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Impact of Climate Change on Cotton Production in Tarim River
Basin, 1980—2020

Yue Shengru'”>  Xu Shuyue' Hu Xuefei'” Hou Xiaohua' Meng Fujun'
(1. College of Hydraulic and Architectural Engineering, Tarim University, Alaer 843300, China
2. Key Laboratory of Comprehensive Utilization of Saline-Alkali Land, Xinjiang Production and Construction Corps, Alaer 843300, China)

Abstract: The feedback mechanisms of cotton production to climate change constitute a critical scientific
basis for planting planning and yield stabilization. However, the impacts of the “climate — management —
crop” triple interaction on cotton production in the Tarim River Basin remain poorly understood. Based on
meteorological observation data and a calibrated DSSAT — CROPGRO — Cotton crop model, the
spatiotemporal variation characteristics of cotton yield, whole growth duration, and irrigation water
requirement in the Tarim River Basin from 1980 to 2020 under the framework of “climate — management —
crop” was firstly revealed. Subsequently, the integrated sensitivity of cotton production to coupled
climatic factors was evaluated by using scenario perturbation experiments. The results indicated that
during 1980—2020, the cotton growing season in the Tarim River Basin experienced a significant
increase in air temperature, with the warming rate of minimum temperature exceeding that of maximum
temperature. Precipitation remained scarce with large inter-annual variability, and solar radiation showed
a non-significant declining trend. Early sowing demonstrated substantial potential for yield improvement,
increasing yield by 8. 7% compared with the conventional sowing date; however, the associated climatic
risks persisted. Early sowing prolonged the whole growth duration and increased irrigation water demand.
At the basin scale, cotton yield exhibited a significant increasing trend at a rate of 22.3 kg/(hm’-a) ;

the whole growth duration showed a significant shortening trend at a rate of —0.539 d/a; and irrigation
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water requirement displayed a non-significant decreasing trend at a rate of —0.650 mm/a. Maximum

temperature approached the critical transition window from positive to negative effects on yield. Elevated

maximum temperature and reduced radiation level exerted negative impacts on yield, yet these were

compensated by concurrent increases in minimum temperature and CO, concentration, resulting in a net

yield gain. In conclusion, climate change exerted an overall positive influence on cotton production in the

Tarim River Basin during 1980—2020, and early sowing represented an effective adaptation strategy. The

research result can provide quantitative data references for future cotton production under continued

climate change.

Key words: cotton production; early sowing; climate — management — crop; crop model; Tarim River
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Fig.2  Yield response to sowing-date adjustment
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Fig.3 Response of whole growth period to sowing-date adjustment
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Fig.4 Response of irrigation amount to sowing-date adjustment
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Fig.5 Climate sensitivity analysis of yield changes
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Fig. 6 Climate sensitivity analysis of whole growth period changes

FOR R S U e r SRR s, HAE =X
R FEAYRER (A2 R AR

I TP Bl DUHE R 48 7 1 R A6 A= 7 i
T, SRy B 5 DX U AR Ml ) A 3 W Mt T
B, B 3 M IR S 1980—2020 435 HL A ]
DL A 1o TR X R A 7 R 1 5 ) Ak < B 7
e ARG B, o e TR T v R S R AR
SO I (H AR IR A CO, e B TH i /s T 1% 5%
M), IEARA 7 d B, A8 A X 3 AR Y] 7 Sl A
FE 77 5 Y I 1) 2800 78 AR LR 52 TP R A5 B E 522
FEATTE R A BLRLES , H 5 TR K = K S 1
MRAEAE =52, AR AE B AR sh I ah 1 5
FHRBE A 23 ~32°C , | KA 1E R B R 28°C '™,
MR RT 35°C BUE T 15°C I A2 2] s T s A I

B CO, VR BETH s T 1 AR A VR HT, A
AL WD AR D D2 AR A A A
FIEA . RIS AT SR, T LGRS s iR TR
G I AR i — X A 4 7 D R T [
B R SR A B iR A

4 #ig

(1)1980—2020 4F , ¥ BL AT 3 380 AL I 35 44
i, Fe AR AR TR R T e AR B K D
HAFBE AR 5 K R A i AN 10 3, CO, Wk 50
B,

(2) L i s bn , A2 S Al H T & AN
N MRS, AR E e A B, A
SAENBABAETE . B4 A 20 HHEF, BB U



%224 TR 45 . 1980—2020 A7 A5 AR Aot 8 HLAIAT Yt Sl A A6 A= 7 1 52 i) 171
mFEL 7 Q3+1.5xIQR 1QR=Q3-01 mAEL ;7 Q3+1.5xIQR 1QR=03-01 mTEL 7 Q3+1.5xIQR 1QR=03-01
HE2 QIEE25 H A ED) %2 QIER25 H A0 52 QLEE25 H A 5D
T3 piaE S HEE3 HHE o Sl TE HHE S
e Q3(ET5H A ED) E Q3CET5H A0 FE4 Q375 H 4 50
HES *+ Q1-15xIQR J7%5 1 Q1-15xIQR J7%5 1 Q1-15xIQR
750 750 750
g650— 7 2650_ 26507 .
550 B i 3071
= £ 550 =
# ol I = ﬁ:tso—:. I
450¢ 350} L ’
350 C 1 L 1 1 1 1 L 1 1 1 0 * 1 L 1 1
Tmax Tmin Pre Ra CO )E‘}Z% Jii3 Tmax Tmin Pre Ra C 02‘}7& i3 Tmax Tmin Pre Ra CO Z?ZQ JE
(a) FIH (b) &4t (c) BIFE 5
mEL 1 Q3+1.5xIQR TQR=Q3-Q1 7 03+1.5xIQR IQR=0Q3-Q1 mEL 1 Q3+1.5xI0R IQR=0Q3-Q1
THE2 | QIEE25H %D JFE2 | QIEE25H %D TEE2 | QUER2SH AR
TR o WA TR o o SR T3 W * SR
Jig4 T Q3GETSH D R4 T Q3CRTSA KD JEA T Q3CETSH AR
FHZEs 1 Q1-1.5xIQR H2E5 1 Q1-1.5xIQR s 1 Q1-1.5xIQR
850 7501 650 -
; 750+ . 650 g 550 i * %%
£ £ £
60 ‘ e % & 5501 E ? .
c- = 2450+ . .
& 550 .. . #4501 i ‘e *e ol & see
5ot - ’ e -l 350} ‘ g ‘
Tnllax Tnllin P‘re Rla C (’)E‘}IZ% Jii3 0 Tnluv; :F‘rrllin P,ie Rla COE‘};R B Trrlla.x .Tr;u'n P]l«e R‘a COZ?IZQ Jicy
(d) ¥F (e) 7 (O)=¥%:
%] Q3+1.5xIQR IQR=03-01 LV Q3+1.5xIQR IQR=0Q3-01 VS 03+1.5xIQR IQR=0Q3-Q1
T2 | QIER2SE A% TR2 | QU2 A% TE2 | QUER2SH %)
HE3 HME * S FEE3 H i o SEEE FE3 H o AN
W4 T Q3CETSEED Jig4 T Q3EETST 4D Jis4 T Q3CETSTAHE)
FZEs 1+ Q1-1.5xIQR F2E5 1 Q1-1.5xIQR 25 1 Q1-1.5xIQR
850 650 700
750} eg é %% Goor e 600 @
£ 2 550 £ @
E E E
= = = .
#5501 " S4501 Faool e e el
4500 . 400¢ 300} ‘
) elee, : X ok oL, o,

AR AL R 8. 7% , ASIR] S AR S AR
WER R T R ILARAL, oA 3R 22 Ak iy« 15 10130
PREEN” . FREIERK T E 2B, B4 H 20 H
EFF,3 H 20 H & nlff 4 FIF- 3800 18.3 d,
Ph4 A 20 H R, 3 A 20 H &A1 B E 1
A 3. 8% , WU (3 H 20 H#EFH) ,1980—
2020 AERAE = G 5 WA I (P <0.01) , 1
H22.3 keg/(hm® «a) ; 448 B W52 W3 40 5 fa #
(P<0.01) 8L ZA —0. 539 d/a; BB AN
F B AR AR N - 0. 650 mm/a,

(1]
(2]

Tmax Tmin Pre  Ra COJRE

2
(e) &3

Tmax Tmin Pre  Ra COJRE

() /)
7 AR R R S

Fig.7 Climate sensitivity analysis of irrigation amount changes
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