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Interannual Variation in Terredrial Ecosysem
Carbon Huxes in China from 1981 to 1998
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Abgract : A dynamic biogeochemica node was used to edimeate the reponses of Chind sterrestria net pri-
mary productivity ( NPP) , il heterotrophic regiration ( HR) and net ecosysem productivity ( NEP) to
changes in climate and atnogpheric GO, from 1981 to 1998. Results show that Chind s total NPP varied be-
tween 2.89 and 3.37 G C/ aand had an increadng trend by 0. 32 % per year , HR varied between 2. 89 and
3.21 @ C/aand grew by 0.40 % per year , Annual NEP varied between - 0.32 and 0.25 G C but had no
datigicaly dgnificant interannual trend. The podtive mean NEP indicates that Ching' s terredrial ecosysems
were taking up carbonwith atotal carbon sequedration of 1.22 G C during the andys s period. The terredria
NEP in China rdated to climate and atnogpheric OO, increases accounted for about 10 % of the world' s total
and was dgmilar to the level of the United Satesin the same period. The mean annua NEP for the analyd s pe-
riod was near to zero for g of the regons in China, but dgnificantly postive NEP occurred in Northeast
China Rain, the southeagtern Xizang (Tibet) and Huang Huai- Hai Flain, and negative NEP occurred in the
Da Hinggan Mountains, Xiao Hinggan Mountains, Loess Hateau and Yunnart Quizhou FRateau. Chind s cli-
mete at the time was warm and dry relative to other periods, 9 the edimated NEP is probably lower than the
average level . China sterregrid NEP may increase if climate becomes wetter but is likely to continue to de-
creaze if the present warming and drying trend sugains.
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Acting as a mgjor ource and snk of anogpheric
carbon , terredrid ecosysems regulate seaond and inter-
annua variations and dfect the long-term changing trend
in amogpheric QO, concentration. Snce the Indudrid
Rewvolution, terredriad ecosysems have absorbed about
20 % of OO, rdleased from fosdl fuel burning and land-
use changes, and the uptake have increased subgtantialy
in the pag decades (Bolin et al , 2000; Prentice et al ,
2001) . Dewite extendve and intendve gudiesin the lagt
decades, the magnitude, atio-tempora variation, and
underlying mechaniams of the terredriad carbon snk re-
main uncertain because of the high heterogeneity , tenpo-
ral variability , and mechanigic conplexity in the process
es and factors controlling ecosygem carbon cycle. These
uncertainties are limiting our ability to predict the future
atnmogpheric GO, concentration and climete change, and
dfect policy- making for mitigate the greenhouse dfect. As
a country with the third largest land area, China has di-
verse climate and eoologica zones that include anog all
types in theworld , and some of which are unique. Therer
fore, quantification of the regponses of China s terresrid
ecosygem carbon fluxes to climete change is of great Sg
nificance to edimating the gobal terredrid carbon gnk.
Inthe lag decade, great progress has been made in the
gdudy of China’ s terresriad ecosysem productivity and
carbon gorage (Zhou and Zhang, 1996; Fang & al ,
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1996; 2001) . It has been edimated that the carbon sor-
age in China’ s vegetation is about 6 G C, il carbon
dorage is 92 - 186 G C, tota net primany productivity
(NPP) is2- 3 G C (2Zhou and Zhang, 1996 ; Fang «
al, 1996; 2001) , annua carbon uptake by fores is
0.02- 0.05 @ C, and agricultura il may take up
0.14 G C/ a. However , few gudies have been conducted
to quantify the interannual variations and changing trend
in China’ s terredrid ecosygem carbon fluxes. Process
based ecosygem node s describe mechani gic processes of
ecosysem carbon cycle and their dynamic regponses to
changes in environmental conditions, and have been
widdy used in identifying and quantifying the terresria
carbon snk (Mdillo & al , 1993; Ceo and Woodward ,
1998a; Cramer e al , 2001) . Modern ecosysem nodels
are developed based on extensvely tesed eco-physolog-
ca mechanians, and have been used extensvely in gobal
change dudies. As these nodds are driven with actud
changes in environmental conditions and ecosystem pattern
(such as vegetation didribution and conpostion) , they
can realigicaly capture the atio-tenpord pattern in ter-
regrial carbon fluxes. More inportantly , ecosysem mod-
gingis an esertid tool to project the future changes in
ecosygem carbon fluxes. In this gudy , we edimated the
dynamic regponses of China’ s terrestrial ecosysem carbon
fluxes to changes in climate and atnogpheric GO, during
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the period 1981 - 1998 usng the Carbon Exchange in the
Vegetation Sil-Atmophere Sysem (CEVSA)  nodd
(Ca0 and Woodward , 1998a; 1998b) . With the smular
tion results, we anayzed the atia digribution, interan
nua variations, and changing trend of China’ s terregtria
cabon fluxes and their oorrdaions with dimate
variahility.

1 Methodoogy

1.1 CEVSA modd

Terredrid ecosygem carbon cycle occurs through the
processes of photosynthes's, autotrophic regiration , litter
production , and heterotrophic respiration ( HR) that are
controlled by the eco-phydologca characterigics of
biomes (e. g. photosynthetic pathway , ledf form and phe-
nology) and by environmental conditions (e. g. radiation,
temperature , water and nutrient) . To couple these biolog
icd and environmental ocontrols over ecosysgem carbon
fluxes, CEVSA (Cao and Woodward , 1998a; 1998b) in-
cludes three nodules (Fig. 1) : the biophyscad nodule
caculates the trander of radiation , weter , and hegt to de-
termine canopy oonductance, evgpotransiration and il
noigure; the plant growth nodule describes photosynthe-
9, autotrophic regiration , carbon dlocation anong plant
organs, led area index (LAI) and litter production; the
biogeochemica nodule smulates the trandormetion and
deconposition of organic meteria's and nitrogen inputs and
outputs in ils. The detailed descriptions of the nodel
are given in Cao and Woodward (1998b) and Woodward
et a (1995). The key processs in the nodd are de-
scribed in the following sections.
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Atmospheric
C0»

enzyme efficiency
Vegetation

Canopy
conductance

[.caf, Stem, Root

Yegetation carbon
and nitrogen

Climate }“’

Radiation balance
Heat transfer

Evapotranspiration
Rurnoff

Soil moisture,
Carban, Nitrogen

Heterotrophic
respiration

Fig.1. A schemdtic representation of Carbon Exchange in the
Vegetation Sil- Atmogphere Sytem (CEVSA) that was used in this
dudy to edimate interannua variaions in terresrid ecosygem car
fon fluxes and gocks.

GPP, gross primary productivity ; LAI, led areaindex; NEP, net
ecosysem productivity ; NPP, net primary productivity.

1.1.1 PRant photosynthesisand NPP Hant photo-
gynthed s depends on the QO, utilization ficiency of pho-
tosynthetic biochemica processes and QO, supply by dif-
fudon through domata into led intercellular gpaces. The
rate of plant GO, assmilation inplied by biochemicd pro-
cesss (Ap) is (llz & al , 1991)

Ap = rrin{WC, VVJ', Wp} (1-05P0/T PC)- Ry (1)
where W, represents the dficiency of photosynthetic en-
zyme sydem, Pecificaly the carboxylating enzyme Rubis
0, and is related with foliar nitrogen content. W is the
limitation of eectron trangport to photosynthes s as afunc
tion o incident photosyntheticaly active radiation
(PAR) . W, is the limitation of triose phoghate utilizer
tion to photogynthess, represerting the cgpacity of the
ledf to utilize or export the product of photosynthess. P,
and P, are the interna partia pressure of O, and QO, re-
gectively. T isafactor depending upon temperature. Ry
is the rate of regiration in light due to processes other
than photoregiration.

Sometd oonductance controls the diffuson of GO,
from the atmogphere into the intercelular air gaces and
thus QO, supplys for photosynthess. The rate of plant
Q0, assmilation inplied by the gomatal conductance to
Q0, (Ay) is (Harley e al , 1992)

Ag= 0gs( Pa- Pg)/ 160 (2

gs:(go(T) + gl(T)A Rh/ Pa) kg(Ws) (3)
where gs is dometa conductance, and P, is the partia
pressure of atnogpheric C0,. go is the gomeatal conduc-
tance when plant GO, asdmilation is zero at the light conr
pensgtion point , and g is an enpirica sengtivity codfi-
cient. A isthe actud rate of plant GO, asimilation. Ry
is rdative humidity of the air surrounding the lef. T is
ablute temperature. kg (ws) describes the regponse of
gomatal conductance to il water content (ws) .

The above equation shows that , in addition to being

dfected by many environmenta factors, plant GO, asimi-
lation and somatd conductance interact with each other
for keeping a baance between QO utilization and supply
in the intercelular air Paces. They can only be deter-
mined by iteratively slving the ronlinear equations that
arises by stting Ag equa to A,. In the calculations, the
plant canopy is divided into layers, each of which has a
unit of LAl and the rates of GO, asimilation and sométal
oonductance of each layer are caculated sparately. LAl
is determined based on the conditions thet the net GO, as-
dmilation in the lowes layer is above zero and the water
balance between water supply (from precipitation and il
water dorage) and losses through evapotranspiration
(Woodward et al , 1995) .
1. 1. 2 Carbon allocation, accumulation and
turnover in vegetation To badance led carbon asimi-
lation and root nutrients and water uptake , plants alocate
fixed carbon proportionally anong leaves, sems (includ-
ing branches) and roots. For grasses, carbon dlocation
between leaves, gems, and roots is edimeated with frac
tional parameters (Cao and Woodward , 1998b) . For trees
and shrubs, the carbon fixed by the plant canopy (A)) is
dlocated to leaves (G.) , gems ( Cs) and roots ( Cgr)
as:

Al=QG + G+ Cr (4)
C_is cdcuated asfollows:
G =LAIl'S (5
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where S is gecific lef area. Acoording to Gvnish
(1986) , afraction of A, is alocated to leaves (f) andis
edimeted as:

f =Ry R+ Rn (6)
where Ry isthe lef mesophyll red gance to GO, uptake,
and Rsisthe somata red stance to water loss (Woodward
et al , 1995) . Based on the cdculated f and G, Cris
dgven as:

Cr=G (1- f)/f )
Csisthen calculated by difference in equation (4) .

The carbon alocated to plant organs will either be
accumulated , logt through autotrophic respiration , or shed
as litter entering into ils. Autotrophic regiration in
cludes growth and maintenance regiration, which is &-
fected by tenperature , carbon dorage , and photosynthetic
rae (Woodward et al , 1995). The carlon in various
plant organsis gven a mean res dence time with a datigi-
ca digribution (Lloyd and Farquhar , 1996) , based on
which the carbon gorage in various plant organs and litter
production are edimated. The ssaondity of litter produc
tion is determined according to the pherology of various
vegetation types, inwhich aboveground litter fall occurs a
the end of the growing seaon in deciduwous foress and
seand grases, in Pring in a ssaond evergreen vegetar
tion, and is read evenly over the year in an evergreen
vegetation. Root litter shedding was smulated in a smilar
way , except that root litter shedding is made to lag one
month behind the aboveground litter fal (Box, 1988) .
NPP and the change of the carbon dorage in the sanding
vegetation are

NPP=A - >R (9)
VGC/ dt=Al- SR - SLT (10)
where Riand LT, are, repectively , the autotrophic regi-
ration and litter production of leaves, sems and roots.
1.1.3 Soil heterotrophic respiration ( HR) , soil
carbon sorage, and net ecosysem production ( NEP)
Litter entering ils is trandormed into il organic met-
ter , and findly is decomposed into gassous carbon prod
ucts through microbid decormpostion. CEVSA divides il
organic matter into pools of surface litter , root litter , mi-
crobes, and dow and passve carbon materids (Cao and
Woodward , 1998b) . All carbon trandormeations and de-
cormpostion of these pools were conddered to be firg-
order rate reactions and each of them has a Pecific decay
rate that is adjuged acoording to temperature , il nMois
ture , nitrogen availahility , il texture , and litter quaity
(lignin/ nitrogen ratio) . HR is determined as the sum of
gassous carbon loss in the microbid decomposdtion of var-
ious carbon pools:
HR= Y SOMi K (1-€) (12)
Where SOM; and K; are the carbon dorage and decay rate
reectively of various carbon pool. € is the asimilation
dficiency , i.e. , the fraction of decormposed carbon that
is incorporated in microbid tissue. The change in il
carbon dorage is the difference between litter input and
microbid resiratory loss:
dSOC/ dt =LT- HR (12)
1.1.4 Net ecosystem production ( NEP)  The dif-

ference between NPP and HR, defined as NEP, repre-
sents the net carbon uptake or rdease by ecosygems
through biologica activities:
NEP= NPP- HR (13)
If there is no other digurbances, such as fire and
harves, NEP can be conddered as the net carbon ex
change flux between terredrid ecosysems and ano-
Phere. A podtive NEP indicates that the ecosygem is a
carbon gnk , negative NEP a carbon surce.

2 Modd Validation ,
Sour ces

2.1 Modd validation

CEVSA was developed based on intensvely tesed
agorithms to describe eco-phydological processes i nvolved
in ecosygem carbon cycle. Meanwhile, the nodd egi-
metes of NPP, LAl , and carbon gorage in vegetation and
il agree well with field measurements and the data de-
rived from satelite renote sendng (Cao and Woodward ,
1998b; Woodward et al , 1995) . Fgure 2 shows a good
correlaion between the NPP edimated with CEVSA and
from fidld measurements (Cramer et al , 2001) . In addi-
tion, CEVSA nodd has been used a doba and regiond
scaes in quantifying the dynamic regonses of terredria
ecosysem carbon fluxes to dimate change (Cao and
Woodward , 1998a; Cao et al , 2001 ; 2002) .
2.2 Modd running and data sources

We run CEVSA with observationbased data sets of
climete, atnmogpheric GO, , and vegetation digribution to
cdculate the changesin NPP, HR, NEP, and the car-
bon gocks in vegetation and ils in the period 1981 -
1998. The climate data were supplied by the dimetic Re-
search Unit, Univerdty of Nomwich, U. K. tha include
nonthly-mean values of tenperature , precipitation , water
vapor pressure, wet day frequency , diurnd temperature
range, and sunshine duration with a Patid reslution of
0.5 (New et a, 2000). Monthly anospheric OO,

Running and Data
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Fig.2. Conparion between the edimated net primary productivity
(NPP) with CEVSA and that from fid d measurements.

The measured NPP datafor about 50 000. 5 grid cdlswere derived
from the Intermationd Geophere Biophere Pogramme (1@P)
Qoba Primary Production Data Initiative (GPPDI) data set (Cramer
e al, 2001) .
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The dashed lines are the trend lines. Abbrevidions are the ome as
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concentration was derived from the measurements in the
Mauna Loa Observatory , Hawaii ( Kedling and Whorf ,

Water
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The digribution of land cover types in China from data basedon renote sendng.

1999) . The irformation on il properties was derived
from the FAC- I|IASA- ISRIC dobal il data st (Batjes e
a , 1997) . The vegetation data sst used in this sudy inr
cluded 13 land cover types that were classfied usng the
National Oceanic and Atrmogpheric Adminidration Nation
a Aeronautics and Sace Adminigrotion the Advance
Very High Reslution FRoliometer ( NOAA/NASA
AVHRR) data at 1 kmreslution (Fig.3) (Defries et al ,
1998) . Udng the climate, vegetation and il data, we
firg ran CEVSA with an averaged climate from 1951 to
1998 until an equilibrium was reached , i. e. as the dif-
ferences between annud NPP, litter production and de-
composdtion , and the interannud variations in il nois
ture, carbon dorage in vegetation and Sils, are less than
0.19%. Then we made dynamic dmulations from January
1951 to December 1998 with transent changes in climate
and atmogpheric GO,. The run from 1951 to 1980 is for
renmoving the artifacts from the assumption that ecosysems
are equilibrium in the initidization run.

3 Reaults

3.1 Net primary productivity ( NPP)

Chind s totd terredrial NPP we edimated to vary
between 2. 89 to 3.37 G C/ awith a mean value of 3.09
Q@ C/a. The interannua oodficient of variation was
4.3 %, and the fluctuating magnitude (the difference be-
tween the maximum and minimum annua NPP) was up
t0 0.48 G C, 15.6 % d the average va ue for the period
1981- 1998 (Figs.4, 5). NPP ranged from 40 g C-
m™2-a” *for open shrubsto over 1 000 g C: m” %-a” *for
evergreen broad-leaved foreds, the nationaly mean vaue
was340 g C-m %-a ', The NPP in Suthwes and
Sutheasg China acoounted for two thirds of the nation’ s
tota , whereas North , Northeast and Northwest China corr
tributed the remaining one third. Interannua variation in
NPP was correlated podtively with annua precipitation
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Fig.5. Changesin annud totd NPP, HR, and NEP (A) and
the anomdies in the mean temperature () , precipitation (mm per
year) , and amospheric G0, concentration (Pa) (B) for the wihole
China.

Abbreviaions are the same asin FHg. 1.

(R*=0.55, P<0.01). The correlation with temperar
ture was not dgnificant , but the change in tenperature &-
fected the regponse of NPP to precipitation. Warming ap-
peared enhancing the NPP increase in wet years (e. g.
1990, 1994 and 1998) and the decreases in dry years
(1982, 1986 and 1997) . Reducing the inpact of drought
on il moidure, cooling aleviated the decreasesin NPP
in dry years (e.g. 1984 and 1996, Fg.5).

The regponses of NPP to climate variability varied
between regons. NPP and precipitation correlated pos-
tivdy (R®=0.97, P<0.01) in Northvest and North
China, dnog every increase or decrease in precipitation
caused the correponding change in NPP. The large in-
terannual variations in precipitation in thee regons
caued the codficient of variation in NPP as high as
14. 9 % and the interannud fluctuation magnitude reached
55.6 % of the mean value over the analyss period. De
Pite the cool climate, interannua variaions in NPP in
Northeag China a9 oorrelated clearly with precipitation
(RP=0.85, P<0.01) , dueto thefag increase in temr
perature by 0.06  per year (R*=0.85, P<0.01) ,
which increased evgporatrangiration and hence water
availability. In Sutheag China, annua NPP varied by
3.8 %), being correlated negatively with tenperature ( R?
=0.17, P<0.05) but not with precipitation. In Suth-
weg China, the interannual variation in NPP wasonly 1.
9%, but was corrdlated podtively with both tenperature
(R?=0.53, P<0.01) and precipitation (R =0.49,
P<0.01).

The minimum and maximum NPP occurred , repec-
tivey, in 1997 and 1998. In 1997, NPP in Sutheat
and Suthweg China increased with increases in precipi-
tation, however the nationaly mean NPP decreased by
14 % from the mean vaue as a consequence of warming
and drought across North China. In that year, NPP in
Northeas , North and Northwes China was 8 % - 24 %
lower than the average value, because precipitation de-
creazed by 12 % - 28 % and tenperature increased by 0.5
-1.2 The larges decrease in NPP occurred in
Sngnen Han, HuangHua-Ha Hain, and Loess
Fateau , where annud NPP decreased by 140 g C/ nf.
In 1998, NPP was 9. 4 % higher than the average value
in the analyss period as both tenperature and precipita
tion reached the highes on the records in the 20th centu
ry , and the increases occurred in dnog al regons. In
this year , precipitation increased by over 25 % in Northr
eag China Aain, North China Rain, easern Xizang (Ti-
bet) , wesgern Yunnan, the hilly areas of the outhern
China, and Xinjiang.

NPP had an increasng trend by 0. 32 % per year
during the andlyss period (R?=0.21, P<0.05). The
mean NPP in the later 1990s (1995 - 1998) was 4.1 %
higher than that of the early 1980s (1981 - 1985) . The
N PP increases were mainly related to the increases in at-
nmogpheric GO, concentrations and precipitation.  Experi-
mental data indicate that each 1 ppmv increase in the a-
nmogpheric GO, concentration would enhance plant photo-
synthed's by albout 0. 20 % (Wullschleger et al , 1995,
Curtis and Wang, 1998) . With this rate , the increase in
atnogheric 0O, concentration by 27 ppmv (Keding and
Whorf , 1999) during the period 1981 - 1998 can increase
NPP by 5. 40%, eplaning nog o the edimaed
5.76 % by the present gdudy. Mearwhile, the increases
in precipitation in the later 1990sin ome regonsdf North
China, Xinjiang and Suthwes China s helped to in
creaxe NPP. During the period 1981 - 1998, annua
NPP increased in nmog regions of the country , of which
the increases of nore than 50 g C/ nf occurred in Lizohe
Rain, North China Hain, and the coagd areasof uth-
ern China. Because of warming and drought in the later
1990s, NPP decreased in the Loess Rateau , Da Hinggan
Mountains, Xiao Hinggan Mountains, Sanjiang Fain and
the Changbai Mountains (Fg.6) .

3.2 Soil heterotrophic respiration ( HR)

The annud total HR varied between 2. 89 and 3. 21
G C (Fgs. 4,5) , the mean vdue was 3.02 G C/ a,
and had a dmilar gatid pattern as NPP. The codficient
o variationsin annual HRwas 3.1 % and varied by 0. 31
Q& Cinterannualy. Annua HR was corrdlated with tem-
perature (R°=0.56, P<0.01) , but was rot with pre-
cipitation at the national scale. As expected , the highest
and lowes HR occurred , regectively , in years with the
highest (1990, 1994 and 1998) and lowes tenperatures
(1983, 1989 and 1993). The corrdation of HR with
tenperature was postive in adl regons but Sutheag Chi-
na, but the corrdation with precipitation differed between
regons. HR in Northwes and North China was ot
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Fig. 6.
for the period 1981 - 1998 (g C:m % s %)
Abbreviations are the same asin FHg. 1.

datidicaly corrdaed with interannud variations in pre-
cipitation, but the limitation of water availability to
changesin HR was evident. For ingance, annual mean
temperature in these regons increased by 1.5- 2.0
during the period 1984 - 1990, however HR had ro sub-
dantid increases because precipitation did ot increase.
In Sutheag China, HR was negatively corrdated with
precipitation , it usualy increased in dry years. In Suthr
weg China, HR increased with the increasesin precipita
tion.

HR increased markedly in 1997 and 1998 that were
the warmest years in the 20th century (Fig. 6) , however ,
the gatial pattern of the increases differed between the
two years because 1997 was dry but 1998 the wettest year
in the andyds period. In 1997, HR increased mainly in
Nel Mongol , Loess Hateau and Sngnen Hain, where
tenperature increased by 0.8- 1.2, and precipitation
decreased by 20 % - 30 %, whereas HR decreased in
Yunnan and Xizang due to cooling and in Sutheas China
due to the increases in precipitation. In 1998, HR in-
creazed mainly in centra and Suthwes China but de
creazed HR in regons dong the Great Wall and the Xiao
Hinggan Mountains. As expected , HR decreased in oool
years, such as 1983 and 1993, across the country , par-
ticularly in Northeas China, Loess Hateau , and Yunnar+
Quizhou Hateau.

During the period 1981 - 1998, HR increased by
0.40 % per year (R?=0.45, P <0.01) with the in
creases in tenperature by 0.04  pear year ( R*=0.42,
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Changesin NPP (A) and HR (B) from the earlier 1980s (1981 - 1985) to the later 1990s (1995 - 1998) and the mean NEP (C)

P<0.01). Thetotd HR increased robusgly from 2. 94
G Cl/ain the earlier 1980sto 3.13 G C/a in the later
1990s. We edimeted that an increase in tenperature by 1
oould cause the increasesof 0.17 @ Cin Chind sto-
td HR. Large increases in HR occurred in Northeast
China Hain, Ne Mongol , Loess Hateau and the coada
areasdf Suth China, where annud HR in the later 1990s
isover 50 g C/ m higher than in the earlier 1980s (Fg.
6) .
3.3 Net ecosygem productivity ( NEP)

During the period 1981 - 1998, China s tota ter-
regrid NEP varied between - 0.32 and 0. 25G C/a
with amean vaued 0.07 G C/a (Figs.4,5). Thecar-
bon dorage increased by 0. 84 G C in vegetation and
0.38in gils, o the tota carbon uptakewas 1.22 G C
during the analyss period. The mgp o the mean annud
NEP (Fig.6) showsthat nog partsof China was carbon
balanced (Fg. 6) , however , dgnificant carbon uptake
occurred in Northeags China Han, the outheagern
Xizang, and Huang Huai- Hai Rain, and carbon reeases
occurred in Da Hinggan Mountains, Xiao Hinggan Mounr
tains, Loess Hateau, Yunnan Quizhou Hateau , the hilly
regons in Shandong, Zhgiang and Fujian Provinces.
During the period 1981 - 1998, HR had a higher growth
rate than NPP, but NEP had no datidicaly dgnificant
decread ng trend because of the high interannual variabili-
ty (Fg.4). In nog areas, the increases in NPP were
oounterbalanced by the increasesin HR, ©© NEP had no
much change. However , NEP decreased with decreases
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in NPP in the Loess Hateau, Da Hinggan Mountains,
Xiao Hinggan Mountains, and Changba Mountains.

As aresdua between NPP and HR, NEP was one
to two orders of magnitude lower , © the codficient of
variations of annual NEP was as high as 196 %, and the
interannual magnitude was 0.56 G C, about eight times
of the mean value for the period 1981 - 1998. Changesin
NPP contributed mainly to the interannua variation in
NEP, but HR played a mgor role in some years (Fg.
5. For exanple, a oooling-induced decrease in HR in
the period 1991 - 1993 caused the increases in NEP de
Qite decreases in NPP. The interannua variation in
NEP was postively correlated with precipitation ( R® =
0.26, P<0.05) , but its rdationship with temperature
was cormplicated. NEP was usudly low in years with low
temperature (e. g. 1983 - 1985 and 1991 - 1993) , but
the changes in warm years depended largely on precipitar
tion. In 1997, NPP isthe lomes and HR was the high-
ed , © NEP reduced markedy , and the resulting carbon
release was three times of the tota carbon release in al
other years. In this year , NEP was negative throughout
the rorthern China (excluding Sanjiang Rain) , of which
North China Ran, Loess Haeau and Northeag China
Pain had NEP beow - 100 g C-m %-a % In 199,
NEP wasthe highes due to the increasesin NPP but de-
creaesin HR. In this year, except in Northeas China
and Fujian Province where severe drought occurred , NEP
was podtive in al other regons, particularly, NEP was
high than 100 g C- m™ 2-a” * in North China Rain and
Nel Mongpl , where temperature decreased by 0.3 and
precipitation increased by 28 %. In 1991 - 1993, Aa-
though NPP decreased in North China and Northeag Chi-
nawith drought, NEP was high because of dragic de-
clinesin HR with cooling.

In the northern China, interannual variation in NEP
generdly agree with that in NPP, in contrag to, HR
seemed playing an inportant role in the outhern China.
For example , the decreasesof NEP in Sutheag Chinain
1986 , 1988 and 1994 were caused by a sharp risedf HR.
In Suthwes China, the interannua codfficient of variar
tionsin HR was 56 % higher than that of NPP, hence
HR is contributed nore to the changes in NEP than
NPP. Inthisregon, NEP increasesin the earlier 1980s
and 1990s (1982 - 1983, 1992 - 1993) and decreasesin
the later periods (1987 - 1988, 1997 - 1998) were
caued mainly by the variations in HR , for exanple, a-
though the NPP in 1998 was highest , but the NEP was
the lowes because of subgantial increasesin HR.

4 Conclusions and Discussion

This gudy edimated that China’ s totd NPP varied
between 2.89 and 3.37 G C/a and an increasng trend
by 0.32 % per year was superimposed on the large inter-
annual variation. Total HR varied between 2. 89 and
3.21 G C/ awith a growth rate of 0.40 % per year. Arr
nua NEP ranged from - 0.32 to 0. 25 @ C/awith a
mean value of 0.07 @ C/ a, leading to carbon accumula
tiondf 0.84 G Cin vegetation and 0.38 G Cin sil.

Although NEP had o a clear interannud trend because
o the high variahility , the growth rate of HR was higher
than that of NPP, implying that the capacity of the ter-
regria carbon uptake may be undermined by the ongping
climate change. The mean NEP for the period 1981 -

1998 was near to zero in nog regonsof China, however |
sgnificantly podtive NEP occurred in ome areas of
Northeag China Hain, outhern Tibet and Huang Huai-
Ha Rain and negative NEP in Da Hinggan Mountains,
Loess Hateau, Yunnar+ Quizhou Hateau, and the outhr
ern hilly aress.

The tota annua NPP edimated in the gudy is in
midde o other esimates. For exanple, it was edimated
as2.65 @ C/a by Qun et al usng a radiation use dfi-
ciency nodel (Sun and Zhu, 2001) , and 3. 65 and 4. 72
QG C a regectivdy by Xieo & a udng Terredrid
Ecosygem Moddl (TEM) (Xieo e al , 1998) andLiu us
ing TEPC (Terredria Eoosysem Production Process Mod
e in China) (Liu et al , 2001) . We conpared of the car-
bon densties edimated with CEVSA noded and those ob-
tained with measured data. It isindicated that mog of the
vegetation and il carbon dendties dmulated with
CEVSA are in the range of the measured ones and in good
agreement (Li e al , 2003) . Nevertheless, the nodd es
timatesof NPP, HR, and NEP had to be vaidated with
datafromfiled measurements. Currently , few observationr
a data are available about the long-term changes in these
ecosysems carbon fluxes, and the measurements of the
carbon fluxes over large areas have not been conducted ,
but such research programs have been initidized in Chi-
na. We will evauate and vdidate the nodd edimates as
the data become available. Although agreeing well with
the results based on satellite observations, the edimetes
with process based nodes have many uncertainties. For
exanple, we usd the climate and il data at a Patia
revlution of 0. 5 and the nodd goplication in China
have ot been vaidated with observation data. We are
currently developing the 0. 1°, 10-d climate data to do
nore detailed andyses and are involved in the recently
initidized flux measurements in China for nodd evd ua
tion and vdidation.

The dobd terredria carbon dnk in the pag two
decades ranged from 2.0 t0 4.0 G C/ a (Prentice e al ,
2001; Bolin et al , 2000) . A goba sudy with CEVSA
edimated that atnogpheric GO, increases and cdimate
change caused goba NEP between - 0.64 and 1.68 G
Cla with a mean of 0. 62 @ C/a during the period
1981 - 1998 (Ca0 et al , 2001) , the mean vaue of other
models edimates is about 1.0 G C/a (Cramer & al
2001) . Acoording to the edimate of this gudy , China’ s
terredrid carbon uptake in regponse to the changesin at-
nmospheric G0, and climate acoountsfor 7 % - 10 %of the
world’ stotd and is equivaent to the level of the United
Sates (0.08 @ C/a) (Shimel e al, 2000) . Atno-
Pheric observations show that the gobal terresria carbon
gnk increased from 1.9 G C/ain the 1980s to 2.0 -
4.0 G Cain the 1990s (Prentice e a , 2001) .
CEVSA edimated that gobal NPP increased by 0. 3%
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and NEPfrom0.3 G C/ainthe 1980sto 1.1 G C/ ain
the 1990s (Cep e a , 2001) . This Sudy shows that the
gonth rate of China’ s terregrid NPP in the pag two
decades was higher than the gobd average leve , but
NEP did not increased because of the warming induced
high increases in HR. Terredrid ecosysem carbon up-
take mainly occurred in boread and tenperae foreds at
northern middle and high latitudes (Prentice et al , 2001 ;
Bolin et al , 2000) , but there are not much these foregs
left in China, and the NEP of these remaining foreds,
such as in Da Hinggan Mountains and Xiao Hinggan
Mountains and Changbai Mountains, decreased in the pe-
riod 1981 - 1998 due to warming and decreased precipitar
tion. A recent sudy indicated the carbon storage in Chi-
na’ sforeg increased in the pagt 20 years because of re-
foregation and dforegation (Fang et al , 2001) , but our
gudy did not consider the efect of the land- use changes.

The climate in China was warm and dry during the
period 1981 - 1998 as the gobal mean temperature
reached the highes and H Nino events was sronges on
records in the same period (Folland et al , 2001) . Chi-
na’ sterredria mean termperature in the 1990s was highes
in the 20th century , and srong warming occurred in the
arid regons o the northern China. Precipitation in Chi-
ra, particularly in the North, has been declining snce
the 1960s, though had ome increases in the late 1990s,
it was gill lower than thet in the 1960s. For exanple, the
precipitation in Nei Mongol , North and Suthwes China
in the 1990s was 5 % lower than the mean value o the
20th century. The results of qudy indicate that China' s
NPP decreases with drought and HR increases with
warming. If the climete becomes wetter , Chind’ s terres
trid carbon uptake would increase, but if the current
warming oontinues without ggnificant increase in precipi-
tation, China’ sterredria ecosysem could change from a
weak carbon dnk into a carbon ource.
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