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Climate response for equivalence of crop water consumption induced by
climate in Mingin County based on water footprint

HAN Jie, CHEN Xing-peng
( Resources and Environment College of Lanzhou University , Lanzhou, Gansu 730000, China)

Abstract: On the basis of elaboration of the water footprint and the water resources stress indicators, we calculated
the blue water demand, the total water consumption and the unit of crop water consumption of eight kinds of crops,
(maize, wheat, cotton, sunflower, apple, melons and vegetables) in Minqin County from 1991 to 2013. And we studied
the variation law of total water consumption and unit of water consumption with time of these crops in 23 years. We ana-
lyzed unit climate water consumption of four kinds of typical crops: wheat, maize, cotton and melons, using preferred HP
filter method from three kinds of economic and technical analysis models of water consumption. Furthermore, we dis-
cussed the relationship between climate water consumption and the related climate factors of these crops using stepwise re-
gression analysis method. The results were amazing. Firstly, water consumption of crops increased year by year, maxi-
mum total water consumption of food crops changed the most, followed by vegetables and sunflower. However, unit of
crop water consumption diminished in the wave. Secondly, HP filter method is an optimal model for analyzing climate
water consumption. The trend of unit of crop climate water consumption was inapparent, but the wave was prominent in
this period, and the difference was significant between different crops. Thirdly, the main climate factors that influenced
the unit of crop climate water consumption were total rainfall in May and June and relative humidity in July, and there
was no significant correlation with temperature during the growth period. In conclusion, response mode to climate change
of different crop’s water consuption changes vary greatly. Crop’s water consurnption is affetted by precipitation and hu-

midity significantly and the response mode trend of global warming is not obvious.
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Fig.2 Water resources pressure index of Shiyang river basin
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Table 3  The correlation coefficient between climate — induced crop water consumption and climate variables

K Z KL Correlation coefficient

S EoK Maize INAZ Wheat H4E Cotton JKZE Melons
Climatic
e e WHEAE Pkl WHAATE Pk MAAKYH  HPEW  MHLTH

High-pass Sliding straight High-pass Sliding straight High-pass Sliding straight High-pass Sliding straight

filtering average filtering average filtering average filtering average
Ps 0.099 -0.121 -0.272 —-0.350 -0.6417 " -0.627" " -0.134 -0.201
Ws 0.075 0.042 0.145 0.172 -0.025 0.068 0.132 0.147
Rs -0.025 0.149 -0.354 -0.288 -0.545" " -0.502" -0.069 -0.054
Toins 0.147 -0.722" " 0.046 -0.273 0.079 -0.101 0.124 -0.098
T s 0.142 -0.47" 0.286 0.024 0.411 0.190 0.213 0.080
Ss -0.164 -0.366 0.108 -0.176 0.223 -0.092 0.154 0.019
Toes 0.102 -0.566" " 0.224 -0.077 0.26 0.036 0.143 -0.017
Pg -0.667" " 0.160 -0.583" " -0.431 -0.499" -0.414" -0.675" " -0.546" "
We 0.043 0.360 0.244 0.445" 0.081 0.267 0.022 0.189
R -0.393 0.436" -0.380 -0.142 -0.343 -0.255 -0.509" -0.311
Tins 0.063 -0.7227 " 0.066 -0.180 -0.065 -0.082 -0.034 -0.211
s 0.429" -0.549" " 0.304 -0.033 0.055 -0.019 0.490" 0.275
Se 0.236 -0.333 0.252 0.014 0.226 0.066 0.441" 0.251
T 0.325 -0.704" " 0.271 -0.014 0.041 -0.041 0.343 0.113
Py -0.213 0.111 -0.429" -0.226 0.094 0.190 -0.079 0.006
w; 0.302 0.134 0.337 0.305 0.227 0.105 0.365 0.412"
R, -0.123 0.235 -0.554"" -0.417" -0.304 -0.316 0.046 0.105
T i 0.044 -0.688" " 0.203 -0.112 0.037 -0.116 0.055 -0.121
T a7 0.247 -0.305 0.581 0.419" 0.302 0.284 0.096 0.029
S 0.031 0.169 0.236 0.191 0.218 0.093 -0.146 -0.129
T e 0.099 —-0.398 0.457" 0.241 0.156 0.086 0.007 -0.084
Py -0.305 -0.016 — — 0.090 0.121 -0.081 -0.079
Wy 0.303 0.005 — — 0.170 0.107 0.586" " 0.563" "
Ry -0.312 0.307 — — -0.034 —-0.062 -0.219 -0.176
Thing -0.138 —-0.548 — — -0.237 —-0.205 -0.02 -0.129
T s 0.060 -0.183 — — -0.195 -0.114 0.070 0.065
Sg 0.186 -0.020 — — 0.131 —-0.003 0.020 0.007
Ty 0.017 -0.326 — — -0.262 -0.210 0.006 -0.033
Py 0.111 —-0.405 — — -0.173 -0.306 -0.187 -0.284
W 0.428" 0.141 — — 0.441" 0.284 0.753" " 0.736" "
Ry 0.176 -0.314 — — —-0.146 -0.301 -0.176 -0.29
T ivo -0.052 -0.101 — — -0.169 -0.234 -0.152 -0.161
Thwo 0.030 0.163 — — -0.001 0.010 0.268 0.308
So -0.042 0.376 — — 0.378 0.430 0.385 0.490" *
T -0.021 -0.116 — — -0.063 -0.139 0.020 -0.010

TE: o x FURMRRECE N BEFMAT, o« =0.01, > FURMXRLUE T BEERI, « =0.05,
Note: * * indicates that the correlation coefficients pass significance tests with @ =0.01, * indicates that the correlation coefficients pass significance

tests with @ =0.05.
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Table 4 The regression model summary

1EYI Crop [F1 A7 Regression model
Tk Y, =0.045 - 0.003 Pg,
Maize (n=23,R>=0.444,P <0.01)
INEE Y, =0.508 = 0.003 P — 0. 009 R;,
Wheat (n=23,R*=0.541,P <0.01)
iiyia Y, =0.361 - 0.018 5 — 0. 009 P,
Cotton (n=23,R*=0.609, P <0.01)
TR Y, =0.001 - 0.001 Pg +3.352 x 107> W,
Melons (n=23,R*=0.863,P<0.01)

FORAEFE K Y B EE AR E N 6 H
PyRK U R =0.44,6 A4y BKEX E
KAMEREK G MR R A8 44.4% , /NEH
PEAAGEFREAK 24 1 BRI B 250 7 A O AR
e H 4 S K, [|IHRE 53518 - 0.009.,
—0.003, B 7 AR AHXREEFI 6 H 17 Bk 12 B335
1% , % i /7N 22 B A6 S A5 R 7K 24 8 36 20 0. 009 FH
0.003, AL R? = 0.541, KEAE BN SARFE K Y
A FERKIHNE R 5 A0 A 6 A Gy kEKE, B
ZET AN - 0.018, —0.009, B A F 445 ) [ 7K
AN 19% , % I SAZFE K 24 553 3] B AL 0. 018 F01
0.009, F R AR L A0 B R? = 0.609, [ 7K 2 X A
AE AN SUMAE K 2 B iR R 61.0% . 6 1

By KRR 9 F 0y X R RIS BN AR A AK 2
WA FREE I E 6 0 Bk 9 A Kk
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R 3.352x 107, #WUA L R? =0.863, P fRE
B RS AL ARFE K S B R 235 86.3% o

HP 383520 B 19 1991—2013 4F £ K /N i
FEFRZE 4 PSR EY I AL ARFE K S 1 S =
B RZ i T bR AL, WA 6 TR, 1991—
2000 4F- 6 H 0y K s > HLAE 240K, R &
KBNS ARFEA S i 5, B AR 2 0 TR E LA
o 1994 47 2002—2003 4F- 6 H 0Bk e 57 5 M s
FORAMFEFEK Yt B B AR T IR fH . 2004—2013
6 H A B K A AR, FRAAREFE K Y )
it . [FIES3Z 6 KAl 7 J1 0 A X
FIFZIA , 1991—2002 4 /NAZ S A FE 7K 2 1t U Bl 1 3¢
58 ,2003—2013 4F i 2l M BH a5 , I JLARE A 5 i
B, Foh 1991 4F B SRR K XY R E R
1994 4F H 30 fe R Ao AR 4B B S FE 7K XY
% 5.6 H 0 FEIK B2, 1991—2003 4548 R 55K,
2004—2013 4F3% S i FE LR 0N, I g i TR,
Horp 1998 4F 2002 4EH AL FAALAURFE /K 24 1 BUIR
Ho 1991—2013 4F, B8k 6 H 3 B R K i sk A
XN AH 9 H A3 KGE AR AR E , RS 7 4F- B AR )
SAEFEK YA L 3 MR AEY A R4/ HF
1994 42 M BCOR (B . SV 5, I 20 4R R FEREIK |
W EER T TH0T , AR I S5 FE K Y i
B/ AR A AR R AR R, WA A AR Ak 1 fe Sl
T BRI Z o Hor FOR SR K 22 15t 19 48 By i i
207 T RSN AR R R . INEAE
1992—2002 4F-[A] < i FE /K 224 1 8 Sh PR, I 328
W5 . MRAE I SARAR K AR 2 7 1 /N s
K, i SOB T ES A

4 shipSie

AR SO K R FH K B 5 s 0 8 S AR, wiF
RS 8 FARAEM MAEK 2 i, R E/K BT R 148
B LR B RAE 1, 125 T2 E 4 KF 0,478,
2013 AE AV EYIFE A Y B HE PR OO AR AE > 2548
>/NAE > RS S Tk > SR S B > RS, K
L BEE BRI R4 L 8 R VEY B FE K 2
R AEREAR, 2 VE Pt 0] 77 40 A8 Ak 25 S K, FE
o RAE LRI N B AR S e b, TS A%
B8 o 1991—2013 AR AEY) SAEAK Y 1 A W g



25 6 i

IR BT Y RSB BRI AR K - 5 A iy L D

225

R AR A B FE AR S i AR PR AR A K, Hoh A2 fk
BB/ NE | 1991—2009 4F, /N BAE K Y —
A AL, R KD, 2010—2013 4E /N
FEZK Y F il ad T B, BRSO R EEFEAKIEY) . 20 4F
(1] & A6 RBE S 1) ERE /K XY it 1 o 9 2, H R A

VRN IR Z R R AR 1 B, 00 L B, (EL A
K BB I %t — R A 4
R e (R 7/ NDE L LN ITE AW a2 ik & QAW iF:e
SFLGTEYY, P K RCR, TR i 3 4R IR L5
KB EBHEROR SR AR 5 A

T ERIFEFOKAEY) ., BARME, REMIXAKR AR Y&,

m AR R FEK L 4
Climatic water consumption

of cotton
4 LIRVER 7N
R Precipitation in May
A 6] fr FRIK
Precipitation in June
° L J
2
ER "
A

@S = "

25 | S e
S0 ez, T I ’::
n AAg AR, &

A Al W at2 S A e
o o
2t [
1990 1995 2000 2005 2010 2015
Ay Year
ar w KR FEK %
° Climatic water consumption
of maize
® 6] 13 K
2 5 Precipitation in June
‘C_V' -

@-: .l L4

2§ o " .

&3 "

B < .

*go mm ¢ oum .'. 2%
= .
s oo *" ° o :.I See

-
2t u
]
1990 1995 2000 2005 2010 2015
AR Year

P A A

Standardized value

AL E

b 1
Standardized value

¥

N K B
Climatic water consumption
4 - of wheat
o 6J1 4 FRIK
Precipitation in June
3r A 743 R R
Relative humidity in July

2000 2005 2010 2015

1 Year

1990 1995

w ISR FEK 2 4
Climatic water consumption
of melons

ar o 61 i Bk
Precipitation in June

A9 ]y WIHE
Wind speed in September

L] [ ]

" =g -

AlAAA! .AA‘AAAAA.lAAzi
° ° 2®%e %o

e

)

(=]
T

2 r []

2000 2005 2010 2015

A Year

1990 1995

Elo EMSEFRKLYERBENHZMERTELTLED

Fig.6 Standardization trends of climate-induced crop water consumption and the main climate variables
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