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Simulation and estimation of impact from climatic changes on
irrigation water requirement in Shiyang River Basin

NIU Ji-ping'*?, SU Xiao-ling', TANG Ze-jun’
(1. College of Water Resources & Civil Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China;
2. College of Water Conservancy and Civil Engineering , China Agricultural University , Beijing 100083, China)

Abstract: Upon the simulation and estimation of the impact from climatic changes on net irrigation requirement quo-
ta of crop, irrigation water requirement ( /) and total crop water demand ( W,) in Shiyang River Basin could provide
support for efficient use of water resources and sustainable development of agriculture. While daily ET, and precipitation
in 2020 s, 2050 s and 2080 s were downscaled from HadCM3 (Hadley centre Coupled Model, version 3) outputs under
A2 and B2 emission scenarios by SDSM ( Statistical Downscaling Model) , based on meteorological data from 11 meteoro-
logical stations located in and around the Shiyang River Basin during 1951—2012. Net irrigation requirement quota, Iy
and W, were calculated by using crop coefficient method, and removing the effective rainfall. The spatial distribution of
net irrigation requirement quota was investigated by Inverse Distance Weighted Interpolation. The results showed that net
irrigation requirement quota performed an increasing tendency from southwest to northeast gradient for wheat, maize,
sweet pepper, cotton, sesame and apple. HadCM3 projected an increasing trend for these six typical crops. The present
Iy and W, were 12.65 x 10® m* and 15.42 x 10® m®, respectively in the whole basin. When the present planting struc-
ture was maintained, under A2 emission scenario, the [y were 13.45 x 108 m®, 15.02x 10 m®, and 16.94 x 10° m®

and the W, were 15.53 x 10 m*, 16.65 x 10° m*, and 18.18 x 10° m’, respectively in 2020 s, 2050 s and 2080 s.
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Under B2 emission scenario, the Iy were 13.55x 10 m®, 14.63 x 108 m*, and 15.51 x 10® m*, and the W, were 15.56
x 108 m®, 16.34 x 108 m*, and 17.00 x 10® n’® respectively in 2020 s, 2050 s and 2080 s. A remarkable increasing

temporal trend was observed in net irrigation water requirement, [y and W,. The increase under B2 scenario was lower

than that under A2 scenario. There would be a significant increasing trend about requirement of irrigation water in the fu-

ture, which would especially be more significant after the 2050 s.

Keywords: climatic change; net irrigation water requirement; Shiyang River Basin; SDSM
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Table 1  Average irrigation quota on a variety of crops in each county of Shiyang River Basin during 1959—2012 and 2050 s

(27 R R 5N ) PR gl KE A1,
Crops Year Gulang Mingin Tianzhu Liangzhou Yongchang Shiyang River Basin
ZAE- The annual mean 407 586 217 603 438 486
/N Wheat 2050s — A2 558 621 335 649 481 568
2050s — B2 534 616 307 632 456 548
Z4EF-1 The annual mean 187 325 96 255 240 253
FEK Maize 2050s — A2 311 351 195 292 286 300
2050s — B2 306 353 186 294 276 300
Z -1 The annual mean 409 621 237 503 459 475
il 2050s — A2 582 682 370 542 521 539
Sweet pepper
2050s — B2 570 676 349 536 509 530
ZAFF-Y4 The annual mean 38 312 22 226 189 312
Hi4E Cotton 2050s — A2 275 348 94 280 246 348
2050s — B2 266 352 76 274 228 352
ZAEF-14 The annual mean 292 518 154 410 373 365
BHJBK Sesame 2050s — A2 465 569 249 462 432 443
2050s — B2 448 567 223 447 408 427
Z A1 The annual mean 134 343 42 171 225 226
SER Apple 2050s — A2 301 384 109 311 278 331
2050s — B2 290 382 88 297 255 320

2.2 BSHEFHRUVEBRFKE

IS X B Z AR RAFE K W, FIGHE R
TR Iy (EAN3R 2 FR, 45 R 3R W ik 2 401
Iy M 12.65% 10° m®, Z4EF1 W, 9 15.42 x 108 m?;
AR T K& Ly RN HEY O )R

303.21 mm > FIH 286.69 mm > 7K 5 257.06 mm > i
TR 230. 14mm > KL 126.46 mm, 224 -1 B (3 i A7
b BFEK T W, IR/ : R 336.46 mm >
TR 328.61 mm > HH 326.59 mm > 7K E 307.88 mm
> KA 272.88 mm,

R2 AFARBITHESFEHRIVFEKE(W)FEERTKRE()

Table 2 W, and Iy in five counties of Shiyang River Basin over decades
5iH N o o o . T
Ttoms HIR Gulang ) Mingin KA Tianzhu | Liangzhou JKE& Yongchang Shiyang River Basin
Iy/10° m® 2.08 3.10 0.38 5.46 1.72 12.65
W,/108 m’® 2.97 3.44 0.82 6.22 2.06 15.42
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Fig.2 Spatial distributions of I for six kinds of typical crops in Shiyang River Basin during 1959—2012,
2020s, 2050s, and 2080s under A2 scenarios
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Table 3 The R? of downscaled versus historical monthly precipitations in Shiyang River Basin

SN Inside the river basin

AN Outside the river basin

T2 RAL . - o " (g TA== . N, - o
R ) IR KB R Re C1E Fiik 1IPRS KA TR b R
Mingin Gulang  Yongchang  Wuwei Wushaoling Alxa {;uqi Shandan ~ Zhangye Menyuan Jingyuan  Jingtai
HEW R
Clibration period 0.23 0.39 0.52 0.36 0.62 0.34 0.44 0.42 0.68 0.41 0.36
(1961—1990)
UL R
Validation period 0.36 0.48 0.30 0.39 0.63 0.52 0.55 0.52 0.79 0.41 0.47
(1991—2000)
FUEW R® Base line
(1961—2000) 0.26 0.40 0.45 0.36 0.61 0.38 0.47 0.45 0.71 0.40 0.38
R4 MK A2 0 B2 AAERTHEMLE
Table 4 Changes of precipitation in the future scenarios in the middle and lower reaches in Shiyang River Basin
HMER Base line A2 fE 5T g/ % B2 1% 5% NG INE /%
(1961—2000) The increase of P under A2 scenario The increase of P under B2 scenario
[#%7K & P Precipitation 2020s 2050s 2080s 2050s 2020s 2080s
247 mm -5 -13 -19 -6 -11 -13
2.4 RRRWEBREKE LR AL IR

TS X B AR A AE K & W, (R RN E R 77
KR Ty WNEE 5 PR 16 A2 165 T, g I 5 /K
Iy AL S FE /K W, 78 2020 $.2050 s 12080 s =
AN R 4 R 3] 13.45 x 108 m?.15.02 x 10 m®
16.94 x 108 m® F1 15.53 x 10®* m*, 16. 65 x 10° m*,
18.18 x 108 m*; B2 1555 A2 T 50y E T Al ,
TEASK 3 N 200 B T2 13.55 x 10° m® . 14.63
x10® m*.15.51 x 108 m® 1 15.56 x 10° m*.16.34 x
10° m®.17.00 x 10°% m®; A2 [ 5t N A G IR £E 2020 s /)
T B2 1 5, {HFE 2050 s F1 2080 s AR AT B2 & 5
PRI, A =30 3 3 ) Al FE K B W, i T IR 5 /K
B Iy TEARFCKFE8 0, 78 2050 s 22 J5 X ff - TH#

3 FdiwHihie

1) SDSM RERIA] DL ET, FRF/K R RR RS b
i

2) AN AE K ETARL AR A R
IR APV R 2 (1) A 25 ] b 2 BTG
FRI AR R, TR SR LGS T L6
R HRBIVEYIRY 1 23 18] 53 A7 A7 52 B0 P4 R 7 X [ -
JCHB DK B R, B 1 7ERS ] BAR I ok,
A2 185 IR R T B2 1 &

3) AR - W, R Ly 4 15,42
x 108m® . 12.65 x 10%m® , JEAR K A2 [EZ=F, W, Fl I
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Table 5 W, and Iy in five counties of Shiyang River Basin in 2020 s, 2050 s and 2080 s
‘ R B KL BN K E VEE SN
MR Gulang Mingin Tianzhu Liangzhou Yongchang Shiyang River Basin
Year
W/ I N Wl I N W// I N W7/ I N W/ I N Wl I N
2020s — A2 3.07 2.57 3.39 3.13 0.88 0.49 6.12 5.51 2.07 1.75 15.53 13.45
2050s — A2 3.37 3.03 3.64 3.36 0.99 0.61 6.46 6.08 2.20 1.95 16.65 15.02
2080s — A2 3.76 3.58 3.98 3.81 1.13 0.74 6.96 6.70 2.35 2.11 18.18 16.94
2020s — B2 3.06 2.55 3.42 3.16 0.89 0.47 6.13 5.63 2.06 1.74 15.56 13.55
2050s — B2 3.26 2.91 3.58 3.35 0.96 0.55 6.40 5.96 2.14 1.86 16.34 14.63
2080s - B2 3.44 3.19 3.75 3.57 1.02 0.60 6.58 6.20 2.22 1.95 17.00 15.51

FE2020 s 4390 R 15.53 x 10%m* . 13. 45 x 10°m®; 7
2050 s 439314 16.65 x 10°m*, 15.02 x 108m® ; 7 2080 s
SrAI R 18.18 x 108m . 16.94 x 10%m®, 7E KK B2 1%
s, W, Ml Ly 78 2020 s 435128 15.56 x 108 m® 13.55
x 108m?; 7E 2050 s 43 51 K 16.34 x 10°m’ ., 14. 63 x
108m; 7E 2080 s 43 7l 2 17.00 x 10°m®, 15. 51 x
10%m, A2k Iy F1 W, IR IS, B A2 155
THIEIRORT B2 1E 5

MBS, A5 A2 Ak felf X Sl 3 I 75 /K 7R
Rl Bt b T #0100 Ty 3 I R K RN L 2
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