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Abstract: As one of the most widespread forest types, China’s plantation plays an important role in global carbon balance.
It is crucial to reduce the uncertainties in the estimation of carbon and water fluxes of plantation ecosystems, and model-data
fusion technique provides an effective way. The purpose of this research is to improve the modeling accuracy of SIPNET
model, the simplified Photosynthesis and Evapo-Transpiration( ET) model through two experiments, namely NEE alone and
NEE & ET multi-constraints. The model-data fusion method used here is a combination of Metropolis-Hastings algorithm
and Simulated Annealing algorithm. Based on eddy fluxes and meteorological observation data of Qianyanzhou subtropical
coniferous plantation during 2004—2009 in ChinaFLUX ( Chinese Terrestrial Ecosystem Flux Research Network ), we

estimated the key parameters of SIPNET model and simulated the corresponding carbon and water fluxes. Comparisons
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between the measured and modeled net ecosystem exchange of carbon dioxide (NEE) showed that the SIPNET model had
approximately equivalent fits to the observed NEE under two optimization procedures ( R* decreased from 0.934 to 0.929,
and RMSE increased from 0.736 g C/m’ to 0.763 g C/m’). In the case of ET, the NEE and ET parameterization produced
a markedly better fit to the observed ET than the NEE parameterization ( R* increased from 0. 188 to 0. 824, and RMSE
decreased from 0. 152 ¢m to 0.053 cm). As for transpiration, when optimized by observed NEE alone, SIPNET largely
underestimated annual accumulated transpiration in 2004 compared with the measurements of sap flow technique. In
comparison, while optimization based on NEE and ET, SIPNET led to a better fit of annual cumulative estimation of
transpiration in 2004 to the sap flow measurement. These results indicated that the SIPNET model parameterized using NEE
and ET observed fluxes could well reproduce the characteristics of carbon and water fluxes. In other words, more
information can be extracted from simultaneous optimization, since there is additional process information in water flux
observation data. Furthermore, we conducted a sensitivity test of precipitation on carbon fluxes through reduction of
precipitation. We found that photosynthesis was more sensitive to precipitation reduction than respiration, and the model
optimized using NEE and ET reproduced the response of NEE to precipitation reduction better than that optimized using
NEE alone. In addition, we detected that the difference of NEE response to precipitation reduction in two optimizations of
the SIPNET model was caused by gross ecosystem production rather than ecosystem respiration. Therefore, parameter
estimation using NEE and ET altogether improved the performance of SIPNET model. And without optimization using both

NEE and ET, the response of ecosystem carbon cycle to precipitation variation may be misrepresented.

Key Words: plantation; carbon and water flux; model-data fusion; SIPNET model
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KA (W) 32 LIS KE (W) 2 (2R 9, Y T R K & 5 SRR B ARG SR H 7K 43 BR
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GPP = GPPpul : D\\aler ( 11 )

(3)SIPNET # RS54

SIPNET #EAIIEA 42 S0 A4 5 DRSS 5 (AN IR A AR BTt 4 W0 46 - 388 2 55 ) |9 ML
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&1 SIPNET RESHMMBRELE
Table 1 SIPNET parameters and initial conditions

SR Parameters 1B Description P Units
WA IR A HI K BHL Initial state values
Cuo B Bl A BB 2 R/ ¢C/m’
LAIL WA S EOR/IN(LAT, Leaf Area Index) m?(leaf) /m?
Cso ()R NYN gC/m?
Ws.0 Wb K 3 i 3 R R K 1 L] —
Wpo (UL e D em H,0 equiv/m?
YA VERIHIXESHL Photosynthesis parameters
Ao K CO, [FIfLdiR nmol CO, g™'(leaf)s™!
Ay P HESOCEEN L A, MILE —
Ky R SERRIE IR 5 A, B LGB —
Toin S B R 2 C
T DA i T B C
Kypp Dypp TR (Dypp =1-Kypp, - VPD veD) kPa™'
Evpp Dypp TR HFEE( Dypp =1-Kypp - VPDEVPD) —
PAR,,, HeA&VEHIEHLFT PAR {8 mol m™2 d~!
k )2 PAR LR —
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Z81 Parameters VLB Description A7 Units
YR XS 8K Phenology parameters
D,, HaYE T H Day of year(DOY)
GDD,, R BV B C-d
T, R I SR 9 (i <
Dy Y H Day of year( DOY)
L, AR R A K R e g C/m’
L AR R T I BB o R B A -
A NPP J e 20 5 Y L i) -
K, A It S A i R gCeg'Cal
H F= IR A 5 S5 Autotrophic respiration parameters
K, 0°C S5 1R T A Y SRR AR R gCeg'Cal
Qo TR AR T 10°C RPN i £ 5 -
Spa - SEVRGE I I PR A 5 AR —
S, SRR I i R <
A ERFIR A 5SS B Soil respiration parameters
Ks 0°C B R ICK 433t i) + B Rl % gCg'Cal
Qs IR T 10°C L3 B ag £ % —
R,, B S3% - T (1 5 i 4 4 —
IR HIFBHL Moisture parameters
fi 5 T P S 2 AR PR 7 R 5 A -
Ja 30) 35 Hb T 114 37K 7 A AR TR 1 L A9 —
v, T L em H,0 equiv T
3K G Ay Al R K 53 1 LA -
1 - IEREE T K G o SR R T K A L 4] -
Kyur WUE $155 4 1 4% & (VPD 5 WUE 7R mg CO, kPa g™' H,0
W, - R REK em
R, 2SN IR (r ) R 1 AR (ry =Ry /0) —
R FIEERTAB ST (r) HEPIIE 1 AE Ry = ot iz (W) ) -
Ry 2 TR T (rog ) FHEE PSS 2 AW R ( 1y = ePeoilt Ruoi 27 (VW) -
F A BRAH S 4L Tree physiological parameters
SLW i TR Bt g C/m?
Crac I T B gC/g
K, TR Ul Jo e % gCglCa
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Table 2 Sensitivity of SIPNET model key parameters

2% NEE X»T%%%%fi ET X»T%%%"ﬁlz GPP Xﬁ%%%ﬁz RE Xfr%?ﬁ;%%?l T X‘Tﬁéﬁ‘ﬁ’
Parametors PR BE R R 14 R E AR PR BE R R A R B AR P IR BE R KL
B_NEE B_ET B_GPP B_RE BT
A, 3.53 0.60 1.04 0.07 1.04
Quo.s 3.47 0.00 0.00 1.36 0.00
Crrue 3.12 0.64 1.16 0.39 1.12
A 3.09 0.64 1.12 0.35 1.12
SLW 2.75 0.56 0.98 0.28 0.97
Cyp 1.73 0.00 0.00 0.68 0.00
Ky 1.65 0.00 0.00 0.65 0.00
k 1.47 0.22 0.43 0.03 0.39
AL 1.37 0.35 0.57 0.26 0.60
PAR,, 1.22 0.17 0.36 0.02 0.30
Q.0 0.80 0.02 0.04 0.26 0.04
Ky 0.47 0.04 0.07 0.28 0.07
A, 0.34 0.09 0.15 0.07 0.15
W, 0.32 0.16 0.10 0.02 0.15
K, 0.27 0.07 0.11 0.05 0.12
Kyup 0.25 0.56 0.09 0.02 0.97
Kypp 0.20 0.05 0.06 0.00 0.08
Ty 0.18 0.12 0.29 0.37 0.22
Evpp 0.17 0.05 0.05 0.00 0.09
R 0.15 0.65 0.06 0.03 0.09
Toin 0.13 0.01 0.04 0.00 0.02
®3 HFRUSHRERELR
Table 3 SIPNET parameters allowed varying during optimization procedure
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Parameters  Initial guess and range Source Parameters  Initial guess and range Source

Ws.o 0.098(0—1) CERN ##fz A 8.3(0—34) Sacks ZEL17)

Ky 0.1(0.05—0.3) Sacks Z:117] T 2(-8—8) Sacks %17

Ty 24(5—30) Sacks %5 [17) Kypp 0.05(0.01—0.25) Sacks %117

PAR,, 17(4—27) Sacks %17 A 0.225(0—1) M 260

K, 0.006(0.0006—0.06) Sacks Zgl17] Q.. 1.66(1.4—2.6) Frahaes

Ks 0.06(0.003—0.6) Sacks % 17) Q. 1.99(1.4—5) B A 152

R, 1(0—2) Sacks 45 17] /i 0.22(0—0.25) oA

/ 0.088(0.001—0.16) Sacks 45 [17] Ky 23.6(0.01—109) ChinaFLUX iy {5

R, 36.5(1—1500) Sacks Z[17]
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Fig.2 Parameter posterior distribution of experiment 2
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