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Abstract

Based on the statistic agricultural data with a county resolution and monthly mean
temperature and precipitation data at 730 national basic weather stations for the time
period of 1985—2004, it is focused in this paper identify the susceptible and vulnerable
regions to climate change, to assess impacts of extreme climate events on grain yield and
the balance between supply and demand for grain in China, to and to assess the acceptable
risk of grain shortage etc.. The following main conclusions can be drawn.

(1) Climate change and warming trends are obvious with remarkable regional
differences in 1985—2004. The relationship between grain yield per unit sown-area and
climate change shows very complex and uncertain. Correlation analysis shows the level
of significant test has changed in 38%~45% of regions; The direction of Pearson
correlation coefficients has changed before and after 1994 in 24%~35% of regions that
grain yield per unit sown-area varies notably with climate change analyzed by
Cointergration (EG-test) .

(2) The linearity trends of grain yield per unit sown-area have increased
remarkably in most regions since 1985, especially in the northern China. Canonical
Correlation Analysis (CCA) reveals that this kind of spatial pattern has high correlation
with the change of temperature in April to October ( a =0.01) . The impacts of
precipitation change are less than that of temperature change in corresponding period.
Most notable yield-increased regions sensitively to the temperature change in April to
October are located at the climate transition zones in China. The fluctuation of
temperature, as well as that of precipitation, plays important roles on change of grain
yield per unit sown-area. ‘

(3) There are 41.6% of valid statistic regions that grain yield suspect to both the
changes of temperature in April to October and precipitation in May to September
analyzed by Cointergration (EG-test) . Most of them are distributed in the four regions.,
the largest one is between the borderline of summer monsoon and the sideline of Chinese
population geography from Heihe City in Heilongjiang Province to Tengchong City in
Yunnan Province.

(4) Inrecent 20 years, the main grain producing area continuously moves toward
northern China and expands toward western China. Most of the regions are susceptible to

climate change. The climate risk of grain production has been increasing whereas the
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stability of the balance between supply and demand has been decreasing.

(5) Taking the threshold as acceptable level of revenue burden below 25% of local
financial income, six types of food security have been identified in this paper based on the
balance between supply and demand for grain, reserves for food security and food
affordability etc.. About 14.5% of total counties and cities have in a certain stable ability
to ensure food security at 400 kg per capita grain level, and lower risk of yield reduction.
72% of main grain-output regions could not afford huge reserves for food security
because of the lowest local revenue and large population. The most vulnerable regions in
food security in China are in 30% of total counties and cities, which can be divided into
two sub-types of the grain-shortage region. One is natural resource domain with poor
grain production conditions located in the marginal zone of summer monsoon and the hill
areas in the southern China, and the other is industrial structure domain with the highest
local financial income concentrated in the coastal regions in southeast China.

(6) Climate change impacted grain harvest not only in food security region but also
especially in the vulnerable regions in food security. There are about 68% of regions that
grain yield susceptible to climate change in the two types of vulnerable region in food
security in China. The regions in the first two types of food security have much higher
proportion of that grain yield per unit sown-area suspected to temperature change in April
to October than the other types have.

(7) In the scenario of current warm period, agricultural technology, crops structure
and grain-sown area, supposed that the low summer temperature as 1957 happened, the
grain yield per unit sown-area would decease by17.3% in the Northeast China, and the
loss of whole county would be in 40% of total grain import in 2004; supposed that the
drought disaster as 1972 happened, the grain yield per unit sown-area would decease by
4.8% in parts of North China, and the loss of whole county would be in 15.3% of total
grain import in 2004.
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B G5 9%RI#HH (B, 2005) F:iE THF 22%M A0, SZITIRH
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BA L, (HRARE LTI — L R B 2L
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BEFHRKWHXES, #MRXTBARARNESTREE~H N, HRkPaErtee R
(Fang Xiuqi, etal., 2005)

Ji 2 EFERE) “rafRdbi” FR B AR, £ 90 FAP Y “duRmpEE”
B, 1998 &, EHFRXMBRETTEELERBEMEEF EEMHEH, &
1982—1985 F-F3H) 38.4% LT+ 2] 1998 ] 69.4% (EFKZiH/F, 1999). 2000—
2003 4F, FRILHXK/DEAFLERBEL HLEER 45.1%, HEICFRA=2E 33%
FIRMR. HERRX FEAMAEKITT FFUEX ., by REZHE® L. EERg
X AL TSR NEURMX . T E 1950—1990 4, RILHMRBEKIBTER
BEA 17.6%, HKEEIL OBFEMEE K, 1998); HEILHHX KR~
W REREERAK BES%, 2002). PERSEF-XKBRESIREEL, LR
RIL=4 (Bl THAE, 2004). REFENEIEEEREEHFEFETFENE
H5H, TEMMXMBEERBEAREERZWE SERSEF FENREREEM
RETHMERREE.

2) PERBAEHEREL HZ K- RFERAFIL, BEEZITE NI
B 5 T 326 ok 3R 52

BEERZG I RAEEZS R ER, 20 D 90 ERTFHFFE, WBRILE
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BN W =R A RIS I E T HARAE S, FEREAEF K
A FTt, SRR TR, RERSENAHEEZ TR, 60 FARFHAZ 80 4
R, A E A AR A B LAEY 3%~ 5% M R K . 1985—1993 F#
FEEEBINRBEE 1.7% CRME, 1996). 1998 & B =ik B [ st F /K P g JF s H
LR ke % (XM, 2004). AR HE A B S5 & 87 7K P42 i th A7 76 R BN i sk
P (KPR, 1985; EFN|, 2001).

ERtESE E 13 NMKBEERSBMERZ —, FEAALKGE RS R
14 (XIBEHE, 2004), AXJHFHERE /K R B A FRKFER 12, X5 fmde
EZRWE, PEAIETHMEEFTEE 64%0 T E, HEKEERNAR 2E
1 18% (T2, ¥, 2001). A EHE, PEFEARBSESXEFHMA
fEdb T, BEBE/K ZHUR Bk X BN RS E AR E MR . SFAR, BEESE
Tkl WATAGERE R INR, REEF AN T, B e R 68 A ISk i
R, BEAK. FHEFEHBERS . RUVASHERENEBREE, HHhiBk
B AR M. EECH 666 M E K ALH HIBEX T FAO Hl5E 1 0.05hm? F#
sk, HAH 463 MEART 0.03hm?. R gR LD, F] 2030—2040 F4H
I AIHE S E KK T 0.05hm? (EEiE 8, 2000).

3) AfEARex ER A A B

HEE MRV AERFEFENEER, HXE—MRIRESGEKEMENE
K, EH “=%—MW, NF—F, +Z8 5" 2. LRGSR K E
FEER, FAHME. ¥, KE. BHEMTHRAREZRRVSRRKE, ™EHEH
HRWMEE. &rF GKFEASE, 191, EJLHEFR, FEABRKEHRHE,
ZEREMNE. HERKEREESESREEENLEHR 20 tHE 50 FRK0
2.1%ETHE] 90 FARKT 5.0% (ARFIRMTKE, 2003). WimSfELE s+ BRI K
MEFER = MR~ B s M EERZE (X MEEEHE, 20000, T 50 4k, FE
A TFREZRKERY K, EHREME. REAEFHAREEYN, BETRE&E
fEEME, FFEHEHENAERZRMEEY R G YR SIEERSEmE L (EXS
R PHEIRE (11D, 2006). AR WK F E ARG LT 3 AN H ] 8-
O RMWAEF=AIEE MG, BRI K; @ RIAF=fFMERE AT, @ &
WA= R AR, RN AR TR RIRBEIE N (KW, 2002). HERILREKH:
£ CO, 44T, E—RHHX EmAE BIER 62.3%ME 39.2%, PIREIH
XEARFEA AL, KA 2 BT — Bl X E, 1 =2 X i 4R 13.5%38
=% 35.9% (Wang Futang, 1997). SRABLEFIFMARE (11) (2006) F35H:
DA IR SR . PR R R AE = K P AR T, % 2030—2050 4E, BT
SARZBALFI AR i AR F P ER BB FHE 5%~10%, Hb/phE. KiE
MEXR=KIED =B Z W] T 37%.

11.1.2 PERSHRSERTURXEEFRARMHX
T E R OB IR, i B SRR AR LR B X . 4 [ PR BURT ]



SAERFUE R (IPCC, 2001a) =ik, 20 L Lskum-FE<E LA T
0.6+02C. iT% 100 ZEFHEZH T 5LRMLMZRIERE. REHEERSE
FIHEIRE (1) (2006), &L 100 4, S EEFHHESEN 2N, FEE
FE44 0.5~0.8C, B&E T RIS FIME. 20 4, FESHIZE 20~40
ARG 80 FRFHILLE KB /N GER I . X PR HAE B _EFHIE R KB A,
HEEREICEBR PR . RXFPRERRBEAALEFFE T X, HirF 2020
&, SEEEYSEBEM 1.3~2.1°C, 2030 FLEHFYSEK LT 1.5~2.8C.

I 50 SR EEIUHAE, FPHhRSEEM 1.1°C, HREEN 0.22°C/10a,
B B R T ARk A 8K [F AP IRE R . Jb 7 s iR e R 3G E b A b X B2 .
FEER X HI RIS, FEEMEEERILARE . KILP TFFthX 27
SEHEREES. ATRE A, PEOSFEEAKHCHEBK, HFR&ERMAE
HHX WK ESL (ERSFEZLIHERSE (1), 2006). 20 thed 80 FALLK,
EHEFEYMFERRT T 2~4 K (ExUERBRLEMAERSE (11D, 2006). 1951—1999
FHE, PEEHRHHEETR, S0 48T 12 X, FHH FEEEREEKEN
K, FRRRERAREEASGRE. LB GEHRABARE, RIFmX TR
KFAEHX, FPIHEMEILRTIMNERERER, HXERIAREI (Zhai
Panmao, Pan X H, 2003).

I 100 R 50 £k, FEFERBKETUBEANHE, BEFEIRK. &I
20 FEREKEMIMES. 1990 FLIK, ZHEREEFERKENGTEE. PEE
BKEBATUGFEHEXRBER. KL FIFMAREX FERKEFEM T
60~130mm, P AH S X HEFKEHRA LEHEREM, RIGEHMASES
KER HX FIEREK BER — SRR M. (HR4%dk, bR, Ribrmifsmx
FEREKE I T B R FA B | AT IR ROV T A 3 4R K & 1956—2000
FEPD> 50~120mm (EFRSFEZRUIPERSE (1), 2006).

BMEEE, PENRESEKEXERARZH, XEERB TS EE. XL
HELIREAETR F ER B AR X RN A B E 2, SERWST
B ER B R AP R AR 2 A E M.

1.1.1.3 £TKSIRTE 1k BY DX 1505E M7 A 55 54 ke

XS ARAEAL, A T BN SRR R AR, S S%ZRWAT R
WRIEE, B 20 L 70 FARE, B SRR GEE s e ] SR T
[Tz EEREY, AMIZEEARE]: SR EATE AN 2R HZ
W2 IR fEFEE S ALK/ HEAHTERRE R, 2FRBUNALTNS
RfaFHENIAE, AFAT LI B8 A\ 42 i 55 1 T A8k 4> 3R AR 37 R 1 R
K (RS, 2004).

FE AT /NS R AL SR AR AL (BRI X ERFY E, B 20 it
20 70 FARTFFE I T AR LE (prevention) X ERAIBFITS L, 80 4K M) HISerm e
(mitigation) XfSREFFH] “WiHE” 77 R A MEFRRAIE, LLKITLEFEFF RS A




SREMHNPERERERBX

MMHEZRENSEERR SRR Bir, A EFZEK, BERRFEX,
RS (WEE. mEAR. BEAFE) SRBE (K. m#tighX EE) 7
JB T A E i X 0 SRR RE N R (BEMSE, 2004).

IPCC % —RiFMEHRE I8 (R T Watson, etal., 1996) &M MR LLUE B K1)
WAL MRIE), EREBAESChr RS, A4 T35 CAm &Y 2 & 4 I EE 2 T
SAxZE. IPCC X T =IKIHERE (20012) Fit—SH#H T “Fm, SRR
fasstE” FIRFREE, RiIAMRERBIEN R AR LEE, FIEARHENS
1 AR AV B Ha 55 HE VPO VE B IE N BE I AF R EE 2+ Z — . Burton (1998) Ak “i&
N7 R, felEiE il B, DIRBE SN 5 R AR KBRS EfE
F, RFHASBEREAHRAONS, CSEFERELS. X FESXTSEZLIET
t£. B Smit (1993) F1 Smith. J B (1996) iAKy, “IER” A4 Nx 5 AT R
SAEAR, DARARS K BRI RS (AFLFEWRRE), Xk
KGR AL S R PTES I AEAFRE )], BERA RS SERNAIMESSPE. B Smit 1
J Wandel (2006) H45H) 4 MUBERWENHAMNFEZBRNPERMRX TS
RN

1.1.2 EBEXY

1.1.21 PEEW

(D FERFHRFREFEERT, RS ER A B35 m R i3 4R
IERRHFFENREN, HRESREZLAAEERYN.

) ETFERBFRENDAEEKA, B-REHEEENRET, RoFHH
WARBEE, WREEN SRR, EFEE, MTREREE™. BER
RAEF A RENREHA N BEARRE L.

(3) g+ EARXERE B RRLN URRUAET AR, TR S
AR IR B IR KA A TR BAL & N RE

(4) FEPRIIR & M -FE I 7 oI R SRR o B R & 7= e e & 4
B, MTEXEEAEAREEEEE. BEIKARNIRETSREARYAGE
HEEX.

(5) MRMRZMHINETS R IFER TR . REXEK AR, LS REHN
FEFFIE. BEIRAMFAIEMARIOAR, TAE AR KBURERENFES (IPCC,
2001b). fniEfR R L eI KX IEZRPR, TR T X R &L R
AR = EH R R MR BCR R X, X T Se I E K E & B R 5 T
HA g E X

1.1.2.2 BFEEX
EEFF BRBZEMAIRZLXHF AT, 2HRARECERERERS



