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Abstract: Desert steppe is one of the most vulnerable and severely disturbed ecosystems by humans in terrestrial
ecosystems. The accurately simulating carbon and water flux of the desert steppe and its response to anthropogenic
disturbance can not only reveal its complex ecological process but also provide a decision-making basis for the artificially
ecological conservation and restoration. Ecological models can effectively simulate the carbon and water cycle processes of

terrestrial ecosystems, but the numerous parameters of the model and the rationality of these values limits their universal
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application. Therefore, exploring parameter optimization is an effective way to promote the universal application of the
ecological models. In this paper, the physiological and ecological parameters of the Biome-BGC model are optimized by
using the Parameter ESTimation ( PEST) method and data observed by Eddy Covariance. On the basis of evaluating the
effect of parameter optimization, gross primary productivity ( GPP) and evapotranspiration ( ET) of the planted shrub
encroachment ecosystem of the desert steppe region in the Yanchi County of Ningxia from 1986 to 2018 were simulated. The
results show that; (1) the parameter optimization can improve the simulation effect of the Biome-BGC model on GPP and
ET of planted shrub encroachment ecosystems in the desert steppe region. The simulated GPP and ET after parameter
optimization are closer to the observed values, and the simulation effect at the monthly scale is better. (2) The parameter
optimization method of the Biome-BGC model based on PEST has strong universality, and the optimized parameters can be
applied to long-term GPP and ET simulations of the planted shrub encroachment ecosystems in the desert steppe region. (3)
The GPP of the planted shrub encroachment ecosystem of desert steppe region in the Yanchi County of Ningxia showed a

2 -1

slow upward trend from 1986 to 2018, with an increase of 1.47 g C m™™ a” , and the interannual variation rate of ET was

large, and there was no significant change trend.

Key Words: desert steppe; planted shrub ecosystem; carbon and water cycle; Biome-BGC model ; parameter optimization
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Table 1 Optimization results of eco-physiological parameters of an anthropogenic shrub

ZF GPP ikl ET ET k(L

28 AL WIG1E (27] HUE Y Optimization Optimization

Parameters Units Initial value Value range Value based Value based
on GPP on ET

B A R i AR R R LA

Transfer growth period as fraction — 0.30 [0.24,0.36] 0.36 0.30

of growing season

IS Bty 2 R LA

— 0.30 0.24,0.36 0.31 0.30
Litterfall as fraction of growing season [ ’ ]
I R AR AR A 8 A 6
Annual leaf and fine root turnover fraction lVa Lo [0.8,1.2] Lo Lo
TEIAGE R , 1/a 0.70 [0.56,0.84] 0.84 0.56
Annual live wood turnover fraction
Y it 3R
BAREHIET . . 1/a 0.020 [0.016,0.024 ] 0.016 0.024
Annual whole-plant mortality fraction
YR 0
g lﬁ PR BLLL kgC/kgC 0.980 [0.784,1.176] 0.872 0.827
New fine root C:new leaf C
ZE 5 F R L New stem Cinew leaf G kgC/gC 1.06 [0.848,1.272] 0.848 1.272
T A5 A ST 20 43 1 L
New live Wood C :new total wood C keC/keC 0.10 [0.08,0.12] 0.08 0.08
e
A kgC/kgC 0.940 [0.752,1.128] 1.128 1.128
New croot C:new stem C
\[/ QLo
HTE A LB . — 0.50 [0.40,0.60] 0.40 0.47
Current growth proportion
0 A
TR kgC/kgN 10.63270 [8.50616,12.75924 ] 9.03651 10.50428
C:N of leaves
THIEHIAE L
C:N of leaf litter, after retranslocation keC/keN 93.0 [74.4,111.6] 931 93.0
any: H
'E+Eﬁﬁ%k t kgC/kgN 12.6497 [10.1198,15.1796 ] 14.3650 10.1200
C:N of fine roots
A PR I kgC/kgN 31.5280 [25.2224,37.8336 ] 34.6950 31.1550
C:N of live wood
FEAR R U A L
keC/kg 29. .2,874. 29. 29.
C.N of dead wood gC/kgN 729.0 [583.2,874.8] 729.0 729.0
]
ﬁié‘im?\ . . . 1 LA d7! 0.0410 [0.0328,0.0492] 0.0328 0.0480
Canopy water interception coefficient
/A——d‘ #\;w\ /\"
FURTERT . — 0.430 [0.344,0.516] 0.340 0.520
Canopy light extinction coefficient
B B I TR
EAS BRI AR — 2.60 [2.08,3.12] 3.10 2.65

All-sided to projected leaf arera ratio
Jeb )2 Lo T AR
Canopy average specific leaf area ( projected m?/kgC 19.80 [15.84,23.76] 20.97 23.42

area basis)

ISF A 0 I A ) L AR L A5

2.0 1.6,2.4 1.6 2.19
Ratio of shaded SLA :sunlit SLA [ ,2.4]

b BRI P A S R S A SR

FifE — PR AL R S S o i 0.330 [0.264,0.396] 0.396 0.264

Fraction of leaf N in Rubisco
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T GPP WILILE 2T ET UL

24 FANL WILAE HRAEYE Optimization Optimization
Parameters Units Initial value Value range Value based Value based

on GPP on ET
RS TE
Maximum stomatal conductance m/s 0.0030 [0.0024,0.0036 ] 0.0024 0.0036
(‘projected area basis)
R 2T
Cuticular conductance m/s 0.00010 [0.00008,0.00012 ] 0.00008 0.00012
(projected area basis)
BRE TR
Boundary layer conductance m/s 0.080 [0.064,0.096 | 0.096 0.064
(projected area basis )
SALTFIR G/ N g I K 3
Leaf water potential ; start of MPa -0.420 [-0.504,-0.336] -0.441 -0.356
conductance reduction
SALTE A AR R ok 3
Leaf water potential ; complete MPa -2.310 [-2.772,-1.848] -2.606 -1.848

conductance reduction

SALTFRAGH/N T RUK PR 2
e P 230.0 [744.0,1116.0] 929.8 930.0

conductance reduction
SALTE AT A I IR AR P 22
Vapor pressure deficit ; complete Pa 4100 [3280,4920] 4098 4100

conductance reduction

GPP . BWIZ A4 77 17 Gross primary productivity ; ET.Z5H evapotranspiration

2.2 PEST %I Biome-BGC HEHI i {{b 3% R

T Biome-BGC BRI E T A4E K ZEd 11 H A, 5ok GPP H7EAE K 2t A7 SRS ME T ET W) 75 3 4R 4
S A OB, PO A B 50K 2 UL FT S Biome-BGC #5574 H 1Y 2017 4 GPP (ET 5 523600 08 B AH 56
RGN GPP ET AT . I H RBERZARE (K 1) , Z8U01L)5 , Biome-BGC B84t 1) GPP 55
DUEL ] (- 4 %P R 22 (MAE ) I 7 A 122 (RMSE ) ¥4 W38 F [, B8 HH 1) GPP 5 3 S GPP [R] 1Y
LRPER R AR (R &, H ARG T 1, o] WS EULAL W 42 5 T Biome-BGC 7Y
X GPP REHSCR . [FIRE AR R AEXT BT AHLE5 b fL)5 Biome-BGC AV H 1) ET 5
SEME AT . AL 1 BB R TR, Biome-BGC A BUAE GPP Al ET 1 (B X A4 2 B A, |, i 2t 2
BLALSS 1 Biome-BGC #5 AU HE — g R B A A 1 3 i i 25 I 42, (0 45 A5 400 {1 5 SIS0 4 1) e M AL 5 o8 T 42 30
T 11 £k,

MA REEMEERAE (E 2) , SELACEE 5 B4 = GPP Il ET (AL | Ak K b P AR AE 01 5 S )
{ELIE] A P-4 4 X5 225 (MAE) M iR 2% (RMSE) |, [l , S80S 9 H REE GPP \ET 5 SCME [H] il 26t
PLERPRRBOE LT 1, BIR GPP LSRR (R?) H 0.89 &5 0.91, ET ML ILEE (R®) M 0.85 £
£ 0.93 LA BUIEEEE T 1.1 2k, vl A S B RTRLBAG H R AR HEVE T, $2 5 T BRI ARSI
2017 4F 5 GPP Fl ET (L5 AT HRTE , RSB Biome-BGC AR 4E GPP N 306.64 gC/m”, T B4
AL JG R4 GPP 2h 497.62 ¢C/m? , S5 35 103 BE AR OC R 48 52 A4 GPP oy 482.99 ¢C/m?, GPP HE4LL% 4H
PR 2% H 36.5% FARF] 3.0% , RBEULALE) Biome-BGC MBI IYAE ET Ky 263.26 mm, 1M S AL J5 140
) ET 24 397.18 mm, i B AH G R G 52 AR ET 4 431.20 mm, SHUALIG ET BRI RI X 2E 1 38.9%F&A%
7.9%,

2.3 LS EUR G RO R R
itk — 20 B UE S EL AR e B AL R A 5 A RS Y 3 M A S 0k 8 A OC R 48 S Y 2016—
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Fig.1 Daily GPP and ET simulated by Biome-BGC before and after parameter optimization compared to observed values in 2017
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Fig.2 Monthly GPP and ET simulated by Biome-BGC before and after parameter optimization compared to observed values in 2017
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Fig.3 Relationship between daily GPP simulated by Biome-BGC model before and after parameter optimization with observed GPP over
2016—2018
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Fig.5 GPP and ET interannual and monthly trends in Yanchi County, 1986 to 2018
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Fig.6 Relationship between GPP, ET and environmental climate factors in Yanchi County from 1986 to 2018
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