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Abstract. Rain-fed agriculture is highly susceptible to climatic conditions. Study on analyzing the trend
of yield and water use efficiency of rain-fed maize under climate change conditions is useful for
agricultural production planning, which can provide adaptation strategies to climate change for
agricultural production. Two test sites of Heyang and Changwu in Weibei highland were set as the study
area. Experiment data in maize field was used to evaluate the applicability of CERES — Maize. Finally,
the meteorological data produced from regional climate model ( RegCM4.0) was used to predict maize
yield and its water footprint before 2050. Results showed that the CERES — Maize model could precisely
simulate the rain-fed maize yield and phenology; the absolute relative error (ARE) of most samples was
less than 10% ; the CERES — Maize model had good applicability in the rain-fed agricultural area in
Weibei highland. Using the CERES — Maize model to simulate the water footprint of maize production was
more accurate and reliable than using traditional water footprint calculation method. Under the RCP2. 6
climate scenario, maize yield showed an increasing trend with increasing temperature and effective
precipitation during the growing season; under the RCP8.5 scenario, maize yield showed a declining
trend with increasing temperature and decreasing effective precipitation during the growth period. The

excessive temperature rise had an obvious negative effect on maize yield, and the precipitation was
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positively correlated with the water use efficiency of maize. In order to effectively deal with the negative

impact of climate change on the rain-fed crop yields, measures should be adopted, such as reducing

greenhouse gas emissions, enhancing soil water storage and preserving moisture capacity, developing

rainwater catchment irrigation, and selecting and cultivating water-saving and drought-resistant varieties.

Key words; maize; water use efficiency; yield; climate change; CERES — Maize model; Weibei
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&1 2008—2015 £ & FHuL i CERES — Maize B B HE 5 KM E Xt

Tab.1 Comparison of simulated values of CERES — Maize model with observed values in Heyang station during 2008—2015
I JFAEI IR KL
EEOAE R S ARE/  Hifl) S ARE/ B S ARE/ B E/ S e/ ARE/
{ii/d fli/d % t/d fi/d % f/d fti/d % (kg-hm %) (kg-hm?) %

BF 9 9 0 93 92 1.09 146 148 1.35 12 545 11702 7.20
2008 CF 9 8 12.50 93 93 0 146 145 0.69 9986 8978 11.23
NF 9 10 10. 00 93 95 2.11 146 150 2.67 6562 7198 8. 84
BF 9 10 10. 00 95 97 2.06 153 152 0. 65 8679 8021 8.20
2009 CF 9 9 0 95 94 1. 06 153 155 1.29 6361 5650 12.58
LF 9 10 10. 00 95 98 3.06 153 159 3.77 5003 5139 2.65
BF 8 8 0 92 96 4.16 147 153 3.92 10 800 10010 7.89
2010 CF 8 8 0 92 93 1.08 147 149 1.34 8 853 9245 4.24
LF 8 9 11. 11 92 94 2.13 147 150 2.00 7672 8615 10. 95
BF 12 11 9.09 88 90 2.22 152 157 3.18 8512 8709 2.26
2011 CF 12 12 0 88 87 1. 15 152 153 0.65 7124 7667 7.08
LF 12 11 9.09 88 89 1.12 152 159 4.40 6461 7201 10. 28
BF 10 10 0 90 89 1.12 150 154 2. 60 8371 7521 11.30
2012 CF 10 10 0 90 87 3.45 150 152 1.32 6 008 6559 8.40
LF 10 11 9.09 90 93 3.23 150 156 3.85 6 150 6309 2.52
BF 11 10 10. 00 91 92 1.09 145 146 0. 68 8 684 7979 8. 84
2013  CF 11 11 0 91 91 0 145 145 0 6999 6 450 8.51
LF 11 12 8.33 91 90 1.11 145 144 0. 69 6286 6031 4.23
BF 9 8 12. 50 87 86 1.16 150 153 1.96 10 683 11 184 4.48
2014 CF 9 9 0 87 87 0 150 151 0. 66 10 127 11240 9.90
LF 9 9 0 87 86 1.16 150 150 0 8964 8 346 7.40
BF 10 10 0 90 89 1.12 145 144 0.69 9 140 9590 4. 69
2015 CF 10 9 11.11 90 88 2.27 145 143 1.40 8 380 7670 9.26
LF 10 11 9.09 90 86 4.65 145 145 0 6 807 7 620 10. 67
Bt 5.50 1.73 1.66 7.65

F 2 1998—2011 £ KK == CERES — Maize # B K HE 5 KM {E 3Ttk
Tab.2 Comparison of simulated values of CERES — Maize model with observed values in Changwu station during 1998—2011

i TFAE AL FPRL™ it
SRR OAbEE R SEi ARE/ B S0 ARE/ fEHU SCM ARE/ RAE/ SEM e/ ARE/
/4 B/d % f/d f/d % /d fi/d % (kg-hm %) (kg-hm™?) %

1998  CF 12 11 9.09 97 97 0 149 149 0 8219 8 050 2.10
1999  CF 13 12 8.33 103 100 3.00 151 150 0. 67 8 746 7963 9.83
2000 CF 12 12 0 95 93 2.15 146 145 0. 69 7501 6791 10. 46
2001 CF 13 13 0 99 97 2.06 147 149 1.34 7239 6 600 9.68
2002 CF 12 11 9.09 105 103 1.94 150 152 1.32 11 003 10 000 10. 03
2003 CF 13 12 8.33 100 98 2.04 163 161 1.24 13 200 12 700 3.94
2004 CF 9 9 0 98 99 1.01 153 150 2. 00 9 500 8 660 9.70
2005 CF 8 8 0 93 95 2.11 147 145 1.38 7 840 7342 6.78
2007 CF 12 13 7. 69 96 98 2.04 155 152 1.97 9476 8 804 7.63
2008 CF 10 10 0 97 95 2.11 147 146 0.68 8 005 7128 12.30
2010 CF 10 11 9.09 94 91 3.30 148 146 1.37 12 391 12 945 4.28
2011  CF 12 11 9.09 98 97 1.03 142 140 1.43 10 431 11922 12.51

¥y 5.06 1.90 1.17 8.27
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Water footprint of maize production, effective precipitation and maize production in Heyang station from 2008 to 2015
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Fig.2  Water footprint of maize production, effective precipitation and maize production in Changwu station from 1998 to 2011
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Fig.3 Changing trend of water footprint of maize production

and maize production in Heyang station from 2017 to 2050
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Tab.3 Comparison with other researches

14 B 5 s W5 B KA AL/ (m kg ™" ) ok U5
e 2008—2015 4F 0.36 KRS
s 2017—2050 4F 0.37 E'e
B _ 1998—2011 4E ( f 2006 2009 4F) 0.35 A
Bepi 2017—2050 4F 0.39 A3
R WP 2000—2012 4 0.83 ik [30]
17 4 B VG 3 i Hs X 1998 2005 2010 4¢ 0.77 ik [29]
s B P 1996—2006 4F .18 k[ 32 ]

3.2 AESBEEETSEMNEXFEMHEARLE

FEAT

DA A A I Sy 3 BLRRAE 1 4 BRI A b 2 4
SEE A I T R R AR R A R X
ORI R L (R A) A PR 5 A B
5 5 5L P R B MU R A O R A1 T ) g A
RHR L E TS, Hoh  RCPS. 5 5 5 F 7 3 5 1L
M- K B4R 56 W 5K F RCP2.6 fif 5. Wi
RCP8. 5 i 5t N e IR FE b TH it #4335 31 B & K F
(P<0.05), i1+ RCP8.5 "1 & F & 7 v i
FERR, SR E R AR B g SR E RO

B P ) F 47 28, ¥ D' 5 07 0 A0 K 0 TR AR R 110
R AR Pl AT ORI T R B Ul
T JE 3 ROk 5ok = A B R R ST R, X
KANG %5 [R5 — S0, 60 T 28 A HE I 42 7
PR KRR 3 A8 Tt A e AR A 22 A X A g A 7 T
A TURIRENE o AT, D K AR S0 4 A 5 A 1Y T R 28
Je 7RI WM /N T o R R R, 3 B AL
R KK IR RCR AT TE 20 T G R4 KK
o3P FIASARAE 2050 AFRTRE I EE AT i 5 BT
3.3 REKSBEFHTERTENAHLEKENKER
TCHEWBR 2R AE T, A2 7 A 20 K TR oK ™



216 & A Bl B ¥ i

2018 4

F4 20172050 FAHERMKEKEAKE.
ERFEHREBEMASFIAREM-K
BRWEE
Tab.4 Values of M — K trend test of temperature, maize
production, ET and WUE of Heyang and Changwu
stations from 2017 to 2050

B RE ORI RE Rk KA
g KU L N e .
WO W AR R AR
N RCP2.6 1.39 0. 83 -0.03 0.22 0.37
a RCPS8. 5 2.58 3.65 -0.43 -0.43 0.76
RCP2.6 1.51 1.39 -0.05 0.28 3.92
kit
RCPS8. 5 2.49 3.20 -0.40 -0.43 3.42
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Fig.5 Maize production and effective precipitation in

Heyang station from 2017 to 2050
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Fig. 6 Maize production and effective precipitation in

Changwu station from 2017 to 2050
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