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1. INTRODUCTION

Useful techniques for eatlnatlng transport
and diffusion of airborne moterials close to the
ground under stationary and homogeneoun
met@orological conditions have been avallable for
many yeara thanks to early thecretical guldance
and  well-executed field experiments. Over the
years the pructical applications have reached well
beyond the original empirtcal basis to include
conplicat{oas arlaing from clevated and ‘louyant
Spurces, travel over longer Jdlatances wlith the
related {ntecrest in deeper layers uf the
atmo8phere and temporal chaages tn wind  and
turbulence, and vartations {u tLhu underlyfng
surface. A vartety of modeltng approaches prew up
to addrens the practical nwedn bhut  experlmental
teating of the models war been limfteds A revived
{nterest 1n model validation has led to n werfen
of detalled fleld mensuremcut programs over the
last five ycars emphastzfug uwonfdeal cuvirone ntu.

One of the majnr targets ol emphnaasla han been
complex terrain. Severnl apenciens have ldentifled
practical reedn lor research foto a wide spectrum
ol teriadn={nduced wind flow phevomenas The
highly npurctalized yet fntegrated requirementn for
theory, uwnerleal  wodeltng and tield experlinonta
have led «co  the orpanlzation of  teams that
lucarporat: dtffervent apecialiten arommd a nhared
ohjective.

This paper attemjts teo  entablish a  context
for the domfuunt tervain eftfectn fnclating the
tola of vegotative covers We explore HOw
practical 1eeds for & thotough uwaderstandling of
terraln tnflusnce aud review nome ol the phenomena
that  have bheen fdenrifind am complicatlug the
transport and diffuston of poliutanta. Thia pape
Aldo  reviews & variety of methods that have hoeen
uped to characterize the topography  ltas'f  Jor
atmonpheric tranwport appli -attonn. The  three
papern to follow in this wesslog will  eaplore  in
Areater detail the parameterfzation of phienomena
driven primsrily by thermal pgradientn, mecitant al
IntYuencen, and vegetative cover.

1T+ DIFPUSION IN SIMPLE TERRAIN

Turbulent diffunton over atmple terratn fa by
mo meana a nimple problem an witnesned by the fact
that  over o0 years of oftort have hoon devolod t

yat um to our pressnt  atate of knowlodpe,

Although conceptunlly we are intereated in the ne*
transport wind to determine the positlon of the
center of gravity of a plume or puff and the
turbulonce rnergy to determine the rate of spread
about the ceater of g-avity, the coupling of wind,
temperature and turbulence preflles with helght
and time of day 1s complicated. In addition,
elements of source geometry further complicate the
prublem. Theoretical guidance datlng back to
Tryloe’s (1921} w1k have offered au  elegant
tramework for formulating the diffusion problem
for conditions of lLomogencous and stationary
turbuleniv. Siwmple terraln gives us our best
chance tu satisfy the constratluts of the theory,
al'tough uwatural lacge scale varlability of the
atmoaphere HUill  comprom{aes the theorrtfcnl
cequirements

The  pround nurface repreacnts a  boundary
cmdltion for methods of ewtimating wind,
ntabt ity and turbulence structure and the
digtributtou of atrcbhorue matevlal trom a specttied
RULIFCC . The  pround {s gonerally a momentum sink
and motature source amd may be eithar a source «r
wink of heat fcopending on time of Any) and the
type of coitaminant. Proftles of vittually all
timport ant meteorolegioal parameters depenld
ntiougly on height above ground am  well an tae
propoectlen ot the ground wurface {thelf
(eops Toughpesn, radtative propertien, vegetative
cover). Methods ot tarcbulent  diffunlon in the
atmonpheric houndary laver that  account for  the
wpectral  distreibntion ot turbulence energy among
components and the  vartation with hefght  above
pround bold promine tor satanlyfng a large part of
the ontlnat lon needa over slmple terraln,

The mant 1t roquent 1y saned modeling concept for
practteal  applicarfonse In he Goaunpian plume, aund
1t hasn avvved aa a vebiele for many uselul and
tnnovative ntudier. The Gaunptan model ham hren
tormlated  fn mwany wayn, f(rom wmethods afmple
cnough to ute arfthmette done fn the saplementer’s
hewd 1o conplod computer algorithms.

A nipnlrieamt part of  the ronearch In
atmorphen te diifunton in direrted at estimating
Tatetal and vertical plume growth raten amn a
tanctton of  travel time or dintances Whether or
nat the  computat tonal  scheme  for  concenteat fon
redten oo oo Gausatan dimtribut ton, the growth (or
aquivalentlv, the dilut fon) rates are sccond in
impottancs  only  to the proper eattmation of the
mean plume axtn. A great Jdeal of our practical



knovledga relies on an extensive set cf empirical
tracer data summarized, for example, by Draxler
(1981). Many practical requirements stretch our
empirical knowledge beyond its range of wvalidity
and current research trends are directed toward
obtaining more reliable estimation methods for
those problems not wall covered in the
conventional approach. These include extension to
longer travel distances and meteorological domalns

such as the unstable boundary layer and the very
lov windspead stable layer. Alsu, problems
introduced by variations in the underlying
boundary (complex terrain, urban complexes,
vegegative canopy, shoreline) are receiving
attention from both thecristsa and
experimentaliats. Finally source governed

effects, nwuch as positively and ncpatively Luoyant
sourcea, elevated and ground level sources, short
and long release times are under continuing study.
Fach of the complications outlined Lere requires a
careful diagnoafs of the governing physlcal
phenomena and then an appropriate computational
mechanism for applying the phyecical knowledge.
Some of the methods being applied are summarilzed
‘below.

Fundamental
properties of f[luld
particle ensembles t) turbulence atructure;
rigorous but often limfted to assumed
homogeneoud, atatfonary turluleace.

~ Statiuctical theory of diffusion:
concepty relating the

= Method of wmoments: Dynamical relationships
derfved from governing  vqua’ fonr of  fiuld
flow to aclected moments of a concentratfon
distribution of tracer.

~ Moute Carlo and other stochastle motheds:
Numerfeal simulation of trajectorien o an
cigemble of (luld or real pardiclea vwma'ly
contalning a candom  and  determtafet e
compouent very floxible methad with
tenearch Junt hoginutng.

= Partirle-in=tCell (YIC): uned {n contunct ton
withh nunerical grid methods trajectorles ol
tracer {lafd sarttceles are calrulated.

= K=Theory: reltes on an oceimed fluxsprad b ot
tnlatfonsbitp requlren apecificeattion af
diffuntvity and calenlaten diftunlon baued
ou K and gradient§ otten unel o pumerical
modeta; K nhoula deperd v travel time.

= Steftarity theory! Unfversnl functionn are
moupht that deacrihe plume prowth dependonee
on turbulence atructure; cittical parametora
are caleulated that deacrthe dome  featuren
of plume growth umelful g the nurtace laver.

- Hitpher order longre methedn?
K=theory Limttattonn b
fluxen to  higher
mathemat teally complex bt
unetul.

Seek Lo avold
relatfng  tuwrbulent
ruthulent momentn;
potentially vy

ITI. DIFFUSTON IN COMPLEX TERRAIN

The problem of transport
generalized terrain settings is a very difficult
one involviag Interactions of different physical
phenomenolog, on a variety of time and space
ecales. As such it doesn’t readily lend itse¢li to
a 8ystematic computatioual apprcach since the
poverning equations usually mudt be tailored to a
particular scale and phenomenon. We must i{dentify

and diffusion in

and gsolve pileces of the problem and rely cu an
extennive empirical basis to determine the scalics
and phyulcal proceases that doninate a given
transport acenario. This approach s

fundamentally di{fferent from a series of empirical
site studies in that the sepavate studies are tied
together through o { ramework of physlea)
phenomenology. The approach 18 aAnalogons to a
jlgsaw puzzle In whirh all the separite studica
represent plecea that ({1t together tu form Aan
entire picturae. Strictly pragmatic empirlcal site
studits might be represented by an ensemble of
plecen {rom different puzzles. Wi thout the
unifyfong element of the basic physies as exprenscd
in the beat available wet of rescarch models we
will find 1t very difficult to deduce the
generallzed pattern of complex terraln transport.

Major cowpifcations tu atmoapherle transport
aud diftusfon remult from wvarintfons (n the
underlying boundary that may {nclude cverythiap

from subtle changes in drag or heat {lux 1o
vigoroun corrugationns {n the suriace. Adopting
the broadear deflnftion of comples terralu ag  any
underlving mutlace that 18 It and
horfzontally unlform we fnclude uot only mountalna
il valleys  but o shorellaes, sloplvy  tlat lowd,
clties ad areas of nonunttorm Jand w v Lven e
slwplest nonhomopgencous  couffgaraticns give .o
to gerfouw complirations (n diffusnion cavinatijorn
but  good  progresds han been made In nuderntanding,
houndary laver adlustments te o chanpe fu the
uaderlyln, wsurface with no major terrdf 10!lel

nal

Thete are many  definftions ot complex terraln
depending oy the pairtfealar  applicatton ol
futerest < For atmonpherte toanaport, one uncful
workling definlttoy might  be that the tervadn {n

wirborne  materfal
vartattonn causwl Ly

complex when the Lrajectory ol
nndergoen nonltoear

torvadn-inducod perturbat{fonn {n the wird finl
(Fig. ). il deftinition  tnclwdes ponloeal
topopraphice featarga,  bocanue  the  wiid fie)d
perturbation mav  be a wenoaernle eddy in the wike
af o Aintant obntacie.

I one culoptun alrtlow  phensmen) no n

ruldeline  to tnterprettag terratn tofluenee, the
next  wtep ta o fdentity  and  catvporiee the
candtdat e phenomena. The  tirut ureful Jivinton
neparaten mechanteally « theimatly dr fven
clreulat fonn. thgttl [QRHED) Humiar§ zen 1
denctiptive alr flow and aiftunton phepomena In

Five peneral categortes Cdynamic  and k{nenat (e
elffectu, Tocal phenouena, boamdary Tayer, oddion,
Al plume oifecta). The dvnamie/kinemat 1

merhanten!
1 Jown.
Toe Ladd In

valepgory awd sddien contetn
(R RTL TR due to
Thermally-difven ecticulat foun

primartly
ot aeln



Orgill“s local phenomena category whercaa features
resulting from adjustment of vertical flux rates
are categorized as boundary layer phenomena. The
mechanical effects car be scparated as priparily
vertical or horizontal perturbations because
buoyancy forces work largely on t he
vertically-diaplaced air. However, for a real
three-dimensional geometry, the final trajectory
fluctuations result from coupling of vertically
and horizontally {induced wmotlons. For example,
for flow over a ridge at an obliqua angle to the
mean wind direction, the confluence {and
diffluence) in the vertical velonclity accounts for

acneleration (deceleration) of the horizontal
velccity component normal to the rildge. The
component porallel to the ridge 14 not sirilarly

affecred. Hence, when flow 1a accelerated 1t
tends to turn toward normal to the ridge 115e and
when 1t decelerates the dircction approuaches that
ut the ridge llne as indicare’ in Fig. 2, traced
from a laborutory simulation of wi-d over a atlaple
ridge.

IV. SOURCES OF TURBULENT ENLR(Y

The presdence of variable tupography
{ntroduc:A soveral sources of momentum  and
turbulence onergy that aren’t present {0 boundary
layers over plune durfave:. More highly
parameter{zed models cf the  boundary layer wmay
miss  thesae additional eunergy sources although, 1t

we apply truly fundamental princtples, we nheuld

expect to ace fotthful  reiatlonalilpa beween
tarpulence  quantitfer and the mean wind nnd
Lemprrature Htructure.

Hlupe winda, tor example, are Jdilven by
pressure=density solenolds that  ariue  when the

wain [aotberms  are quanf-pacallel to the alopiog
ground as showm ia Fig. 4. The more wtable  the
lapue  rate, the gore vigirous will be the alope
flowe The meoctated strong veloctey  shears may
give rite to fncreased  turbulences It wr vely

aolely on ot aperature lapae rate to parame.erlze
turbulent mixing we w1 tace a dillemma that
turbulene - apparently  Increascn with  atahllitv.
Cn the other hand the leeal balance of twmbalence
between shear product fou and  bueyant
cheractertzed by the Richardson  Numher, This
ahonld coutfoue to be a unetal  Infleator  even
though  there are topopraphle alteratlonn to the
mean wind ntructure.

dappliog  gu

There are some nonlocal aouccen b evhiapes
turbulence  In complex terralo netolngn Ductaaty g
wnaken from n wih varfety of  ohnt o len. Several

authors  (Hauna, 19070 Stmrt et ') bave
obnerved trbulence (otenaftlen eqgalvalent to near
neatral  atabi ity claratftoat ton durtug otghtt lne
Hght wint candfcionn. Te  propertlen of  thia
turbulence  atructure may he quite afre depeadent
but of forts to dormment  Jdependencien oo helghe,
mtabiitty and, to mome extent, poeltton "ot tome
claanew of terratn nebdting. For luate oy thoes
may be A charncteriatie patteru an o funct{on ot
dimtance from the head of o valley ot diatgnen
downwind of a ridge 1ine.

ole,

=3-

The confluence pattern of atreamlines in flow
over obstacles glves rise to local deformation
zones that will, 1in turn, alter the turhulence
gtructure. Froet et al. (1974), Jackson and Hunt
(1974), aud Taylor and Gent (1974) have obtained
golutions for boundary layer flow including
Reynolds atrees over gentle obstacles (without
flow srparation). Taylor ond Gent and Frost et
al. (19/5) 1include numer.ical -=alculations of
turbulent energy that reach & maximum near the
peak of the two-dimensionel modeled hill. Bradley
(lY80) has made obaservations over a hill in
Australia that are conaistent with the available
theory- Mcan wind speed and the standard
deviation of the turbulence components were
approximately dounbled over the values upwind of
the hill and a windspced maximum occur' 4 at about
1/6 of the Lill height above the ridg~ op-. The
concurrent Lucrease of the mear. wind and
turbulerce components suggeste a constant value of
Lthe angular standard deviacioas (0g, 04) which, in
tu-n, draws speculation that the turbulent apread
of a diffuning plume should be unaltered.
Conversely, lLec et al. (198]) ob3crved about a 16
enhancement fn lateral plume width purameters
uslug tracer gas in a wind-tunnel simulation over
a {wo-dimensional ridge with a aimilar aspect
tatio to Boadley’s hill.

A valuable theorerical tool, rapid dlatortion
theory  developed Ln the 193079 by Prandtl (1933)
aml 1: Jor (1235) Lo explata the behavior of grid
preduced  turbulence 1fn a wind tunnes, s being
extended to atmespiherle  tvrbulence deformed by
tlow  over hills  (lut, 197))e The thoory maken
une of energy conservatfon prinelplea to  predict
ddjustmestn in the longftudinel, tateral, and
vertfeal turbulence atatioticswhen changes in the
mern wind  (elongation, dhear) deform eddies on a
time scale slogter than thear 1totfime. Sadeh and
Brauver (1980) describe a simtlar analysis based on
vorticity ampl{ffcation by satretening and tilting
in n distort,ug wind fleld. Given the
character{st (- deale of a particular terrain
abhntacle {low, rapld diutortion affects will work
nelect tvely cn the larger eddias  present  {n the
approach Jow  and heaee alter  the npoctral
distrabuttion of energy (Fanafsky et al. 19H]).

that
ay rouhnena,

Another Jeature of variahle terrain  fn
Ruttace charactevdintfcs  aoech

tive cover, ground moteture and  teamperature
vary with locations the trees tend to
tavar the higher terraly apd canvone where there
tn avallanle watere In the cant a nimtlar pattern
o often the repult of Inteattonal land-ume,

t ’.I.
Vil
In Lthe wenr

Conutdering  the  {mportance  of  temperature
dntribatfonn 1 the moteorology ol couplex
tertafn wett ingr, we have seen velatively Qirtle
work ca topogiaphie etfoctn an heat hulgetu.  We
need to addreas the rolen of aurlace geometty and
eminpdvity  vartsttonn  ou the radiative component
an woll rm comlog to prtpe with wome  poltty
problemn of  tutbulent  fluxen ty complen terrvatn
cuvironment e,



Once the criticul elements of complex terrain
meteorology are determined we who are interested
in transport and d{ffusion atill must address the
fact that the main theoretical guidance we have ia

‘3ed nn homogeneous turbulence. The settinyg of

:table tepography is fundamentally

thomogeneouas. There are .calea of transport and
.. rorological conditiora for whleh terrain
va 'ation 18 minimized. We must identlify these
anyd document the errors inveived 1in a simple
parsu-—-terization. For a while, at least, we must
rely on an emplirical basis, perhaps extending our
rcsul 3 from one site to "slmilar" sites. We may
pursu: the pragmatic expedient and in the {nterest
of "firet things first" attempt to wstablish the
transport wind field and accept factorn of
peveral-fold in diiut!on estimate errorda. 1Iun the
long run, however, we must develop algorithms for
turbulent diffusion under non-hoaugensousr
conditions.

V. PARMATERIZING TEKRALN

An ultimate practical ohjective of resrarch
in complex terrain meteorology (A to be able 1o

use general weather informatlon anu topography
(and perhaps a critical local observation) to
estimate wind and turbulence “felds. One

i{mportant step towarda achieving that goal .8 to

adequately characterize thoae [features of the
terrain that are critical to the ftelds of
interest. Therv probably fa vot ore single methed

that ia besat inr
application

averaging.

nll
requites

bacause  ¢arch
ppace domalnn and

apnliratfona
ditferent

Orgill (1941) Aummnrizen o serfes of  land
forma that ure common  ¢lomenry of  uwatural
landacapen. Mont Rettingn deseribed In
aome Benae as a4 afmple  comilonatton ol slopeas,
ridges, hillm, valleva, banlan, shorolinen,
Islandn, bays or aome other ot the 20 Iand torms
deacribed by Orglll. Further ahgtraction uf
Orgill s laudforms  can vewnit  fn four major
classes an shown fn Table [ Practical  problema

cnn he

usually contatn elements  of  two or more of the
clasnen. For example, the Geynern area ol
Calltornia s for most canen studled o concave,
thormally d=iven domatn where alope winds  are
channeled tnto an axial valley tlowe thantitartve
afforts to descrihe  the mapnttude of the flow

(Barr et al., 1980; Yamada, [9H1) have required
nome copnldernttion of enirnved wurlace drap due to
the vepgrtative COver. Some SELTIN

siguificantly affecoted by froe-stream

wi' O

the wing

foreed over the (eonver) 1idge that bounded the
oxperimental afte. Henee all Lour wajor tand form
categnrien entered the  Interpretation ot the

Goynora {ield exparimentn.

Sumet tmen the land form categorfen of Table 1
depend on ot teatacton te the mean wind an fn the
care of a wlope or cllft. fnvolve
comb{nationn  of  bhamte  forma that  any lead to
different {nterpretajonn.  For example,  cnnemblen
of  vonvex  teatursn  load to concave arean {a
hetween: Orglll pofniw that  generic  Jand
Lormm Ao uneful o deducing fandament al

Al o rome uften

ot

4~

metenrological behavior, (f properly defined
inc!'nding supporting information on:

= orientation

* aslope magnitude

* elevation and relief

* rrughness.

Computer methods (Fig. 4) hold a pgreat
potential for characterizing topography 1f they

are [ncorporated into gond physicd-based systems.
Geomorpholugists have developed snme cxcellent
approachen. We need to adapt the methods to cor
apacific meteorological needs  and perhaps
introduce some new methods based on statiatics
(MacCready et al., 1974) or other wathematical
basi{a and using computer-oased acheme. scems most
appropriate.

Table I. Land form Classification

| for

—_.Flow Phenomenon

Conrvex Deformation, waves, wikvs
Concave Channeling, stagnation
Frictlounal Boundary layer
Thermal Slope flows, laud=sea brecise
VL. An INTEGRATED APPROACH
Among the reasons that the meteorelogy  of
complex  terralin scttings has reafsted analytical

progresn are:
1, Many physical procenncs are involved.

2. Noenlinear i{nteractions are  prevalent, not
only uvonlinecar hydrodynamies but feedback
prucennes hetween diflferent phenomena.

Yoo Many diiterent scales of phienomena

futeract.
4. Fully thiee=dimeneional procewnea are very
[fmpoartant to the ultimate behavfor.
ik combionation of complexitive puts o empharin
on a team approach fn whiceh apecfallots 1o theary,
wode oy and  experiments  fnteract  with  shared
uh vt tven on wpecitic taaks. The fwportant steps
Involve:

le Problem perceptlon fo which the poactteal
nesd U e aesned  tn termn of  the mout Ykely
complieations  of tertaln=fwhaced meteorology,

nourc e amd receptor dintr thuttonm.

Yo Hdenttlicution ol Likeoly Roverning
phenomena; o task that Jdepewdn on the whole  team
but munt tuclude obnervationn,

Yoo Modeding  with  relevant  computat tonal
codes  and  {ahoratory Tacilitien leading to
predivitons of  coucentrat fon/deponttion patternn
an tdent 1t Lear fon ol addit ional dat a ot

Intevpretatlon peedn.

he  Fileld
hepothesen and
mdeln.

tratn deatpgned to addrean apecti e
luvolving adeguate data to tent the



5. Feedback loops leading to
models and experiments.

upgrading of

The Department of Energy’s ASCOT program ia
one exzaple of an 1integrated team in whlich
participanta from national laboratories, federal
agencies and universities maintain a continuing
dialogue wvith three topical points ot
intersection: phyesical concepts, modelinug, and
mFagsurements. Efforts are made to see that the
models address the phenomena that are obterved.
Several classes of models are used in the design
and analysis of field experimenta. The models
currently iu use in APCOT d1uclude Jata driven
analysis such as maass-consistent wind fleld
algorithms, ant{ one, two and three dimennional
models baaed on Ffundamental concupta. Paraullel
developments proceed with research and opcrational
models. The former stresd an much as pousible the
relevant physics without worrying too wmuch about
computer costs. Their objective 18 to assiat tle
srientists in understanding the governing
procasses and to demonstrate that these processas
cau be calculated. The gouala ot the operatfonal
wodellng effort in to veck ] broadur
parameterization se that computing cfforts wil! be
modest and rosts reasonable to a user avency for
frequent appliration {n adsesuments.

In another
FEnviroumental
cenptractora
tranaport

integrated
Protection

Approacih, the
Agincy and fis
ars fuveut lgat tay, the perturbed
wind 1ol and dittaston putera
associated vith a Gausaoran-shaps! hill. The
program socks n halance Lotween et
medsuremency, modeling and Laarat oty stmul st lon.

A more eoxtenrtve  coovedlncilon Scetwena PRy,
Dol and the Electrfe Power Research Instftute 5
cuirently fn  the planaing Htapens P b

aned taeltig ey

fnterent.

vrganazation will contribute effort
tra jJolint project of matunl

VIile SOME  SUGIESTIONS
INTO WIIE S10ES

FOR WHILTLING THI PROYW VM

arounlfeated
vattlenlarly one with  the
tetrain  Influencea, o o mraple atep fa n
mind=bradtng  challange. Tt ta wital toat we
porttedon the problem fato vorponents that can he
Bolved  and  the wolettony verlljed. the
nctent Uie communtty wuat agree oo o cantext  no
that  the partial mslutfoas can all centribute
tavard n commor geal without oo maeh redundnney.
B courne,  there oo wide vattety of pinctteal
oblect tver that  pgot  aq favolved oo (e t{rat
place. Woo muat meet thoene  obfectfven while
rontribating our Nittle plece te the overall
context, I the [ollowtng  paragraphn are ome
thought o cu werroving the problem down to workah e
Plecen.

To ad lreun pravtienl

adidond

||rnh].-m,
Sontuston ot

ntaoy,

Firni we punl mtarg
becanme n nfte
complioatton, 1t

from what we
tontalnn n
daen not rule out o the wtt iy ol
cowventloval  tranmport  and  diftunfon  methodn.
niler neteorologta) condit tonm the tervala
eifect may e minfmtred or aome practical problemn

know. It

tepographte

Home
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may not be wensitive to the .omplications. A
careful assessment must be made of the errors
involved in simplifying the analysis.

Suveral authors have attempted to combine
effects of rseveral contributing phenomena 1in a
g{mple linear combination. This allows us to

culculate somerhing that we can handle such as a
ainglv phenomeavn, component or scale one at a
time, then combine them in a stralghtfurward way
ty yield a potentlsally complex field of wind,
temperature or turbulence. This type of analysis
aliculd c¢ontain an estimate of the errors involved
in neglecling feedback.

Apotuer simplification in the analynis phase
is te determire the scale of the pgoverning
phenomenon and concentrate the effort on that
Hcale. Numercal apprvaches are greatly
gimr "1fied by this step.

In fleld experimentr it is very valuable to
screen the measurement requirements so that euach
seriey of measurementy is denigned to uddress a
partlcular hypothests. It is terribly tempting to
uaks ohservationa ro "see what {t looks like" but
the risk of nRuffocating under ponderous and
ifrrelevant wata sets i8 greater than the benefits
A serendipirous  dlseovery. We have tound a
mult {=phasic 11eld expedition to he quite wuseful.
Basea  on o penerusl governlng hypothiests (ev.g. an
expectrd voiley wind domaln) we #et up a minimal
network 1 Lixed satatlons and condurt a brief
inrlen of scoaudings. With a erade "ellmatology”
uf surtace obdervatieons and a few casen  of
vertical proiflen we are usually able to guena at

Lhe  represcoatativeaess of  the dowmain we have
ahyerved.  his helpa to 1educe the rirk of major
srprdsen in the next phase  when  greater
fovestment s ol MANpOIWE L and vaquipment are

L clved,

The  weeowml phape (noan expodition ot several
weeks dorattan {n whiich wome detall o nought  In
the at ooshevde vty actare and it eflect on tiacer

vluren, Taally,
that 1c

Fre e ment

there  are eupouph anexpected
I wdvianhle to tollow up with

Herioen.

pheacm
anet Lier

AR
woomoenltoariag

tw necewunty ar dendrable to move fato
phane vhere ront fne obuervat Lonn ol

neteorology andd alr quality  are  collected gl
srocentad oy an extended perted  of ¢tme, the
Latormat toa palved trem the eapaddt "o cnn maina
the 1l phaswn much more ol fer fve.
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Flgure Legends
Ftpe 1, Tracer concentration
wind networu data showing
fn a plume concentration
tetrala (;akee from HKiols
1967) .
Fig- *+ Streamline deflections “p vertical and
hortscacal directiond due tu flow over a
sfaple ridge at 60° orlentation to the mean
tll)H.

3. Croos section of potrotial
along  the axfsq
CA, July 24, 1979.

b An example of a  cowmputer=generated
perkpect lve view of the topography In the
tobh Mount atn Auderson Creek Valiey Arca ot
northern Galfyoreian.
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