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Abstract: Forest ecosystem is an important part of terrestrial carbon cycle, and its carbon sequestration capacity is
significantly higher than other terrestrial ecosystems. Studying forest ecosystem carbon fluxes is the key to understand global
carbon cycle. Carbon cycle model is an effective tool to study forest ecosystem carbon fluxes. In this paper, four typical
forest ecosystems in China, including the temperate broad-leaved Korean pine forest in Changbai Mountain, the subtropical
evergreen coniferous forest in Qianyanzhou, the subtropical evergreen broad-leaved forest in Dinghushan, and the tropical
rainforest in Xishuangbanna, are the research objects, using Eddy Covariance technique ( EC) observation data to evaluate

the effects of the FORRCCHN model on the ecosystem total respiration (ER) , gross primary productivity (GPP), and net
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ecosystem productivity (NEP) of different forest ecosystems. (1) The FORCCHN model can better simulate the carbon fluxes
of the four typical forest ecosystems at different time scales. The simulation results of the daily changes of ER and GPP in
deciduous broad-leaved forest and evergreen coniferous forest are the best (the correlation coefficients of ER are 0.94 and
0.92, respectively, and the correlation coefficients of GPP are 0.86 and 0.74, respectively). (2) The seasonal dynamic
simulation find that the simulated and observed carbon fluxes of the four different forest ecosystems are significantly correlated
(P<0.01), the R® value of the ER GPP, NEP observation and simulation are 0.77—0.93, 0.54—0.88, 0.15—0.38,
respectively. The model can well simulate the changing laws of carbon sources (NEP>0) and carbon sinks (NEP<0) of the
forest ecosystem in different seasons. (3) In the simulation of inter-annual changes, there is a good agreement between the
simulated value and the observed value of the inter-annual variation trend line. The model overestimates the ER and GPP of

evergreen broad-leaved forest, while it slightly underestimates the ER and GPP of the other three forest ecosystems.

Key Words: carbon fluxes; gross primary productivity; forest ecosystem; carbon cycle model
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Fig.1 The main ecological processes and time steps of the model
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Table 1 Basic information of 4 forest eddy covariance sites in this study

35 Site K1l CBS AhB L0 DHS TFHAM QYZ FEXURAN XSBN
HLFEA7 B Location 128°05'E,42°24'N 112°32'E,23°10'N 115°03'E,26°44'N 101°15'E,21°55'N
4% Elevation/m 738 300 100 750
AEFIR Annual temperature/C 3.6 20.9 17 21
4ER/K Annual precipitation/mm 713 1956 1542 1493
AAEZER Climate type TRl Bl S Ak A 7 S A PR 7 RS aly e WU M
HIPEZET Vegetation type T8 1 R bk B LR AR (SRR Pl bk
+-HEZEHY Soil type Ly b 5 A 4 IRET HE A Tk 41 4
BARIT B Data period/a 2003—2011 2003—2012 2003—2012 2003—2012

1.4 Stk

R PEAR AR IR S B AR A 25 2R G b AR BE |, AR SO0 591 SR AU 235 SR 5 00 AL ) A 6 22 8% ( Corr) , 2
IT MR 2% (RMSE) |, LA Ko 2% ( Bias) 254845, BARHE AL T,

Z (S; —S)(O,. _6>
Corr = - (1)
30028 5 -9
RMSEzJIi (S, -0, (2)
Bias=%i(5b.—0£) (3)

K n AFERTS S5 053 MR | TS I B RRE &, S 5 0 XL ikl V- 2{E, Corr i)
0.01 5% 0.05 9 {2 EPERTHE (P<0.01 3% P<0.05) , W F /R BE48L 5 XU 2 [8] AH OC 5C 2R BUAT ; RMSE — i FH o i 2
AL LI (4K B RMSE (B T 0, SRR B . Bias FH T B2 St ASE40L{E 5 XOL 000 11 %) O 255
BNy EVR =R BN F R A

2 SR

2.1 ol H R

ST B AL T 4 AR M R R GE 4 H Bl o, (8] 2 FN3R 2 JRIR T LAAE Ay JE A 2R AR
ARG E H B s UL 5 BAE AR O R B, H 0 iR 22 Mo 25 . ARMAE S R GE 3 il 8 bR i A
KEBNE BRI ER GPP NEP, 4 FERARAE S RS ER BYAHC R A ML 0.85, H X U 4303 B
(IQR) fie/Iy , R HABIRR R4 . AFZRMA S RGE GPP AHIE R B 25 5 . T4 IR I AROR R ST b
FHOC BT 0.86 F 0.73 5 5 Lt ial MR’ OC R ELALE 0.50 Z 47, NEP AHC R B 4 Fh AR AE
BRYGENEP BIA KRBT 0.5, WREN/ N - 5 RE AR S bR 2 BRI RAGHT RTAR

AR RGH MR IRZE (RMSE ) 4300775 1, 3 ikl it (193 7 il i 22 GPP>NEP>ER, b, 4k
RR AR 3 AR R AR IR 22 R (RMSE>2 ¢ C m > d ™), 8B BTRUG AR ML 28 R GEBTIR 22 50, X
il 3 Fh AR 2 R GERGE AL T AR 2ETE 1.67—1.77 g C m™2d™ 2 [f], Horh i 44 bk ER 24905 f 1%
#£5/N,RMSE=0.83 ¢ C md™",

X 22 ( Bias ) 73 B A0, B o S ] AR AL oAt 3 A AR ARAE S R 58 ER B GPP R 2576 -1.41—-0.23 g C
m2d™ 2] R B WA LA, 5 Sk FE bR ER A GPP IR 255050k 2.47 ¢ C m™>d ™' A1 1.08 ¢ C m™
A7 RS TS RS R, RRIZRARAES R0 NEP 220646 AR, 7% M- [ v AORBGT AR NEP
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D 22 T O, AL DU REAS 55 WU ELAF- 5 ¢ Rl PR 3 25 AR ES) NEP i 252/ T -1 ¢ € m™d™", Bias 70
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Table 2 Day-scale simulation of carbon fluxes in different forest ecosystems

i T 1t HHIRFREL YrmiRs 45 i 22 B R

Site Carbon fluxes Corr RMSE(g C m™2d™") Bias(g C m™2d™") Stimulation period

KA ER 0.94 1.18 -0.45 9
GPP 0.86 2.22 -0.42 9
NEP 0.42 1.92 0.03 9

| ER 0.86 2.65 2.47 10
GPP 0.53 2.22 1.08 10
NEP 0.31 2.12 -1.38 10

TR ER 0.92 0.83 -0.37 10
GPP 0.74 2.25 -1.41 10
NEP 0.32 1.92 -1.03 10

78 XA 44 ER 0.85 1.77 -0.43 10
GPP 0.51 1.96 -0.23 10
NEP 0.27 1.39 0.19 10

ER: #F M E & R % W % Ecosystem Respiration; GPP: & 9] 9 4= /* JJ Gross Primary Productivity; NEP: it /£ & R % 4 7 J1 Net

Ecosystem Productivity
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Fig.3 The relationship between monthly carbon flux observed and simulated values
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B AU -5 M EAF AR R 22
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FELE/INGE B AR BSR4 S T WM 13.43% ,10.19% ,6.83% ; (AR B 5B 5 46 1 3 43 i IR 32 vk iy
ER, BALE = T UIE 5 90.06%

http ; //www.ecologica.cn



&t
s

2816 2 SO Eire 24

CO WuifE o Bl

KA S TN PEXUR A

300 - 300 300 ¢ 400
= A 300 F
2R 2001 R 200 | 200 - -
%ﬁi Az 200 F
*,55 100 | 100 100 |
- i

0 0 0 0

400 300 300 400

m 300 200 F 200 F
E 200} N SJ%S?X Ei
jﬁg@ } HHHH{ 07
100 | —‘
0

300 M

200

ill

BAREEN
GPP/(gCm2 g™

?ﬁf

150 100 100 100
ETA 100 [
I L
Ho 50 | 50
@\ E 50 -
WG { 2
o
HE 0 0 - = 0
&z Q\@/ W

123456789101112 123456789101112 12345678 9101112 123456789 101112
H 4 Month

B4 wiEsENNENEENSTEHE

Fig.4 Seasonal dynamics of observed and simulated carbon fluxes
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(NEP>0) B (b LA 45 e X T HGF AR, T2 (5—10 H) ABRIE, T2 (11 A #E4E3 H) ™ 8
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2.3 AR R

TR A S R GE 2003—2012 Ak 1 47 bR AR £k S g 25 (B 5—& 7) , 45 R 3R W], FORCCHN #52 AU % A
[FIZRMAE S R Geiiom A RE DA fE 225 . 78 ER AR Bl (&1 5) , V& i R IE AR | St ik $avis
UL -5 L0 {2 0 4 20 22 S A/ BRI ER 4F38 £ 2052.59—2629.68¢C m>a”' Z [A] , 4Ll ER 4F
N 2062.20—2339.3 oC m a2 [6), AFE 4 22 =7.29% , AVAE 2009 4FEF1 2010 AEREAK) ER 38 i T 0L
{8 3 H SRET AR ER 4R8N 1212.79—1571.19 ¢C m™>a™ Z [A]  #540) ER 4Fi# & 4 1122.90—1306.71 oC
m7a” Z ] P R BRI OE (P<0.05) AR 2% N -10.11% ANAE 2005 AFEREADL(E I w2 - U030 4 ; 75 - i - b
AL ER AF38 14 842.99—1546.51 ¢C m™2a™ Z[H] Bl ER 4F38 54 945.70—1146.01 ¢C m~>a™ Z 4] 4E 3 {
FEFN-12.75% ,AXAE 2005 AEBEIUE = T UL A, (IR i RE bR ER AR 38 0% Sl 3K, ALAUL %) AT 38 it AE PRAR
FEA R, RBIRRIT 3 Fh AR S R G ER AR A7 76 AN [ AR 0 IR A 5 2 V) i bR AR 357 i 25 2R 38
93.87% , Ut FHMIUE B 2. 5 T . GPP AEFrah SALHILE 5 ([ 6) 5 ER 48145 LA X — B, RIS AL A
TG, F SRE AR I R AR GPP 31 22 4351 8 - 5.50% , —29.78% ,-12.97% , EEJFHETHE
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Fig.5 Inter-annual variation and deviation of the observed and simulated values of ecosystem respiration
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Fig.6 Inter-annual variation and deviation of the observed and simulated values of gross primary productivity
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Fig.7 Inter-annual variation and deviation of the observed and simulated values of net ecosystem productivity
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