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Abstract . Effective agricultural adaptation to climate change needs two pieces of information, the climatic risks posed on
crop growth, and yield responses to the risks and associated mechanisms. Assessing the sensitivity and vulnerability of crop
production to observed climate change is able to produce such information, facilitates the investment of the limited
adaptation resources. Use the relationships between changes in rice yield and climatic variables and their spatial variations,
we identified the sensitivity and vulnerability of China’s rice production to observed climate change (1981—2007). The
growing-season mean climatic variables exhibited significant changes during 1961—2007, indicating the possible climatic
risks for rice growth. The increase in day time temperature was most widespread and obvious, suggesting increased risks of

heat stresses. The relationships between rice yield and the climatic variables were significant in some rice areas, with the
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largest percent of the rice area showed yield sensitivity to changes in diurnal temperature range. With a 1°C warming in
growing-season temperature, 1 °C increase in diurnal temperature range, and a 10% decrease in radiation, much of the rice
areas showed depressed yield to these changes. The area with yield vulnerability was largest to the change in radiation, and
second largest to the change in diurnal temperature range. The combined effects of the observed trends of the three climatic
variables caused significant change in roughly 30% of the rice areas, but with a small portion showed yield vulnerability. In
addition, the negative effects were not pronounced in the principal rice areas, such as Yangtze River Basin, especially in

northeast China, the observed climatic trends substantially increased rice yield during the past decades.

Key Words: sensitivity; vulnerability; climate change; rice
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IR Y AR IR T 99% (1) B AZE KT (P<0.01) BE 5 hn, B4 iE 43 %14 0. 39 °C/10a.0. 46 C/10a il
0.32 C/10a, W FhemiE T S TR, & 022 8% BT (P<0.05), ETHIRE N 0. 14
C/10a, 4= FE/KREA: &R R0 a >  (HAEEHOR B3

£1 1981—2007 EXBHERBKBETRAZTSERFHTHED

Table 1 The changing trends of the rice growing-season climatic variables from 1981 to 2007

X 35 H R o i AR Hiw Liat)
Region Province T /(°C/10a) T,/ (°C/10a)  T,./(°C/10a)  DTR/(°C/10a) R/(1/10a)
424t North Jt3T Beijing 0.36" 0.23 0.48** -0.25" -157.2**
FH Tianjing 0.40** 0.31 0.48** -0.16 -185.6**
4t Hebei 0.39** 0.28 0.51** -0.23" -146.0*"
175 Sanaxi 0.51** 0.47** 0.54** -0.07 -86.4"
N%E Neimeng 0.56 0.64* 0.48 ** 0.15 28.2
Zt Northeast il Liaoning 0.45** 0.41* 0.48** -0.07 -10.0
K Jilin 0.47** 0.50 0.45** 0.06 -8.3
My VT Heilongjiang 0.48 ** 0.50 ** 0.46 0.04 23.0
1E7R Fast |7 Shanghai 0.74 %" 0.79 %" 0.68*" 0.11 -8.6
YL Jiangsu 0.60** 0.58** 0.62** -0.04 -43.3
WL Zhejiang 0.57** 0.76 ** 0.37** 0.39** 2.2
Y Anhui 0.50*" 0.57* 0.43** 0.14 -32.8
i@ Fujian 0.27*" 0.37* 0.17 0.20" -34.1
YLV Jiangxi 0.31** 0.40 ** 0.23° 0.17 -34.9
LI 7R Shandong 0.34** 0.21 0.47** -0.26" -138.9**
#th Middle T 5 Henan 0.37** 0.37* 0.37** -0.01 -86.1"
1AL Hubei 0.50 ** 0.56 0.43* 0.13 -52.5
WIFS Hunan 0.34** 0.41** 0.26** 0.15" -11.9
1575 South J” 7% Guangdong 0.29** 0.35%* 0.22%* 0.13* -6.7
IV Guangxi 0.20" 0.21" 0.18* 0.03 -17.6
¥ Hainan 0.24** 0.18* 0.29** -0.11" -41.8
VYRS Southwest K Chongqing 0.40*" 0.60 " 0.20* 0.39 ** 56.3
Pl Sichuan 0.48** 0.66 ** 0.30** 0.37** 29.2
FtM Guizhou 0.17 0.24 0.10 0.13 -36.6
Z# Yunnan 0.19°* 0.1 0.27 -0.16 -13.0
PG Xizhang 0.19 -0.1 0.47** -0.57** -112.4**
Pt Northwest BV Shanxi 0.51** 0.70** 0.32*" 0.38" 50.7
H7ft Ganshu 0.58** 0.62** 0.53** 0.08 49.8
HIfF Qinhai 0.62** 0.72** 0.52** 0.20 -20.0
T X Ningxia 0.57* 0.54 " 0. 61" -0.07 2.0
i XinJiang 0.36** 0.23 0.50 *** -0.27** 9.3
4[H China 0.39** 0.46 0.32* 0.14" -19.7
A R I 35 AR Y KR AR AR o 4 KRS T R L 46
The percent of rice area with significant changes in climatic variables
8% ET} Increase/% 85.2 83.5 74.6 40.8 7.6
1B T Decrease/% 6.7 14.3 4.6 5.1 7.4

* 1E95% BN 3, « + 7F 99% B (H X [ 4 i3

MWAEE KT, 4R T (BR SN FIVG ) K AG A B IR ¥ 5 8 3 F a3, g g AE 0. 1—
0.8 °C/10a Z 8], B HEHFTE 0.3—0. 5°C/10a JL I, Ferp e R IX 1 B3 TIOR3 EIHE R, 15 0.6
C/10a LU L, X 0T R Sz XA BOIR T fb A — 2 KR, = fE P I S8 LI R BRE . REHAT
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Ham,
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P gt 1981—2007 4F /KRR B AR EL R AX SOKFE 284k AY Z AW Stk [nT AR RS | 43 Br KRG A= 7 Xof
B R AR AU, 3R 2 B T A KRS AR DX J | I 7= e A A o 4%/ Ak R T BURR A EL 3], B
S R T 5 e AR AL 2 (A7 S 3 A S A XA ARG T R oy 4 K R b s T R L ] AT L, 7K
R i AR AR T 4 S e B, BURR IR FR LU 19. 0% , FLrh DUIERUSCH 3,5 T 10.8% ,~F-34 #1551 0. 20 7247,
RIZ946 10. 8% /K ARG AP AR, 4 S AR fb 5 7K A = it S TEAH S, 3 U b DX 4 S (1 A8 £k 1T DA RS 20% (1A 7K e 7= i
A, X AT e SRS AR A S W T AR G ARG DG, DATE A 52 A 75 35 43 1 i e KRR 7 i o) it 53 A8
P AU RS 1981—2007 4FFk FE /KRG AL 3 300 A0 4 569 A28 A A 1 3R B M DR 38 A7 A 9 IRV /N, (LR T
KR 7 S %o} s S A R, PR G AE AR KA A ™ o e ol 6 S5 140 7 AT e AN ] Z A TR) R, ™ e AR AR X H
AR U200 16. 7% , IEUBR LG K G fUsk, i 1 B A 22 AR (L2 & R T de i AR IR )
A PRI H B2 % 77 i 52 e AT e S e IR F A — B R R , PPN AR A B AN U H
FoK A T I A2 T XU e A, R I o ) FF o et Sk 9 8 72 A %) 7 A7 s R I K e A 7 e B Y
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Table 2 The percent of rice area with significant positive/negative responses to changes in growing—season climatic variables

XS AR AR Ak -1 ik I e T AR Higs EiER)
To changes in climatic variables T T, Tin DTR R

Xof B — S A X F UK T AR L] Sensitive area/ % 10.8 12.2 10.6 16.7 19.0
IEHUK X HL] Positive sensitive/% 5.2 6.3 5.5 9.2 10.8
-3 1* Average 0.13 0.14 0.16 0.14 0.20
FUBURIX LA Negative sensitive/% 5.6 5.9 5.1 7.5 8.2
¥ 1 Average 0.17 0.19 0.14 0.18 0.23

1 37 PO RS KR 7 X B A A - AX BIURR, HL AX 3 B2 WA KRS ™ e 0™ IR, DE I AR K R A
XHZ SRR T HES . T H B R R iR SRR IRLR G AR A S, R e AN PR AY X e g il | foe IR
FRONESS oAb, 25 S [ KRS ™ e 0l S A A d SRR, LA e ) 22 S0 I s A i e P 440 BE L F s TR
AR S KR, R 1 R 1 SRR ETF1°C  HAEZE BT 1°C BRI 109% IR RN, LA T
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Fig.1 Regional patterns of rice yield responses to a 1°C increase in temperature, a 1°C increase in DTR, and a 10 % decrease in radiation
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Fig.2 The spatial patterns of estimated net effects caused by past climatic trends, and the key contributor for the effects
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