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Abstract: How the gross primary productivity ( GPP) and evapotranspiration ( ET') of the planted shrub ecosystem in desert
steppe areas responds to global climate change is not only a key scientific problem of global change ecology, but also relates
to the sustainability of regional ecological restoration in arid and semi-arid areas. Considering different climate change
scenarios and future trends, this study used meteorological and environmental data to drive the Biome-BGC model. The
response of GPP and ET of the planted shrub ecosystem in the desert steppe area of Yanchi county to climate change was

studied. The results show that; (1) air temperature rising significantly inhibits the GPP of the ecosystem. High-intensity
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warming (3 °C) leads to a sharp decline in GPP, but the inhibitory effect of warming on ET is very weak. (2) Precipitation
is a critical factor limiting the change of ET. Compared with the decrease of ET caused by drought stress under regional
warming , the amount of precipitation controls the ET’s magnitude of the ecosystem more directly. (3) The warm and humid
climate and the increase of atmospheric CO, concentration in the future will have comprehensive effects on the ecosystem
and ultimately promote the flux of carbon and water between land and atmosphere. The research can provide a scientific
basis for human to adapt to global changes in arid and semi-arid areas and for local governments to implement ecological

protection and restoration policies.
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Table 1 Climate change scenarios design

R ABRERE S R
L2 115%_>4ﬂi [prviEil) SR wek ¥ 2 11%%1{: (v Xi’) SR Wik
Serial Climate change L. Serial Climate change L
L X Temperature Precipitation L. X Temperature Precipitation

number scenario simulation number scenario simulation

1 TOPO AR A 9 2P0 e 2°c B

2 TOP1 B 5% 10 T2P1 Hhn 2 H&m 5%

3 TOP2 g Hn 10% 11 T2P2 B 2°C B 10%

4 TOP3 A B 15% 12 T2P3 Khm 2 K4 15%

5 T1PO 1 AR 13 T3P0 e 3c AR

6 T1P1 1 K 5% 14 T3P1 Hhm 3 H4m 5%

7 T1P2 o 1c Hhn 10% 15 T3P2 e n 3 B 10%

8 T1P3 Hm 1 Ham 15% 16 T3P3 B 3¢ B 15%
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AT LR LA SSPs H AR 52 (SSP1-1.9) (M A HEHUE 5t (SSP2-4.5) Rl HEUE 5t (SSP5-8.5) , B4
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Table 2 Scenarios design of climate change in future

A TR

fy SR FEAKBII i . CO, I/ umol/mol )
Year Temperature increasing Precipitation increasing Shared Socio- €O, concentration
economic Pathways
2021—2040 0.49 49.63 SSP1-1.9 433.79
SSP2-4.5 448.14
SSP5-8.5 458.47
2041—2060 0.98 99.26 SSP1-1.9 436.94
SSP2-4.5 510.55
SSP5-8.5 573.81
2081—2100 1.95 198.52 SSP1-1.9 403.95
SSP2-4.5 598.04
SSP5-8.5 1012.79

2 GRS

2.1 R R R X A AR A S AR

R FEBE R  THEMIX 1986—2018 4FE IR K S CO, MR ARML R AE WL 1, Mol LLA Y 5%
AN I Z SRR 12.44 °C B (IRIEH BRAE 1986 4F, R 11.43 C, Fe i (A H BRAE 1998 4, K 13.63 °C,4F
SEHRIRE RS A ES EAEN 0.02 Cra, PHRIINE 24 4 FEK 2 296.40 mm, 2011 4528 F2K
AR ARERE K 3R B s 1 402.80 mm , 2000 AF AR i T AR AERE K AU H A 160.80 mm, 5 RAZ{L
P FE AERRK B R B D S AR, ETRRN 2.48 mm/a, M FERMBEZ KRR CO, kLI, i
SR FH B A b 5 3 %) 97 VA8 B FE OGRS IR il W A5 s e 98 AR IXCIa CO, Wk B2 A2 4k, 1986—2018 4E[H] X 45 CO,
e P A 0 3 LA AFEEIE R 2.02 wmol/mol , FHirf COL ¥R EEFE 1986 4F- Ky 340.23 umol/mol , J&iX — 3 [E] 1
f/ME L TE 2018 43K F] 407.28 wmol/mol , AiX — AN i KA, AT WL, 7E 2 BRABAL T 50T, Rt 3 I B i A

g
=}
16 - — gk y=248x+254.17 P<0.05 600 £ E 410
g — K y=0.02x+12.03 P<0.05 = 5
B o141 450 & B2
= A S % (>3 g
= B \ PN E 582 378
=5 12 A NI 305 S8
rg S il & Fo 53
2 SRES y=2.02x +340.93
= 10 150 fﬂg £ 346 Lo P<0.01
8 UL, L g 2 £ 330 e
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Bl 1 #hith 1986—2018 FESIEEFRK CO,KETKIFR

Fig.1 Changes of climatic factors and CO, concentration in Yanchi County from 1986 to 2018
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TR R T KA CO, MR BERPEg &y M )« BRI VA8 () FEAHFAIE
2.2 GPP Hl ET XA [RI3 I 5 B K 38 Jin 28417 5t 0 e 1

T 1986—2018 - HAMH L E W IK S SEUALJG 1 Biome-BGC #E AL AL T 24 1i KA CO, WK ETY 5t
T 16 Fh¥E IR -5 KGN A1 5 (F 3MER = TOPO) MBS RS GPP M ET(3£3) , 5B nl LIE ), 7E 3L 1fE
T 5ECT, Fhih R s JF X TN S RGN GPP AN 535.56 ¢ C m™ a™'  FEAR AR S48 5 S5 i J e 4
JRAE S RS B S ET AEY{E M 293.28 mm , ET 3L 5 2 oK B, SURAHE &2 B
il B R XN THENE S RGN GPP, YR IN 3 C )&, ARIFEAKE = N GPP F34{EH A 63.91 ¢ C m™>
a” UM IS SR W 11.9% , v] WA T & 3R ZUhE il RE & B A T R A THENES RE 4R
IR A W RE BN THENSE 4Rk, AR A 2 i R B i XN TVENE S RGN ET,
(AR 2 ET BRARAIE L I AR, MR 3 CJa , AFEFEKE = F 0 ET FHE 8 305.77 mm, MAS[E
RS BRI MBS 1 5ok B, A BKAE (PO) HARIG SO T ET AE A 23 th B ETE 5t T
(TOPO) W& GAT BT FEAIG , LB IR S K I A3 2 S8 ET G, w] D, Fh 578 5 5 N T E A DX 2 i
A BERAL” AR (B 1) U R BRI, SR A S RS K T FE R R R

£3 TRSBEUERTEEREERXATENL GPP 1 ET L

Table 3 The variation of GPP and ET of planted shrub in the desert steppe of Yanchi County under different climate change scenarios

BARIHA 7= F1 Gross primary productivity ( GPP) Z&H Evapotranspiration ( ET)
Eftg“ﬁf*%m o i ERER 19862018 4F  ERI A
scenario simulation Total amount/ -4l Eiergfgle/ Amourft Of,;hgfrllge/ M B H Annual average/ - Amount of change/
s (¢Cm2a')  (gCm2a') Total amount/mm  (mm/a) (mm/a)

TOPO 17673.32 535.56 / 9678.33 293.28 /

TOP1 18251.41 553.07 17.51 10133.59 307.08 13.80
TOP2 18685.67 566.23 30.67 10580.05 320.61 27.33
TOP3 18982.43 575.23 39.67 11026.70 334.14 40.86
T1PO 13414.83 406.51 -129.05 9593.82 290.72 -2.56
TI1P1 13507.86 409.33 -126.23 10037.79 304.18 10.90
T1P2 13366.99 405.06 -130.50 10475.32 317.43 24.15
T1P3 13704.55 415.29 -120.27 10916.39 330.80 37.52
T2PO 6270.28 190.01 -345.55 9532.19 288.85 -4.43
T2P1 6268.48 189.95 -345.61 9971.05 302.15 8.87
T2P2 6266.28 189.89 -345.67 10392.42 314.92 21.64
T2P3 6267.85 189.93 -345.63 10802.51 327.35 34.07
T3PO 2109.38 63.92 -471.64 9505.23 288.04 -5.24
T3P1 2109.16 63.91 -471.65 9895.78 299.87 6.59
T3P2 2108.76 63.90 -471.66 10286.20 311.70 18.42
T3P3 2108.70 63.90 -471.66 10674.10 323.46 30.18

ER M FEBE L XN T AR ZS R G014 GPP Fl ET Xof 8 15 0 e K 12 169 0 g o 3 AE7E 25 5 (18 2) . GPP ]
2R RS BEE] GPP, &M RRR BN IR 1 °C,GPP k(% 183.79 ¢ Cm™> a™', GPP
ZREIRIG A RE A 15 , AE SRS ST (T0) | BE7K 34 N 15% 23 530 GPP 3#901139.67 ¢ C m™ a™' [{HAES
TN 3 CRERT (T3) , oK EIEMRFXT GPP = A AT A0, ph b ] DAL, it o5 348 T 0 0 3 K, Rk A
fEXF GPP [ s ok i s (181 2) . 52 ET BR324 FRK AR L, BEK G in 25 S35 0858 ET; <R3
HUREIRSS MG BT, AR R s SIRERIN 1 °C BT B 2.65 mm, 7EEMES G 5T (T0) , Rk &
SN 15% 23 2 ET HEH1 40.86 mm; 7ERIE N 3 C AR ST (T3) , BEKEHEI 15% K% 2 S ET 54
35.42 mm( & 2) , RS R XN THEMNAE S RGN A 1 %28 TR, @RI R — SRS

http ; //www.ecologica.cn



3520 xR 44 %

A TR 2 B PR T B T 3 °C B AE AR i R, BN E S RGURAL (B A B RS
KT TH AR SRS B S AN K 32 RO 28 HIH 32 6 M 28 I JE R M I, N AR 7= 1 52 4, 3
FK TP MRER eI 1 A S IR AR ik eI R, RV 0 23 A N T E M 28 R G 26 5 28 K L 124544
X Ml SR SCAGER 58 BE Y AR

= FERBE TG B o AR o BMS%  x HEM10% + BM15%
<
o600 p 370
S y=-183.79x + 569.29 r y=-2.65x+313.64
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# 8 | BE | + +
E}%_g 300 #ﬂ%é 320 X x %
RE 2 S
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a & st
% 0 1 L 1 1 1 L 1 J 270 L 1 L 1 L 1 L )
2 -05 0 05 1.0 15 20 25 30 35 =05 0 05 10 15 20 25 30 35
Qo

AR Increasing of temperature/°C

B2 AEGESHEKEMASES THEMRESN(CPP) FEB(ET) BULERRZIMER
Fig.2 Simulated Gross Primary Productivity ( GPP ), Evapotranspiration ( £7), and their variation under different scenarios with

combined temperature and precipitation increasing
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Y SSP5-8.5 1 5, GPP W & B kg ok, HL LU [l i 103 vh S5 HERCG 5 T A GPP W& &, Rt 7E AR “ AL
BRI AT | E RO 5 S S EEh R R R R XN TS RS GPP RREeE in, i
A SN 2 BOX — A4S RGN GPP 7E 21 2 P A BAE , [R]IsHI Ay = FhHEBOE S EAR L, w5 HEE
S0 ER TR ST A ™ T R I B TR R BRSO B K S ORI R S ST, KR COL MR EE T
SN FEE R N T HE AR S ZR ety R Bt AN, (i AR 7= 3 (181 3)

LB AL IKE 1 SSP1-1.9 @ SSP2-4.5 @ SSP5-8.5

TN

=

g, 1600 §9oo

S
}EE 1200 %
5% £ 600
g 800 EE
R E e

£ 300

Rz 400 g

E 2

e <

2 0 a0

g 2021—2040  2041—2060  2081—2100 2021—2040  2041—2060 2081—2100

) 4y Year

3 AEHEHESEZFHIZ(SSPs)E=T GPP 7 ET HyEHE

Fig.3 Annual mean GPP and ET under different Shared Socio-economic Pathways ( SSPs) scenarios

2021—2100 4FEh 1t Fie 555 S XN THE A ZS RGEAEA R HERURE 56T B9 GPP AR N AR AN I&] 4 Frzs , A
AT AN B AHE S SRR — F 3], GPP AR AR N R B — S U B0 B B 2, JLAR N AR JE AR
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GPP AHXTHE &, X LA A & N TIEAE =y s e B ) A 4y, Hoh 8 A GPP kB4 NI =i, 78 21 el L,
SRPHERCE O GPP S22 580N 21 et i ] R RIHEBUIE 50 GPP (1925 57320 i i 30, B8 sl HE
SR E BT I N CHENE S RGERY A7 T P A s il s 3] 21 HE2e oK, v s RO 572 B 5 58 GPp, B
0 TARHERCRE SR 945 H GPP, B AZEIS shHEE BT A THEA S RGER A 7= S 5 4 3

R LS 2 2 v e

ELHI-SSP1-1.9 = BELHJ-SSP2-4.5 m BLH-SSP5-8.5

350 t-SSP1-1.9 = 1}{i-SSP2-4.5 m H1jt-SSP5-8.5
FKHH-SSP1-1.9 m A J-SSP2-4.5 m K HH-SSP5-8.5

280
210 |
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70 |
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ENGILE BN L 23 4
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170 ¢ Hi-SSP1-1.9 = Hiji-SSP2-4.5 m 1ji-SSP5-8.5
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Gross primary productivity/(gC m2a™")

136 +
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34t

L
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B4 A[FE SSPs{EET GPP M ET MIERTER
Fig.4 Monthly GPP and ET under different SSPs scenarios

232 ARAMEARXT ET BI5200

SSP1-1.9 SSP2-4.5 Fi1 SSP5-8.5 ARG 5 N A KRN ET Z LMK 3 s, B EIATH, $hith e
TR XN THEMNES RGTE 21 e B PRI 438 ET (A RA B s 8 ka4 76 21 e
FI9ET 78 =S 5N B BERSE AR 22 A K 7F 433.38—434.14 mm/a Z [A]; 7F 21 HEZe i = Fif
HERCRE 56 09 ET B Wihi I 2586  AEB{ETE 522.03—543.40 mm/a Z[A]; 78 21 20K, b HE 5 5 1%
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GPP —HER AL LA 7E 4—10 H A K NEUE RS UL, 5—9 Al h iR # ., 5 GPP ANFIMZ ET 1T A
IRB R0 SR R 7 A SRR R, IR RAE N K, I 8 AR AE K i W A A 7 TRk, AN
[lHERCE St 21 el FEIZE A ET 2K, 807 IF e o B8, i 2] TR BB B S5 mE A OET,
XA SRR LR —8, 28 DT, AR ARSI TR R B K BN A 34T, 1t 572 1 e JE DX T3
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