustrative case study of a sated flooding in the central part of the
Netherlands to set the agenda for a debate arcwamihing attitudes in the Dutch water
and flood management in the next Chapter with oodeh as a possible tool for
decision-making support.

The main objective of this illustrative case stislyo analyse the consequences of
a relatively severe inundation in the Netherlarhgl to show how the developed input-
output methodology for disaster analysis can bd tsg@erform such an exercise. To do
this, we shall fist describe the data connectetthitbcase study and link it to the needs
of our modelling approach. Next, we shall perfolm talculations for losses incurred
in the economic network as a result of interrugtiohthe circular flow. We shall select
a return to initial proportions as a basis scenésioour recovery stage. Further, we
shall compare the obtained results with the earitrdy of ours where ad-hoc
methodology for loss estimation was used. We skldse with summary and
discussion.



7.2.DESCRIPTION OF THE CASE AND THE DATA #°

In this Section, we shall present the hypothettade study that we shall use as an
example to illustrate the economic model that weehdeveloped (Chapter 6) for
studying effects of disruptions in the circulanil@as a result of a massive calamity in a
modern economy. Challenges presented by data bii#ylaas well as data
compatibility will be discussed here. But beforatthwe shall devote a few words on
the specificity of situation in the Netherlanddlie domain of flood protection.

7.2.1. Dike Rings in the Netherlands

The Netherlands takes a special place in the speaif countries provided its efforts in
the field of flood protection. Because of its laoat in the course of time the country
has developed a particular sort of landscape. Tdré gf the country vulnerable to
flooding from sea or rivers is subdivided into amher of so-called dike-ring areas.
Each dike-ring area is surrounded by a ring of retor manmade water defences, such
as dikes, dunes, concrete structures or high gounidere are 99 of such dike-ring
areas in the country, including the ones alongMeeise. Figure 7.1 below resembles
only those dike rings that were originally includiedthe Flood Defence Act (1996);
later, in 2005 also dike rings along the river Meusth standards for dike overtopping
once in 500 years were added to the Act.

A dike-ring area consists of one or more polderslow-lying areas. In the
Western coastal area, the standard for the exceeganbability is most stringent (once
per 10.000 years), followed by the Southern andhidon coastal areas (once per 4.000
years). Several of the smaller dike-ring areastémms of population and economic
significance) are faced with exceedance probadsliitn the neighbourhood of once per
150 or 200 years (in Limburg). The reason for hgviifferences in standards for
different areas was the observed variation in papad and capital densities in the
different parts of the Netherlands. All these stadd are laid down in the Flood
Defence Act (1996). Estimated maximum loss per dikg varies greatly, ranging from
160 million euro in the island of Terschelling t0@@billion euro in Central Holland,
dike ring 14 (MTP, 2005c, p.8).

In the coming Sections, we shall provide a studg@nomic loss based on the
specifications of a particular (hypothetical) floodcentral Holland (dike ring number
14). It is one of the largest dike-ring areas, cosipg the densely populated Western
part of the Netherlands and covers important pairthe provinces of Noord-Holland,
Zuid-Holland, and Utrecht, and includes severalanajties (Amsterdam, Rotterdam,
The Hague, Leiden, Haarlem, Gouda)

8 We are highly indebted to Christiaan Logtmeijer ffata collection and computational assistance
during the early stages of this research, as vgeibdahe Delft Cluster “Risk due to Flooding” pragime
team for provision of the data and close coopenatio

81 The estimated loss figures above are providednaimdication for relative economic importance of
various dike rings as given in MTP report (2009epssible argumentation on methodological issues
around the estimations and models of economic darnsagjven in Chapters 3 and 4 of this thesis.
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Figure 7.1.Safety Standards per Dike Ring in the Netherlands
(source: MTP, 2005d, p.13)

7.2.2. The Case

For our application exercise, we shall use the gtamf a dam break in the province of
South Holland in the Netherlands, dike ring 14, akhishould serve a fruitful

playground for modelling the consequences of vasinemic disruption. This case
study was initiated within the Delft Cluster thef@onsequences of Flooding”, project
“Risk due to Flooding”, where a hypothetical dikeedch near Rotterdam was
simulated, with a massive flooding of major parts tbe Randstad area as its
consequence. Randstad is the biggest urbanizedsarezunding the so-called Green
Hart in the Netherlands and a conurbation in Eurdpeg in four provinces and

including three major Dutch cities.

The location of a river dike breach near Rotterdalong Hollandse IJssel or the
Nieuw Maas) was selected as the one expectedlynigad a most disastrous flood
(Asselman and Heynert, 2003, p.11). The reasdmaissupply of water at this location
in the river Rhine is large; as are the differenbetveen the water levels during the
periods of high and low discharge. Also, the elevaof land behind the dike in this
area reaches at places more than 6 meters belosethtevel. Finally, because of the
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absence of floodplains near Rotterdam, water caw through the gaps in the dikes
even when water levels at the river drop to a enylevel.

The flooding of the southeastern Randstad aredpwilg the simulation
developed by Delft Hydraulicsb{d), would occur very rapidly, i.e. within 5 hours. |
would take 5 days more before the entire area otitab0.000 ha becomes inundated.
The output of the hydrological model thus compriaemap with water depths for the
case of flood caused by a dike breach near Rottefdae Figure 7.2 below, where the
arrow shows the point of the breach). Orange coprawides the borders of the dike
ring; blue colours indicate the depth of the flowaker (the darker the colour, the higher
the depth of the flood, reaching 5 to 6m in ityexte).

Figure 7.2.Maximum water depths computed for the hypothetiasé study of
a dike breach near Rotterdam
(source: Asselman and Heynert, 2003, p.15)

Some facts below from the Delft Cluster researemtevill illustrate the extent of
this hypothetical simulated flooding. Because @f ldrge volume of water stored in the
flooded area (1,320° m®), it would expectedly take 160 days to pump altewaut
(ibid, p.15), causing substantial environmental contation of the area (Stuwt al,
2003) and over 70.000 expected victims (AsselmahJamkman, 2003). Van der Veen
et al. (2003b) provided the estimation of expected ecaadosses within the Delft
Cluster project, which were calculated based omdinrentary input-output type of
model. The indication of economic damages was nioginip to 5 to 10% loss of value
added in productive sectors depending on the regmaenario (we shall discuss these
figures in Section 7.3.2). In the current Chapter shall provide the estimations of
economic losses associated with the interruptiansircular flow with the help of our
newly developed input-output model. Because wel sis& flooding data based on the
same initial conditions as in the Delft Clusterdstwof 2003, it will also enable us to
compare the two economic loss estimations.
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Every time a researcher has to apply a theoraticalel to a case study, two major
challenges are faced. The first is that data awditha is not always guaranteed; it is
important that systematically collected, reliabketadis available on the spot. At the
same time, another challenge concerns data conitiBven if reliable data is there,
it not always fits the requirements of the thewadty developed model. Often,
additional calculations, data from other sources/aor proxies are needed to bridge the
gap and keep the model operational for practicap@ses. Also in the case of Delft
Cluster study, some limitations were encounteredichvwe shall discuss in the next
Section.

7.2.3. The Data
Economic data

The basic economic data requirement of our thexaethodel to carry out the analysis
of economic repercussions of large-scale disruptisnthe availability of an input-
output transactions table as a basis to model idtarded relations in an economy. In
fact, bi-regional tables for every province of tetherlands for the year 1997 compiled
at the University of Groningen became available derin the framework of Delft
Cluster inquiry. The bi-regional structure of theput-output tables provides us the
information about the transactions within a proeiraf the Netherlands, and between
the respective province and the rest of the econoioy all 12 provinces. The
transactions table was constructed according teerai-survey method (Eding and
Stelder, 1995), in which survey methods were coetiwith technical methods to
construct the transactions table in the time-pebetiveen 1992 and 1997 (see also
Appendix 5A to Chapter 5). Some may claim thatdhé in the tables may be out of
date; however literature (Eding and Stelder, 190fg)gests that the main characteristics
of the economic structure in the ‘business as usiua remain the same. This makes it
possible for us to assume that most relationshigisirwthe Dutch economy remain
stable these days as well.

Our case study takes place in the province of Sbialand; this means that we
shall use the respective input-output transactiabke for the province of South Holland
and the rest of the country. However, our modelaioalysing major disruptions in an
economy as it stands now is developed in a sirgggon input-output context. This
means that we would have to ‘reduce’ the bi-redidnansaction table to a single
region. This can easily be performed by row-wisel @aolumn-wise summations of
transactions in two locations by respective indestrFor example, we would sum the
purchases of the agricultural sector in South Hioffaand in the rest of the country to
obtain a single column of expenditure for the agtiral sector on the country level.
The same procedure for the sales of each indusitydabe followed to obtain a row of
sectoral revenues on the country level. Note disd these input-output data are in
guilders, so to adjust for euro prices, one needslivide each entry by 2,2 (see
Appendix 7B).

8 In fact, we could have taken any bi-regional irputput table for the Netherlands when we had
decided to reduce it to a single region table. Té#ally, it should have given us in the end thens
input-output table.
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While after some manipulation our input-output &lbbr the country became
useable, it still did not possess any referencieolocation, which we need to reflect
the spatial dimension of the flood. In the procetslevelopment of our model, we
realised that without a geographic link, undersitamdand modelling of economic
impacts of major calamities and their repercussibnsughout an economy cannot be
complete. Thus, the challenge that we face aldsharempirical study is to combine the
output of the hydrological model provided by Deffydraulics (as described above)
with the input-output table in such a way thatit¢ the needs of the economic model
that we have presented in Chapter 6. The literatureearthquake hazard modelling
(French, 1998) suggests the use of a conceptuaiefr@rk, which links physical
damage to economic functions using the spatialtioelaboth have in common.
Translating this to the case of a large-scale flabis means that we can make a
conceptual model depicted in Figure 7.3. Today, lvewe geographic information
systems at hand that represent this spatial raktip (GIS, discussed in Appendix 5A

to Chapter 5).
Hydrological Spatial Economic model
model relationship

Figure 7.3.Conceptual model for GIS-analysis (French, 1998)

French ibid, p.51) further claims: “The spatial analysis tdges available in a
GIS provide a mechanism for linking the formerlyparte physical and economic
modelling efforts.” To bring in this connecting wative element that was not
available before, we need to look for a data sbickvwould resemble an explicit link
between the spatial characteristics of both therdigdical and the economic model.
For these purposes, we could utilise a set of enanalata that is used in the HIS-
SSM*® damage model. We shall recall that it is basetherso-called standard method,
see our discussion of economic damage modellinghiapter 4 and (Vrisou van Eck
and Kok, 2001). This is a dataset, which is geeerdy Dun and Bradstreet Marketeer
and Prospector (D&B). It contains information ore thocation, size (number of
employees) and the sort of economic activity (peigit SIC code) of any place in the
Netherlands for the year 2002. We have to notice,lbat to be able to use the micro-
level D&B data, it needs to be reclassified acaaydp the SBI coding, which is used in
the Dutch input-output transactions tables. Thidasme by using a reclassification
schemes to transform SIC data into SBI data; therses are available from Statistics
Netherlands (see www.cbs.nl). See Appendix 7Atierdescription of both schemes.

The spatial element in the D&B dataset is thusxad&jit zip code. Besides, we
have a dataset of all zip codes in the Netherlamitls their geographical X and Y
coordinates. This makes it possible for us to gderence economic data, i.e., to link
specific economic data to a geographical positgord thus connect the information on
the location of economic activity and the map @& Hypothesised flooding. Ultimately,

8 HIS-SSM is the policy support Module for Victim diDamage estimation within the Dutch High
Water Information System (in Dutch: Hoogwater Imiatiesysteeem — Schade- en Slachtoffer module).
Other policy-support modules are the Flooding Medaihd Evacuation Module. The operational part of
HIS consists of Monitoring and Registration. Forrenmformation, see www.hisinfo.nl.
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this results in a database in which we have, gercade, data on economic activities
categorised by the type of activity and size olvagtin terms of number of employees.

GIS and Data Transformations

To manipulate and fit all the data into one fulpnesistent base, one needs special GIS
software, Arcview'. We could download both the output of the hydridalymodel
with the map of the simulated flooded area (seeur€igr.4) and the D&B data on
economic activity into a GIS environment. It is ystem in which we can visualize
(with the help of a map) any kind of data that hageo-reference, in its geographical
context. Furthermore we can select and analyseate within this setting for specific
analytical purposes.

Figure 7.4 shows the operational implementationth® conceptual model of
Figure 7.3. It shows how a link can be made betwds#a on a micro-level and data on
a more aggregated level. Each row entry in theetal the right contains a
disaggregated micro-level economic data with agitdip code. The zip code file can
be called a cornerstone of our analysis, and comt#ie centres (with X and Y
coordinates) of every zip code in the Netherlafidse description of the zip code is
given in column two of the table, and the X andodiinates are given in respectively
column 3 and 4. Column 5 represents the numbempi@y/ees and in columns 6 and 7
the description of economic activity can be foufile blue dots on the map to the left
represent the centres of zip codes, which is &lssource of the geo-reference.

#2 Attributes of 6ppc2002 queryzh.dbf
Shane) Ptk A ¥

T424Pw ¢ 109649.00000 ¢ 46367300000 0.00000 : 6711 - Houd: happi] : Zakelike disnstverlening en 4|
THZERY 114044 00000 | 471 280 BE000 |1 00605 8571~ ingeniews en architect} Overige dienstveriensnde bi_|
b P 1428RY ¢ 11404400000 47122000000  8.00000: 0181 - Siergewassen Land-, tuin en bosbouw
T428RY ¢ 11404400000 47122000000:  1.00000: 0181 - Siergewassen Land- tuin en hoshouw
1428RW/: 114464.00000] 47105200000} 5.00000; 0181 - Siergewassen Land-, tuin en bosbouw
1428R%W ;11446400000 47108200000 1.00000 : 6711 - Houd: happi] : Zakelike disnstvsrlsning en
1428RW/; 114464000001 47108200000}  0.00000 ¢ 6513 - Exploitatie van onroerer! Exploitatie van onroerend go
b P1428RW! 11448400000 47108200000  4.00000 : 0191 - Algemene landbouw, w2 Land-, buin en bashouw
1428R%/: 11446400000 471082.00000:  1.00000 ; 5199 - Groothandel in verbruiki Groot- en detailhands!
1428RW/: 114464.00000] 471052000007 1.00000; 6711 - Houd: happij | Zakelike dienstverlening en
1428R%W ;11446400000 47108200000 1.00000 : 5193 - Groothands in verbruiki Groot- en detailhande!

ERAR TR AA ARAAA L AT A AR ARARAR | TEAE AT ,,,w,[T'I

Figure 7.4.Example of the link between spatial and economia da

Schematically, in the chart below (Figure 7.5) theerview of our data and
manipulations therewith are depicted as a visuadisaf Figure 4 above. On top of the
flowchart we find the four datasets, which are ugedhis study. Below these, in
rectangles the operations we apply to the dataepresented: one is a join between two
datasets, and another is an overlay between twi@kpatities.

8 For more information on Arcview, as well as otl@IS and mapping software, consult designers’
website at http://www.esri.com/software/arcviewrchtml.
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4
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}

Calculation of production
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Figure 7.5.Flowchart of data and data manipulations.

With the GIS software, we can make an overlay ofitipla layers of geo-
referenced information to select the zip codes,ctvtare affected by the flood. This
overlay operation is in fact the combination of the&put of the hydrological model (in
the form of the map, see Figure 7.2) and the econ@@&B data. Since we have
different types of geo-referenced information, imgtthe hydrological model (the shape
of the end-result of the flood-simulation) ‘on tay’the economic micro-data will select
the companies and factories that will be directfg@ed by the simulated flood. This in
turn will provide us information on the precise uratand size of economic disruption,
namely with the number of employees per economiovigc per zip code that are
affected by the flood.

Here we might face two problems, however. One efitthas to do with temporal
discrepancies between the two data sets we diggo¥¥e have mentioned above that
the input-output tables we have at hand are daieitié year 1997, while the D&B
dataset on economic activity with a zip code atiebdates to 2002. With regard to that,
Eding and Stelder (1995) conclude that input-outpata can still be valuable for
analysis, as soon as economic structure remairgamnin the industrialised countries
for years during ‘business-as-usual’ periods.

Another problem that surfaces is the fact that weehonly employment data per
economic activity per zip code (from the D&B datet)s while we are aiming at
analysing disruptions in the circular flow thateadf productive output and value-added.
In fact, here we are talking about estimating thléemt of disruption per sector of
activity, which we can only make via employmentslognd then connect it to our input-
output model where we use disruption coefficiemtsahalyse economy-wide effects.
Yet, this does not seem to hinder the quality of analysis, as the literature points to
other examples, where production capacity loss aggroximated by employment
losses (see French, 1998). Because more detaited(elg., on production volumes,
value added or wages) is not currently availabke siwould consider employment as an
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acceptable proxy for the estimation of productiosslfor our illustrative case study. To
apply this approach, we have to assume that opgausector (that is known to us from
the input-output table) is proportional to the nembf employees (which is available
from the D&B data set), which is also confirmed time literature (see Rose and
Benavides, 1998). This implies that we can caleutactoral loss coefficients;s (see
also Chapter 6, Section 6.4), in the following mamn

N i(affected [7 l]

Vi:N

i(total)

where N, g 1S the number of employees affected by the floodecton, which we

obtain from the geo-referenced overlay of the higiyical and economic data; and
N oy 1S the total number of employees for sectbefore the flood obtained from the

D&B data set. The sectorgls are found in Appendix 7A.

This transformation will complete the link betwettie two economic data sets
and finalise the transition from hydrological majthndefined borders of the simulated
flooding to the zip code file with geographical cdimates, which is linked to the D&B
data set on economic activity and employment, dtichately to the input-output table
that we use in our economic consequence modellinte following Sections, we shall
describe the calculations that we shall perfornmttierabove mentioned case study with
the help of the newly developed input-output disashodel, and compare its results
with our earlier attempts to estimate economic (ssg Van der Veeet al, 2003b).

7.3.APPLICATION OF THE DESIGNED INPUT-OUTPUT DISASTER
ANALYSIS M ODEL

In the previous Section we have described our sagty in the framework of the Delft
Cluster project “Risks due to Flooding”, and thdadéhat were available for us to
perform application studies within the project. Wave outlined that a number of
problems were encountered, such as accessibilitgata, applicability of data and
compatibility of data coming from different sourced/e had to apply specified
assumptions (see the previous Sections) to assetidlelata in such a way that it
became useable for our modelling purposes. In th& ee succeeded to obtain
approximated coefficients for the loss of producticapacity per economic activity
sector {i's) based on the hydrological map of flooding imital Holland. In this
Section, we shall continue with the calculations tftie hypothetically simulated dike
breach case near Rotterdam and its possible cosiseggifor the Dutch economy.

Our developed model for analysing the effects ofomdisturbances in modern
economies is essentially input-output based (asritbesl in Chapter 6). We recall, that
the input-output model in its standard formulatitas undergone some adjustments to
be able to account for disproportions and diseguiliim that are observed in the direct
disaster aftermath. Further development is givetii¢éorecovery options that essentially
require clearly stated strategies. Finally, a tyjjeCBA analysis is possible to be
performed with the proposed model to study thectiffeness of pre-selected preventive
measures and disaster preparedness. The modekestiafly split in three stages
(disequilibrium, recovery and a CBA of a-priori gtiation), where latter two stages are



suggested to be carried out with the help of seeramalysis instead of prediction (a
brief background for scenario analysis is give€apter 5, Section 5.3.

In this case study, we shall effectively look ag first two stages (applying the
basic design, see Chapter 6, Section 6.3), whithkegep our analysis comparable to
our earlier results of economic loss estimatioredasn the preliminary approach (Van
der Veenet al, 2003a). Further elaborations in the direction sbfidying and
constructing credible scenarios for a cost-beefilysis in the preparedness stages are
advised to be left for later inquiries. This meahst for now we shall mostly
concentrate on the reconstruction of the disequilib stage and sorting out the course
for recovery planning.

The input that we need in order to be able to perfdamage assessment with the
help of our proposed input-output model is first af, an input-output table, and,
second, industry disruption coefficients. We hawéhlof them at our disposal, and we
believe each component needs some additional iattenin Chapter 5 we have
described a basic input-output model, starting fithien description of an input-output
table. It is apparent that on the expenditure sigeinput-output table should contain
outlays of productive sectors for intermediate ispiepresenting their technologies) as
a part of the inter-industry transaction matrixgd @axpenditures on the primary inputs.
Alternatively, on the income side, an input-outpgable should represent sales of
productive sectors as rows of the inter-industryrinaand final demand categories. In
general, the construction and presence of an intlrstry matrix is rather
straightforward; mostly, differences appear in vhprimary sectors and final demand
categories are present. The input-output tableshi@mMNetherlands dated 1997 contain
four categories on the part of primary inputs tban be described as imports, taxes,
wages and profits. The important category for aquiry is ‘wages’ which we shall use
in the input-output model transformation into thesedyuilibrium stage of disaster
aftermath. Essentially, because here our primapyts consist of four elements (as
opposed to the 2x2 example in Chapter 6 where we hasumed the presence of a
single primary input, i.e. labour) it suggests tHatlowing the logic of our proposed
model, only that part of final demand can be |bstttis not consumed from the lost
wages. This, in fact, provides some justificatiorttie fact that disruption coefficients,
'S, which we can use in our case, are based olo$iseof employees rather than output
(see Section 7.2.2). Also, because the link betvileegeo-referenced employment data
set of D&B (as we also described above) and thetioptput table is made through
coefficients of lost labour force, the discrepaneytime between the two data sets
should not be a problem. Essentially, finding thetsral coefficients of lost productive
capacity via the sectoral proportions of lost ergplent may be seen as one of possible
proxies; another would be conventional loss of oytwvhile other researchers might
find value added loss as a justifiable option.

7.3.1. The Basic Equation: Transformations of theput-Output Table

The first stage of our model results in what wé ta ‘Basic equation’. Let us describe
the calculations and transformations that the wguiput table had to undergo to arrive
at this equation. For reference, the initial inputput table is given in Appendix 7B.

In the course of our exercise, we shall follow geme order as outlined in
Chapter 6, Sections 6.3 to 6.5 describing the badsgign of our input-output model.
Essentially we start with the calculations of thke matrix, which consists of two

17¢



matrices,F and Z. While the latter can directly be obtained as ateriindustry
transactions matrix from the input-output tables tarmer requires more attention. We
recall the definition of thé- matrix, which is in fact a final demand vector pmissed
through all sectors as consumption bundles thatkever buy proportional to their
income. By construction, thE matrix has the same proportions across its columns
reflecting identical preferences of all labouressly between the columns proportions
are different according to the wages earned, atlwer words, the number of workers
employed in the sector (see also equation [6.3rhEcolumn, thus, shows in which
way wages are spent on various consumption godus.rieans that we need to know
the proportions in which final goods are consunaed] the values of wages paid (and
consequently, earned) per sector to arrive aFthetrix. Wages paid to the employees
are obtained from the input-output table (see ApperyB) as a part of primary
production factors, alongside with imports, taxaed arofits. Final demand proportions
can be easily calculated by dividing each sectaiand by the total value of
consumption demand. The multiplication of the \attifinal demand proportions vector
(nx1) by the horizontal vector of wages (yields the matrix which we have defined
as the worker’s real wage matifix(to be found in Appendix 7C). (Note, however, that
the row totals of thé= matrix do not coincide with the final demand vedimm our
input-output table, because the former represegttbat portion of final demand that is
consumed from labour income.)

Adding together matriced andF brings us the matri¥, to which a special role
is attributed in our modelling. We should againerefrespectively, to the equations
[6.8], [6.9] and [6.10]. MatrixM, which reflects inter-industry transactions in fbot
intermediate and final goods, enables us to conpégsical losses brought by a
calamity to both sides of economic construct, ijgroduction and consumption.
Provided the knowledge of location and the extdérdisturbance, we can split the pre-
disasteM matrix into two parts, representing the lost apared parts of the economy.
This provides the advantage of being able to dirérdce the damage ‘as it occurs’. We
do thigSWith the help of sectoral loss coefficieritee yi's (see equation [7.1], Section
7.2.3).

The next step is to split thd matrix into two matrices reflecting the immediate
post-disaster situation (see equation [6.16]). dat,f we are mostly interested in the
recapitulation of the spared part, which will gowith recovery. To have the accounts
of what is left, theM s matrix (see equations [6.16] and [6.17] in Chapdemwe in fact
need to multiply the columns of tHd matrix by the respective sectoral factors of
surviving capacity (31), as given in Appendix 7A. Finally, we have to aegte the final
demand part and assemble it again as a vectovéatiyge table the corresponding input-
output format. Via column-wise addition, we obt#ne vectort and arrive at what the
Basic equation (i.e., equation [6.18]). What we éhaow obtained should rather be
called the ‘basic disequilibrium input-output tabl@his has been reproduced in
Appendix 7D. We should mention that in this sitaafi final demand has shrunken
proportionally®® all disproportions thus stem from the new totaltpoti Total
production loss at this stage is recorded at 2.68%.

8 Above we have also discussed how we were ablebtairothese coefficients for our case study.
Namely, we utilised the knowledge about the losewiployed personnel by location and productive
sector as a result of the simulated vast floodmthé West of the Netherlands.

8 This can also be observed by looking at equa6ah7], where each row elemeptis multiplied by the
same fraction of survived capacity -



We recall that a Basic equation (in fact, a talslénaAppendix 7D) is ‘merely’ an
accounting table that reflects what is left in theonomic network directly after a
distress. This is not yet a balanced system, &t leat in the sense of its pre-disaster
proportions. We may only observe here factual remgi capacity of the system in
‘translated’ from the initial physical damages aesult of a hazard. On the one hand,
because the Basic equation shows the potentidieosystem, it does not necessarily
mean that the system is able to produce this amotinotal output provided new
intermediate and final demands. On the other hawvel if a system is able to produce
this new output, it will be able to utilise all gfe resources to its advantage available in
disproportion only if it possesses a high levetesilience. Unfortunately, practice has
shown that systems under attack are not able & f&st and efficiently and thus are not
flexible enough to adjust instantaneously to nemwuwnstances. In fact, provided the
chaos and uncertainty in the immediate calamitgrafath, some of the resources may
appear to be superfluous as the system attemishieve its pre-disaster proportions.
We have chosen to focus on this trajectory as dnihe possibilities for recovery,
discussed in Chapter 6. For our current exercisentieans that final output proportions
should be restored according to the pre-disastes,dre., thé vector should become a
‘sensible’ vectorx™". We have adopted for this vector an output vebtving the
proportionsof the pre-disaster total output vector. Howevke, elements of oux™"”
vector’ reflect the 5,10% loss as discussed ed(ther last but one column of Appendix
7D). The last column in Appendix 7D presents tHeedences (in fact, the ‘superfluous’
production). We thus may observe that if we tramafoectort into the vectorx™"
following pre-disaster proportions, it would leadat much higher, almost double, figure
for the immediate production loss, namely 5,10%sTe due to the fact that, under the
assumption of proportionality, the most hit segtlays a role of a bottleneck to all other
(less damaged) sectors.

Furthermore, if we assume that in fact many rigaditare present, either of
technological or of institutional character (dissed in Chapter 3), we may wish to
calculate the effects of what can be seen as astveaise’ scenario regarding immediate
loss. If we think in terms of the loss factors, #tig, then the biggest disruption can be
incurred if all sectors are damaged to the extétitesector with the highest loss factor
7. In this ‘worst case’ scenario, the immediate atilpss would be 6.03%. If we again
assume that output should return to its pre-calamribportions, total production loss
would mount to 10,3%, which is in fact a proporabishrink of the whole system by
the extent of the most hit secffr.

The ‘forced’ implosion of the system to the 10,38%dl is observed due to the
rigid assumption of extreme interdependency betwakthe sectors, for which every
input is critical. This also shows the maximum amioof damage to be sustained by an
economic system if this strict proportionality (lmeut a possibility for substitution) is
observed. In fact, the difference between the tlisectoral damageg,s, and theymax
determine the extent of highest indirect damage.

It is important to mention here that in this exsecive have not applied a further
multiplier analysis in its conventional input-outpgense. Essentially, because we are
dealing with the extreme situation of a very last@ck, we involve the Basic Equation
for the evaluation of initial damage in the framekvof Von Neumann-Leontief type of
model as we just described in the previous pardgrapthis case, multiplier analysis
becomes unnecessary at the stage where we acamumajor disequilibrium and

87 We have described this case in the Section 66atem [6.36]).
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sudden disproportionality in the entire economistesn, with establishment of a new
balanced network as a next step. At later staghenvthe economy is back in balance
(in term of its internal proportions), interindusmultipliers will make sense again and
impact effects of a growing economy can be tradest, at this moment we leave the
design and analysis of possible reconstruction @wklopment scenarios to further
research, because this typically requires sepatsgation by itself. In particular, effort
should then be directed at testing the sensitigfythe model to a change of
assumptions.

7.3.2. Comparison and Interpretation of Results

In this Chapter, we decided not only to show thpliagbility of our developed input-
output model to a practical exercise, but alsodmpgare the obtained results with the
ones from our initial Delft Cluster study (see l@loThere is no need to introduce the
data for our earlier study, as now we are using flus same case of dike breach in
central Holland. Yet, to be able to carry out a panson between the two models, it is
necessary to describe briefly our initial modetiagt

The model was developed for the purpose of studgoanomic effects of a large-
scale flooding in the Netherlands based on the sasly we have presented in Section
7.2. It essentially consisted of two steps, whioh the imposition of the initial shock
and recovery thereafter (see Van der Veeal, 2003a; Bokarjova, Steenge and Van
der Veen, 2007). We then formulated what we cdltede scenarios, where in the first
one we have performed standard input-output exestis the second and third ones we
have attempted to manipulate the inter-industryrimatespectively accounting for a
more flexible and more restricted economic infrasture. While during the standard
exercise we were imposing the shock and recovepuises via final demand and
computing multiplier effects, it was rather carrimat as a baseline scenario than a study
of effects. This is due to the very fact that inputput in the way we used it in this
case, is meant for impact analysis, not a majoclstemalysis. The second scenario
presented a model, where losses in domestic goeds mwstantaneously substituted by
imported goods so that production in the survivesha could go on. The third scenario
(on the contrary), a ‘bottleneck’ scenario, reféect decrease in both intermediate and
final demands. Maximum loss fractions,’s, were used there to account for
intermediate production losses, while the impulsehe final demand was introduced to
account for consumption decrease.

For the comparison between our two models, only fovmulations of the earlier
version would suit, namely, the standard exercige the restricted scenario. We shall
compare the imposition of the initial shock in tbarlier version of the model to the
modelling of disequilibrium and return to balanoneour current exercise (following the
procedure described in the previous Section).

Following our newly proposed approach, the initeds observedlirectly in the
disaster aftermath (i.e., the result of the Bagigag¢ion) for the case of dike breach near
Rotterdam would result in a 2,68% loss of produciim the country level. Yet, if we
consider that a system first needs to come toanbalfrom which recovery can proceed
(which we achieve by imposing the pre-disaster priigns to the total output), then we
obtain a 5,1% loss of output. The difference réfldhat additional losses appear either
due to technological feasibility to adjust, or disethe fact that, provided required
proportions, some goods become superfluous. As#ime time, if we compare these
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figures to the results of the standard input-outpytact analysis from our earlier study,
we could see 5,6% loss of production in terms tdltoutput (we retrieve this number
from our earlier study, see Van der Vestnal.,2003b, Appendix 2). The reason for a
higher outcome in this case may lie in the fact thathe latter instance, multiplier
analysis was performed, where inter-industry mlitip were taken into account. As
we mentioned above, currently we question the nmggminess of multiplier analysis in
disaster analysis at the initial stage where imatedidisruptions and imbalances
resemble themselves. We suggest that multiplielysisas applied in later stages where
the system has achieved its structure and is onvéyeof recovery. This means, that
essentially the loss of 5,1% of production capachiyained from our newly developed
disaster input-output model marks the very begignof the process where the
economic system is trying to find the way it wodtdlow in its reconstruction and
recovery efforts. Possibly, more losses can becadsal with it, so the ‘new’ estimate
of 5,1% production loss and the ‘old’ estimate @ % can be seen as converging.

For the case of bottleneck calculations, where &imam disruption factor was
applied in both Delft Cluster and current exercisee have higher loss numbers
compared to the calculations just presented inpiuwagraph above. Our new model
suggests that the minimal production losses inbibileneck scenario are 6,07%, and
may amount up to 10,3% in case we assume the re&iuire pre-disaster proportions.
At the same time, our earlier exercise witness&8%7output loss. In fact, we may
recognise that the loss figures just provided atiogrto both models are of comparable
dimension. In the Delft Cluster study, a bottlenesdenario was considered as an
absolute maximum for our calculations. Our new ltesshow an even higher number of
output losses, which is in fact a proportional dase of the entire system by the factor
of highest sectoral loss (the one of the sectorC3er goods and services’). We
suggest that this number is taken as an ultimatenmaim, which, yet, does not reflect
any resilient response that should certainly defllais initial loss figure.

Once again, in this illustrative exercise, we habstained from the analysis of
recovery paths and adjustment strategies. Res@ahhe resilience of economies to
natural disasters (samter alia Cole, 2004; Dalziell and McManus, 2004; Rose and
Liao, 2005) has shown that a system’s ability tepoend to the distress in a flexible
manner results in much lower final loss figures,iohhtake into account also
reconstruction and recovery periods. With this iprelary study, we have shown that
our developed input-output based disaster anatyedel can be used for the purposes
of practice-based exercises, and provides a guidusgration for their implementation.

It should also be mentioned that the level of mieci and internal consistency of model
applications to case studies depends on the ailjlabf data and compatibility
between data when numerous sources and data setsedt.

7.4.SUMMARY AND DISCUSSION

In this Chapter, we have taken a case study fromeadier work as a basis for an
illustrative exercise to show if and how our dey&ld input-output model will be

operable. The case study, actually, stemmed fronmnydrological model of a

hypothetical dike breach near Rotterdam, resuliimga vast inundation in central
Holland. Using additional economic data on emplogtner zip code, and connecting it
to the map of the flooding in the contemporary G&sting, we were able to retrieve
employment loss coefficients per sector to be wseg@roxies for production capacity

182



loss fed in our input-output disaster analysis nhodaring the exercise, we have learnt
that the available data required additional coroest before it could be used, and
making connections between various data sets emfjanditional assumptions.

We may see that case study work opens up a diffsida of modelling, which
now includes real life events, experiences and.dBtcause of the issues of data
availability, accessibility and compatibility, resehers are forced to find ways of
dealing with these problems, and thus often loakdjgerationalisations of theoretical
concepts, which can then be traced back to empidesa. When an empirical
(re)interpretation of scientific constructs is faind, proxies become a way out to find
an approximation of a concept among the existiagjssical data. Yet, the search for
empirically available data should not result in emdining the conceptual framework
behind the theoretical model.

In our reality-driven exercise, we were aiming lad\sing that our proposed input-
output disaster analysis model (introduced in Céraptof this thesis) can be used for
empirical purposes. In this hypothetical case studg have provided a numerical
exercise of losses caused by the interruptionsrofilar flow within a single economic
system, as well as offered one of the optionsdturn to the required internal balances,
which conforms to the idea of ‘right’ proportions the system. As an initial step of
looking at modelling recovery and post-disasterefi@ment, we have assumed that
returning to the pre-disaster pattern of productian be seen as a background scenario
for other alternatives. We found that the immedlats of output in the disequilibrium
situation, which we obtain by means of our basioatign, constitutes a mere 2,7%,
while correcting for proportions in total output wd bring our estimation up to 5,1%,
which does not differ much form the standard inputput exercise of introducing an
impulse, that would yield 5,6% loss. A bottlenedersario also results in the figures
that are of the comparable magnitude as in ourigue\study. The current estimates are
found to vary between 6,07% and 10,3% loss of dutputhe country level, while our
earlier study has resulted in 7,8% loss for theahdisruption.

Because we have performed the calculations onlyhf®@rimmediate post-disaster
stage, excluding for the time being recovery ofgiand pre-disaster preparedness (both
of which are touched upon in Chapter 6), we alsestjan the use and meaning of a
multiplier analysis exercise at this stage. Theswoeas that we see large-scale shocks as
conceptually different from what conventional madeften are analysing, i.e. minor or
incremental changes that are somewhat ‘commonplé¢e’claim, with the help of this
study, that major shocks require a different waythohking and thus also a special
treatment in modelling terms. Our suggested moffetin this sense one of the ways
in which major disturbances in modern economieshsaanalysed.

In the next Chapter we shall describe some of iieds in current Dutch water
and flood management, and would like to point cwg place that our suggested
modelling framework may take in the light of recdetvelopments.
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App

endix 7A

Sector classification and disruption factors

No Sector (SBI classification) Nitotan Ni(affected) 100y,
1|Agriculture and forestry 87908 7803 8,84
2|Fishery 3588 4 0,11
3[{Mining industry 2009 0 0,0d
4{Food (agricultural) 27874 1444 5,14
5(Food (other) 58154 2170 3,73
6/|Beverages and tobacco industry 27221 1798 6,61
7|Textiles 13188 195 1,48
8|Clothes 18181 292 1,61
9|Leather, shoes and other leather products 4821 101 2,10

10|Wood- and furniture industry (excl. metals 44386 1250 2,87
11|{Paper industry 17697 261 1,474
12|Graphic industry, publishing 100915 5641 5,59
13|0il industry 142483 91 0,04
14{Chemical industry 97208 2790 2,87
15|Construction materials 40275 1972 4,90
16&17|Metal industry and production of machinery 221227 5941 2,69
18|Electrotechnical industry 653P9 736 1,13
19[Transport 53475 429 0,80
20[Instruments and optical industries 42P64 2166 5,17
21|Utilities 63199 3183 5,04
22|Construction industry 517209 33310 6,44
23|Retail and wholesale trade 1060458 76103 7,19
24/HoReCa 180699 16658 9,22
25|Reparation of durable goods 23830 939 3,94
26|Sea and air transport 31161 1309 4,20
27|Other transport 682884 13111 1,99
28/Communication-industry 67259 850 1,26
29|Banks 673587 20053 2,99
30|Insurance 88377 7471 8,45
31|Exploitation of real estate 235964 8942 3,79
32|Business services 101423970 515217 0,51
33|National government and social security 18115 506 2,79
34{Regional government and semi-governmenptal
institutions ’ 680 3 0.49
35|Education 147782 7669 5,19
36|Health care and veterinary 203338 13344 6,56
37|Culture, sport and recreation 62803 2597 4,14
38|Other services 438243 33968 7,79
39|0ther goods and services 79034 8151(¢ 10,31

18t



18¢



Appendix 7B

Input-output table for the Netherlands (1997)

Sectors 1 2 3 4 5 6 7 8 9 10 11
1 4600 0 6 18439 2092 33 22 4 2 19 9
2 0 0 0 0 10 0 0 0 0 0 0
3 33 1 260 66 101 13 9 0 0 15 128
4 37 0 0 2762 1376 4 0 0 57 0 0
5 7404 2 2 379 4062 245 16 0 0 0 64
6 0 0 0 0 44 165 0 0 0 0
7 2 6 0 1 0 1 355 77 0 21
8 0 0 2 2 7 1 12 120 0 1
9 0 0 0 0 0 1 3 74 19
10 52 4 0 10 21 16 0 0 0 307 48
1 24 0 8 262 579 273 36 2 7 32 735
12 4 0 12 159 336 228 19 9 35 49
13 173 68 21 8 48 11 11 3 2 23 12
14 258 5 34 131 448 165 295 8 62 214 188
15 78 0 0 28 95 157 0 0 0 10 7
16&17 853 0 237 199 263 176 77 34 17 66 86
18 6 0 47 11 26 11 3 2 0 16 19
19 9 31 13 0 0 0 0 0 2 0 2
20 12 0 1 10 13 8 4 4 5 3 9
21 1652 0 81 205 551 91 86 11 13 76 141
22 405 7 70 49 115 35 27 2 3 96 66
23 422 3 55 47 144 57 40 16 9 80 109
24 14 1 6 27 61 29 19 11 5 22 23
25 135 1 18 44 88 16 13 1 4 15 8
26 0 0 17 2 6 3 1 1 1 4 8
27 1 56 306 21 32 16 0 2 0 9 1
28 201 7 58 45 100 27 25 10 10 34 36
29 216 0 25 28 11 4 2 7 5
30 196 16 10 17 4 2 3 13 14
31 1 0 2 48 154 26 33 43 6 92 21
32 1006 29 277 775 1401 772 278 92 45 341 418
33 9 3 8 11 16 10 5 2 1 5 3
34 16 3 7 21 36 15 23 5 3 5 8
35 28 0 7 20 32 25 8 0 0 8 19
36 386 0 1 0 0 0 0 0 0 0
37 2 0 2 12 23 15 0 0 1
38 47 4 105 102 198 119 122 29 12 48 56
39 5 2 18 34 62 39 12 5 0 13 19
Imports 2319 87 2335 2175 15079 2638 2138 919 349 2523 2897
Taxes 2181 31 153 1633 3154 426 183 75 72 608 445
Wages 3461 203 944 2695 5432 1472 1424 494 305 2065 1823
Profits | 15900 440 11800 1155 4017 2666 473 236 26 849 1301
Total | 42148 1010 16919 31623 40267 10015 5785 22261101 7695 8786




Input-Output table (continued)

Sectors 12 13 14 15 16817 18 19 20 21 22 23
1 6 6 62 12 29 9 12 6 85 53 62
2 0 0 0 0 0 0 0 0 0 0 0
3 1 334 1160 255 71 4 0 2 6821 195 34
4 0 0 50 0 0 0 0 0 0 0 19
5 0 0 256 0 1 1 1 2 0 26 32
6 0 0 33 0 0 0 0 1 0 0 91
7 1 1 19 0 7 5 10 4 0 13 178
8 6 3 29 2 31 3 11 7 0 0 204
9 0 0 0 0 3 2 1 0 0 0 9
10 5 0 101 129 53 14 54 53 0 1492 198
11 225 8 431 55 82 76 14 38 20 31 533
12 3914 32 288 25 210 92 68 44 18 77 2161
13 18 1005 1415 54 137 98 40 15 71 222 88
14 157 49 6623 195 617 373 472 180 83 1158 347
15 2 3 105 461 64 38 42 12 0 4731 153
16&17 102 106 583 145 7469 631 1191 208 265 4461 557
18 11 18 99 21 416 1197 1002 62 190 666 251
19 4 4 14 2 163 6 1729 12 2 68 77
20 16 14 53 8 88 82 90 126 53 92 293
21 122 83 986 271 945 249 129 85 1780 176 1283
22 110 55 321 85 352 101 55 26 48 18584 545
23 61 90 347 95 401 117 74 41 62 399 3698
24 54 31 191 25 203 119 67 28 13 36 765
25 37 7 52 31 61 44 33 19 47 630 1050
26 23 5 36 7 30 23 17 6 2 15 345
27 135 48 105 9 95 53 43 9 3 243 492
28 331 40 206 34 224 137 60 38 158 180 1804
29 21 2 43 11 51 16 15 4 25 169 1004
30 19 3 33 11 62 10 20 7 2 86 492
31 120 82 189 119 265 62 98 53 0 520 3372
32 1298 698 2580 539 2201 1217 813 264 202 2663 5561
33 17 7 32 3 22 19 15 4 1 34 106
34 129 34 82 10 63 37 33 32 529 56 217
35 67 74 206 22 105 147 37 9 32 28 136
36 0 0 0 0 1 0 0 17 3 0 0
37 150 7 29 1 17 14 6 0 3 4 158
38 164 149 573 99 383 289 133 48 152 295 729
39 44 17 111 23 85 43 20 9 34 143 705
Imports 3801 13144 16513 1977 13902 6551 6707 1072 3092 4 9859137
Taxes 448 335 2960 715 3441 1657 1762 271 1086 4950 2067
Wages 5791 923 9796 2210 14215 7349 4172 1570 3368 217688221
Profits 2716 1838 6017 1246 4950 3204 1233 669 5854 5533 4287
Total | 20126 19255 52729 8907 51515 24089 20279 50524104 79643 104602
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Input-Output table (continued)

Sectors | 24 25 26 27 28 29 30 31 32 33 34
1 136 11 52 79 7 13 6 75 6 5 128
2 46 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 12 49
4 898 0 64 0 0 0 0 0 0 16 8
5 1255 0 57 0 1 0 0 0 0 113 62
6 854 0 9 0 0 0 0 0 0 65 34
7 15 0 1 0 0 0 1 0 26 10 12
8 12 6 8 23 0 0 0 0 6 1 3
9 0 1 0 0 0 0 0 0 0 0 0
10 0 0 0 41 0 4 3 106 28 12 19
11 12 11 13 31 26 20 8 6 78 42 28
12 215 150 53 183 126 340 142 9 2930 409 226
13 25 19 331 352 28 14 15 8 73 141 102
14 34 57 13 39 7 12 5 46 194 132 67
15 0 10 0 2 0 0 0 109 0 28 53
16&17 9 142 56 368 97 80 61 83 193 335 196
18 19 42 84 60 88 79 30 181 75 523 109
19 0 241 125 192 3 9 5 0 9 755 11
20 12 41 31 48 13 29 20 43 101 32 95
21 555 177 39 439 47 161 88 73 265 234 361
22 183 65 152 844 1053 390 211 3114 207 1367 1876
23 51 89 115 319 55 166 113 467 440 253 128
24 378 106 39 139 46 151 128 6 928 315 119
25 61 193 14 954 20 176 144 0 671 70 56
26 0 0 801 42 47 20 9 0 22 36 6
27 12 33 575 1734 78 112 72 1 122 369 136
28 129 86 152 436 155 1598 218 74 776 516 264
29 44 19 24 43 0 186 811 0 117 295 438
30 189 105 19 150 1 68 3846 194 228 64 23
31 623 388 8 350 131 399 92 154 1156 364 390
32 1058 530 282 1674 365 1354 496 837 6609 1876 593
33 21 10 1 14 7 4 125 9 47 662 78
34 72 9 12 136 61 67 31 284 129 52 235
35 36 11 0 25 6 11 12 23 78 190 97
36 0 0 7 20 2 0 68 0 0 190 85
37 2 0 14 26 0 115 48 0 485 328 208
38 178 144 79 577 315 239 186 101 406 1269 742
39 86 26 10 34 23 24 4 27 182 0 0
Imports | 1240 3396 6304 1833 471 380 1615 137 1485 2626 650
Taxes 1120 1124 124 1884 631 804 448 2806 1280 2621 1709
Wages 4582 3445 3114 14676 6205 9397 5111 2126 24495 119512673
Profits 5762 3051 2732 8271 5384 9958 1404 51593 15580 930294
Total | 19924 13738 15514 36038 15499 26380 15576 OB26 59427 36768 23363




Input-Output table (continued)

Sectors | 35 36 37 38 39 dgr'T’]‘Z'n § Total
1 1 69 48 65 38 16231 42538
2 0 10 2 9 0 933 1010
3 0 0 0 3 0 7352 16919
4 4 230 62 213 111 25718 31629
5 4 263 168 223 244 24749 39632
6 3 20 217 37 138 8304 10015
7 8 22 10 8 4 5031 5856
8 0 11 2 22 0 1690 2226
9 0 0 0 0 1 987 1101
10 7 0 6 53 97 4762 7695
1 27 51 15 43 1 495 8840
12 407 171 93 257 3 6671 20169
13 60 27 60 103 0 14892 19792
14 51 437 33 387 34 3927 52883
15 8 8 10 15 0 2678 8907
16&17 57 38 8 97 10 31959 51515
18 53 48 70 54 19 1885p 24460
19 0 8 0 29 0 16686 20212
20 29 129 21 53 19 3378 5078
21 345 427 298 721 @ 10831 24076
22 450 239 189 315 q 47831 79643
23 61 97 54 97 3 99364 108239
24 38 139 198 160 g 15284 19924
25 52 49 57 111 0 8757 13739
26 2 5 7 7 0 13959 15514
27 55 59 53 143 0 30805 36038
28 155 349 591 314 q 592D 15499
29 4 0 51 34 0 22344 26076
30 27 51 38 90 0 9453 15576
31 97 369 154 848 g 51864 62692
32 526 757 1071 1568 16361 59427
33 0 42 50 39 2 35324 36768
34 1354 83 246 119 Q 19110 23364
35 107 115 38 251 g 26860 28879
36 132 728 10 74 q 3713p 38856
37 56 41 1192 70 54 9880 12973
38 565 1188 378 1008 24452 35682
39 1 32 10 53 0 2 1957
Imports 319 1822 326 1273 489 132635 276210
Taxes 854 1587 717 1511 694 118158 166724
Wages | 20604 18857 3997 20748 0 1009 300243
Profits 2356 11087 2423 4457 D 6518 232351
Total | 28879 39665 12973 35682 1957 97897% 20009
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Appendix 7C

The matrixF
Sectors 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 78 5 21 61 122 33 32 11 7 47 41 130 21 221
2 4 0 1 3 7 2 2 1 0 3 2 7 1 13
3 35 2 10 27 55 15 15 5 3 21 19 59 9 100
4 124 7 34 96 194 53 51 18 11 74 65 207 33 350
5 119 7 32 93 187 51 49 17 10 71 63 199 32 336
6 40 2 11 31 63 17 16 6 4 24 21 67 11 113
7 24 1 7 19 38 10 10 3 2 14 13 40 6 68
8 8 0 2 6 13 3 1 1 5 4 14 2 23
9 5 0 1 4 7 2 1 0 3 2 8 1 13
10 23 1 6 18 36 10 9 3 2 14 12 38 6 65
1 24 1 6 19 37 10 10 3 2 14 13 40 6 67
12 32 2 9 25 50 14 13 5 3 19 17 54 9 91
13 72 4 20 56 112 30 29 10 6 43 38 120 19 202
14 189 11 51 147 296 80 78 27 17 113 99 316 50 534
15 13 1 4 10 20 5 5 2 1 8 7 22 3 36
16&17 | 153 9 42 120 241 65 63 22 14 92 81 257 41 434
18 91 5 25 70 142 39 37 13 8 54 48 151 24 256
19 80 5 22 62 126 34 33 11 7 48 42 134 21 227
20 16 1 4 13 25 7 7 2 1 10 9 27 4 46
21 52 3 14 41 82 22 21 7 5 31 27 87 14 147
22 230 13 63 179 361 98 95 33 20 137 121 384 61 650
23 477 28 130 372 749 203 196 68 42 285 251 798 1275113
24 73 4 20 57 115 31 30 10 6 44 39 123 20 208
25 42 2 11 33 66 18 17 6 4 25 22 70 11 119
26 67 4 18 52 105 29 28 10 6 40 35 112 18 190
27 148 9 40 115 232 63 61 21 13 88 78 248 39 419
28 28 2 8 22 45 12 12 4 3 17 15 48 8 80
29 107 6 29 84 168 46 44 15 9 64 57 180 29 304
30 45 3 12 35 71 19 19 6 4 27 24 76 12 128
31 249 15 68 194 391 106 102 36 22 149 131 417 66 705
32 79 5 21 61 123 33 32 11 7 47 41 131 21 222
33 170 10 46 132 266 72 70 24 15 101 89 284 45 480
34 92 5 25 71 144 39 38 13 8 55 48 154 24 260
35 129 8 35 100 203 55 53 18 11 77 68 216 34 365
36 178 10 49 139 280 76 73 25 16 106 94 298 48 505
37 47 3 13 37 75 20 20 7 4 28 25 79 13 134
38 117 7 32 91 184 50 48 17 10 70 62 196 31 332
39 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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The matrixF (continued)

Sectors 15  16&17 18 19 20 21 22 23 24 25 26 27 28
1 50 320 166 94 35 76 490 861 103 78 70 331 140
2 3 18 10 5 2 4 28 49 6 4 4 19 8
3 23 145 75 43 16 34 222 390 47 35 32 150 63
4 79 507 262 149 56 120 777 1364 164 123 111 524 221
5 76 488 252 143 54 116 747 1313 157 118 107 504 213
6 25 164 85 48 18 39 251 440 53 40 36 169 72
7 15 99 51 29 11 24 152 267 32 24 22 102 43
8 5 33 17 10 4 8 51 90 11 8 7 34 15
9 3 19 10 6 2 5 30 52 6 5 4 20 8
10 15 94 49 28 10 22 144 253 30 23 21 97 41
11 15 98 51 29 11 23 150 263 32 24 21 101 43
12 20 132 68 39 15 31 201 354 42 32 29 136 57
13 46 204 152 86 32 70 450 790 95 71 64 303 128
14 120 775 401 227 86 184 1186 2083 250 188 170 800 8 33
15 8 53 27 16 6 13 81 142 17 13 12 55 23
16&17 98 630 326 185 70 149 965 1695 203 153 138 651 275
18 58 372 192 109 41 88 569 1000 120 90 81 384 162
19 51 329 170 97 36 78 504 885 106 80 72 340 144
20 10 67 34 20 7 16 102 179 21 16 15 69 29
21 33 214 110 63 24 51 327 574 69 52 47 221 93
22 147 943 488 277 104 224 1444 2537 304 229 207 97412 4
23 305 1960 1013 575 216 464 3000 5270 632 475 429 4 202856

24 47 301 156 88 33 71 461 811 97 73 66 311 132
25 27 173 89 51 19 41 264 464 56 42 38 178 75
26 43 275 142 81 30 65 421 740 89 67 60 284 120
27 94 608 314 178 67 144 930 1634 196 147 133 627 265
28 18 117 60 34 13 28 179 314 38 28 26 121 51
29 69 441 228 129 49 104 675 1185 142 107 97 455 192
30 29 186 96 55 21 44 285 501 60 45 41 192 81
31 159 1023 529 300 113 242 1566 2751 330 248 224 105847

32 50 323 167 95 36 76 494 868 104 78 71 333 141
33 108 697 360 204 77 165 1067 1873 225 169 153 719 4 30
34 59 377 195 111 42 89 577 1014 122 91 83 389 165
35 82 530 274 156 59 126 811 1425 171 128 116 547 231
36 114 732 379 215 81 174 1121 1969 236 178 160 756 0 32
37 30 195 101 57 22 46 299 524 63 47 43 201 85
38 75 482 249 142 53 114 738 1297 155 117 106 498 211
39 0 0 0 0 0 0 0 0 0 0 0 0 0
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The matrixF (continued)

Final demand

Sectord 29 30 31 32 33 34 35 36 37 38 39 consumed by
labour

1 212 115 48 552 439 285 464 425 90 467 0 6740
2 12 7 3 32 25 16 27 24 5 27 0 387
3 96 52 22 250 199 129 210 192 41 212 0 3053
4 335 182 76 874 696 452 735 673 143 740 0 10679
5 323 176 73 841 670 435 708 648 137 713 0 10271
6 108 59 24 282 225 146 237 217 46 239 0 34494
7 66 36 15 171 136 88 144 132 28 145 0 2089
8 22 12 5 57 46 30 48 44 9 49 0 702
9 13 7 3 34 27 17 28 26 5 28 0 410
10 62 34 14 162 129 84 136 125 26 137 0 1977
11 65 35 15 169 134 87 142 130 27 143 0 2059
12 87 47 20 227 181 117 191 175 37 192 0 2770
13 194 106 44 506 403 262 426 390 83 429 0 6183
14 512 279 116 1335 1063 691 1123 1028 218 1131 0 16309
15 35 19 8 91 73 47 77 70 15 77 0 1113
16&17 417 227 94 1086 865 562 914 836 177 920 0 13270
18 246 134 56 641 510 332 539 493 105 543 0 7824
19 218 118 49 567 452 293 477 437 93 480 0 6929
20 44 24 10 115 91 59 97 88 19 97 0 1403
21 141 77 32 368 293 190 310 283 60 312 0 4497
22 624 339 141 1626 1295 841 1368 1252 265 1377 0 1986
23 1296 705 293 3377 2690 1747 2841 2600 551 2861 0 41254
24 199 108 45 520 414 269 437 400 85 440 0 6344
25 114 62 26 298 237 154 250 229 49 252 0 3634
26 182 99 41 474 378 245 399 365 77 402 0 5794
27 402 218 91 1047 834 542 881 806 171 887 0 12791
28 77 42 17 201 160 104 169 155 33 170 0 2458
29 291 158 66 759 605 393 639 585 124 643 0 9274
30 123 67 28 321 256 166 270 247 52 272 0 3925
31 676 368 153 1763 1404 912 1483 1357 288 1493 0 21534
32 213 116 48 556 443 288 468 428 91 471 0 6793
33 461 251 104 1201 956 621 1010 924 196 1017 0 146671
34 249 136 56 650 517 336 546 500 106 550 0 7934
35 350 191 79 913 727 473 768 703 149 774 0 11157
36 484 263 110 1262 1005 653 1062 972 206 1069 0 15419
37 129 70 29 336 268 174 283 259 55 285 0 4104
38 319 173 72 831 662 430 699 640 136 704 0 10153
39 0 0 0 0 0 0 0 0 0 0 0 1
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Appendix 7D

The Basic equation

Sectors 1 2 3 4 5 6 7 8 9 10 11 12
1 4192 0 6 17484 2014 31 22 4 2 18 9 6
2 0 0 0 0 10 0 0 0 0 0 0 0
3 30 1 260 63 97 12 9 0 0 15 126 1
4 34 0 0 2619 1325 4 0 0 56 0 0 0
5 6747 2 2 359 3910 229 16 0 0 0 63 0
6 0 0 0 0 42 154 0 0 0 0 0 0
7 2 6 0 1 0 1 350 76 0 20 7 1
8 0 0 2 2 7 1 12 118 0 1 1 6
9 0 0 0 0 0 0 1 3 72 18 0 0
10 a7 4 0 9 20 15 0 0 0 298 47 5
11 22 0 8 248 557 255 35 2 7 31 724 212
12 4 0 12 151 323 213 19 9 4 34 48 3695
13 158 68 21 8 46 10 11 3 2 22 12 17
14 235 5 34 124 431 154 291 8 61 208 185 148
15 71 0 0 27 91 147 0 0 0 10 7 2
16&17 777 0 237 189 253 164 76 33 17 64 85 96
18 5 0 a7 10 25 10 3 2 0 16 19 10
19 8 31 13 0 0 0 0 0 2 0 2 4
20 11 0 1 9 13 7 4 4 5 3 9 15
21 1505 0 81 194 530 85 85 11 13 74 139 115
22 369 7 70 46 111 33 27 2 3 93 65 104
23 385 3 55 45 139 53 39 16 9 78 107 58
24 13 1 6 26 59 27 19 11 5 21 23 51
25 123 1 18 42 85 15 13 1 4 15 8 35
26 0 0 17 2 6 3 1 1 1 4 8 22
27 1 56 306 20 31 15 0 2 0 9 1 127
28 183 7 58 43 96 25 25 10 10 33 35 312
29 197 0 2 24 27 5 11 4 2 7 5 20
30 179 16 6 9 16 6 4 2 3 13 14 18
31 1 0 2 46 148 24 33 42 6 89 21 113
32 917 29 277 735 1349 721 274 91 44 331 412 1225
33 8 3 8 10 15 9 5 2 1 5 3 16
34 15 3 7 20 35 14 23 5 3 5 8 122
35 26 0 7 19 31 23 8 0 0 8 19 63
36 352 0 1 0 0 0 0 0 0 0 0 0
37 2 0 2 11 22 14 0 0 0 1 1 142
38 43 4 105 97 191 111 120 29 12 47 55 155
39 5 2 18 32 60 36 12 5 0 13 19 42
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The Basic equation (continued)

Sectors 13 14 1516&17 18 19 20 21 22 23 24 25
1 6 60 11 28 9 12 6 81 50 58 123 11
2 0 0 0 0 0 0 0 0 0 0 42 0
3 334 1127 242 69 4 0 2 6477 182 32 0 0
4 0 49 0 0 0 0 0 0 0 18 815 0
5 0 249 0 1 1 1 2 0 24 30 1139 0
6 0 32 0 0 0 0 1 0 0 84 775 0
7 1 18 0 7 5 10 4 0 12 165 14 0
8 3 28 2 30 3 11 7 0 0 189 11 6
9 0 0 0 3 2 1 0 0 0 8 0 1
10 0 98 123 52 14 54 50 0 1396 184 0 0
11 8 419 52 80 75 14 36 19 29 495 11 11
12 32 280 24 204 91 67 42 17 72 2006 195 144
13 1004 1374 51 133 97 40 14 67 208 82 23 18
14 49 6433 185 600 369 468 171 79 1083 322 31 55
15 3 102 438 62 38 42 11 0 4426 142 0 10
16&17 106 566 138 7268 624 1181 197 252 4174 517 8 136
18 18 96 20 405 1184 994 59 180 623 233 17 40
19 4 14 2 159 6 1715 11 2 64 71 0 232
20 14 51 8 86 81 89 120 50 86 272 11 39
21 83 958 258 920 246 128 81 1690 165 1191 504 170
22 55 312 81 343 100 55 25 46 17387 506 166 62
23 90 337 90 390 116 73 39 59 373 3433 46 85
24 31 186 24 198 118 66 27 12 34 710 343 102
25 7 51 29 59 44 33 18 45 589 975 55 185
26 5 35 7 29 23 17 6 2 14 320 0 0
27 48 102 9 92 52 43 9 3 227 457 11 32
28 40 200 32 218 135 60 36 150 168 1675 117 83
29 2 42 10 50 16 15 4 24 158 932 40 18
30 3 32 10 60 10 20 7 2 80 457 172 101
31 82 184 113 258 61 97 50 0 487 3130 566 373
32 698 2506 513 2142 1203 806 250 192 2491 5162 960 509
33 7 31 3 21 19 15 4 1 32 98 19 10
34 34 80 10 61 37 33 30 502 52 201 65 9
35 74 200 21 102 145 37 9 30 26 126 33 11
36 0 0 0 1 0 0 16 3 0 0 0 0
37 7 28 1 17 14 6 0 3 4 147 2 0
38 149 557 94 373 286 132 46 144 276 677 162 138
39 17 108 22 83 43 20 9 32 134 654 78 25
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The Basic equation (continued)

Sectors 26 27 28 29 30 31 32 33 34 35 36 37
1 50 7 7 13 5 72 6 5 127 1 64 46
2 0 0 0 0 0 0 0 0 0 0 9 2
3 0 0 0 0 0 0 0 12 49 0 0 0
4 61 0 0 0 0 0 0 16 8 4 215 59
5 55 0 1 0 0 0 0 110 62 4 246 161
6 9 0 0 0 0 0 0 63 34 3 19 208
7 1 0 0 0 1 0 26 10 12 8 21 10
8 8 23 0 0 0 0 6 1 3 0 10 2
9 0 0 0 0 0 0 0 0 0 0 0 0
10 0 40 0 4 3 102 28 12 19 7 0 6
11 12 30 26 19 7 6 78 41 28 26 48 14
12 51 179 124 330 130 9 2915 397 225 386 160 89
13 317 345 28 14 14 8 73 137 102 57 25 58
14 12 38 7 12 5 44 193 129 67 48 408 32
15 0 2 0 0 0 105 0 27 53 8 7 10
16&17 54 361 96 78 56 80 192 326 195 54 36 8
18 80 59 87 7 27 174 75 509 109 50 45 67
19 120 188 3 9 5 0 9 734 11 0 7 0
20 30 a7 13 28 18 41 100 31 95 27 121 20
21 37 431 46 156 81 70 264 227 359 327 399 286
22 146 828 1040 378 193 2996 206 1329 1868 427 223 181
23 110 313 54 161 103 449 438 246 127 58 91 52
24 37 136 45 147 117 6 923 307 118 36 130 190
25 13 936 20 171 132 0 668 68 56 49 46 55
26 767 41 46 19 8 0 22 35 6 2 5 7
27 551 1701 77 109 66 1 121 359 135 52 55 51
28 146 428 153 1550 200 71 772 502 263 147 326 567
29 23 42 0 180 742 0 116 287 436 4 0 49
30 18 147 1 66 3521 187 227 62 23 26 48 36
31 8 343 129 387 84 148 1150 353 388 92 345 148
32 270 1642 360 1314 454 805 6575 1823 590 499 707 1027
33 1 14 7 4 114 9 a7 644 78 0 39 48
34 11 133 60 65 28 273 128 51 234 1284 78 236
35 0 25 6 11 11 22 78 184 97 101 107 36
36 7 20 2 0 62 0 0 185 85 125 680 10
37 13 26 0 112 44 0 483 319 207 53 38 1143
38 76 566 311 232 170 97 404 1234 739 536 1110 362
39 10 33 23 23 4 26 181 0 0 1 30 10




The Basic equation (continued)

Sectors 38 39 Residual final TOTAL Proportional Redundant
demand total output output

1 60 34 15934 40744 40370 374
2 8 0 916 987 959 28
3 3 0 7218 16364 16057 307
4 196 100 2525( 30827 30017 810
5 206 219 24299 38134 37613 523
6 34 124 8153 9734 9505 230
7 7 4 4939 5737 5558 179
8 20 0 1660 2171 2113 58
9 0 1 969 1080 1045 35
10 49 87 4675 7447 7303 144
11 40 1 4867 8593 8390 203
12 237 3 655() 19471 19141 330
13 95 0 14621 19384 18784 597
14 357 27 38564 51670 50188 1487
15 14 0 2629 8483 8453 30}
16&17 89 9 31371 50169 48890 1279
18 50 17| 18509 23951 23214 737
19 27 0 16384 19834 19182 652
20 49 17| 3314 4943 4819 123
21 665 0 10634 23207 22849 357
22 291 0 4696( 77131 75585 1544
23 89 3 97554 105961 102724 3244
24 148 0 15004 19456 18909 547
25 102 0 8594 13361 13039 322
26 6 0 13704 15194 14723 467
27 132 0 30244 35304 34202 1104
28 290 0 5812 14974 14709 269
29 31 0 21934 25461 24747 714
30 83 0 9279 14967 14782 180
31 782 0 50919 61203 59498 1709
32 1446 0 16063 57414 56399 1014
33 36 2 34680 36064 34895 1174
34 110 0 18764 22824 22174 653
35 232 0 26380 28307 27408 899
36 68 0 36454 38074 36876 1194
37 65 48 9709 12681 12312 369
38 930 0 24004 34772 33864 909
39 49 0 2 1857 1857 0
Total 997944 973151

Loss -2,68% -5,10%
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Appendix 7E

An Example of Data Coupling in GIS

A short example of how the above flowchart and efséata is applied in practice may
clarify the way we deal with our data. Let’'s taksimplified input-output table for a
small economy. This economy consists of two sectdrand B. Besides this we have
data on imports and on other final demand. We st&h the following data (Table

7E.1):

To A B Housholds | Other final Gross
From Demand output
A 20 45 30 5 100
B 40 15 30 65 150
Households 20 60 10 10 100
Imports 20 30 30 0 80
Gross outlay 100 150 100 80 430

Table 7E.1 Example of a transactions table

Suppose, in addition, we also have a databasectimiins data on the location
and on the intensity (number of workers) of ecoraditivities. In this environment we
can perform operations that allow us to deal whit $patial character of the data. One
of the first operations we can implement with a @ %o give thematic data exact geo-
location. In our example, this is done by linkinigetthematic data on economic
activities to a geo-referenced database usinga@ie< (in this small example, we keep
the X and Y coordinate fields empty; of coursethie real GIS environment they are
filled in).

Suppose that from our overlay operation, we findt tthe areas containing zip
code “9977 AB” and zip code “9978 ZK" are floodasle( have lightly shaded them in
Table 7E.2). This would mean that these activitiesild seize to function for some
time. The database is supposed to contain allnmdtion on all activities; this means
that now we can make estimates of the impacts diSiption on each sector. In our
example this means that we can summarize this impaiee following table.



Z value
X Y Zipcode SIC-code SBIl-code | (number of

workers)

1 9976 KJ 8844 8 9

2 9976 KJ 8845 8 3

3 9977 AB 8849 8 0

4 9977 AB 8850 8 2

5 9978 XZ 6670 6 10

6 9978 XZ 6671 6 5

7 9978 ZK 6675 6 4

Table 7E.2 Example of how a GIS-database might looks like

The end result of this operation is an estimatthefeffect of a natural disaster on
the economy. This fraction of lost employment Vel used to model the impact of the
shock on the economy (Table 7E.3).

SBI-code Number of Number of workers | Fraction Percentage
(sector) workers affected | in the affected area capacity loss
8=A 2 14 2/14 14%

6=B 4 19 4/19 21%

Table 7E.3 Calculation of loss of output
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Chapter 8

Water and Flood Management in the
Netherlands: Shifts in Policy and Modelling

8.1.INTRODUCTION 8

One of the most rewarding cases to consider inucmtion with our methodology to
analyse the consequences of major disruptions idemmoeconomies is the issue of
flooding and flood management in the Netherlanas.tHe European spectrum of
countries, the Netherlands occupies a special plamecenturies, water management in
the Netherlands was subject to smart solutionieneingineering sphere — constructing
complex system of dikes, drainage systems andcaatitanals? which resulted in a
highly-developed country with high potential, pallif occupying the land conquered
from water. It is due to this amazing fight againature that the Dutch have become
world-renowned experts in water management, dikklewee construction.

For the Netherlands as a low-lying country, a mdjooding can be highly
destructive, if not catastrophic. This is a consempe of the country’s location on the
coast of the North Sea, with almost half of itgitery below sea level. As it is in the
downstream of three biggest rivers in Europe, thien® the Meuse and the Scheldt, the
Netherlands face a constant danger both from thersiand the sea. Being under
pressure of the uncertain dynamics of possible atkmchange, there are the
implications to deal with, i.e., the rising seadkand increasing extreme fluctuations in
peak flows, which are increasingly acknowledgedasious expertsitfter alia, MNP,
2005). It is important that flood protection is ogaoised as a crucial policy issue. Recent
findings of a predicted increase of extreme préaijpn events and a gradually
subsiding ground level in the Western (coastalfspaf the country further intensify
this. Learning to live with risks, and adapting @ctingly, means that we have to look
far ahead when making today’s choices.

8 This Chapter is largely inspired by a paperciBojova, Steenge and Hoekstra (to appear 2007)
“Management of Catastrophes: A Paradigm Shift imRing about Flood Risk” In: Folmer and Reinhard
(Eds.) 'Water Problems and Water Policies in the Netherfind

8 Currently primary and secondary dikes are pratectile country where each has its own role. Primary
dikes are the ones built along the coast and atbegmain rivers. Secondary dikes are limiting the
artificial water reservoirs and canals. By pump@gessive water back to the rivers and the sea, the
water level in these artificial storages can beilzegd.
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In this Chapter, specific aspects of recent thiglkaibout the consequences of big
floods are discussed. Economic development andlab@u growth in the Netherlands
in the past decades, together with changing nataraditions caused by climate change,
trigger shifts in the approach towards water mamege and threats of a major flood. It
appears that the risk of such floods occurringdteadily increased in the past decades,
which implies that traditional, technology-basegmmaches (such as raising the dikes)
can no longer be seen as a single remedy. Thissrtbahmore integrative approaches
are asked for, and thus become central to our sksan in this Chapter.

The Chapter focuses on policy options in cases aylthre to a catastrophic flood,
part of the existing economic networks fails faransiderable period and many supply-
demand relations are disrupted. The economy sugded to decide on how its now
restricted resources should be allocated. Followdng modelling logic, set forth in
Chapter 6 of this thesis, we choose an approachhadiifers a suitable instrument for
analysing alternative policies which (re)direct tbieculation of available resources
between various categories of sources (‘supplieasg destinations (‘buyers’) in an
intelligent way. In fact, the case of potential oraflooding in the Netherlands should
be considered with due care, where mixed mechanafnmiblic policy and private
response must take place. This is important inqdar due to the recent developments
in water and flood management in the Netherlandschvpoint to newly emerging
underlying principles in public policy, namely ihet direction of shifting the balances
between the public and private domains in favoua ofiore involved model of sharing
responsibility. From this, it becomes clear tha pgroblem then becomes a matter of
complex interactions between private and publierest. For this purpose, our input-
output model for disaster analysis (see Chaptara®)provide sufficient flexibility to
address policy issues for a country facing a pa@knhreat of a major flooding,
covering bothex anteadaptive measures and measures structuring rgcavethe
immediate disaster aftermath.

This Chapter is arranged as follows. First, we tstaith a brief historical
retrospect, leading up to contemporary water aoddflgovernance structures with the
changing demarcation between individual and segpansibility. Next, we will provide
some insight into the current Dutch policy dynamtbst seem to resemble self-
reinforcing mechanisms. We shall draw attentioth® critical position at the moment
for choosing the time horizon and taking decisitorsfuture development trajectories;
some main lines will become clear, but by and lathe debate is just beginning.
Finally, we will show that our methodology for mdideg economic aspects of major
disturbances can be used as a tool for addresamgnt issues in Dutch policy-making
while fitting into the European trend of giving necattention to flood protection issues.

8.2.THE NETHERLANDS : FROM FIGHTING AGAINST WATER TO LIVING
WITH WATER

The Netherlands makes a suitable case of referarmg study of major disasters in the
developed countries. With the population densityrfdimes EU average (480
inhabitants per kfin the Netherlands against 117 in the EU-25, 2)0the country

% Source: Eurostat (www.europa.eu.int/comm/eurdstaor comparison, population density in Germany
is 230 inhabitants per Kmin Latvia — 37.
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has an extensive industrial network, which can teeesely affected as result of a
disturbance. In this Section, we shall addressOb&h ‘philosophy’ with regard to
water management. Here, the trend of seeing thervaatan enemy seems to give way
to a major change in thinking, i.e. an approacletiam the principle of living together
with water. This means that different ways of thigkon flood protection and the entire
water management in the country become necessaey.shdll first provide some
historical background, and then turn to the recgewelopments in Dutch policy-
making, illustrating the shift in thinking on wateranagement and flood protection.

8.2.1. Short Overview of Flooding Disaster Histarythe Netherlands

The Netherlands has witnessed a number of watetectdisasters in its history. Many
people still remember the terrifying flood of 1958hich however was not the first
disaster that the country has ever witnessed. Majlamities are recorded from as early
as 838" the first floods (838 and 1014), St. Elizabetfisods (1404 and 1421), all
Saints flood (1570), Christmas flood (1717) and Znaderzee flood (1916). One of the
more recent experiences, although it did not lead tlevastating calamity, is the near-
flood event of 1995 when 200.000 people were evadubecause a polder along the
river Rhine was in danger of being inundated.

One can consider the Zuiderzee flood as a warnomgirg before the major
disaster of 1953, signalling the existence at time of weak points in the coastal
protection belt. As a response to the 1916 flot, ¢tonstruction of the so-called
‘Afsluitdijk’ was initiated, which cut off the ‘Zuderzee’, which then became an interior
lake, the ‘IJsselmeer’. This was combined with ofaege infrastructural works such as
the elevation of two new polders, ‘WieringermeartddNoordoostpolder’, which added
new farmers’ land and connected several islandhdomainland. In later years, two
more polders were added, carved out of the IJssg|/m@ostelijk Flevoland’ and
‘Zuidelijk Flevoland’, which combined different fations, providing room for new
towns, farming, nature and recreation.

However, the Afsluitdijk, connecting the province$ North Holland and
Friesland, could not prevent the disaster of 1 &afyr 1953, when the provinces of
South Holland and Zealand were thoroughly floodgghrt from the poor condition of
the many dikes in the Delta area, the flood wagelgr due to an unfortunate
combination of climatic circumstances. StartingJ&®uary 1953, during the period of
high tide, a strong depression had formed to thehiNWest of the Netherlands, moving
towards the country. The hurricane that emergeithah depression area intensified the
high tide, existing at that time, and caused tHipse of the weakened protective dikes
in the early morning of 1 February. The highesbrded water level was reached: 4,55
metres above NAP (Normal Amsterdam Water Leveljusher second flood during 1
February worsened the situation, claiming moreslivas the dikes were breached,
giving the water every opportunity to further inael the low land.

The consequences of the flood were terrifying. 8.@@ople died as a direct
consequence of the flood, about 40 more people aftetwards. 200.000 cows, horses,
pigs, and other cattle died in the water and alni®$.000 hectares of land were
flooded. The contamination by the salty water metat the once fertile soil was

91 Source: Delta Works online (www.deltawerken.com)
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unusable for many years. 3.000 houses and 300 farens destroyed and another
40.000 houses and 3000 farms damaged. 72.000 pkag@léo leave their houses and
were evacuated to other areas. Only by the en®%3,lthe area was officially declared
dry again.

This enormous flood triggered the emergence of ‘Deta Plan’, a combined
strategy of a) building higher dikes, and b) dep#lg the entire delta area. The resulted
execution of Delta works — the impressive constomcbf an open dam consisting of a
system of 62 massive sluices, cutting off the majgtets to the sea (with the exception
of the Scheldt, motivated by the interests of Amfwkarbour), was concluded in 1997
with the building of the movable storm surge ‘Maes|Barrier’ near Rotterdam, which
can close off the New Waterway when water levels to a threatening level. All these
works were carried out as the country’s immensesiment in the protection against
future floods. However, currently — half a centuajter the last disaster —the
Netherlands is facing new challenges.

8.2.2. Marking the Shift from Probability to Risk Ehagement

From the short overview of the flood history of ttauntry in the previous Section, we
note that the policy of guaranteeing public safietythe Netherlands by raising and
strengthening the dikes in combination with larairal policies has an extensive record.
It reached its culmination in the Delta Plan, after 1953 flood? The decisions made
in that context fixed Dutch policy for the next §8ars. The political pressure in the
aftermath of the 1953 tragedy was triggered by ipuixtlief and expectations that the
government will provide protection against floodimgthe future. Due to the technical
infeasibility at the time to conduct a detaileddstwf economic vulnerability, as well as
the inability to anticipate the extent of growthatithe country would witness in the
coming decades, the ‘Wise Men’ of the Delta Cominissoncentrated on solutions
targeting the probability of flood to be reduceclose to zero. This has resulted only in
a partial safety standard differentiation accordm¢he relative economic importance of
the areas in the design of the Plan. The main fe@ssto ensure safety under the motto
“never again such a flood”. The Delta CommissiokedsVan Dantzig, a well-known
statistician, to address the problem of calculating optimal investment strategy in
flood protection. He developed a general formula flee optimal size of flood
protection measures, the dikes, in a dynamic contekere investments at regular
intervals are required. His formula gives a fixedeedance probabill”@/ after each
investment in the relevant safety structure. Théhoutis still in use in the cost-benefit
analysis of flood-protection measures today.

The high standards applied in flood defence consitms thereafter (like water
overtopping a dike once in 10.000 years in the gtniar the most vulnerable areas in
the Western part of the country) created a gereedihg of security, and reinforced the
expectation that public authorities can always gntae safety, both of which reflected
a near absolute faith in the physical, geograplaaal climatological foundations of the
underlying (model) calculations. This permitted accelerating socio-economic

92 The first comprehensive study of the Delta Plas wasented by Maris (1954), Tinbergen (1954) and
Zeegers (1954), and discussed the engineeringpetonand social aspects of the plan.

% The term exceedance probability refers to the ohahat water level exceeds the top of the dike,
resulting in overflow and breaking of the dike ahds flooding of the land behind the dike.
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development behind the dike system in the subséqiecades. The protected areas
rapidly changed into a highly urbanized economwinging a significant role in the
‘global village’ of international commercial andcsal networks. The fact that human
and economic interests behind the dikes becameehighd higher slowly created a
problem in itself. What was not sufficiently realsat the time, was that the protective
system and what that system is protecting are baoogether in a seemingly endless
feedback system with ever increasing stakes arehpat damage. Thus, policy mainly
focusing at managing the probability of floodinganethat less attention was paid to
measures controlling and reducing the consequentes potential flooding. This
resulted in a situation when thisk of a flood defined as the product of the probability
of a flood and the expected loss in case of a floeds addressed one-sidedly by
looking only at the first term of the risk equatiavhich is not sufficient for reaching a
long-term solution.

At the same time, it gradually became apparentttiaistate can not completely
control natural variability or changes therein —iathmeans that extreme situations will
always remain possible. The fact that flooding @rency standards during the past fifty
years did not change and that economic expansibimdeéhe dikes was exponential
actually increased expected risks (RIVM, 2004). tTisa although the probability of
flooding is relatively low at present, potential niage is enormous. Against this
background, there is a developing insight thatdimeent strategy cannot be sustained
ad infinitum and that new solutions have to be found (seeGogimissie Waterbeheer
21e Eeuw, 2000).

A corresponding development in this context isdh@wing importance of system
risk analysis (see e.g., OECD, 2003; Dalziell ancMdnus, 2004). Characteristic for
the system approach is that it considers a systeits ientirety, which, as opposed to
partial analysis approaches, is considered to iggéb than the sum of its constituents’.
For us it is interesting to consider that partydtem analysis that studies the effects of
positive and negative feedbacks (Hoekstra, 2005this context, a positive feedback is
the mechanism that favours the reinforcement of itigal impulse; a negative
feedback, on the contrary, suppresses the imptilse. means that negative feedback
mechanisms are necessary for a system to staliisie. This approach, applied to
water and flood risk management in the Netherlacals imply that in particular
negative feedback mechanisms are of crucial impoetao be built in, to ensure that the
country is able to deal with a hazard without imow extensive damages, and be
flexible enough to adjust to the new circumstandasthis way, negative feedback
resembles features that come very close to thesideeesilience and adaptability that
we discussed in Chapter 2. We put forth that adgpin advance to potential
adversities, thereby decreasing vulnerability angproving the resilient response
capacity of a system, improves the systems’ perstst in the face of a disaster. If
system risks pose a threat to the stability of@assystem in its entirety, then relevant
questions for the Netherlands are the following: idhcombination of technical,
economic, financial, legal and administrative pekcand/or measures can contribute to
improved risk control, and in particular to deciagsthe economic and social
vulnerability to flooding? New insighister alia into the economics of a calamity in the
context of a modern developed economy are thenraqmreo‘?4

 Here we shall not discuss related developments aache establishment of modern systems for data
storage and retrieval in water monitoring. Howewee, should mention the recently developed High-
water Information System in the Netherlands (MTBQ%a). This system is designed to monitor flood
defences, to present inundation calculations asd &@lculation as a decision-making support tool fo
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A number of elements in the process of growing awess in the Netherlands can
be detected. One of the first issues which has bealised is that risk analysis is not
(only) about the probability of a certain waterdewf the rivers or sea to reach some
critical value as it used to be, but also aboutptmbability that a particular link in the
entire line of defence construction succumbs (TAB00; Vrijling, 2001). That is, one
should be looking for possible dike failure meclsam®® stability of dike closing
mechanisms (like sluices) and, more generally, thar weakest links in the entire
protective system. The real probability of a flaesdherefore equal to the probability of
the water reaching a particular level in conjunttrath other failure processes.

Today the country has reached the conclusion thHad gradually ended up in a
self-reinforcing state with potentially catastraplionsequences. The conclusion has
emerged that not only decreasing the probabilityg 860ding should be considered, but
also (and specifically) the possible consequendes flood. According to the recent
RIVM report “Dutch dikes and risk hikes, a themagolicy evaluation of risks of
flooding in the Netherlands” (RIVM, 2004), at praséhe Netherlands is not adequately
protected against the threat of flooding, both frilve sea and the rivers. The following
quote clarifies the statemernbif, p.12): “Dams in the Netherlands have never been
stronger. [...] Yet the risks of causalities and exoit damage have become much
greater [since 1953].” The new question in thigpees has become: How to balance
lowering the probability of a floodnd lowering the potential damage. This means an
entirely different conceptual basis, reflecting gt&ft in Dutch thinking and policy-
making about protection strategies, which may lherred to as a shift in paradigm (see
Bockarjova, Steenge and Hoekstra, 2007). The condepslois being re-discovered,
and this nowadays becomes the key to understartimguture direction of water
policy in the Netherlands. Furthermore, the remighals a discrepancy between the
legal standards regarding dike height and socim@ndic growth in the past decades.
The main conclusion of the RIVM study is (2004,3):1The current safety policy does
not create the conditions for the Netherlands wwild lead to the safe and suitable for
habitation country as it has been provided by thiernination of the safety standards
of 1960. [...] The safety standards are no longet efiective with regard to the spatial
distribution of the economic assets. [...] Economitues and the lives of people are
less protected than it has been provided in 1960B& report claims that it is not about
the dikes, i.e. the technological response to khmeat of flood. What is required are
spatial solutions as the dynamics of economic agsetimulation as well as human
settlements have been overlooked for decades byotinger generation of planners.
These are the standards for future developmentiseireconomy, not the standards of
today which can be viewed as a threshold for tlagvolrg up and the implementation of
current protection paths.

The second study to be mentioned in conjunctioh Wit marked shift in policy
perspective is “Flood Risks and Safety in the Ne#mels” (MTP, 2005d), a study
initiated by the Ministry of Transport, Public Waerland Water Management. It focuses
on safety within the Dutch system of interconnegbetters (we shall return to this
issue in the next Section). This presented a sefieslculations based on an adapted

officials in charge. Several stakeholder organisetiare involved, with a central role for the Dutch
Ministry of Transport, Public Works and Water Maaagent.

% Nine dike failure mechanisms are distinguished/{®] 2004 p.110): overtopping; instability through
infiltration and erosion after overtopping; pipirftgeave; macro-instability at land side; macro-ibsita
at river side; micro-instability; instability of ki2 cover; and sliding off at riverside.
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framework in which not only dike overtopping wasegnted for, but also several other
causes for dike breaching (see footnote 95 asaseBection 4.2.1 in Chapter 4 for the
description of modelling methods).

One can see from the description of reports abloakthe noted awareness causes
a gradual shift in thinking about water policy, icreasing attention being paid to the
possibleeffectsof flooding and to measures to prepare the coufurythe new (and
changing) circumstances. In this context, new idrat as ‘room for water’ or ‘room
for the river fit in extremely well (Silva, Klijnand Dijkman, 2001), as well as new
views on concepts like vulnerability and resilier{descussed in Chapter 2). Also, the
idea of minimizing system risks within system ammio, which we briefly mentioned
earlier in this Section, fits in well. The new cepts in contemporary Dutch water
management ‘room for water’ and ‘room for riverls@ sometimes referred to as
‘letting the river be the river’ in Linnerooth-Bayand Amendola, 2003) refer to the
proposed approach of giving more space to natuedkmflows instead of building
water defences and thus making the water flow irdifreml ways. In particular, the
‘room for river’ approach suggests that, with themaof managing floods and
improvement of overall environmental conditionsieri cross sections are widened by
situating the dikes further away from the river,bgrlowering the river forelands. It is
also possible that in some cases retention areaassigned for controlled flooding in
case of extreme water levels to avoid uncontrali&e breaches or overtopping. This is
expected to result in lower flood levels; for exdenpy the year 2015 the river Rhine
should be able to safely discharge 16.000smand by the end of the century 18.000
m3/s (with a current capacity of 14.000%8)® Implying a new kind of approach to
flood management, ‘room for water’ requires newtighalanning and consequently
also new ways of decision-making. This essentiadlg to do with the selection of the
locations where more room would be given to theiradtflow of the rivers and where
arrangements would be made with people affectethbynew approach. Because the
population is actively involved in the decision rivak processes, practice has proven
that communication on the part of the governmentlanal authorities, on the purposes
of the new measures, plays an essential role iredaoly societal consensus (RIVM,
2003, p.14).

Other reports, “National Spatial Strategy” (MHSPEal, 2004) and “Peaks in the
Delta” (MEA, 2004), were published by the governtemarking the further change in
thinking about water. In addition to the new stggtef protection against floods, being
implemented, a new spatial planning is under waxoliing many more interested
parties, which can ultimately change the patterfutdre human activity distribution.
This presumes integration between spatial planreegnomic development and water
management, as the ‘room for water’ strategy mehascreation of detention areas
available for controlled inundation in case it b@es necessary to control exceptional
water flows. Such an approach will evidently demanetvision of spatial patterns for
land use, and can cause adjustments resultingaingothg economic (infra-)structure in
the long run. A number of studies have been imitlato support anticipated new
directions in water policy and management in thehBidands (such as an ongoing
research in the field of climate change, in patdicuhe ‘Climate Changes Spatial

% For more information, see the website of the mtdjRoom for the River”, www.ruimtevoorderivier.nl.
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Planning’ research project covering five main themdimate scenario’s, mitigation,
adaptation, integration and communication can betimeed)?’

However, the arguments outlined in this Sectiory gmbvide a snapshot of wider
public, political and academic discussions goingionthe Netherlands. A shift in
attitude to flood protection from a static, probeypioriented approach to a more
integrative risk management can be seen (see alam8, Francois and Troch, 2005).
Still, it is to be expected that it will take sotnm@e before the new approach becomes an
accepted ‘business-as-usual’ practice. At the momstadies of multiple flooding
effects, their interdependence and repercussiomsigh time, have to be conducted
before specific policy decisions are taken and messare implemented which can
have a massive influence on the future developmpaiits of the country.

8.2.3. Risk Management Approach

Observing recent developments on the issue of flwotection in the Netherlands, we
note the revival of the concept of risk in flood magement. Risk is the product of the
probability of flooding, and its consequences (ite costs inflicted). If we denote the
flooding probability by the symboP, and the expected effect (i.e. the potential
economic consequences) Bythe riskR can be defined &R = P x E. Acknowledging
the fact that the full flood risk is the sum offdilent flood scenarios, it is more precise
to write: R =Z; (P; x E) , wherei = 1 ton denotes the number of flood scenarios. For
many years, public policy was aimed at lowerify as much as possible.
Simultaneously, however, as we mentioned in thevipus Section, the country
experienced a period of rapid growth, which mebhat E, the potential flood effects, in
the risk formula became larger and larger. Thislbad to the situation where, at the
moment, the Netherlands is confronted with the ptiorally low probability of a flood
(by age-old philosophy) and potentially extremelyhhconsequences. In order to bridge
this discrepancy in the coming decades, the rigkagzh must be translated into a
policy aiming at decreasing overall risk. This sdently a formidable task, because it
not only requires insight in the ‘risk equation’ daits dynamics, but also in the
relationship between the two terms comprising ridkis clearly is the place where the
water management specialist and the social scienést.

The discussion in the previous Section, as we saes, clearly signals what one
may call a ‘paradigm shift’ in water and flood mgeaent in the Netherlands. That is,
a shift from focusing on the probability of a fland to thinking in terms of risk of a
flooding, which opens a much broader setting fabpem analysis and policy decision-
making. The essence of the ‘old’ thinking in thense is keeping the probability of
flooding constant in conformity with the acceptadnsiards (for example, those laid
down in the law). The ‘new’ thinking takes into acat the risk connected to the event
of a flood, which means a balanced attention tt lfloibding probabilities and effects.
A further step in this direction would focus thdeation of politicians and decision-
makers at managing in particular the potential atftf a flooding, because flooding
probabilities in the Netherlands are already vewy.|The background here is that the
accumulation of assets and the accelerated urtiemsa the flood-prone areas of the
Netherlands dictate ‘new rules of the game’. Thabpbilities of a flood set out in the

97 See the website of the project ‘Climate Changesi&g°lanning’ for more information:
www.Kklimaatvoorruimte.nl.
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National Flood Defence Act (1996) are actually mnile, especially in comparison
with the standards imposed around the globe, aveyamce per 100 years. This means
that to some people, further efforts at a reductadnflood probabilities in the
Netherlands may make little sense. Therefore, mamagt of the effects of a flood
becomes indispensable as a main direction fordypofticy developments.

The recent discussions about the need to reconsigeent flood risk policy
reactivate the issue of equality in protection lsv&he question is whether everyone,
wherever (s)he lives, has a right to the same ptiote level, or that protection levels
should be a function of population and capital dessper dike ring. In the former case
the safety level in each dike-ring area should foth@® same order of magnitude. In the
latter case (reflecting the current situation) @ie fact forced to accept different safety
levels in different polders. With the state finangiwater safety, as is the case now,
probably no difference would be observed. Howewvér,the state opts for a
responsibility-sharing model, involving more paigation on the part of the public in
water management decision-making, as shared fiaaresponsibility, the final choice
of staying in a higher risk area would be up topkeple living there. Also, because of
differences in economic growth rates, currentlysemg demographic and economic
differences can become more prominent in the medindhlong run. In fact, the very
principle of thinking about floods in terms of riskplies also that in future the ultimate
decision about the acceptable level of risk shdn@ldnade by society at large. That is,
flood protection should no longer be a sole maitezngineering, but rather be decided
in public debate and compromise. This requires iy parties become involved in
the negotiating and decision-making processesdrittture.

Bouwer and Vellinga (2007, pp481-482) contributéhie discussion, arguing in a
similar manner: “The Dutch policy with regard teetbafety levels and the protection
against floods needs to be reconsidered. More liedore, the potential impact of a
flood needs to be the starting point for decisidns] The idea that the land has to be
protected at all costs could also become an issuéddbate and safety levels in some
area could be lowered.” This means that it is iasimgly realised that, apart from
looking at probabilities connected to a flood eyedéo potential consequences have to
be taken into account, which in turn leads to re@eration of protection standards and
rules. We should add that increasingly, analyseghef social, environmental and
economic costs and benefits are required to detertiie most cost-effective measures
which would correspond to the accepted level & dsnnected with a major flooding
event. Options to be considered include increadikg heights, but also providing more
room for the rivers, compartmentalising existingkedirings, creating emergency
inundation (retention) areas, adjustments in bugdmethods, rearranging spatial
patterns of living and economic activity in the dpomun, et cetera One of the
implications for the developing shift in perspeetiis that it is increasingly more
important to properly account for the economic empugences of any particular decision,
as the country (now) has to weigh investments imaegafety against the costs of a
possible flooding. This means that on the econmiue, cost benefit analysis will be a
central element, combined with willingness to paydees to explore the opportunities
for alternative solutions that would in turn leadthe emergence of a more sustainable
and risk-aware society.

An important issue in the ongoing debate is thpaasibility issue. Up to now the
Dutch government has had full responsibility fdradlthe water-related risks, at least as
perceived by the public. The question is if thia cantinue in the future. One aspect is
that no government can guarantee perfect safety fratural hazard; residual risks will
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always remain. Recently, in the Netherlands thestijole appears how to cover this
residual risk. Public or private initiatives, asllas mixed solutions will have to be
found. In the light of this discussion, one notesiatensification of the debate on
private insurance against flooding both in acadeamd public circles (see Chapter 3,
Section 3.2.4), as well as research conductedealngtitute for Environmental Studies
(IVM) at the Free University of Amsterdanmter alia Botzen and Van den Bergh
(2006a,bf® We shall elaborate this issue in the next Section.

Addressing this issue immediately touches upor(fiitere) scope of governance,
which brings entirely new elements into the distussFor example, Ahrens and
Rudolph (2006), point to the interdependence betwgevernance structure and a
country’s susceptibility to hazards, and risk rdoug where accountability,
participation, predictability and transparency pkay important role. In any case, the
role of the Dutch Water Boards, the age-old pubtidies governing water safety on the
local level, can be reconsidered as well (see Hlsks, 2004). Water Boards in the
Netherlands are fulfilling three tasks: i) waterntrol, including protection against
flooding by means of dunes, dykes and canals; @)ewmanagement including both
water quantity and quality; and iii) managementirddnd waterways and roads (see
Unie van Waterschappen, 2004). Recent reports painthe potential for an increasing
importance of Water Boards to sustain flood risknagement in the future. For
example, the report of the Advising Committee oa #inancing of Primary Flood
Defences (Vellingeet al, 2006), Dutch Water Boards are suggested to héyeeh
financial capacity in the long run compared to ¢herent model of financing stemming
from the national budget to guarantee sufficiemesiments in the improvement of dike
rings. There are three main reasons underlyingdhiglusion. First, Water Boards in
the Netherlands already have a long history of es&ftil water management and self-
financing. Second, they are independent of state, therefore are not subject to
political changes or compromise. Finally, becaudetl® expected increase in
investments in primary defences (among others, ected to the pressured put by the
climate change, as well as underinvestment ingbiedecades), higher tax burden has to
be put on the public; yet it appears that peopleldvaather accept water board tax
increase than a national tax increase, which shenklire the solvency of the Water
Boards in the longer term. The next Section willdew up on the topic of the
reshuffling of the balance between public and gevdomains.

8.2.4. The Emergence of New Public - Private Balasc

For a long time, responsibility for flood protectiin the Netherlands has rested solely
with the government. However, as pointed out, rdgemne notes a shift in opinion
towards more interactive decision making, involvimyore parties. Lately, the
government has started to express its views onra geregulated mode of dealing with
flood risks. The National Policy Agreement on Wa(@003) puts forth that issues
concerning protection from and reaction to calassithould be addressed at the level
where they appear. This principle, in practice, uthomean that individuals,
municipalities and provinces should show more atite in taking care of their own
safety without relying solely on the protection yideed by the national government.
This is supported by the views proposing a shifthef current mode of government

%8 More information can be found on the IVM websitenavu.nl/ivm.
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responsibility to a model of shared responsibilyouters, 2000a,b). Here, in the
context of the transition in Dutch water managenfemin ‘keeping water behind the
dikes’ to ‘living with water®, people have to learn how to deal with risks caten: to
flooding, as well as taking more responsibility. &mg others, this can be seen as
adjustments in building modes and standards, locatihoices for residential and
business areas, and cooperation between varioms agthin society.

This is a remarkable development, marking anothét im the approach to flood
risk. Up to now, flood prevention has been ofteansas a public good. The observed
shift signals a change in the non-excludabilityrelteristic of a public good. That is,
the producer of the good (the national governmeray (gradually) introduce a policy
of excluding particular parties from consuming tH@ example, as it is the case with
the introduction of the so-called ‘unprotected area areas located outside the dikes
(in Dutch, buitendijkse gebiedé&n see MTP (2002, 2005b). To clarify, in contrast
the protection standards for dike rings definedthg Flood Defence Act (1996),
‘unprotected areas’ are not incorporated in the Autl are in fact those areas found just
before or on the protective dam or dike. In thevproe of Flevoland, the ports of Urk,
Lelystad, Almere and Zeewolde fall under the defireutside-the-dike areas’; on the
coast, 13 such areas are identified, among othersfamous places of Vlissingen,
Scheveningen (near the Hague), Katwijk, Noordwdjandvoort and Friesian islands in
the Wadden Sea. Here, an attempt is made to préwveemé development that runs the
risk of erosion during storm surges (MTP, 2002)t Yreere is no clarity about the
protection level that the government can offerhi® éxisting infrastructure and people
living in these outside-the-dike areas. A speci@mmission, the Poelmann
Commission, was appointed to advise the Undersagredf the Dutch Ministry of
Transport, Public Works and Water Management oriuttber development, protection
level and responsibility for protection in the ardacated outside the dikes. Its report
(Commissie Poelmann, 2005) revealed that prote@mmh development of these areas
should be closely considered as a specific casood protection’”® We therefore
observe here a tendency to growing institutionaledity, attributing more direct
influence and responsibility to the parties invalyé

Insurance

One of the points, which reappears in our discus2b public-private balances,
concerns the issue of insurance against flood. W Iput forth the main line of the
discussion on this issue in Chapter 3, outlinirgy bisic principles as well as the
problems related to insuring low —probability —Migonsequence events. In the case of
the Netherlands, this has its own implicationsapparently the issue of flood event
insurance is problematic on the part of insuressyell as on the part of the population,

% See also the website of the promoted policy ofe“ttNetherlands lives with water”
www.nederlandleeftmetwater.nl.

1% For more information concerning ‘unprotected aré€asuitendijkse gebiedén see the websites of the
online Knowlegde Centre “External Safety” http://wvexterne-veiligheid.nl and STOWA (Dutch
abbreviation forStichting Toegepast Onderzoek Waterbehe&oundation for Applied Research on
Water Management) http://www.stowa.nl/.

191 This may be interpreted in terms of a Williamsdigrament (re)arrangement in which governance
structure and product (or transaction) are aligneslich a way that total transaction costs are migd
(Williamson, 2000). Transaction costs, then, arerpreted in a broad sense, including information,
bargaining and monitoring costs.
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both individuals and businesses. On the part ofitiserers, at the moment private
insurance against flooding is not available in #tosintry. This has historical grounds,
going back to the flood of 1953. After this disasiasurers basically refrained from
selling policies covering flood damage, arguingttfiaod risk is an ‘uninsurable

catastrophic risk’ (see Kok, 2004 and 2005). Howevecently the issue of private
insurance is increasingly addressed. Herein liégsndamental problem, however. As
mentioned in Chapter 3, insurance is based on gifieation and generally covers
events with a known frequency distribution. Howevar disaster, and especially a
flooding in the Netherlands, is typically characted by (uncertain) low frequency and
very high cost. Large numbers of people inhabitpudders, as well as the relevant
property, if affected, would lead to substantiadpendent claims. Covering claims
associated with such a disaster requires accessttantial sources of capital.

At the same time, on the part of the public, ineoeadoes not seem appropriate.
The point is that thus far, government always usegive aid to the victims of natural
disasters based on the solidarity principle, whieuired a re-interpretation for each
particular case (see the Decision and the Law ampg@nsation of Damage in Case of
Disasters and Serious Accidents, both 1998). Themma that in fact government
practices provide a disincentive for private agdatengage in insurance. Also, those
individuals, who expect that the government will ladst partially cover private
damages incurred in case of flooding, do not sga@ason to buy an insurance policy.

Other issues may possibly also play a role in iidial decision-making.
Kunreuther (1997, pp2-5) draws on the literaturedegision-making processes with
respect to low probability — high consequence eveartd discusses the issue of
individual protection in the hazard-prone areas. ridg¢es the following reasons for
behaviour to avoid taking measures in such cagasring the event (it will not happen
to me); budget constraints; myopia (connected tsq®l risk perception, as well as
valuation of costs and benefits); and reliance taesdisaster assistance. We may
certainly notice that myopia plays a part in thesecaof flood insurance in the
Netherlands. We also refer to Heems and Kothui®§R0who explain the lack of
consciousness in Dutch society concerning floolsrisy the following factors apart
from the perceived general feeling of safety: latlexperience connected to a flooding
event; not considering water as a source of darigek of information and facts
distributed to the public concerning current risksd, finally, the collective character of
flood protection, which in fact can be seen asilgatb the free rider problem when this
concerns taking measures. As a result, the cursgogtion in the Netherlands,
according to the authors, can be described as regé®mijumper’ effect, when people
inhabiting polders consider it safe to live witke thermanent danger of flooding behind
the dikes, the strength of which they deem reliaBe a starting point to unfold this
problem, Heems and Kothuis suggest that propercoskmunication takes place.

The above discussion regarding the consideratibnesorrers and the public in
general in the Netherlands suggests that it isre¢ial importance that agents on the
insurance market have appropriate incentives. Aantal transition to the principle of
shared responsibility in the Netherlands and enmegeof a market for private
insurance will demand a clear determination ofgaléth a corresponding set of rights
and responsibilities for each participant.
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The Role of Government

Another issue from the overlap of public-privatendons concerns the role of
government in steering economic development, whiehalso briefly mentioned in
Chapter 3, Section 3.2.4. All around the world, remuies are to a certain extent
regulated by the governments. For us it is of gdgerto consider the specificity of
developments in the Dutch situation and the rol@g@fernment in economic policy-
making in the aftermath of a disaster. In the lighthe shifts between the private and
public domains in the Netherlands concerning flpastection, one of the scenarios that
we can assume for future developments is that wumdemal circumstances’ the
government is willing to delegate part of its resgbility with regard to flood control
and water management in the country to the puBliche same time, the government
can choose to remain a stabilising factor and acsoof ‘last resort’ in emergency
situations and consciously assume the respongilfidlit steering post-disaster recovery
of society. One of the aspects in the efforts fattipg the country back on track is the
economic side of the calamity.

Looking from an economic perspective, if a pariaofountry is hit, which hosts
important production facilities, that part of thstablished economic network is lost.
That is, the system suddenly loses constituentspamtd cannot keep on working as
before. A number of producers economy-wide loseir tlheistomers, others lose
suppliers, and consumers are not able to obtaidésged consumption goods, causing
an avalanche effect throughout the economy. Intaaidivarious production sectors
may suffer damage to a different extent, which iegplasymmetry of effects (as we
discussed in Chapter 6 in developing our model)s Tan create imbalances between
the various sectors within the economy, leadingupply and demand shortages on
various markets. Imbalances can not always be aiticafly restored; probably
sometimes governments choose to assume respdysihitid either temporarily
introduce more regulation in the markets experiemcsevere problems or provide
appropriate incentives to various agents with tima af facilitating post-disaster
recovery. This means that, most probably, econgmiccy is required to assist the
markets in clearing. To be ready for emergencyasitas, the government thus needs to
know its options, and above all needs to have Imsighow the economy may respond
to various stimuli under the circumstances thatbggond the scope of ‘business-as-
usual’ practices. In the next Section, we shaltuss how economic modelling can be
applied.

Furthermore, there is clearly a time horizon isBureproactive policy formation
for the risk-averse policymakekn example of such a policy would be the protectibn
a particular area, or a deliberate spatial retistion of activities (in order to make
most disaster-prone areas less densely occupieddigtry and inhabitants) as a loss
avoidance strategy for a potential calamity. In panson to the ‘do-nothing’ case
(MAFF, 1999), these assets would be protected, thod the costs of loosing them
would be avoided if a flooding breaks out. Evidgnthese are examples of long-term
policy measures. This brings us to the point thatfact short- and medium-term
approaches should be conceptually distinguishad tle long-term perspective. When
talking about long- and very long-term policy, oftélicksian sustainability concepts
enter, in the sense that the choices of future rgéines should not be compromised for
the sake of choices of current generation (seeBisodtland Report, UN, 1987). This
implies that we have to think of ways to enhanc® tbbustness and resilience of the
systems in question on the long term in preparargfcalamity, or in steering recovery
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when responding to a disturbance. This impliesferdint set of concepts and variables
in taking today’s decisions than when policy-makan® at the short-term horizon.
Also, when considering the cost-benefit analysipraf-disaster measures, outcomes of
analyses may vary due to different ways of disaogntosts and benefits over time.
This also involves the inter-temporal preferencésaors involved in the decision-
making process.

All this has implications not only for preventiveaegies as described above, but
also for recovery planning. We can think of ex-pgstvernment policies helping the
economy and businesses in particular to cope Wwdhektreme situations in future in the
event of a flood (or any other major disorder). Eaample, the government should
probably be alert to a situation where, in additionthe country suffering direct and
indirect losses (for the discussion of these comcegnsult Chapter 3) incurred by a
calamity, long-term losses associated with the ding/out of domestic production by
imports can take place. This may be the case ifedtimproducers as well as consumers
outside the affected area temporary switch to éprgaroducts to substitute missing
local goods. If this turns into a permanent tregmhds, which before the calamity were
produced domestically and now are imported, afadhlost to foreign countries (which
is in line with our definition of damage, see Cle®). To avoid this situation, policies
directed at the encouraging of uninterrupted prédao@rocesses in the country may be
pursued.

This means that the possibilities to steer the veigo have to be designed in
advance. These contingency plans should form aggiat part of the high water
protection strategy, as in the immediate afternadith catastrophe it should be clear for
the decision-makers which options there are ancthwloif them should be preferred
depending on the prevailing circumstances. One Idhmalise that in such extreme
situations action has to be taken straight awag,tha consequences of this action will
have an impact on the later development stagesefidre, recovery and reconstruction
have to be immediately directed at the trajectdrhe ‘most desired outcome’.

In fact, in the course of this Chapter, we effegljtook a broader view of disaster
management than just analysing the aftermath otteat, with policy alternatives for
steering the recovery. We suggest that severakid@si concerning preparedness and
directed at efforts to create conditions for resitisystems have to be taken; action and
reaction in the wake of a disaster are criticahtinotoperational and strategic decisions
for the long-run development trajectories. Thengsiawareness of the increasing
dangers in the flood-prone areas in the Netherlanelstes a broader platform for public
debate than before, and offers the possibilitynw ideas and concepts to surface. For
the Dutch government it is even more importantetalise which consequences a large-
scale flood may have, not only for the area, whitdly be effected, but also for the
entire economy.

8.3.SUMMARY AND DISCUSSION

In this Chapter, we discussed recent developmenBuitch water management and
policy, signalling a paradigm change in thinkingpabflood threats. We saw that for
centuries both sea and rivers have continuously besource of danger. The Delta Plan,
which came into being after the disastrous 1958ddas for decades set the stage for
flood protection in the Netherlands. This was basedthe concept of very strong
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primary defences, organized to withstand extremdemdevels. For the highly
developed and populated central part of the Nethdd, this amounted to a chance of a
flood up to once per 10.000 years.

We saw that this permitted a spectacular econonoiwtty in the provinces below
sea level, which ultimately made the country a doplayer on many markets.
However, the discrepancy between the infinitesidiké overtopping probability, and
the alarmingly increasing expected losses resulting high and ever growing risk of
flooding, demand a different type of approach. &ams that the country has to prepare
itself for future challenges connected to the ggisk, in this context finding a balance
between expected probability and potential losses] growth and development
agendas.

These recent changes in the view on water manageméme Netherlands have
led to a change of approach from one based on bildpato one based on risk
assessment. Risk, in turn, is the concept including interaction between the
probability of an event to happen (like a majoioflilng) with the costs that this event
may bring about. In other words, risk is the prddefcprobability and the effects of the
expected calamity. Adopting a risk management agron fact requires a framework
that takes the economic side of a disaster exlglicito account. At the same time, there
is a need for the assessment of the potential escrdamage that a flood may cause. If
taken on board, this new initiative may in the long lead to direct implications, in the
first place for spatial planning, accompanied kiyirgher chain of reactions throughout
various facets of contemporary society.

Current developments in Dutch water managementepscted in this Chapter,
lead to other questions. One of these is whetheryeme has the same right for
protection from flooding — which is not the casghti now. In fact, there is a
discrepancy between safety standards as fixed bghDaw and the actual situation as it
has developed. Here, probabtiie country faces the task to re-distribute safety
reasonable and acceptable wakhis relates to other issues. At the moment th&cibu
government bears the responsibility for protectmainst threats posed by the water,
either coming from the sea or from the rivers.Ha toming decade this however may
evolve into practices that are different from catrenes in many respects. For example,
if people want to live or work in specific aredsey also may have to bear a part of the
involved responsibilities related to flood protecti This, evidently, can take several
forms, all of which have to addressed.

A wealth of issues surrounds the spatial dimendtanstly, many of the issues on
today’s agenda are a consequence of how Dutchasgatiucture has developed. The
country is basically a patchwork of interconnecpedders, which each has different
characteristics such as population, economic valod,different safety standards. This
means that probability calculations should be basethe much more complex concept
of systemic risk where a number of dike rings stioé seen as an interdependent
system. Another issue concerns the present disbibof activities. A major issue is
whether or not the Western part of the country oamain as prominent in Dutch
society as it is now. Systematic factors do nokltavourable: sea level rise, subsiding
ground level, increased precipitation and the etgimn of more extreme peak river
discharges. The Netherlands has to decide howlitdeivelop in the next decades.
Should it keep its core economic activities locdtethe areas directly behind the dikes,
or should it adopt a policy of spreading thesevées to the higher areas in the Eastern
and Southern parts of the country? Further reseaitthe needed for this.
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Given the increasing complexity in which modernistes like the Netherlands
are operating, it is nearly impossible to solve ewathanagement and (large-scale)
flooding problems without embedding them in the doler context of economic
development as was the case in earlier times. &amless interaction between various
networks offers rich grounds for debate, which veéidwve will improve our vision on
the water and flood protection problems in future.this Chapter, we attempted to
connect flood protection policy evolution in thetNerlands to economic modelling as a
possible means to analyse selected issues, ircylartipaying attention to the ‘effect
constituent’ of the risk concept. In this contexg state that the economic dimension of
disaster consequences is an essential part in stadding, explaining and steering
contemporary economies in the direction of therdestdevelopment trajectories. In the
framework of this thesis (Chapter 6), we developad presented a methodology that
gives insight into the concepts of economic vulbéitg and resilience, as well as
adaptability and mitigation, which are becomingoguised as topical issues in Dutch
water and flood management at the moment.

The division of our analysis in three steps in pupposed input-output model
allows tracing particular events and their effeatseach stage, and modelling their
repercussions throughout the entire economic syst@ividing a complex disaster
phenomenon into three comprehensive stages, luatieg for survived production
capacity; 2) convergence to (new) equilibrium andnaging recovery; and 3) the
analysis of effectiveness of proactive measurespimsidered to comply with the needs
for flood loss analysis and decision-making suppdrtimes when significant shifts in
water governance are taking place in the Netheslavte suggest that scenario analysis
provides significant advantages, opening up mutippportunities for analysis and
action. We hope to have shown that this three-stggeoach, analysing the economic
consequences of large-scale disturbances, has dtemtial to mature into a fully-
fledgel%ztool for supporting decision-making on dioral, as well as on international
levels:

192 \We may also notice that international cooperatiogaining prominence in the last decade marking a
trend towards paying more attention to flood protecissues. Mitchell (2003, p.568) points out: “In
Europe, concern about flooding has grown rapidlygoent years and has resulted in significant publi
policy responses by transnational organisationgedlsas national ones.” Mitchell distinguishes anier

of driving forces behind these developments embgdda dominant consumer-oriented economy, which
in fact contribute to the increased risks of flaagi Among others, he is mentioning such factorghas
movement of exporting industry to waterside loaagiothe phenomenon of North to South industrial
migration; shift towards transportation infrasturet, watershed protection and water supply, nature
conservation, and recreation as more importantdfitain land uses than traditionally dominant
agriculture; landscapes and ecosystems that becextensively modified by humans; growing
urbanisation, and others. Mitchell notices thaséhprocesses are in particular characteristic obii&y
and are even more intensified by the decreasintingiless of European nations to tolerate floods,
imposing high flood-protection standards, probghbneered by the Netherlands which seems to become
a ‘zero-risk’ society (see also Tet al, 2003, p.579). This all together requires an iratgd solution,
which is sought to be found in cooperation betwisenEuropean countries.
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Chapter 9

Concluding Remarks and
Issues for Future Research

9.1.SUMMARY AND DISCUSSION

In this thesis, we studied the economic aspectmajor disasters in the context of
developed modern countries. Our research was ety earlier empirical research
into the consequences of a big flood in the coastabs of the Netherlands. We
observed that the area of disaster studies wasdiegyse, but also that certain elements
seemed to be lacking or underdeveloped. Our stoclysed on one such area.

We had to refrain from many aspects, such as emviemtal, ecological, social
and political impacts, or human victims. The stiolyused on two particular aspects of
a disaster, itscale and thestructure of the stricken economy. Thereby, we focused
solely onhighly develope@conomies. The international literature clearlinged to the
need for separate attention for the issues we.r&figgous stakeholders need to gain
further knowledge of disastrous events and themermussions throughout modern
societies. At the same time, expertise in this &emt really extensive. The analysis of
major shocks is conceptually different from that of riealy minor shocks. Also
alternatives, such as viewing a big disaster as@df aggregate of a number of ‘small’
disturbances, were not convincing. Here, the sadldéhe event, which seriously
undermines the ability of a system to operate, pkyeading role. We had to conclude
that research of this kind is still relatively neattempting to gain additional insight into
the processes behind disaster events in moderroeses has only recently become a
separate theme of research. Essentially, this éasygain a more definitive shape as a
specific field of study.

Current attempts at studying calamity consequerares very diversified, by
country, type of (natural) hazard, modelling typeparpose; we discussed these issues
in Chapters 2 and 3 of this thesis. This raisedtteroissue, namely that a set of
commonlyaccepted concepts used in disaster research anddéfinitions are still
missing. In our study, we decided to start by asirey the core concepts in disaster
analysis. We started with the notions of a disasted a catastrophe - which are
identified as severe shocks, generating widespristiirbance in terms of physical
damages and loss of connectivity within an economeitwork. Although catastrophes
are seen as ‘major disasters’, within the scopthisfthesis we treat them as equal in



terms of scale, as opposed to the minor or incrésmhechanges conventionally
addressed in economic literature.

As stated, the inspiration for our research wasdihgation in the Netherlands
where the dynamics of the danger of a flood arengimg. One of the most important
aspects of a disaster is tbesruptionit brings about. Clearly, hig disaster will bring
about big disruption. It appears that the impadisaster can have strongly depends on
the nature of the country or region. For exampldepends on whether the economy is
developed or still developing. Also, it dependsattarge extent on whether or not the
country has prepared itself for a possible catpb&o Essentially, these aspects of
disaster analysis can be described by notions ssclvulnerability, resilience and
adaptability (see Chapter 2 for a detailed discugsiThese concepts have recently
become topics of particular interest and wide delmtscholarly research. We have to
stress that these notions (i.e. vulnerability, lierste and adaptability) were ‘borrowed’
from other social and natural disciplines. This niethat they also had to be given a
context-specific interpretation when used in disasinalysis. In this thesis, we have
attempted to present a survey of the literaturadipors with an economic background,
as well as authors from the natural and socialnsei®. In this manner, we interpret
economicvulnerability (to hazard) in terms of a measure to incur damegenomic
resilience (of a system) is then the ability of the systencope with a disturbance,
adjusting to the new circumstances and conditior raaintaining its vital functions.
Adaptability, in turn, is seen as the ability of the systemrepare for potential hazards,
thereby aiming at decreasing its vulnerability amgroving its resilience capacity. In
connection withsustainabilitynotions (broadly interpreted), adaptability ansilrence-
theory applications could yield their best potentiathereby obtaining a certain
normative content.

Consequently, because of the disruptions incurtieel, affected economy faces
costs Here we should not think of costs in terms ofilgle number. Disasters,
imposing serious disturbances into business-as-ysaatices, everyday routines and
established relationships, are too complex to rediheir impact to a single figure.
Clearly, many types of costs are involved, sucloas of human lives and productive
capacity, objects of cultural and historical valuenvironmental contamination,
psychological trauma, and so on. In this study,feeised on the economic costs in
terms of lost — in fact, unrealised — productiopazity.

The measurement of costs is a major issue. Cagtsred as a result of a calamity
can be broadly sub-divided into ‘direct’ and ‘irglit’ costs. However, there are
differences in opinion among researchers concerhiaglefinition and interpretation of
these terms (we concentrated on these issues ipt€@ha& and 4 of this thesis). In this
study we considered losses resulting from a dicegitact’ between the hazard and the
assets as ‘direct’, including loss of associatesirtass flow. On the other hand, losses
resulting ‘elsewhere’ as a consequence of lossooinectivity within an economic
system, are referred to as ‘indirect’. We also femnout that the typology itself of the
costs connected to a calamity requires speciaitaite

First of all, there is the difference betwemeasuremenindinference What we
mean is that the estimation of direct costs, sicheazard-induced damages, requires a
different approach than the estimation of indireast. In particular, physical damage
has a specific spatial dimension and known scopechwfacilitates measurement. At
the same time, direct and indirect losses, conddot¢he interruptions of circular flow,
are much more difficult to trace and are not onipatter of measurement, but rather of
inference. Furthermore, indirect costs often revbamselves far beyond the affected
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region, and can in fact become visible hundredkiloietres away from the hazard-
affected area. This meant that in order to gaimghrisinto the nature of such losses
within a larger entity (like a whole country) weeatka suitable modelling tool that is
capable of capturing the interrelationships (oudden lack of them) within an entire
system.

Secondly, we pointed out the importance of intradga spatial element in the
analysis. Disasters have a definite geographic néioa, so location enters into the
equation. As mentioned in the above, indirect Isgsa manifest themselves over large
distances and even in other countries. That issplagial extent — and how we define it -
of cost estimation will affect the final outcome.

Thirdly, the temporal dimension is important. Henes can distinguish between
immediate or very short-term effects, medium-termnd long-term impacts.
Immediately after a calamity, only direct damagervisble; one only starts to realise
somewhat later that there are also disturbed ecmn@tationships and links. If damage
assessment is restricted to this stage, only addramount of costs can be identified. In
the short-term and the middle term, distracteddgés in an economy gain effect, and
economy-wide indirect effects become apparent. plaaluced goods, absent suppliers
and customers, closed factories and shops, braketisrand communications are the
signs of indirect impacts, in the affected area antside it. Before all actors find their
place in the new situation and the system comagi®w balance, many costs categories
will be observed. Taking the recovery stage intooaat will provide another estimate
of total disaster costs. In the longer-term perspecwe can look at the disastrous event
as pushing a region or an entire country away fitsrfong-term development path. We
define the total costs of a calamity as the difiess between the potential that the
economy could have realised without the disastet,the actual development up to the
point where the post-disaster track meets the pateone. Here, the time horizon
depends on the ability of an economy to returndmmmalcy. Some economies can catch
up with their original path within a couple of yeafor others it can take a decade or
more. If a disaster has been a severe one, andtansys not able to return to its
development track at all, this theoretically raides costs of a catastrophe to infinity.

Our fourth observation with regard to cost assessmencerns the choice of
framework. Depending on the selected objectiveyrabrer of perspectives to costs can
be considered. In the context of an economic dsagheoretical financial and
economic cost perspectives are available. Heres itmiportant, in order to avoid
confusion, and to apply the concepts consisterttpling to the chosen perspective.

Finally, the distinction between stock and flow m@&s of losses should be
made. Again, depending on the type of loss, stodkowv concepts can be applied; for
example, it is more appropriate to measure progiatgages as a loss of stock, while it
iS more appropriate to measure business intermupticterms of losses of flows. To
keep the appraisal consistent, as pointed outeriitérature, it is essential to measure
each loss category either in terms of lost stockn eerms of lost flow, but not both. In
Chapter 5, we pointed out that the Leontief moiskeparticular in its dynamic versions,
offers interesting possibilities for an integrateelw on this.

The discussion, involving stock and flow measukeB)gs us to another point. If
existing relations within an economic network beeontisturbed or destroyed, the
capacity to generate a surplus is also affectede Kee focus on the disruption of
relations within an economy and its effect on thepkis producing capacity. To
describe the interrelations (and also the losshei) within an economic system, we
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employed the notion of aircular flow. The notion ofcircularity is based on the idea
that a commodity within an economy can appear sanebusly as an input in one
activity and as an output of another. This proviseerdependence between producers
and consumers. This way, we can visualize an ecgramman interconnected system of
multiple buyers and suppliers operating on varimekets. To also formally express
this interdependence between the various groups caelgories of agents in the
economy, we decided to adopt the framework thattireettor models provide. The
term ‘sector’ has a broad meaning in this conti®xdan mean groups such of producers
or consumers, but also stand for separate indasstueh as various types of agriculture,
heavy or light industries, services, ceteraIn particular, we looked at the capacity of a
country to generate a surplus or net product. Ifpie¢ure the pre-disaster situation in
terms of circular flow, the situation isalancedin the sense that buyers and sellers
coordinated their respective decisions. If thiswar flow is disturbedimbalancesand
disproportionsarise. Consequently, we chose to study the impfatdisaster through
the notion of imbalances caused by disruptionsha ibterconnected network, which
form the economy. Major disturbances, as we portingyn, break up connecting lines
between sellers and buyers, and also between yactowork place and the individual
worker; the establishment can be gone, or the wotke® have been incapacitated,
resulting in a loss of employment.

Having adopted a multi-sector model, the questiosea: which one? Today’s
models are to a large extent based on the iddaatdrices’, not ‘imbalances’. Actually,
during the literature review and conference disoumss we gradually realized that we
had to return to basic philosophies underlying iredttor research to be able to apply
them to ‘disequilibrium’ modelling. That is, we h&wlgo back to the 1920s and 1930s,
to authors like Walras, Cassel, Wald, Von Neumamhtae early work of Leontief. We
referred to Schlesinger (see Chacko, 1976), whatpdi out that economic theory
should not only explain nonnegative prices and dhantities produced from scarce
resources, but alsshich goods are scarce and which are ‘not scarce’ ee*frAlso, a
theory should be able to explain which of the éxgsproductive activities are not used
at all. To be able to address these types of quresstive had to go back to the views of
John Von Neumann.

Von Neumann addressed a very particular questiautadconomic growth. He
showed that economies, which are able to supportcalar flow, possess a so-called
proportional or balanced growth, a situation whallesectors grow at the same rate.
This unique growth path obtained a special normeatitatus much later, in work
concerning optimal growth after World War II. Tlapproach also provided information
on goods which are actually consumed as inputspamdiiced as outputs, and in which
quantities. It also provided information on threerproducedi.e. ‘free’) goodsandthe
activities and technologies that are used or nedugater work by others produced
special algorithms to actually calculate this glowate, the accompanying financial
parameters, and the corresponding outputs andsprien Neumann’'s model was
‘closed’ in the sense that no outside resource® wequired to maintain the circular
flow. This meant adopting a perhaps somewhat formttept of activity-producing
labour while absorbing consumption goods in fixedpprtions. In addition, disposing
of oversupplied commodities was no problem. Lednt@nly a few years later,
published al'ableau Economiquef the United States. This Tableau also was clésed
consumption, without, however, considering labosiram activity like all the others.
Only later, the so-called open input-output modstdme available for impact analysis
in the form of multiplier analysis. However, thedmdief models are somewhat less
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flexible in addressing issues of relative abundaamu# shortage. This is the reason the
Von Neumann formulation was adopted as providiregglibsic outlook. For us, it was
important that we now could say more straightfodisawhat is overproduced and what
is unused as a consequence of the emerging imteslam¢he disaster aftermath.

Essentially, the question a disaster-researchesfischow to model a post-disaster
economy. In fact, one can formulate the problerfolsws: Where are we? And where
do we want to go from here? Also: How can interedpactivities be restored? Where
should the means for assistance be directed teeifirst difficult moments? Clearly, in
such situations, we have an extreme scarcity @uregs at certain points; decisions on
resource allocations are critical and have to eedaon factual information. In other
words, in order to make ‘optimal’ decisions, weiadly have to know what is available
and what is not. Furthermore, we should also havel@a about in which direction we
want to go. So, there are two things we want tokrfastly, what is the state of affairs
immediately after the event? What is damaged, lostdestroyed? What is left
untouched and remains functioning? What can be, umedl what appears to be of no
use locally, regionally, or nationally? And secondbhat is the strategy to be followed
for recovery? This means that before we get torstroction and recovery modelling,
we need some sort of accounting for those assdtsegources that survived the disaster
and remained intact. Getting to know where we stamdhediately after an outbreak,
and how far we are from what can be called ‘busiresusual’, requires a study of its
own. It was a revelation to realise that existibgrature does not cover this step as part
of disaster model building. Yet, we consider tl@scounting’ stage a highly important
element in thinking about major calamities andrtltensequences in modern complex
economies, where the scale of the disturbancedstarminate factor. So, firstly, we
decided to focus on the immediate after-catastraiination where part of an economy
is destroyed, thereby sometimes introducing heassumptions regarding the surviving
elements.

Naturally, there are many different opinions on heaweconomy can develop after
a major shock. What should we aim at? A proper gught be restoration of the pre-
catastrophe situation. We can assume that, beftoecalamity, markets were in
equilibrium, where consumers were buying goods a@edvices based on their
preferences, maximising their utilities, and praoslscwere producing the necessary
amounts of those goods and services based on pnafiimisation principles and
applying the ‘best’ technology. Because that efuiim was not just coincidence, but
rather the result of consumer- and producer-optmgisehaviour, this would indeed be
a proper goal for where the economy should be fdgaiter the recovery stage.
Alternatively, it can also be seen as providing anvenient threshold scenario to
compare with other recovery paths.

Modern economies are characterized by many typeigidfties. These can be of
a technological nature, as stressed by Von NeuraadnLeontief. However, they also
can be of an institutional, cultural or behaviounakure. In our work, we focused on
such rigidities in the form of engrained views dme tcomposition of the final
consumption basket, and on the role of full emplegin That is, after the disaster,
consumption and employment issues basically domitiee agenda. We modelled this
in terms of a policy to restore ‘some’ kind of eoaric circular flow where labour’s real
wage (i.e. its consumption bundle) is paid for bypdur’'s input into the productive
sectors. In our basic model design, described iap@r 6, Sections 6.3 to 6.5, we
derive what is called the Basic equation underakgumption that labour losses are
proportional to the losses of sectoral capacitites a disaster. As a result, we arrived at
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the description of the post-disaster surviving picitbn capacity, with maintained
proportions between the sectoral intermediate amdapy inputs, but with distorted
proportions (i.e. relative to the proportions obser in the pre-catastrophe circular
flow) between the sectors and intermediate and &aasumption demand. This clearly
is a first approximation, because in reality labaiten is more ‘flexible’, which
provides opportunities for fine-tuning at the seakdevel. We addressed this possibility
in Section 6.6 of Chapter 6. There, we derived Harramtive Basic post-disaster
equation based on the assumptiouigbroportional losses between the labour force and
sectoral production capacities. In this instance, also arrive at the different post-
disaster capacity descriptioRocusing on the all-important role of the consuropti
jobs relation, in this way we arrived at what basdig is an ‘upside-down’ input-output
system: in cases of a relative abundance of labtha intermediate input part, i.e. the
technological infrastructure, now essentially beesrthe scarce resource!

In modelling recovery, we focused on a strateggaded at a speedy growth after
a calamity, which would in the medium and long mmsure the creation of new work
places. Furthermore, expanded production to satishl demand will generate more
labour income, which in turn will ensure the stapibnd self-sufficiency of the system
in longer term perspective. We thus assumed a \palécision to return to the pre-
calamity proportions. Starting from the basic pdisaster equation, we are then able to
identify, with the help of Von Neumann theory, wiisectors are the ‘bottlenecks’ for
the recovery. Essentially, this means that becaase of the sectors are struck badly,
they act as a limiting factor for the entire ecoyoifhis means that other sectors, with a
greater post-disaster productive capacity, in aseadn the short run will produce goods
in abundance relative to what is necessary botlntermediate and final consumption,
thereby becoming largely superfluous.

9.2.DISCcUSSION OF M ODEL | MPLICATIONS

We attempted to develop an integrated approachish@ansparent, methodologically
correct, and empirically applicable for servingaareliable tool for policy analysis and
advice. We also provided a connection to a moregnstive water management
approach in the Netherlands. In Chapter 8 of thésis we discussed which tools our
model can offer for the analysis of flood threatsthhe Netherlands as well as for
decision-making and action in a broader internati@ontext. Our adapted input-output
framework, introduced in Chapter 6, can be usedefqioring scenarios for adaptive
policy regarding the threat of flooding.

In Chapter 8 we put sharply that in the Netherlandsere economic and flood
protection networks are overlapping, water managemelicies cannot be considered
separately from the long-term development of thentry as a whole. The analysis that
we presented can ultimately result in proposalscenring adjustments in the current
political economy of the country as a whole. It m#g necessary to prepare a set of
well-based and thoroughly studied options to guaehong-run sustainability under
conditions of increasing risk of climate changeatipalarly in its interaction with dense
socio-economic, administrative and political netivbased interests. Besides, it may be
that changes introduced in present policies (witler@ain legacy of ‘technocratic’, path
dependent polices), only mark the beginning of érgghifts such as those addressed in
Chapter 8. Thus, water management and flood piotegolicies cannot be viewed
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separately from the national long-term developnpath. Essentially, this asks for the
co-evolvement of modern economic thinking and aurpmlicy-making.

We suggest that the proposed economic model cae ssra tool that lends itself
to a three-fold set of targets in current water #imold management in the Netherlands:
a) establishment of an integrated way of thinkitgpwa large-scale catastrophes; b)
improvement of the economic methodology for disaatelysis; and c) introduction of
new thinking about policy implications of disasteralysis.

The first step to this three-fold approach is td geproper perspective on the
nature of the post-catastrophe disruptions. Toghd, it is necessary to go back first to
the pre-disaster equilibrium notions as modelled dogular flow based schemes.
Against this background, we reviewed the intercatinas within and between the
various sectors of the economy, disturbed as theywthe hazard. This resulted in the
so-called Basic equation, which is derived basedadapted input-output accounting
(see equation [6.18], and equations [6.35] and]6r8 Chapter 6). Using the equations
for labour and total output, we were able to esdhlih a systematic manner which part
of intermediate as well as final demand ‘drops a@ift'the circular flow system as a
result of the calamity. The Basic equation, in facovides a reflection on the situation
in the entire economy in the form of a systemaitiweéntarisation’ of the remaining
production capacity. However, it is not yet a ragrgation of an operable economic
system because it only reflects disrupted intepnaportions.

The second stage consists of addressing post-@isesbalances. During this
stage, the Basic equation becomes our point of rtepafor an investigation of the
options open to an economy when entering the peastér recovery. Many policy
tracks are open, and in Chapter 6 we illustrateel @nthem, i.e. a return to the pre-
disaster proportions.

During the third stage, a special type of cost-fier@alysis can be employed,
based on the geographic dimension of the catastrdfsha result, our model enables us
to estimate the macro-economic effects of particala antepreventive measures on
production facilities or residential areas lossaved per formulated scenario. Knowing
the spatial distribution of economic activities, @an assume that if the country, or parts
thereof, were better protected, the consequences adlamity at the national level
would be less massive. This provides us with a ipiigg to analyse multiple pre-
disaster conditions, policy measures and recovatlisp and to contrast these with the
total expected costs of a catastrophe. Thus, cangptire outcomes to the related costs,
preferred scenarios can be singled out.

9.3.KEY CONTRIBUTIONS

Let us briefly recapitulate our research goal andstjons Above all, we hope that the
answers provided to the research questions, fotedilan Chapter 1, added to our
knowledge in the field of disasters studies. Qualg@as to develop an integrated
approach for the economic analysis of disastersmiadern, highly developed
economies. The reviewed literature has shown tystematic thinking, incorporating
important elements of analysis, such as disasepgpedness, reflection of imbalances
and recovery thereafter, has not yet fully devedippehile detecting a need for such a
tool in policy-making.
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We can conclude thdive specific contributionsf this thesis can be recognised.
Firstly, we have introduced the conceptualisatibrihe notions of a ‘disaster’ and a
‘catastrophe’, as well as the notions essentialigaster analysis, such as ‘economic
vulnerability’ and ‘resilience’, and other relatadtions. These are found in Chapters 2
and 3. Secondly, we have illuminated the potemtighe input-output types of model,
applied to the studies of structural breaks (Chapteand 5). Thirdly, we have proposed
a novel methodological advancement in the developroé an adjusted input-output
based model. This can become a flexible instrur@nthe structured analysis of the
processes inside an economic system, focusing ey @s well as on action, in which
three phases can be distinguished: 1) the immedditaster consequences
(vulnerability); 2) the economic reconstruction amdovery in the disaster aftermath
(resilience); and 3) policy instruments and measu® advance preparation to a
potential hazard (mitigation and adaptation), asntb in Chapter 6. Fourthly, we
provided an improved theoretical foundation for théjusted input-output disaster
model. This now has ample potential for further elepment (such as exploring the
opportunities for linking with other approacheseliCGE), and empirical application
(fitting it to more practical needs and exploitimgrious sources of data). Last, but not
least, we offered the exploration of the Dutch cakaevater and flood management,
which provided the established methodological framoni in the context of emerging
risk approaches. This is discussed in ChapterslBan

In conclusion, we would like to stress once agdiat tthe approach tmajor
disaster modelling offered in this thesis has be®posed as one of the possibilities to
look at the processes behind a major calamity ideno societies. Clearly, we do not
exclude that other modelling practices will be deped in this field. Nevertheless, we
would like to emphasise that in developing this rapph, we started from basic
questions, initiating a study into the fundamernisgues guiding disaster-modelling
philosophy. Starting from the idea of circularitgdacircular flow within an economic
system, we arrived at a comprehensive input-outpgic for describing disastrous
events in complex economic systems. We suggesthhwging developed this approach,
we built a solid foundation for further elaboratiand construction of more complicated
modelling tools to gain further insight into the ngplex interrelations of severe
disturbances in contemporary economies.

9.4 LIMITATIONS AND TOPICS FORFUTURE RESEARCH

There are a number of issues that are likely tmbleded in the future research agenda
of disaster events in modern economies. First lpfwad addressed the importance of
further integration between the many themes thadtine addressed in disaster analysis.
This also requires increased cooperation betweendikciplines or sub-disciplines
guarding the building blocks thereof. Arriving at mtegrative approach would clearly
require a further focus on inter- and sub-discaatynwork.

Also, as we have seen, disasters have a definitgrgghic dimension. Therefore,
location gets involved in a fundamental way. Hemelaubtedly many new applications
are awaiting us. There is also the temporal dintendiVe pointed out that these aspects
require additional sets of definitions and concejpi®ur study, we also put forward that
it is most important that there are at least sonsgghts into the type of post-disaster
economy to be aimed at. Here we encounter an Bntieav set of questions facing the
economic modeller. In model terms, this requireterdion for different types of
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multipliers, including, in fact, the whole gamut eémi-legal to completely illegal

activities one often finds in the wake of a disastenot addressed in this study.
Mathematical programming techniques can also beconportant, whereby many

accepted truths, such as the famous non-subsitittiieorem (Samuelson, 1951), may
have to be re-invented.

As we have seen, the input-outpgable plays a dominant role in our type of
research. However, in future research, we may mtm complex issues of adjustments
of the table. For example, we may be forced tosfemparts of the disaster-related
expenditures from the final demand column or colsitanthe appropriate column in the
transactions table. This will directly influenceraasights into the technological input
requirements. It will also influence the estimasiarf the value-added part because what
used to be accounted for as consumption now becqasof intermediate demand,
including the complicating presence of tax-subsadg other price-affecting rules and
regulations.

Finally, it may be worthwhile to reflect on someesflic connections with other
economic sub-fields. International competitivenard attractiveness of a country for
businesses are, according to the insights of the& Heonomic Geography (NEG),
heavily influenced by a specific set of factorswdalays the thought of filling the gap
of ‘spacelessness’ of much of modern neoclassmah@mic theory is gaining impetus
(see, for example Fujita and Thisse, 2002; as agelbtelder, 2005; Capello, 2007). We
can apply NEG insights to see how spatial econa@uiwity may be reshuffled after a
major disturbance - like a vast flooding in the INgtands. NEG proposes a distinction
between regions characterised as ‘centre’ andphery’. This view is inspired by
spatial effects, imperfect competition on the meskie different spatially distributed
areas, and the transportation costs. At some piat,centre’ becomes the area where
concentration effects, which affect production adlwas consumption, will take place.
At that moment, increasing returns to scale praduoceffects take over, thereby
creating an amalgam of centripetal and centrifigedes that attract more and more
businesses and labour to the area. Depending orsddle of analysis, central and
peripheral regions can be distinguished within antty (like the industrialised West in
the Netherlands versus the East and the North),atma within a larger unit, like
Europe, where the ‘Blue Banana’ often is takenejoresent the agglomerated ‘centre’
(see Hospers and Steenge, 2002; Hospers, 2003).

In this light, our analysis can be given anotheistwNEG actually offers an
explanation of accumulation and agglomeration é$fethiough it does not explain why
‘centres’ are found at the locations where theyettgyed. We can now suggest
additional mechanisms for steering the way cenaissibilities emerge for regions to
gain the central position and how they can be sedli In this context, we have to
consider if, after a disaster hits such a ‘centragjion, it will recover and maintain its
position, or if the conditions will favour some ngveripheral regions to gain more
importance; will other agglomerations take ovemirthe flooded ‘centre’? These are
crucial questions to be answered.

At the same time, a look at the map of Europe ssigginat the Netherlands is a
relatively small country, and the close proximitiytbe Ruhr-Rhine agglomeration can
make a difference in this type of logic. Economitoas (businesses and possibly
consumers), instead of moving their activities witthe Netherlands, thereby in the end
forming new ‘centres’, can also seriously consitle advantages of shifting their
attention and locations to alternative 'saddle ®irNeighbouring Germany, France,
Belgium and the UK are countries offering existiclgistering’ possibilities.
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Links to modern Political Economy can also be cdesed. A significant change
in policy will incur costs. Often these are fixedsts, associated with investments
necessary for a change to take place, and prodadb@ short run, i.e. directly before
and at the start of the change. These costs areetmssarily always expressed in
monetary terms. One can think, for example, of ridf@nd means invested in basic
research into the issue, bringing the issue tadpeof the political agenda, as well as
costs connected to implementation of the new pasicgroject. At least a part of these
costs will become sunk costs, which are projeciteel and irrevocable. However, the
benefits of the new approach are often monitoreda adiscounted flow of future
benefits, usually in terms of lower operationaltso§his means, that there is then a
temporal gap between incurring the costs and rgathia benefits. This discrepancy can
make politicians, who are elected for the office &olimited period of time, averse of
taking decisions on significant changes in polibgcause that would only increase
costs, without benefits in the short run. Suchadestate situation can lead to rigidity of
policy, or, as it is sometimes referred to, 'paépendence’. This is arguéder alia in
Pierson (2000, 2004), Woerdman (2004) and otliewse can apply this argument here
with regard to the pre-disaster preventive policlesisually takes time and possibly a
real disaster for the policy-makers to ‘invent’ ewnapproach to protection. In this
sense, the situation in the Netherlands with raspedigh water protection policy
appears to reveal similar ‘path dependent’ charistites.

We saw in Chapter 8 that established current megin flood protection policy in
the Netherlands, namely the construction of a Figlumplex system of dykes, led to
the emergence of very intense and steady percepiiosociety on flood protection.
Practiced for decades, this way of dealing withevaias seemingly become customary,
and by definition not subject to change. Furtheestigation into the matter probably
would identify a certain rigidity of the dominatirgplicy, i.e. a serious case of path
dependency. Being ‘locked in’ for decades, new, enortegrative approaches in
thinking about floods are only slowly emerging thscussed in Section 8.3 of Chapter
8), and will need much time to mature into a rdaftsn action. A study of Van der
Brugge, Rotmans and Loorbach (2004) points to agihg water management regime
towards a more participatory style. Still the gawaent has to supervise the emergence
of conditions that will guarantee long run susthiliy under circumstances of
increasing climate pressures and expected socieetic developments in the
Netherlands. Gaining further insights into the ticdil economy of decision-making
applied to the case of Dutch water and flood mamege can also be a fruitful ground
for further investigation.

| NSTEAD OF AN EPILOGUE

In the context of hazard management, we also carness the concept of the ‘risk
society’ emerging in the era of post-modernity, iasoduced by Beck (1992) and
Giddens (1990, 1999). We have briefly touched upoim Chapter 1. We may see
several shared elements between the principlesrlyimde our approach, and the ones
guiding the existence of the risk society, althoulyé latter concentrate on the risks

103 Although path dependency of political processas palicy formation is commonly explained by the
existence of increasing returns in the politicalgasses, it can be also argued that the rigidityggered
by the so-called ‘sunk cost fallacy'.

22¢



generated by and within post-modern societies, rattgtg in a sense from pre-
industrial hazards. In fact, one of the basic sesiaf increasing risk in modern societies
nowadays is the ongoing accumulation of wealth,civhinevitably becomes subject to
various hazards. In our discussion of the Dutchasibn in the highly developed and
densely populated polders, we have also pointethisophenomenon. In fact, natural
hazards, when intertwined with human-induced systenth better welfare positions,
also obtain higher devastating potential. In tleiss®, we must agree that any disaster is
a result of the techno-economic development itsa#f, asserted by Beckdém).
Furthermore, risks in modern societies have acduareew quality when repercussions
occurring in the aftermath of a calamity are noglentied to their place of origin.
Namely, increasing complexity (and specialisatitnggers what Beck (1992, p.22)
refers to as “the unknown and unintended conse@s&nevhich seem to be akin in
nature to the indirect effects that we are diseigsdn fact, those effects that go beyond
the directly damaged assets and property, as mbmie in Chapter 3, are subject to
such interpretation in addition to ‘simple measueath Besides, in the theory of risk
society, because of interconnectedness within nmoglgstems, perceptions of personal
risks seem to change, while the danger of grouk ds even risks with global
consequences is growing in potential. To this evelsuggest that an analysis of major
calamities should be carried out in the contextaofintegrated approach, and the
consequences of these should not be seen as a disgipline phenomenon, but as a
complex event tied to a manifold of contexts andgessing a multiplicity of facets.
This also means that an inquiry into such incideatpiires an ability to have a broad
overview of processes guarding the disaster, ansl #sks for an appropriate scale of
analysis. Finally, the content of risk concepthe tisk society is directly connected to
action, or, rather, pro-action. This is a consegaent the time component of risk and
the anticipation of future threats, by means ofalhnot-yet-risk’ events become real
today (which we touched upon in the light of theadi span for decision-making in
Chapter 8). This implies, in turn, that risk so@stcan be characterised by an explicit
orientation towards prevention. In this sense, eednto anticipate the unexpected today
(as put forward by Jones, 1997), and take actigoréwent catastrophic consequences.
Here, the future, and not the past, has the paweetermine the present.
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Nederlandse Samenvatting

Deze dissertatie behandelt het thema van een gaotp in een hoog ontwikkeld land.

We kunnen daarbij denken aan een grote overstramantgp in het Nederland van het
begin van de eenentwintigste eeuw, maar ook aaraaetbevingsramp in Japan of in
het Amerikaanse Californié. De vraag wanneer egrprgof catastrofe, we zullen beide

termen afwisselend gebruiken) ‘groot’ is, is eemjsctieve, wij zullen slechts een

aanduiding geven. Essentieel is dat de catastedfeuhctioneren, direct of indirect, van

aanzienlijke delen van de samenleving onmogelijlakiaen het voor langere tijd zeer
moeilijk maakt om op dezelfde, of vergelijkbaregevwoort te gaan. De nadruk in dit

proefschrift ligt op deeconomische aspectevan een dergelijke ramp. Dergelijk

onderzoek is veelal ingegeven door de wens om eedegmethodiek te hebben om de
schade te bepalen. Indien beschikbaar kan dezeaap leurt weer dienen als een
vertrekpunt voor allerlei preventieve maatregelerofdstuk 1).

In hoofdstuk 2 worden de kernconcepten van heti¢@idatastrofenonderzoek
besproken. We gaan in op de verschillende defmiten een ramp, en komen tot een
eigen definitie. Ook gaan we in op het ‘schaaldffatw.z. de rol die de omvang van
de ramp speelt in verhouding tot aard en omvang lanh getroffen gebied. De
begrippen weerstandsvermogen (resilience) en asingasermogen (adaptability)
komen ter sprake als aspecten van de economisohikraeht (coping capacity),
evenals verschillende kwetsbaarheidbegrippen (vabikty). Deze begrippen spelen
alle een rol bij het omgaan met de dreiging varteggrampen in de context van wat
volgens sommige onderzoekers een risicomaatsch@iggijsociety) is geworden. (Naar
dit begrip wordt ook gerefereerd in het laatsteftistuk).

In hoofdstuk 3 gaan we in op de gevolgen van catfest Het onderzoek hiernaar
vond zijn feitelijke start in empirisch onderzoekan de gevolgen van een grote
overstroming in het westelijk deel van ons landt §leg daarbij om een veronderstelde
dijkdoorbraak bij Rotterdam die grote delen vampdavincie Zuid-Holland onder water
zette. Aan ons was de taak om een calculatie uikoeren naar de economische
gevolgen van een dergelijke catastrofe. Bij de bpmeerden wij allereerst
geconfronteerd met de vraag wat wij precies wildérekenen. Een grote ramp heeft
vele aspecten, die allemaal bijzondere aandachhekureisen. Al vrij spoedig echter
bleek dat er op het heel specifieke terrein waavpmpns begeven hadden (een ramp
van een dergelijk kaliber), nauwelijks literatuugsichikbaar was. Dat wil zeggen, er
was vrijwel geen literatuur naar de gevolgen van g®te tot zeer grote ramp in een
moderne, geindustrialiseerde, en sterk versteteljingeving.

Niettemin, redelijk veel onderzoek is al beschikba@ar de gevolgen van
catastrofes, zij het op kleinere schaal. Bij eeorgnderzoek bleek echter al vrij snel dat
er geen eenduidigheid bestaat over wat preciesmzoeten worden verstaan onder
termen als schade en kosten, en, bijgevolg, delgewovan een ramp. De huidige
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situatie wordt gekenmerkt door een grote mate enschillen van inzicht. Dit uit zich
in een veelheid aan begrippen, concepten en telogieo Verder is er een veelheid aan
invalshoeken  voor calculaties rond ontstane  schad@éclusief de
verzekeringsproblematiek. Gaandeweg gaf dit vormesn van de grootste uitdagingen
van ons onderzoek, n.l. om een samenhangend leeeddirijgen, in ons geval van een
‘grote’ overstroming.

Hoofdstuk 3 behandelt ook een aantal punten betvdé de afbakening van de ramp in
ruimte en tijd. Bij het bepalen van de gevolgen gan ramp is het van groot belang om
een duidelijke begrenzing te hebben. Ook hier vidighit dat te maken keuzes veelal
subjectief van aard zijn. Er zijn in ieder gevarsahillende stadia te onderscheiden.
Allereerst is daar de directe, post-catastrofeoperi Deze is veelal gekenmerkt door
vaak onoverzichtelijke en ongestructureerde infdrenvarzorging, en het eerste opgang
komen van noodhulp en opruimingswerkzaamheden. mMigeijd zullen de meeste

slachtoffers geborgen zijn, en bepaalde transpamt-informatiekanalen deels weer
beschikbaar zijn. Dat betekent echter nog lang déttde onderbroken economische
bedrijvigheid ook weer op gang kan komen.

Een kernonderscheid hier is dat tussen directeéinecte schade. Onmiddellijk
na een catastrofe is het duidelijk dat er zeer \distcte ‘fysieke’ schade is.
Woongebieden zijn getroffen en huizen zijn besaddif onbewoonbaar geworden.
Hetzelfde geldt voor bedrijfsgebouwen of soms loedrijfsterreinen. Ook hier is veel
zichtbare, directe schade. Bovenal is er het \&di&n menselijk leven, en er kunnen
veel gewonden of zieken zijn. Verder is er hetieerhan dierlijk leven, al dan niet deel
uitmakend van menselijke productieactiviteiten gaajrarische bedrijven. Hiernaast is
er deindirecte schade. Indien een bepaalde fabriek verloren gaaye betekent dat in
ieder geval twee dingen: 1) een bedrijf dat leveade deze fabriek heeft zijn afnemer
verloren, en 2) een bedrijf dat de producten vabeateokken fabriek afnam, wordt niet
toegeleverd. Dit zijn voorbeelden van indirecteasith De schade is echter groter omdat
de gedupeerde toeleverancier en afnemer op hubweear hun afspraken en contracten
binnen het economische netwerk niet of slechtssdaghnen nakomen. Er ontstaat dus
een golfbeweging door de economie die zijn invlopdalle sectoren kan hebben. Deze
indirecte effecten kunnen een orde van grootte érelolie minstens vergelijkbaar is met
de directe effecten. Er is wel één groot versabiht de indirecte effecten te kunnen
bepalen, is eemodel nodig. En dat vereist een visie op het functionevan een
economie.

In deze studie willen we dus inzicht krijgen in ohelirecte gevolgen van een grote
ramp, en daarmee ook een interpretatiekader vodirdete gevolgen. Dit betekent dat
we de beschikking moeten hebben over een modetielatoor ons doel belangrijke
eigenschappen van een economie ordent en integprelie deze dissertatie zullen we
de getroffen economie interpreteren in termen vam eetwerk bestaande uit

producenten en consumenten, verbonden in een veealae betrekkingen. Het netwerk
bezit daarbij een bepaalde kern die regionaal ¢ibmaal bepaald kan zijn, en die
ingebed is in weer grotere, internationale netwerke

Het probleem is dat we eigenlijk niet geinteressesn in het economische
netwerk zelf, maar in de onderbreking, of het falenwan. Door de ramp kunnen delen
van het netwerk niet meer, of nog slechts ten delectioneren. Ons doel is nu het
interpreteren van de schade veroorzaakt door dp,ramde daarmee verbonden kosten,
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in termen van schade aan het netwerk. Dat wil zegge zullen trachten aard en
omvang van de schade uit te drukken in termen eaeigenschappen van het netwerk.
We zullen hierbij weer gebruik maken van het onclegsd tussen directe en indirecte
gevolgen. De directe gevolgen bestaan uit het ékesi deel van de schade, zoals
beschadigde of verloren gegane bebouwing en infietsiur. De indirecte gevolgen
betreffen dan de uitwerking hiervan op de rest kahnetwerk zoals productieverlies
‘elders’, et cetera We zullen nu eerst kort ingaan op de achtergread het te
modelleren netwerk, en daarna op de gemaakte nmemgedk

Hoofdstuk 4 plaatst ons werk in de context van niledeen modelexercities zoals
die momenteel circuleren. We gaan in op studiesaldiele ‘Nederlandse School’ gezien
kunnen worden. Er blijkt een veelheid aan studeezifn, variérend over de gehele
breedte van micro- naar macro-economisch georigthtmederzoek. Deels hebben deze
ook betrekking op een andere omgang met de watdematiek, zoals in de recente
besluitvorming rond ‘ruimte voor water’ (zie ookdfdstuk 8). We bespreken ook werk
uit de internationale literatuur waarin de probléesia van de modelkeuze ook naar
voren komt. Tevens gaan we in op vraagstukken dendfbakening van taken voor de
overheid en voor de markt, mede in het licht vanmimlelkeuze. Inzichten rond de
flexibiliteit van een economie blijken hierbij esignificante rol te spelen.

Economische modellen (waaronder alle door ons teehan modellen) hebben
vaak een ingebouwdvenwichtsbegripVoor de economie als geheel vindt dit veelal
zZijn representatie in het concept vanet®nomische kringlooals basisstructuur voor
het hierboven aangeduide netwerkidee. De kringloepoort tot de oudste en meest
fundamentele concepten van de economische wetgnskled betreft hier het inzicht
dat productie en consumptie samenhangen via makkien productiefactoren (zoals
arbeid), intermediaire en eindproducten, waarbipaluctie van een bepaalde eenheid,
hetzij het individuele bedrijf of een hele sectde input produceert voor andere
eenheden, hetzij direct, hetzij indirect. Het klowpidee geldt ook voor ‘de
consument’, die in ruil voor eindproducten zijnmséen aanbiedt.

Een economisch netwerk kan op vele wijzen wordemmgegeven en
gemodelleerd. Wij hebben gekozen voor een visieagetrd op de onderlinge
betrekkingen tussen producenten (het ‘bedrijfslyaamn consumenten (de zogeheten
finale gebruikers) waarbij gezinshuishoudingen énrelgel de grootste fractie vormen.
(De term ‘finaal’ betekent hier dat de betreffeeleringen niet weer een input zijn in
productieprocessen van de beschouwde economiehu®meurt leveren de gezinnen
echter wel weer de noodzakelijke arbeid voor derijwesh, waarmee een gesloten
kringloop ontstaat. We zullen de productiekant wkneconomie nu beschouwen in
termen van industrieén of sectoren d.w.z. bedrijven geaggregeerd rond
gemeenschappelijke kenmerken zoals soortgelijkedymten of vergelijkbare
productieprocessen. Ons analyseniveau is daarbinkso-niveau van bedrijfstakken,
waarbij opgemerkt moet worden dat de definitie e@n bedrijffstak zeer flexibel
bepaald kan worden, afhankelijk van het preciezel dan de studie. Deze optiek
betekent wel dat we afgezien hebben van enerzighs ricro-economische optiek,
waarbij de individuele producenten of consumententraal staan, en van anderzijds
een geaggregeerde, macro-economische optiek. e redrvoor is dat een keuze voor
het meso-niveau veel directer de relaties legt meétcentraal staande concept van een
economisch netwerk. (Niettemin, onze uiteindeligkgzen methode is flexibel genoeg
om zeer gedetailleerde geografisch georiénteert®) (@ta te kunnen incorporeren, zie
de hoofdstukken 5 en 7).

231



Het meso-niveau wordt vaak geassocieerd met deliéawen multisectorale
modellen. Wij hebben dit overgenomen, waarbij denténultisectoraal’ ruim wordt
geinterpreteerd, d.w.z. zij omvat ook participanti® tot de finale-vraagcategorieén
worden gerekend zoals, naast huishoudens, ook @idsiiestedingen,
capaciteitsvergrotende bedrijfsinvesteringen en odep. Hiernaast bestaan er
verschillende typen multisectorale modellen, waarvalk type weer andere
eigenschappen beklemtoont. Ze hebben echter afteege dat hun kerngrootheden
bestaan uit aggregaten op meso-niveau. De modeltgpd variéren naar de mate
waarin frigiditeiten' of ‘stabiliteiten aanwezig worden verondersteld tussen deze
aggregaten. Productiefuncties vormen een voorbegd een rigiditeit in een
multisectorale context. In termen van de hiernlaeieandelen modellen b.v. betekent dit
dat de elementen van bepaalde matrixkolommen gpieteerd worden als
inputfactoren in een productiefunctie. Bij de heerkort te bespreken limitationele of
Leontief productiefuncties houdt dat in dat eentevagerhouding wordt gepostuleerd
tussen bepaalde elementen in de matrixkolom. Dateggen, de inputfactoren worden
gebruikt in een onderlinge verhouding die niet akaijk is van schaalgrootte of
compositie van andere modelgrootheden. Het is egraltijd punt van discussie of b.v.
ook afzet- en verkooppatronen een dergelijke vastopn vertonen. Indien men van
mening is dat dat wel zo is, dan is dat een addite ‘rigiditeit’. Naast rigiditeiten in de
sfeer van productiefuncties, zullen wij ook de aemgheid van andere, meer
institutioneel bepaalde rigiditeiten veronderstellélet gaat dan b.v. om constante of
redelijke constante patronen in bepaald consungdieg en in het beleid ten aanzien
van werkgelegenheid. We geven nu een kort overzidm de wijze waarop
economische netwerken worden gemodelleerd. Hetekgnint vormt de notie van een
industrie of sector.

Industrieén zijn b.v. verschillende typen landbolihte en zware industrie en vele
typen diensten. Stel we gaan uit van een induggieaamd ‘consumentenelectronica’.
Statistische bureaus verzamelen per gebied (zeamslaad of een regio daarbinnen)
informatie over alle bedrijven die gerekend wordenheen bepaalde sector (zoals de
consumentenelectronica). Vervolgens wordt, volgebspaalde, internationaal
afgesproken uitgangspunten, voor alle bedrijven dieze sector de informatie
geaggregeerd naar ‘input’, de aankoop van bedrijverandere sectoren, en naar
‘output’, de leveringen aan bedrijven in anderet@@n. Indien we deze informatie
ordenen in een kruistabel, dan resulteert datseetor, in een kolom van inputs en een
rij van outputs. Als dit voor alle industrieén gabie heeft men de beschikking gekregen
over een zogehetenput-outputtabel Daarmee heeft men dan een overzicht van de
onderlinge leveringen in de gehele economie integraald jaar. De tabel is volledig als
zij opgesteld is inclusief kolommen die de zogehdieale leveringen aan gezinnen en
overheid, de investeringen van bedrijven en de expeergeven. Corresponderend
hiermee bevat een volledige tabel ook rijen waada lonen en salarissen, de
afschrijvingen, importen en de belastingen en slisizijn weergegeven. De tabel
weerspiegelt eervenwichtin de zin dat de totalen van overeenkomstige rgen
kolommen gelijk zijn.

Men maakt de stap naar eewput-outputmodel als men verder aanneemt dat
bepaalde onderlinge verhoudingen (redelijk) coristam over een aantal jaren, de
hierboven al genoemde rigiditeiten (hoofdstukken eB 5). Heeft men deze
gelocaliseerd, dan heeft men een uitgangsbasisreggk om de effecten van
veranderingen in bepaalde grootheden door te rekénalle typen input-output model

23z



staan de sectorale inputs (de kolommen in de ioptgut coéfficiénten matrix)
centraal. Zij worden geinterpreteerd in termen esm zogeheten limitationele of
Leontief productiefunctie waarin de verhoudingen tussen de input categorieé
onafhankelijk zijn van omvang en aard van de finalgag. Deze aanname geeft de
noodzakelijke stabiliteit aan de coéfficiéntenncas, en maakt het mogelijk om de
consequenties van wijzigingen in de finale vraag tehulp van scenario’s door te
rekenen. Er is nog een ander punt hier van belalsggezegd, er bestaan nauwelijks
modellen die gebouwd zijn rond hetrbrekenvan onderlinge betrekkingen. De kern
van een ramp zoals wij die wilden modelleren istjuiet verbreken van de interne
relaties. Dit betekent dat wij terug moesten gaaar rle onderliggende basisideeén. In
ultieme zin is een input-output model niets anddaa een op een bepaalde manier
geordende verzameling productiefuncties gekennuy&t constante verhoudingen. Op
deze eigenschap met name is een beroep gedaart bipldelleren van de gevolgen van
een ramp.

Centraal verder is het onderscheid tussen endogeiabelen (waarvan de waarde door
het model wordt bepaald), en exogene variabelerari@a de waarde door factoren
buiten het model wordt bepaald). In egpeninput-output model worden de waarden
van de finale bestedingen als exogeen genomenopgitt de mogelijkheden tot het
bepalen van de impact van b.v. Keynesiaans vraaglgiend beleid in termen van de
vereiste productieverhoging in bepaalde sectoren, de daarmee verbonden
werkgelegenheid. Het model biedt hierbij tevensnumgelijkheid tot het bepalen van
prijseffecten. Ingesloteninput-output modellen worden de onderlinge verhiogen
tussen alle sectoren (in overeenstemming met geael® evenwichtsbegrip — waarover
later meer) endogeen bepaald, waarbij vaak sleehisveaus exogeen zijn.

Het input-output model is eveneens gebaseerd ogdugtven van de economische
kringloop als weergave van het netwerkidee. Voos @1 van belang dat in open
Leontief modellen de kringloop wordt gekenmerkt daastliggende verhoudingen
tussen de sectorale productieniveaus, gegevenageer bepaalde finale vraag. Voor
gesloten modellen ligt dit anders, zie hieronder.

Het input-output model is een multisectoraal moBelzijn echter meerdere typen
multisectorale modellen, elk met een eigen theseh#@ grondslag. De modellen van
Leontief zijn waarschijnlijk het meest bekend, maarzijn een aantal andere. Ook
bestaan er binnen de op Leontief georiénteerdepgrae modellen weer verschillende
subtypen. Een alternatief is het model van Von Nmum In de opzet hebben beide
modeltypen veel gemeen. De basis b.v. is de pradunttie, die op een
gestandaardiseerde manier input en output van epaald proces weergeeft. Bij
Leontief handelt het dan om productieprocessen édie enkel product of output
produceren, waarbij tevens geldt dat elk produettgs op één karakteristieke manier
geproduceerd kan worden. Bij Von Neumann kunnemusgrdere outputs tegelijk zijn,
terwijl tevens Leontiefs één op één betrekking meekt. Hiertegenover staat dat
Leontiefs model empirisch van zeer grote betekemi&r bestaat zeer veel empirisch
materiaal waarbij opgemerkt moet worden dat oolNdgonale Rekeningen een input-
output kern bezitten (al heeft die ook eigenschapje aan Von Neumann herinneren).

We wilden een model dat in principe op elk geweagygregatieniveau kan
opereren. Dat wil zeggen, een model waarin dooreggdgie van kleinere eenheden,
grotere eenheden tot stand kunnen komen; uitera@rdnet behoud van de onderlinge
betrekkingen. De moderne systemen voor de compilain input-output tabellen laten,
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desgewenst, een grote mate van ruimtelijke disaggestoe. Dat wil zeggen, het is met
een grote mate van betrouwbaarheid mogelijk om re@ntelijke component toe te
voegen aan de gebezigde productieparameters. Dediglui geografische
informatiesystemen (GIS) kunnen hierbij de noodlifdee additionele informatie
verstrekken. Dit is van groot belang bij het vadlsh van de omvang van een eventuele
ramp voor wat betreft verlorengegane economiscipaaiteit. Het is momenteel b.v.
mogelijk om met een grote mate van precisie detaméstoestand ‘op de grond’ na een
grote dijkdoorbraak weer te geven aan de hand ealetgilleerd kaartenmateriaal. De
kaarten zijn gebaseerd op de kenmerkende eigensehapan het land, zoals
hoogteverschillen, fysieke barriéres in zowel de=dslijke als de landelijke gebieden,
enz., informatie die gecombineerd kan worden mdegglleerde economische data (de
hoofdstukken 5 en 7).

In de hoofdstukken 3 en 5 wordt het basis Leomtieflel geintroduceerd. Hoofdstuk 3
doet dit in relatie tot het kringloopbegrip zoal th het basismodel zijn weerslag heeft
gevonden. Geintroduceerd worden de kernvergeliganf.1] en [3.2]. Vergelijking
[3.1] beschrijft de totale productig)(als de som van intermediaire leveringdx ) en
finale vraag f); een grafische interpretatie is gegeven in hdafd$ in context van
homogene en niet-homogene schokken. De hiermee espumderende
werkgelegenheid, uitgesplitst over de industriegordt gegeven door [3.2]. Het model
beschrijft het intermediaire verbruik en de totaleductie als een functie van de
samenstelling en omvang van de finale vraddet model is veel gebruikt bij empirisch
onderzoek om de impact van veranderingérop het intermediaire verbruildAx) en
de totale productieAk) te berekenen.

In hoofdstuk 6 bespreken we de modellering vamugact van de catastrofe. We
gaan daarbij uit van een evenwichtssituatie vlakrvde catastrofe, gemodelleerd
volgens Leontief. Dat wil zeggen, alle interne wrtiingen binnen de economie
stemmen overeen met een bepaalde, gegeven finadg.vDe situatie kort na de
catastrofe wordt in eerste instantie gemodelleardermen van gewijzigde sectorale
productiecapaciteiten. Een deel van de bedrijvéniza meer kunnen functioneren. Dat
betekent dat voor de getroffen sectoren de bestaaudputniveaus naar beneden
moeten worden bijgesteld. In ons model wordt uitgggvan een capaciteitsverlies van
100y; procent voor een willekeurige sectorOp dezelfde manier zal de bestaande
werkgelegenheid eveneens naar beneden moeten woijdesteld. Omdat de’s per
industrie zullen verschillen, zullen in de onmidile® post-catastrofe periode de nog
bestaande capaciteiten naar verwachting niet mearterne verhoudingen bezitten die
nodig zijn om aan de vraag te voldoen van diegetiema de ramp nog een werkplek
bezitten. Deze post-catastrofe situatie van intedisproporties wordt modelmatig
weergegeven door de zogehetBasic equatioh vergelijking [6.18]. Deze vergelijking
‘liikt op’ een basis input-output vergelijking varet type [3.1]. Zij is het echter niet,
omdat de geimpliceerde input coéfficiénten geetalaesle technologieén voorstellen.

De Basic equation vormt het vertrekpunt voor delym®avan post-catastrofe
hersteltrajecten. Vanuit dit vertrekpunt kunnemaedfsprekend, vele trajecten worden
ingezet. Op dit punt zal het getroffen land zicheten realiseren wélk hersteltraject zij
precies wil inzetten. Vanwege mogelijke onoveratifitheid en disorganisatie tijdens
de onmiddellijke post-catastrofe periode is hetrbiagaran groot belang dat het land
reeds een portfolio bezit van eventueel beschikbeemario’s. Het is verder van groot
belang dat er politieke overeenstemming bestaatr ale richting waarin de
reconstructie wordt gezocht. In termen van ons mobedékent dat dat de getroffen

234



economie enig inzicht moet hebben in de gewenstena sectorale verhoudingen. We
hebben gezien dat in de precatastrofe situatiatdenie verhoudingen een functie waren
van de finale vraag. Hier nu doemen twee problemgnn.l. 1) is het in de nieuw

ontstane situatie nog steeds zo dat samenstelfingnme/ang van de finale vraag nog
altijd richtinggevend zijn? en 2) indien zo, zijre dyewenste proporties nog wel
realistisch?

Bij de verdere discussie zijn wij uitgegaan van gegeven dat het getroffen gebied
kiest voor een ‘strategie’ om zo spoedig mogeligeween levensvatbare economie te
hebben. Wij hebben die gedefinieerd in termen vem lgingloop gebaseerd op intern
consistente productie-elementen. Uitgaande vanseenariokeuze gebaseerd op een
bepaalde finale-vraagcompositie dient zich ook heer een keuze aan. Indien de
economie er voor zou kiezen om de finale vraagiieigen, b.v. als antwoord op de
gewijzigde productiemogelikheden, dan veranderaraee ook het patroon van
vereiste sectorale capaciteiten. De zo gewensternmt afstemming tussen
mogelijkheden en gewenste netto productie kanmndeegelijke configuratie misschien
gerealiseerd worden. Waarschijnlijk is dit echtéetnen moet er gericht gestuurd
worden om de juiste proportionaliteiten te beweslisten. De situatie wordt voor
enkele gevallen grafisch weergegeven in de figwsanhoofdstuk 6 en later wiskundig
in termen van het Von Neumann model, ditmaal irm&er van een economische
contractie We ontmoeten ook hier weer een keuzeprobleemrbiyage uit de vele
mogelijkheden er één hebben gekozen, n.l. hetedarah destatus quo anteDat wil
zeggen, we hebben gekozen voor een finale-vraagusitigp van dezelfde
samenstelling als voor de ramp. Hiermee ligt hedehosast en kunnen eventuele
berekeningen uitgevoerd worden.

In onze modelexercitie hebben we ons (louter) deramp die activiteiten die
gericht waren op het herstellen van de rol vanebehomische netwerk. Dat betekende
dat we allerlei uiterst belangrijke activiteitenntb opruiming en herstel enkel
meegenomen hebben voorzover die een rol spellatelgerichte reconstructie.

Modelmatig wordt, in hoofdstuk 6, het (open) modeherformuleerd in termen
van het reéle loon (real wage). Dit is mogelijk @nbet loon per sector, betaald in een
monetaire eenheid, onmiddellijk door de werknememsdt omgezet in de fysieke
aankoop van een consumptiegoederenbundel. Omaatvalknemers geacht worden
dezelfde preferenties te bezitten én hetzelfde amangen, kan aan elke industrie een
reéel loon worden toegerekend evenredig aan degelatienheid die de sector biedt.
Wiskundig betekent dit dat we een nieuwe input tcéhten matrix krijgenM, die de
som is van matriA en van een nieuwe matriki, die het reéle loon weergeeft. Het
model krijgt hierbij de wiskundige vorm van een lgé=n Leontief model, reeds
geintroduceerd in [3.6]. In de secties 6.6 en 6ordivaangetoond dat dit model ook
geinterpreteerd kan worden als een speciaal gemal Mon Neumann’'s befaamde
groeimodel.

Bij deze interpretatie is de samenstelling van idalé vraag van belang. Indien
deze in de volgende perioden niet verandert, enoals de technologieén niet
veranderen, verandert er qua verhoudingen nietieirconomie. In dat geval kan het
open Leontief model ook geinterpreteerd wordeneais gesloten (Leontief) model.
Echter, een dergelijk Leontief model is ook te z&s een Von Neumann groeimodel
met speciale ‘Leontief’ kenmerken (n.l. enkelvowigroductie en geen alternatieve
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productieprocessen per goed). Dit bijzondere modelons uiteindelijke model
geworden omdat het op een directe manier contxarehijnselen modelleert.

Hoofdstuk 7 bespreekt eerder empirisch onderzoek een grote overstromingsramp in
het hoogontwikkelde westelijk deel van Nederlaneét Hestaande watermanagement
systeem wordt in het kort besproken in termen vgminigen en veiligheidsmaatstaven.
Dit is de omgeving waarin de hypothetische caseesmdijkdoorbraak bij Rotterdam
is geplaatst. De gekozen methodologie van het aod&ris gebaseerd op een GIS
analyseapparaat gecombineerd met een data trardiesysteem. Informatie met
betrekking tot werkgelegenheid wordt ‘vertaald’ @en vorm die een band legt met
input-output data. We hebben de rekenexercitiedsdhtegen de achtergrond van ons
nieuw ontwikkelde Leontief-Von Neumann model. Weliseussiéren de verschillende
aggregatiemethodieken die ter beschikking staangaam in op de methodologische
achtergrond van alternatieve uitkomsten.

Hoofdstuk 8 beschrijft een aantal aspecten vanctieebe situatie in ons land. Het blijkt
dat een paradigmawijziging langzamerhand zichtlaadt. De aloude wijsheid om het
water als de belangrijkste vijand te zien, eenlveild die teruggaat op een eeuwenoude
traditie, verliest geleidelijk aan haar macht. Heidige systeem van bescherming tegen
het water gaat terug op het Delta Plan, opgestldenvernietigende vioed van 1953.
De calculaties rond het Deltaplan gebaseerd ot van Van Dantzig waren gericht
op het minimaliseren van overstromingskansen indyg@amische context van gerichte
investeringen. Hier vinden we de aanzetten totvegziging in de grondhouding door
een nieuw type risico management. Dit is een reaop de grote vlucht die de
Nederlandse economie heeft genomen gedurende tdeeldacennia. Die betekende dat
datgene wat beschermd werd door het dijkenstelsel steeds hogere economische
waarde kreeg, de variabele in de formuleR = P x E. Hierbij staatR voor het
economische risico dat wordt gelopen Envoor de waarschijnlijkheid op een
overstroming. De variabel@ heeft momenteel wel zijn laagste niveau bereikhtér,

de waarde valit stijgt voortdurend door de (nog altijd) exponelatiéntwikkeling. Dit
betekent dat het risico, het product \RenE, voortdurend stijgt. Dit vraagt om nieuw
beleid bij een aantal fundamentele kwesties.

In het laatste hoofdstuk sluiten we af, en zienwweruit. We hebben nogmaals het
belang beklemtoond van een zo veel mogelijk unitormethodologie bij onderzoek

naar catastrofes. We hopen dat ons onderzoek daeeto bijdrage kan leveren. Een
aantal punten dient, uiteraard, nader te wordeekmkin andere contexten. Onze focus
op de economische kringloop en de interpretatie ®an ramp in termen van een
verstoring van die kringloop vormt een dergelijknpuOok het belang dat we toegekend
hebben aan bepaalde rigiditeiten in de economisehesociaal-maatschappelijke

structuur van een land vraagt om nader onderzogqgads de verdere uitwerking van

het kostenbegrip, nu gelieerd aan de verstoordggkp. Van groot belang lijkt ons

het ontwikkelen van een aantal scenario’s voorrdaiddellijke post-catastrofe periode.

Deze scenario’s zouden dan, idealiter, moeten womegesteld in de context van

nationale besluitvorming rond thema’s ten aanzieamwan duidelijke keuzes moeten
worden gemaakt. Moderne inzichten rond risico manant en de risk society zullen

hier een centrale rol spelen.
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Tenslotte, we hebben aangegeven dat we ook veétpuret of niet uitvoerig
hebben kunnen behandelen. Wellicht het meest bajleexgount daarbij is dat onze
methodologie, ontwikkeld in de Leontief-Von Neumanaditie, zeker nadere toetsing
vereist, waarbij een dergelijke toetsing ook meteen toets is voor de flexibiliteit van
het input-output raamwerk. Kernpunt hier zal ineedeval zijn onderzoek naar de
aanwezigheid en de aard van rigiditeiten —van weled dan ook- in de moderne,
multisectorale wereld.
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