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Modeling Study of Terrestrial Carbon Flux Response to Climate

Change 1. Past Century
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Abstract ;: An empirical soil carbon model was built. This simple model can directly calculate soil respiration
rate if temperature and precipitation data are available. The spatial and temporal variations of net carbon
fluxes between land ecosystem and atmosphere were studied. A new compiled 0.5 X 0.5 degree grid
monthly climate data from 1901 to 1996 was used.

During the past century, the global mean temperature and precipitation increased 0. 6 C and with a
rate of 1%~ 2% per century, respectively. However, at different time period climate conditions were
much different. For example, during the period of 1940s to middle of 1970s, temperature showed a de-
creasing trend while precipitation increasing, and after this period, temperature increased and precipitation
decreased greatly. These different climate situations should have different responses in biosphere. Simula-
tion results showed that during 40s ~mid-70s, ecosystem absorbed CO, from atmosphere, and after this
period, it released carbon to atmosphere. This result is similar to some previous studies which indicated
that climatic changes play an important role in determining terrestrial carbon fluxes.

Over the past century, the largest temperature increases happened in mid- to high-latitudes with small
changes in low latitudes. In mid- to high-latitude areas. the temperature and precipitation had nearly the
same variation trend, while in tropical areas their variation trends are nearly opposite, especially in recent
decades.

The simulated result showed that during 1931~1950, terrestrial ecosystem was a weak carbon sink.

During 1951~ 1985, however, terrestrial biosphere absorbed a total carbon of 50 PgC (=1.43 PgC/a)
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with 3 significant carbon sinks in southeast China, America, and Amazon area. However, in recent

decades, terrestrial biosphere has turned to a weak source. The total carbon sink during the period of 1901

~1995 was about 86.8 PgC. Among these carbons, about 73% was absorbed by biosphere in mid-lati-

tudes (30~ 60N) and tropical areas (10S~10N). The simulated net carbon sink closes to the estimated

“missing carbon sink” value derived from deconvolution method.

Net carbon flux between biosphere and atmosphere is strongly tied to climate conditions. Precipitation

plays an important role in determining the net carbon flux.

Key words :model ; carbon flux; past century; climate change
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Fig. 1 Time variations of recent one hundred year’s (a)global land annual mean temperature, (b)precipitation.

(c)net primary production(NPP), (d)soil heterorespiration (Rh) , (e)soil respiration rate (RR), (f)net ecosystem
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lg

’ ’I‘Iy

(
. (
PETr . 50 mm
LPETr
( ) s

s Rh

PETr = 58.937T,/P (D

0C 30C )P (mm),

PETr, (1) ), 50 mm
PETr o
, 50 mm PETr
o PETr
RR

RR =NPP/C 2
RR = Rh/C (3

S NPP



2 - 1 273
C NPP s Rh
. (2) .
0.8 — 80 Zinke [ 3583
8 >50N BEET
RARF ( 1m),
s 0.5X0.5°
[10]
o8 80 1\(7[)1)] 1] s
083 - 80 (137,
b 30N~60N ° ;
04 40 RR =0.6323exp (0. 0512MAT )min(R,,, R;) (4)
0 0 R, = 0.061PET ™ (5)
04 -40 R, = 0.0476PETr="%% (6)
08 --80 JR., Ry PETr<1
08 180
o LON-30N PETr>1 ;
04 N 140 99.9%  95%:MAT LD
5 o o . , Qiv=1.7,
P 0.4 -40 \E« 2.4 [o1
g-o.s 50 :% NPP MIAMI (14)
& os 180 § NPP= min (NPP,,NPP,) (D
I d 108~108 ot )
s L NPPt= 0.06918757,,T, << 8 C
o
= 1.35/(1 4+ exp(1.315 — 0.1197,)),
04
T,>8C
08
NPP,= 1.125(1 — exp(— 0. 000664P)),
08 ]
e 105-308 ' 0 in the tropics
04
A = 1.35(1 — exp(— 0.000664P)),
o 0 in other regions
T ] 9
04 NPP (kgC/(m” » a)).,
-0
o8 (NEP)
80
08 NEP = NPP — Rh (8)
| f>8 A 40
' NEP=0
9 0 . NEP>0
04 Temperature iy |-d0
—— Precipitation snomaly ’ o Rh
e 2 vz e B 2>
SEFR Year Rh = C,RR 9)
,Co
RR , Cy
2 6 ) . ,
(mm) (  ba ) o
Fig. 2 Time variations of anomalies of land annual ,MIAMI

mean temperature( C )and precipitation (mm) in 6 lati-

tude bands (5 year running mean)



274 22
[7], ; _
3
, . 20 .
. .1920~1949
i, 90a(1901~1990 ) .
Co . , 1920~1949 C, .
Dai  Fung trd,
. 1931~1950
3 o 6 PgC 0.3 PgC/a .
1951~1985 ( N
( ) ; 40° . 35a
50 PgC, 1. 43 PgC/a .Dai  Fung 20 PgC, 1986
~1995 —2 PgC, .
315 o
. 1901~1995 .
86. 8 PgC. 6 (>60°.30~60° . 0] —— >60N  —e— ION-30N
q —a— ION-S0N —a— 108~10N
N.10~30°N,10°S~10°N,10°~30°S ~ >30°S) g,E 30F . 10s-308
1.0.35.6.8.1,27.7.12.0.2. 4 PgC, B2 o
196.41%.9%32%14% 3% 3>o'=?§ 1o
(30~60°N) (10°8~10° §E ,
N : 3%, %
s 10% '?900 1992 1940 1960 1980 2000
4 Year
. 60°N . .
. 3 6 (NEP)
4 3 5 NEP
. ,1931~1950 . Fig. 3 Time variations of accumulative net ecosystem
R 1951 ~1985 S productivity (NEP)in 6 latitude bands
. 5
0.1 PgC/a, . 20° . 70°N 40°S
, . 1986~1995 . (25°S~25°N) . . 20°
.5 0.15 PgC/a,
S5a~  5d 3 NEP, . PETr
5a . 1931~1950  ,1951~1985 20°
; 1951~1985 ,1986~1995  10a .
10a , o
1986~1995 1951~1985 ( 1951~1985 1931~1950
). ( 5b), 1986~1995 1951~1985
0.2C . , 60° 0.8C .
5a 5 NEP ( )



2 - 1. 275
( . )
015
%; 010} ° °
=
E 0.05 ’ °
-
E- I oC
&
= 005 1986~
= ool —a—1931~1950 _
- T ——1951~1985 1995 )
8 19861995 .
£ 015 — , NPP, , ,
I . T B B e —
40 40 20 0 20 40 60 30 s NEP o
¥ Latitude
4 3 NEP(5 )
Fig. 4 Latitude distributions of NEP in every 5
degrees of latitude bands in 3 periods
: : NEP ( 0.72.n
' =29), 5a. 5d  .PETr NEP
o PETr
Positive NEP means net uptake of carbon by eco- ( )
system,and vice verse. Negative latitude means south °
hemisphere, positive north hemisphere ( 20 30
) 20
=
g-: o~
8021 g (1986-1995)1951-1585) g 1
T 0S| ™ (ssI-1985)(1931-1950) g 08
& ol E 0.6
- 04
E 0,05 3
0 s 02
& oos} E o
a D.1r ﬂ 02
015} M 04
s Bl FORUE. AR 0 WO
; -60-40 20 O 20 40 50 80 -50-40-20 0 20 40 60 80
* H Latimde (") HE Latitude(")
-
E &0 1r -
g2 I osl P
E 40 g 06}
07 04r -
g oF E 02}
2 2 ot R
E -20 £ 02f
a2 Y ' ﬁ ! {1986~1995)-{1951-1985)
—8— (1986~1995)(1951-1985) 06 T4 -
¥ BOI7T —a (1951-1965341931-1950) ﬁ 0L g (19S1~1985-(1931~1930}
L '30-60-40-20 0 20 40 &0 80 * ‘!60 -40-20 D 20 40 60 30
HA Latitude(") % Latitnde (")}
5 3 NEP(a), (b, (¢) PETr(d)
Fig. 5 Latitude distribution of the differences of NEP(a) ,temperature(b),precipitation (¢) and PETr(d) for 3
periods
40~80 ( 1), 40 70



276 22

¢ la, 1b), C 1d,
s NPPC 1o,
, CO,, o
NEP  PETr —0.71, o
6 - N
2] “ . 9 ) 0.5 - -0.5 =
Houghton" deconvolution g - - ] 3
, S L
“Missing Sink” . ., 20 30 $ : ]
o 035 &
Houghton o 2L 10 ¢
]
7 o 1931~1994 E et ¥ soucimonLow 1.5:
= > ¥ g gl - — BOUGHTON:HIGH 20 &
54 PgC, 6 1901 ﬁ_,‘—*ltﬁi!o- 25‘
~1990 C, , WiseT 1931 141 1961 1981 *
F&/ Y
20 PgC, o -
Houghton ° 6 “deconvolution”
Cy ° Co “Missing Sink”
’ Fig. 6 Modeled net carbon flux and Houghton’s high
° and low estimated values of “missing sink” using “de-
4 convolution”method
76 s 1901~1930 g 7
Houghton*! . g:—:’ 5 //
o B 4
(D o £y (15011980
s
’ z'a H
° 20 20 E %50 T30 19% 1960 1970 1580 1990
@ . 20 F o Your
° s 7
s s Fig. 7 Comparison of accumulated net ecosystem pro-
:® ductivity
o CO, NPP s
CO, NPP s o s
MIAMI NPP NPP o
s s s NPP
PETr o
(w() ’ o ’ o 20
40~70 s °

[ 1] Siegenthaler U and Oeschger H. Biospheric CO, emission during the past 200 years reconstructed by deconvolution

of ice core data. Tellus, 1987, 39B.: 140~154.



- I. 277

[10]

[11]

[12]

[13]

[14]

[15]

Houghton R A. Changes in terrestrial carbon over the last 135 years, In: Heiman M ed. The Global Carbon Cycle.
Springer-Verlag Berlin Heidelberg, 1993.

Woodwell G D, Mackenzie F T,Houghton R A, et al. Biotic feedbacks in the warming of the earth. Climatic
Change, 1998, 40: 495~518.

Gifford R M. Implication of CO; effects on vegetation for the global carbon budget. In: Heiman M ed. The Global
Carbon Cycle. Springer-Verlag Berlin Heidelberg, 1993.

Enting I G. The incompatibility of ice-core CO, data with reconstructions of biotic CO; sources (II). The influence
of CO,-fertilised growth. Tellus, 1992, 44B: 23~32.

Peng C H, Guiot J, Van Campo E. Reconstruction of the past terrestrial carbon storage of the north hemisphere
from the Osnabruck biosphere model and paleodata. Climate Research, 1995, 5: 107~118.

Dai A and Fung 1 Y. Can climate variability contribute to the “missing” CO, sink?. Global Biogeochem. Cycles.
1993, 7: 599~609.

Liu S H( ), Fang J Y( ). Effect factors of soil respiration and the temperature’s effects on soil respi-
ration in the global scale. Acta Ecologica Sinica(in Chinese) ( )y 1997, 17(5):469~476.

Raich ] W and Schlesinger W H. The global carbon dioxide flux in soil respiration and its relationship to vegeta-
tion. Tellus, 1992, 44B: 81~99.

New M, Hulme M and Jones P. Representing twentieth-century space-time climate variability. Part 2. develop-
ment of 1901-1996 monthly grids of terrestrial surface climate, J. of Climate, 2000, 13: 2217~2238.

IPCC. Climate Change 1995: the science of climate change, Houghton J T, Callander B A and Varney S K eds.
Cambridge University Press, 1996.

Zinke P J, Stangenberger A G, Post W P, et al. Worldwide organic soil carbon and nitrogen data. ORNL/NDP-
018. Oak Ridge National Laboratory, Oak Ridge, Tennessee, 1986.

Yang X, Wang M, Huang Y. A one-compartment model to study the soil carbon decomposition rate at equilibrium
situation. FEcological Modelling, 2002.

Friedlingstein P, Fung K C, Fung I Y. ez al. Carbon-biosphere-climate interaction in the last glacial maximum cli-
mate. J. Geophys. Res.» 1995, 100: 7203~7221.

Battle M, Bender M L., Tans P P, et al. Global carbon sinks and their variability inferred from atmospheric O,
and 8'3C. Science, 2000, 287 2467~2470.



