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Optimization of Grassland Carbon/Water Flux Parameters Based on
Biome-BGCMuSo and Their Responses to Extreme Climate

WANG Xiao-yi, JING Chang-qing”, WANG Gong-xin
(College of Grassland Science, Xinjiang Agricultural University, Key Laboratory of Grassland Resources and Ecology, Key Laboratory of

Grassland Resources and Ecology of Western Arid Region, Ministry of Education, Urumqi, Xinjiang 830052, China)

Abstract: The responses of carbon/water cycles in different grassland ecosystems to extreme climatic events
and the underlying mechanisms varied. This study, employed the biogeochemical cycle model Biome-BGC-
MuSo (BGC with Multilayer Soil Module) , integrated with eddy covariance data, conducted sensitivity analysis
and parameter optimization to investigate variations in carbon/water fluxes across different grassland types and
their responses to extreme climates. The results showed that carbon flux simulations were sensitive to vegeta-
tion photosynthetic physiology and carbon allocation parameters, while water flux simulations were sensitive to
leaf and root parameters, with variations across grassland types. Optimizing highly sensitive parameters signifi-
cantly improved carbon flux simulation accuracy, but water flux simulations still require refinement. During
growing season heatwaves, all three grassland types remained carbon sinks, though diurnal carbon sequestra-
tion decreased by 28.7% and 29.4% in temperate desert steppe and mountain meadows, respectively.
Extreme rainfall enhanced carbon and water fluxes across all three grasslands. Drought events increased carbon
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sequestration by 62.5% in temperate desert steppe but decreased it by 16.3% in mountain meadows. This
study reveals distinct response mechanisms of carbon and water cycles in grasslands of arid-semiarid regions to
extreme climatic events, providing scientific basis for predicting the evolution of grassland ecological processes

under climate change.

Key words: Biome-BGCMuSo model; Grassland carbon/Water fluxes; Parameters optimization; Extreme cli-

mate events
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Fig. 3 Characterization of daily changes in GPP, NEE, Reco, and ET in temperate desert grasslands and scatter plots of simu-

lated daily carbon/water fluxes and daily carbon/water fluxes observed by eddy correlation systems
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Note: In Figures a-d the grey dots indicate the observed values, the red solid line indicates the simulated values, and the blue solid line indicates

the optimised values. The red dots in Figs. e-h indicate the simulated values, the blue dots indicate the optimised values, the red solid line indi-

cates the linear regression between the simulated values and the observed values, and the blue solid line indicates the linear regression between the

optimised values and the observed values, R” is the coefficient of determination, RMSE is the root mean square error, the same as below

Z B A IR 3 4R TF T 8RB R GPP Al
Reco FIFELHLKG B . GPP, Reco B9 R* 43 5l % £t 4L By
P 7017 F00. 49, 3R BIBL L 45 5 W00 I 25 48 1
AT B E R (& de, B 4g) . X AL AT S
14 5 0L 485 S & B, O Ak BT GPP 7 Bk 2 A7 7 o il 2R
% o X T Reco, i AL AT BB 7E 5 H AT 5 U (&
VCHC R4, B — B, H 5 A IR b BEAUE S5 0
DA TF 46 B o Zead p Ak, JC 8 48 3 2200 Uk sh i
JE AR B AR Al 540U (E T Al T8 o A S e S B
W, 5 IR S g W A (R da, B 4e) o AR T D
NEE #4805 75 2 K Z= A2 72 R4 IR Ak 5 W 3 ek
S, MEPDL A T A UL A C BT 4b) o L2 AR
N SR A AR 4 v SR B Rl e A UK B
AR 2 BT ET AR 008008 et A R, &
e AE ET Wy B ALK 5 2 808 B vy 1l 45 75 58 5
AR (E 4d, B 4h) o

B I 2 B0 Ak X L il 55 45) GPP, NEE il Reco

FRO R HDUKG B4R T 8 3 B ET B9 A6 808 A B
GPP,NEE, Reco I R*# Al AL 11 43 5 $2 = T 0. 22,
0.11,0. 30CEl 5e-g) o X EoHi AL Al Jo A5 400 45 5%, T
DL & B AE RY AE ) Ak BT s Al T 2 % GPP I
NEE &4 T 4 K Z 9 Reco (Kl 5-¢) . ZH LA
A ML % A% T 3K 2 25, A5 A 400 BT S U I 4
P o LR g BB AR Xk /Kl T S 80k
JEPR TR 1 b ) AR 3SR G AR T e ) B BT
B A ET MBI & 2F — 20 itk .

2.2 MHSEEHENAIBIEMEXEKRKEEN
=AU

2.2.1 B/RBEHREEG AR EF PIRMIE,
AN TR) R i S TR A Bl K S B R 4% S o S I R R R
GPP i &5 F R BT 5, 100 2 57 885 i 1) b 5 )
GPP 4 5 N R T 22.7% F122. 2% (& 6a) . 3Fp A
KA NEE ¥4 05 T “ B R - 31 - B VR A 7 72 g



1222 ¥ o ¥ #® 34 %

® L {E Observed a 02 ©  ULfi Observed b 4.0 ®  W{E Observed C 7 ©  ULM{f Observed d
8 B Simulated . B Simulated B Simulated 6 HLE Simulated
[ (ki Optimized e 0.0 Ak Optimized 3.5| =Lt Optimized [—— {iAL{# Optimized
L 3.0 5
R~6 S X
ig %(‘E‘O'z EE2s W E4
H g R K e = =)
X Y <_0.4 WX 2.0 =
a4 W 0 53 wE3
Be we ﬁ 21s h
peic) = -0.6 ' 2
2 Qj = 1.0
-0.8 . 05 1
0 e / ¢ ad ~1.0 0.0 [t A e
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
K Day K Day K Day K Day
0.4 .
o R Simulated € S Simulated 4.0 o K Simulated g 7 o K Simulated h
8| | ot Optimized ig 02 {4t Optimized 35 6| Le_tkttit opiimized
& |R=073 RMSE=1.100  © =a am § .
£ i o |EE SEs0 Y e
X 06 o g e o Ve 15 80 VY oo ss RMSE=085 o KLy e % %
.’: E > % °® % E g 3~ -‘9:-\\5 = 4 Cey, °
E & \ &-. [ ; g% -0.2 \2?3 20 %% o © R=037 RMSE=096
HI o8 ok H 23 _ 83 nE3 oo %
52 myhed & [SE-04 W g LS B | e YuX
=S 00® We 3 2= ®EH a° g0
HE | v WE-06 KELo B2 Ve & oL e
P 4 3 . B 3 05 { oat?e L 4
& A 20,90 RMSE=0.47 . ) : 22043 RMSE=0. M s
£ 08 [E=0.57 RMSE=1.08 00 [0 RSER057 0 X0 36 RMSE=0.97
0 1 2 3 4 5 -1.0-0.8-0.6-0.4-0.2 0.0 700051.0152025303540 01 2 3 4 5 6
SRIGE T T WIHE A 38 RGBS LI E H: 75 ZR G I B FER IAE
Observed GPP/(g'm?) Observed NEE/(g'm) Observed Reco/(g-m™) Observed ET/mm

4 H#AEJFE GPP,NEE,Reco, ETH) B TR KL BRRI/KBEETREEXREWN N BR/I/KBER S
Fig. 4 Characteristics of daily changes in typical grassland GPP, NEE, Reco, and ET and daily carbon/water fluxes from simu-

lated daily carbon/water fluxes and eddy correlation system observations Scatterplot of daily carbon/water fluxes
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Fig. 5 Characterization of daily changes in GPP, NEE, Reco, and ET in mountain meadows and scatter plots of simulated daily

carbon/water fluxes and daily carbon/water fluxes observed by eddy correlation systems
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Fig. 6 Changes in carbon/water fluxes during heat wave phases in temperate desert grasslands, typical grasslands, and mountain meadows
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Note: BH represents mean value of the period 5 days before the heat wave, H represents mean value of the period during the heat wave, AH repre-

sents mean value of the period after the heat wave, dashed line is an auxiliary line dividing the different grass types, and shading indicates nighttime
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Fig.7 Changes in carbon/water fluxes during extreme rainfall phases in temperate desert grasslands, typical grasslands, and
mountain meadows
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ing indicates nighttime
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Fig.8 Changes in carbon/water fluxes during drought stages in temperate desert grasslands, typical grasslands, and mountain meadows
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Note: BH stands for mean value of the period 7 days before the drought, H stands for mean value of the period during the drought, AH stands for

mean value of the period after the drought, dotted line is an auxiliary line dividing the different grass types, and shading indicates nighttime
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