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Fig.1 Simulated and measured dry biomass in calibration period and validation period
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Table 1 Evaluation results for ORYZA2000 simulations of crop growth variables
N A : * 2
Period Variables N Xobs(SD) Xsim(SD) P(t%) o B R RMSEa RMSEn
WAGT 16 6079(4616) 6253(4619) 0.92%* 1.62 -76.81 0.99 556.31 9.21
e WLVG 16 1333(760) 1347(696) 0.96* 0.90 302.72 0.91 300.82 22.62
. E . WST 16 2877(1931) 2929(1965) 0.94%* 1.41 13.71 0.99 304.43 10.61
Calibration period
WSO 10 1570(2329) 1533(2247) 0.96* 1.90 234.24 0.99 131.92 8.42
LAI 16 4.21(2.07) 3.42(1.64) 0.24%* 0.61 0.95 0.80 1.42 34.54
WAGT 16 5776(4239) 6166(4642) 0.84% 0.94 -19.3 0.99 646.4 12.6
KT WLVG 16 1221(686) 1340(671) 0.78%* 0.92 74.9 0.90 327.6 29.2
. (M} o WST 16 2712(1907) 3033(1960) 0.88%* 0.90 30.4 0.98 356.6 10.1
Validation period
WSO 10 1498(2356) 1610(2239) 0.95% 1.1 315.3 0.96 173.1 14.4
LAI 16 4.11(1.91) 3.51(1.74) 0.35* 0.81 0.99 0.74 1.55 44 .4

TE: NOWFEARG Xobs SN Xoim JOBEAUGTF-IME: SD ks, P*)=c SRS Wtk o JOBHIMES ST EENEA SRR, p oK
PUE 5 9T LAEAH SR . R 5 S AR SC R B RMSEa WAkt )RR % s RMSEn A VA— W3 iR 2 o 7E P(e*)H, *Romii

P AN S TC S 25 P 22 S IR T (5 B2 95%

Note: N is the sample number; Xobs is the observed mean value; Xsim is the simulated mean value; SD is the standard deviation; P(*)=t is the significance test;
a is the slope of linear correlation between the simulated and observed values; £ is the intercept of linear correlation between the simulated and observed values;
R? is the linear correlation coefficient between the simulated and observed values; RMSEa is the absolute root mean square error; RMSEn is the normalized least
root mean square error. * means the confidence level of insignificant differences between simulated and observed values is 95%.
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Table 2 Evaluation results of meteorological variables in calibration period and validation period of SDSM
= P MR E,, FCADURAL U A R Ol 22 LG Ry 5
A B 351 LS ?iﬁ'lR e ?i&E ’rRH?‘F_ M«JJ&T%&{E&%&E R, BRI 2 B,
Variables Period CorrelaFlon Coefﬁfnent of Ratio of simulated qnq Model biases
coefficient efficiency observed standard deviation
Hns W] Calibration period 0.99 0.99 0.99 -0.01
Radiation WAIEH  Validation period 0.98 0.98 1.02 0.03
Rsud K5EW Calibration period 0.59 0.51 0.66 0.05
Wind speed Y01 Validation period 0.58 0.57 0.81 -0.01
AR FEW  Calibration period 1.00 0.99 0.99 0.02
Minimum B3iF Validation period 0.99 0.99 1.01 -0.06
temperature
Il H5EW Calibration period 0.99 0.99 1.00 0.00
Maximum A . .
E N
temperature 40UFHH  Validation period 0.99 0.99 1.01 0.01
K H5EW Calibration period 0.62 0.59 0.87 0.14
Precipitation I0UF]  Validation period 0.60 0.38 1.02 0.30
SR FEW  Calibration period 0.99 0.99 1.00 0.00
Vapor pressure WAEHE  Validation period 0.99 0.99 1.03 0.03
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Note: OBS is the observed data; NCEP is the reanalysis data; A2 is the simulated value under A2 scenarios; B2 is the simulated value under B2 scenarios.
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Fig.2 Monthly distribution for modeled and observed precipitation, maximum temperature and radiation under NCEP, A2 and B2

scenarios based on SDSM
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Fig.3 Trend of the rice irrigation water requirement, water consumption and yield under two irrigation conditions in 1961 — 2010
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Table 3 Change of rice water consumption, irrigation water requirement and yield for ORYZA2000 model under HadCM3

AR Ak Variation AF{L % Rate of change /%
s REAE EMEAL 7 FEKE o oK o o
o Representative Irrigation Water ‘/E‘{E}Eﬁ?ﬁg 5 Yield Water ‘{EV%%*E SR
Cllma‘te years treatment i Irrigation water /(kg-hm?) i Irrigation water Yield
Scenarios consumption requirement /mm ghm consumption requirement /mm /(kg-hm™®)
/mm /mm
P
o ik |ﬂ%A/EfE}E 421.9 136.5 6500.5
7K HEBE 4243 184.5 6573.7
- Tk |njgmgaﬂ[ 4253 139.3 6608.6
7K HEE 427.9 183.7 6686.0
2000 [F B R 4359 150.0 6451.5 3.32 9.89 -0.75
S
HEKREE 438.4 207.5 6531.5 3.32 12.47 -0.64
A2 2050 Vi) B 479.5 215.0 6251.0 13.63 57.51 -3.84
S
7K HEBE 484.5 265.0 6344.0 14.19 43.63 -3.49
20805 7] B R E 537.2 227.6 5570.8 27.32 66.73 -14.30
7K HEBE 542.6 284.5 5657.3 27.87 54.19 -13.94
2000 [F B R 436.3 162.5 6435.3 2.59 16.67 -2.62
S
7K HEE 440.3 212.5 6527.9 291 15.69 237
B 2050 Vi) B 460.4 177.5 6092.6 8.24 27.44 -7.81
S
7K HEBE 464.1 2325 6179.8 8.46 26.58 -7.57
2080 VF1) B 481.4 183.6 6031.3 13.20 31.83 -8.73
7K HEBE 485.3 235.3 6143.1 13.42 28.13 -8.12

3.3 itit

Kl 5 25t T A2 R B2 15t FARCK 3 NN S e
B B WU, K ERIAE B K AR
L. ARSI INA R T s S BUKREFEK &35,
7E 2020s. 2050s F112080s 3 AMHAR, HES ARy
SRR nES, HIREETAE . BRI
TR RS FEUKAEFEKE IR, (R R
FEEE T FBUKFEFRE/KEAEARK 3 AR 14 0

o KRR AR e T R, BRI At
828 7K PR AR A 53 T KRR RE i 8 70K B ) 2 U A
o (AR 3 ML, A2 R B2 PIRIE SRR R
SIS, HOKFEFKEAEARK 3 NI P
I, L, KFEREM TR AR AEASK 3 AN I B
SEONWLRI TS X RIS, FEARK 3 AN
W, BEORERSTE, AR TSR], SE
PITFR, I e R IR R T, ST KR



96 RNy TR

2013 4F

EH MR, = H IR IS R R AR,
ME 5 Rl LB A AR EE 2020s I, 2050s B3
HSIRTT ElR AR K. 8 5 K Ra A & W4k, 2
ECEAERWY, FERAT Y. Hhh, O EERZ
WRATREEAKAEAE 7. 8 A2 Bk i S E
SEMAMLEZIE N . PRI, ZKAE = e e Bt — 22 R
15 2080s B, it —0 iy, SRS, dtkn]

e FEUKRAERII N IE N, miE ekl KR
(RINPIRGFAE, AR ™ R b R A WA o A LK
WEBETN S RV AEARSK 3 /MRS a] BROBEBEAS T /KA
REWR R K BB, (H SEBREM o 7 R L 7K TS
A BRI L Zy, R B ARERE 7 20T
FIZEAK. THIE, AR N, (a8
AR KRR AR

181 40 ¢ 4.0,
A2 B2 35 55k
15F = = = A28k B2ILAR il SE)
- _ _ - 30f - o _30f
g 127 = st 25t
Z of = 20} £ 20}
& o| g 15} M 15t
= = 10t 10t
3r st 05t
0 1 1 '} U 1 i ] 0 A L J
2020s 2050s 2080s 2020s 2050s 2080s 20208 2050s 2080s
a. 4 gt b. 1% 5 ik c. Ak
a. Radiation b. Maximum temperature ¢. Wind speed
800 0. 180 -
25+ L
_ 600} — 25 ) 150
E St H - 2or 7] M
g 400 E]S § 90t
= vl 1) 60+
200 =
St 30
0 : ] 0 : - : 0 : :
2020s 2050s 2080s 2020s 2050s 2080s 2020s 2050s 2080s
d. BEAcht e AT £, At

d. Precipitation

e. Growth duration

f. Minimum temperaturee

Bs5 A2FB2HEFTARIANMEIZAZREMATHRE

Fig.5 Main meteorological variables and growth duration in the future three periods under A2 and B2 scenarios
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Simulation of response of water requirement for rice irrigation to
climate change

Wang Weiguang, Sun Fengchao, Peng Shizhang, Xu Junzeng, Luo Yufeng, Jiao Xiyun
(State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China)

Abstract: The climate change will cause the alteration of the processes of crop water consumption, and thus
affect the irrigation water requirement. As one of the most important crops in China, rice accounts for 18% of the
country’s total cultivated area. Therefore, understanding the impacts of climate change on rice water consumption
is of great significance. Investigations on response of rice irrigation water requirements to climate change are
beneficial to develop adaptation strategies to climate change and thus ensure food security and the sustainable use
of water resources. In this study, changes in rice yield and irrigation water requirements in the past five decades
(1961-2010) under flood irrigation and intermittent irrigation were investigated using rice model ORYZA2000
based on historical meteorological data. The rice model ORYZA2000 genetic parameters were calibrated and
validated using two calibration programs, DRATES and PARAM, built in the ORYZA2000 model based on two
years farm experiment data in Kunshan Station. The potential impacts of future climate change on the rice yield
and irrigation water requirements were also examined using validated rice model ORYZA2000. Climate data in
the future were generated by the HadCM3 (Hadley Centre Coupled Model version 3) of the [IPCC 3rd Assessment
Report under A2 and B2 emission scenarios. Statistical downscaling method (SDSM) was employed in this study
to get future input meteorological data (2011-2099) (including precipitation, daily air temperature, vapor pressure,
wind speed, and radiation data) in Kunshan station of the rice model ORYZA2000. Daily NCEP/NCAR reanalysis
data sets during the period of 19612001 were used to calibrate and validate the SDSM model. The results
indicated ORYZA2000 model can be used to simulate the rice index in a relative high accuracy, and thus can be
used to conduct the climate change impact assessment. The SDSM performed generally well in reproducing daily
meteorological data for input of rice model ORYZA2000. The simulation of changes in related variables during
historical period indicated the significant increases in rice water consumption were found during the past decades.
However, rice water irrigation requirements and yield present significant decreasing trends because of increasing
precipitation and shorten growth duration caused by increasing air temperature and decreasing radiation,
respectively. The rice water consumption will increase under both intermittent irrigation and flood irrigation in the
future. Irritation water requirements will decrease significantly due to increasing precipitation and rice water
consumption in the future. Compared with that in the baseline, the rice yield will experience decrease and the
decrease magnitudes will be enlarged over time due to the negative effect from increasing air temperature.

Key words: irrigation, climate change, models, future scenario, ORYZA2000, rice yield
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