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Effect of clinate change on wheat yield in northern China
a research based on EPIC model
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Abstract The grain yiell n Chna hasm antained a stable ncrease n past sane decades and inwhich agriculural
technobgies p layed an mportant role A s global ¢clmatew am ng and the ncrease of the extrame clin ate event cl+
mate changem ay mpose positive or negative effect on the coop growth and yied In ths paper the Environrmental
Policy Integrated C linate ( EPIC) crop growth model is proposed for assessing the effect of clinate change on wheat
yeld The EPIC model was developed by USDA to analyze the relationshp beween soil erosbn and agriculural
productwity at station yield This study, under the non-change conditon of the agricu luralmanagen ent modelled
the wheat growth ( 1961— 2005) of both irrgated and rain-fed spring and w interwheat at 80 typical sites located n
four agre-regions of Norh China by EPIC mode] and analyzed he inflience of the changes of radiatbn water

stress and tem perature stress on wheat yels in north China The result shows that he varety of the solar radiation
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was aman factor of he flictuaton of wheat yield the temperature stress likely causes he increase of productiv ity

of the irrigated w nterwheat in the N orth China P lain Thew ater stress nfluences the ran-fed wheat n he ard and
sem +arid area

Keywords climate change EPIC mode] wheat yield northem China

IPCC

. 1905- 2005 Q 74C,
: 20~ 504
o 10@ 2 2
, 2] 1960 1990
, 1990 ] , ,
EPIC ( envionmental policy niegrated clm ate) ,
, , EPIC
20 80 , , - -
[ 45]
EPLC ten
80 , EPIC 1961 — 2005
1
11
(NE), (NP), (NW) (XJ)
(0

80

o~
HE
KJ{: FiLX
[ ]

s "

A
A A Ao
M\ww “a A
oS J
)
ATIFFE/NE A EBEMNE O WFA/NE @ MEMA/NE

1

Fig 1 Map of ran-fed and irrigated spring and w nterwheat sites n norhern Chna



1 _— EPIC < 111°
W, ) (1 ) )
, 8 . NESR (32 ),
NPW-I (14 ), NW=S-1(8 ), NW-SR (8 ), \WW-I1(4 ), WWW-R (3 ), XISI(3 ), and
XFW-1(8 )
12
: (1) , 3 (2)
s 1961 - 2005
1961 - 2005 s
(8]
PH 20
PHU
1996 o ,
( PHU) 2000 1700 '
2
21
EPIC EPIC5300 (1)
, 1 (2) )
; (3) ,
5 (4)
Iy B ( () ( (2)
(3)) ( (4) ( (5)) .
Yipj = lujBacj (1)
D) YLD ’ IH 1 BAC
MB, i = O 001EgR pa; (2)
, B ,Es
RPAi = 0. g?Ai[l— exp(— O 65]LAL)] (3)
9 RP\ ) R/\ ) [L/\
M
Swi = Zu:;l/Epi (4)
=1
’ SW s, U l s Ep 1
A T = Ty
= — ,0=<§.=<1 5
s “{ Z[T“_Tb,] 5 (s)
N ST N TG 5 T]) B T()
) 1961 - 2005 80 EPIC

)



e 112 17
22
1996 T AWHRENE 4 BEEHFNE
OMRAMNE  © WHAME
(2. a 775 6"
: i BRI
” ’ g 4 o ¢ A. :. .
’ = PO
, ﬁ; 37 £ s, 8 . .
= o LA AL
) ol & 22 K
A "™ A A .
B 10 N
0 . , \ . . ,
s 0 1 2 3 4 5 6 7
G537 8 /(- hm™)
3 2 80 (1996)
Fig 2 D wvewgence point diagram betw een s ulated and
80 452 statistic yelds for 80 sites( 1996)
607 20 80
3 , NE-S-R, NW-S-I NW-S-R, NW-W-R and X}W-1 5
45a s NW-W-1  XFS-I
; NP-W-1
4
1961 2005 , NP-W-1  NW-S-1
XES-1T , ) 7
NW-S-R ,
3 4
()NE-S-R ()NP-W-I
5 _ 5 oe -
T P e A i
mﬁq 2 ﬂﬁ 2
Ly B
s (BINW-S-I o @NW-S-R
o4 T4
—E 3%7’3‘5‘\,7&%2\% E 3%7“‘%\,&%
B 2 i 2
g .
(S)NW-W-I N—
5 e o~ 5
T e v DA YA A
T3 &3
i 2| i)
= 1 = 1
s (TXJ-S-1 s
E 4 2 E 4
& 3 3
% k2

1962
1966
1970
1974

Fig 3

1978
1982

il

= 1986

3

1990

8

1994

1998

2002

1962

1966

1970

1974

1978

4y 1982

= 1986

1990

1994

1998

Change trend of smuhted annualw heat yield n 8 kinds of region

2002



, EPIC

)

1 — EPIC 113°
2 2
0.9 (1) NE-S-R MI/m _ 0.9 (2)NP—W-I M3/
0.8 G 0.8F 2
0.7 — .. 0.7F .
1 g .
§ 0.6 < @ 0.6 g
& o.5 E Ho.51, §
= o4 =] = 0.4} =
0.3 K 0.3" "K
—G— 0.97
0.9 (3) NW-S-1 |42 ~ EN
0.8 2 0.8r &
. © g 0.7 P :
g o7 %[} .
i\; 0.6 g’__: .sh_j 0.6 %
; & Hosr ;
ﬁ 0.5 @ ﬁ - Lﬁ
0.4 = 0.4 =
0.3 K 0.3t K
B S5)NW-W-I 0.9 6) NW—W—R
0.9 ) {42 ) -~
0.8 r.*E 0.8r g
I 0.7 . 0.7y _
ﬂ\-,j 0.6 @ ij' 0.6 %
2 = . &
& 0.5 -:E? =8%°, E
0.4 = 0.4F =
0.3 kY 0.3l e
0.9 & -9 (8)XJ-W-I e
b 1 4.2 D
0.8 B 0.8} B
l:g’g 0.7 T} 1..35 0.7} )
@ 0.6 = Z 0.6 =
5 0.5 g ﬁ 0.5¢ g
0.4 K 0.4 4 K
0.3 1.8 0.3
E &8 &5 &5 &§ & & 8 88 8 S S
4 4
---o--- KAHMaERR —— REPEER —o— K4
4 8
Fig 4 Change trend of annual solar radiation water and ten perature
stress ind es in grow ing season in 8 kinds of regon
, EPIC , 1961- 2005
80 ,
EPIC >
(1) ,
: (2)
, 1996 :
GIS R EPIC , ,



e 114 17

[n

[2]
[3]
[4]
[3]
[6]

[8]
[9]
[ 10]
[ 1]

IPCC. Summary for Policym ak ers of Climate Change 2007 The PhysicalScience Basis Contrbution of W otk ng Group Tto the Fourth A ssessm ent
Report of the Intergovemm ental Panel on C lm ate Change [M ]. Canbridge Cambridge University Press 2007

s > s . [J]. , 2005, 29(5): 671- 681

1957 - 2000 [D]. : , 2005
PhilpW G, Williams JR. H isbrical development and applications of the EPIC and APEX M odels[R]. 2005, W ork ng Paper 05W P 397
W illiams JR, Jones C A, Kiniry JR, Spanel D A. The EPC Crop Grow hM odel[ J]. T ransactions of the Asag 1989 32( 2): 489- 511.
CabeluenneM, JonesC A M arty JR, et al Calibration and validation of EPIC fr crop mtations in southem France [ J]. Agricultural Sysian s
199Q 33( 2): 153- 171
Swockle C O, Willians JR, RosenbergN ] et al A method for estimating the direct and clin atic effects of rising am ospheric catbon dixide on
grow h and yield of crops Part IM odification of the EPIC model br clin ate change analys[ J]. Agriailtural systans 1992 38(3): 25— 238
M ] : , 1994
[M]. : , 1993.

s . M ] : , 2005

Singh V. P. Canputermodels ofwatersh ed hydmwlogy[M /CD]. H ighlands Ranch, Colo W ater Resources Publications 2002



