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Own experiments and literature data point at a strong correlation between mineralization 
processes in soils i.e. the corresponding CO2 release and temperature variations. This seems to be 
important with regard to the global CO2 problem, since it implies that due to the global temper-
ature increase over 80 years (1860—1940) large additional amounts of CO2 were released to the 
atmosphere. These additional quantities seem to have been at least as important as the anthro-
pogenic release of CO2 from the burning of fossil fuels. 

Introduction 

Over the past decade numerous publications h a v e 
dealt writh the global carbon cycle [ 1 — 6 ] . I t has 
been stressed that only an accurate understanding 
of all its aspects wall finally provide the knowledge 
which is necessary, to answer rel iably questions 
about the future consequences inherent in the 
evolution of CO2 from fossil fuel burning. 

T h e correct global circulation of carbon is still 
elusive, due to the pauci ty and uncerta inty of ex-
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a) Natural carbon pools which participate in short term carbon cycling 
and annual exchange rates.Quantities are in units of 10 metric tons. 
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b) Model for the evaluation of relaxation phenomena f r o m temperature 
induced excess C02 evolution out of soils. 

Fig. 1. Simplified representation of the global carbon cycle. 
Pool sizes are stated according to Woodwell [2]. 
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perimental data . A s a consequence, interpretations 
of past interactions as well as predictions of future 
developments are still questionable. F u r t h e r ex-
perimental d a t a are therefore urgent ly needed. 

T h e natura l carbon pools which exchange their 
carbon in terms of a f e w years or decades are atmo-
sphere, biosphere, detritus and ocean surface 
waters , respect ively . A l t h o u g h their sizes are still 
not accurate ly k n o w n , detritus undoubtedly con-
tains the largest a m o u n t of carbon as shown in 
Figure 1. Most p r o b a b l y it contains twro t o three 
t imes as m u c h as the atmosphere. Consequently 
small changes therein, which alter the evolution 
rate of C O 2, m a y cause significant changes in the 
CO2 content of the atmosphere. Global temperature 
records h a v e revealed an increasing trend during 
the t ime period of 1 8 6 0 - 1 9 4 0 [7, 8], This rise has 
not been large, nevertheless it seems to have trig-
gered an addit ional and important source of CO2. 

Temperature Induced C03 Evolution from Soils 

I n general, chemical as wrell as biochemical reac-
t ion rates increase as the temperature is raised. 
Biologists describe the effect of temperature on a 
biochemical react ion in terms of the " temperature 
coef f ic ient" or Qio value, which designates the rate 
of react ion a t one temperature compared wdth the 
rate at a temperature 10 °C lower. 

Q10 = &T+IO/£T • 

I n this equat ion kx+10 and k? denote the rate con-
stants a t temperatures T 1 0 and T respectively. 

F o r numerous biological processes Qio ranges 
f r o m 3 to 4 at room temperature (18—20 °C). W i t h 
regard to soils, wrhere microbial a c t i v i t y is most 
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Fig. 2. Arrhenius plot of CO2 evolution and temperature for different soils. 

important for the degradation of organic m a t t e r 
and a strong temperature correlation exists too, 
temperature coefficients m a y occasionally be as low 
as 2 or lower, depending on environmental condi-
tions such as nutrient supply, moisture content 
a . s . o . [9, 10, 11]. In general, however, our unpub-
lished laboratory experiments with undisturbed 
soil cores as well as our in situ measurements of 
various forest soils led to temperature coefficients 
of up to 6. In context wi th soils the temperature 
coefficient will henceforth be designated as $RCR 
( R C R = Respiratory CO2 Release Rate) . F igure 2 
exhibits three examples of forest floor measure-
ments [12, 13, 14] which indicate the possible range 
of QRCR values. 

Fie ld and laboratory measurements together 
wi th the avai lable data f rom literature revealed, 

QRCR 
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t h a t temperature coefficients as high as 6 are not 
impossible, though t h e y are uncommon. A signif-
icant outcome is t h e increasing trend of tempera-
ture coefficients wi th decreasing temperatures 
according to Figure 3. This enhances the importance 
of detritus f rom higher latitudes, where also much 
stronger layers of soil organic matter prevail . Table 
1 shows the detrital accumulat ion of tropical, tem-
perate and tundra areas. 

I t is evident f rom these figures that temperate 
and tundra zones are more important compared 
wi th the tropics. B e y o n d that , temperature records 
indicate a larger increase for higher latitudes [7]. 

I n s u m m a r y , it seems justified to restrict the 
forthcoming estimate t o higher latitudes, because: 

— temperature coefficients are higher for lower 
temperatures, 

15 20 25 

Q Fig. 3. (?RCR-values f r o m 

various soils as a function of 
temperature. Solid circles: 
averages of up to 18 differ-

—1 ent soils, open circles: single 
30 T / °C soils (r = 0.76). 
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Table 1. Distribution of detritus in selected zones. 

Ecosystem Mean Global Covered Ecosystem 
organic detritus a/ area b / 
matter/ GtC !0+12m2 
kgCm-2 

Tropical forest 10.4 255 24.5 
Tropical savanna 3.7 56 15 
Mean & total 7.9 3 l l 39.5 

Temperate forest 11.8 142 12 
Temperate grassland 19.2 173 9 
Boreal forest 14.9 179 12 
Tundra & alpine 21.6 173 8 
Mean & total 16.2 667 41 

a Data according to Schlesinger [15]. 
13 Areas from Whittaker [16]. 

— past temperature records exhibit larger effects 
for northern lat i tude zones compared to the 
tropics, 

— northern lat i tude zones hold the largest a m o u n t 
of soil organic matter . 

F o r t h e present investigation the mean tempera-
ture t rend between lat i tude zone 4 0 — 7 0 °N has 
been chosen. This choice merely reflects the avail-
abi l i ty of the m e a n annual temperature t rend for 
this area a n d is b y no means ideal, since for example 
large areas of N o r t h America are excluded. H o w -
ever, the results m a y give a first impression of the 
importance of global temperature variations for the 
CO2 release of soils. 

Global Temperature Increase and CO3 Evolution 

O n the basis of a box model (Figure 1 b), the fol-
lowing assumptions have been made, in order to 
arr ive a t an estimate for the contribution of CO2 
f rom soils w i t h temperature : 

I . a t the beginning of the global temperature 
increase, a s teady state prevailed, i .e . input as 
net p r i m a r y product iv i ty ( N P P ) equalled out-
p u t of CO2 from soils ( R C R ) : 

N P P 0 = R C R 0 , 

where the subscript 0 refers to the original un-
disturbed condit ion; 

I I . organic m a t t e r input into detritus i .e . net 

p r i m a r y p r o d u c t i v i t y ( N P P ) will not be af-

f e c t e d b y increasing temperatures: 

N P P 0 = N P P (t) = const; 

I I I . increasing evolut ion rates of CO2 will deplete 
the detrital c o n t e n t ; 

I V . a depletion in soil organic matter (SOM) will 
reduce the corresponding respiratory CO2 
release rate (RCR) b y : 

- z lRCR = R C R 0 ( 1 - SOM/SOMo); 

V . the temperature increase f rom 1860 t o 1940 

will be a p p r o x i m a t e d b y a linear f u n c t i o n : 

AT(t) ~ t, 
where t represents the t ime in years *. 

T h e evolut ion of CO2 f r o m soils as a funct ion of 
t ime m a y then be expressed as fo l lows: 

SOM 
SOMo ' 

R C R (£) = R C R q [1 + *{T)AT{t)] (1) 

where cn{T) is the CO2 response to temperature per 
°C at temperature T . T h e differential equat ion for 
the corresponding depletion of soil organic m a t t e r 
(SOM) is g iven b y 

d S O M 

d* 
N P P 0 - R C R 0 [1 + a ( T ) A T (f)] 

S O M 

SOM,, 

Introducing t h e previously defined temperature 
coefficient QRCR a n d neglecting its temperature 
dependence due to the small temperature increase 
of the present problem a n d furthermore assuming 
a global temperature increase of 0.01 °C/year which 
gives an increase of 0.8 °C for the t ime period of 
1860 t o 1940 results i n : 

(2) 
d S O M 

N P P o 
T 

1 -
$ R C R 

10 
0.01* S O M , 

where r represents t h e m e a n residence t ime of 
detr i tal carbon a n d to being zero. 

T h e solution of this equat ion leads to 

N P P o 
S O M ( I ) = Y M R D [ - Y ) + E X P { W T > 

N P P 0 , 
S O M o - y p ^ D U / / ^ ) 

(3) 

w i t h ? / = (1 + ßt)l\/'2ßr, D(y) being Dawson 's inte-
gral [17] and 0 = ( 0 R C R - 1 ) 1 0 - 3 . 

* A similar model-approach has been presented by Prof. 
Kohlmaier at a meeting of the contact group "Anthropo-
genic Climate Perturbations" in Brussels. October 1981. 
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A n est imate of soil organic m a t t e r for t = to 
results in 600 G t C as compared t o 667 G t C s tated 
in Table 1. This figure accounts for the f a c t t h a t 
temperate forests and grasslands are n o t restricted 
t o areas between 4 0 — 7 0 °N. 

P r i m a r y production data f rom B o x [18] u p d a t e d 
according to L ie th and Esser [19] result in an 
annual g r o w t h rate for d r y m a t t e r of 22.18 G t 
(40—70 °N). A s d r y m a t t e r contains a b o u t 4 5 % 
carbon b y weight , the corresponding annual fixa-
t ion rate of carbon amounts t o : 

N P P o = 9.98 G t C , ( 4 0 - 7 0 ° N ) . 

On the basis of $RCR = 4 E q s . (1) a n d (3) lead t o 
evolution rates of C 0 2 and the corresponding deple-
t ion of soil organic matter , as shown in F igure 4. 
Table 2 exhibits the cumulat ive a m o u n t s of C O 2 
released f rom soils in comparison to the emission of 
CO2 from the combustion of fossil fuels. 

Fig. 4. CO2 release from fossil fuels in comparison with 
emission from soils (ZlRCR) due to the global temperature 
increase from 1860—1940. ZlSOM designates the depletion 
of soil organic matter as a result of the CO2 emission out 
of soils. 

Table. 2. Cumulative release of CO2 from soils due to the 
global temperature increase as compared to the emission 
of CO2 from burning of fossil fuels. 

Release ofC0 2 /GtC 

</year AT/°C soils fossil fuels3. 

1860 0.09 
1880 0.2 5.4 3.2 
1900 0.4 19.1 10.4 
1920 0.6 38.2 26.0 
1940 0.8 60.4 47.2 

a Data after Keeling [20], Rotty [21]. 

Discussion 

A comparison between manmade CO2 and the 
release f rom soils due to the global temperature 
increase shows the importance of the latter contri-
but ion as a net source. I t is b y no means negligible, 
b u t has p r o b a b l y been a substantial addit ional 
release f rom t h e biota. 

F u r t h e r evidence for this fact seems to stem 
f r o m 1 3 C - d a t a of tree rings which indicate, t h a t t h e 
biota h a v e released about 1.9 G t C per year at the 
turn of the c e n t u r y and about 3.9 G t C per y e a r 
around 1935 [22], For the same periods, fossil fuels 
h a v e only been released a t rates of 0.5 and 1.1 G t C 
per year , respectively. T h e corresponding cumu-
la t ive values exhibit similar proportions: W a g e n e r 
[22] arrives a t a biospheric contribution of roughly 
150 G t C for t h e t ime period from 1 8 5 0 - 1 9 3 5 , 
while Stuiver 's est imate leads to 120 G t C for the 
period f rom 1850—1950 [23]. These figures h a v e t o 
be compared w i t h 41 G t C and 60 G t C, respectively, 
f r o m fossil fuel burning during the corresponding 
t ime periods. 

T h e f a c t t h a t soils represent a net source writh 
increasing temperatures and a net sink wi th de-
creasing temperatures implies t h a t biota m a y h a v e 
recent ly acted as a sink because a strong decreasing 
temperature t rend has been noticed since 1940. 

T h e temperature increase resulted in a consider-
able depletion of soil organic matter (Figure 4). 
More t h a n 1 0 % of the original amount has been 
released to the atmosphere as CO2. W i t h 60.4 G t C 
(Table 2) released from 1860—1940, the tota l loss 
per m 2 wi thin the latitude zone 4 0 — 7 0 °N a m o u n t s 
t o 1.7 k g C/m2 heeding the area figures of Table 1. 
This va lue lies well within the range of data g iven 
b y Bol in [1] for the loss due to deforestation and 
cult ivat ion. This indicates that even a small g lobal 
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temperature increase m a y result in changes of the 
CO2 release f r o m detritus which are comparable to 
the m a n m a d e CO2 emission. 

T h e l imitations of d a t a on w h i c h the assumptions 
are based must be k e p t in mind w h e n judging the 
presented results. T h e uncertainties are still so great 
t h a t the m a t t e r warrants further invest igat ion. 

I n a number of cases the moisture content of soils 
counteracts temperature effects. A l t h o u g h this is 
occasionally true [15], for some locations, i t has 
been found t h a t , in the m a j o r i t y of cases, tempera-
ture is b y far more important t h a n moisture content 
[f.e. 14, 24] a n d has, therefore, been omitted for 
this s tudy. 

Furthermore, temperature effects have only been 
considered in relat ion t o respiration. However , net 
assimilation over a fa ir ly broad temperature range 
around the o p t i m u m temperature shows less t h a n 
1 0 % variat ion [25, 26]. E v e n for larger temperature 
ranges, temperature coefficients hardly exceed 
values of 1.8 and in m a n y invest igat ions far lower 
values h a v e been reported [27—29]. Therefore, i t 

seemed justified to neglect the response of photo-
synthesis to temperature. I f i t is true t h a t tempera-
ture does not decisively increase assimilation, 
increased CO2 contents m i g h t y e t enhance photo-
synthesis. H o w e v e r , if nutr ients other t h a n CO2 are 
growth limiting, increased assimilation w o u l d be 
unlikely. 

A far more serious problem seems t o be t h e as-
sumption of a uniform temperature t rend for a 
large area such as the lat i tude zone 4 0 — 7 0 °N. I t is 
well k n o w n t h a t rather large differences h a v e been 
reported within this zone. H o w e v e r , due t o t h e 
limited informations present ly a t hand there was no 
better approach to the problem. 

A more detailed invest igat ion is present ly under 
w a y in co-operation w i t h Prof . K o h l m a i e r , Uni-
vers i ty F r a n k f u r t . T h e corresponding paper is in 
preparation. 
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