5 33 B4 1 FE MR R LR Vol.33 No.1
2015 4F 1 A Agricultural Research in the Arid Areas Jan.2015

X EH S :1000-7601(2015)01-0105-08 doi: 10.16302/j. enki. 1000-7601.2015.01.017

FEEENEMEXREFFET
7K 53 i & A AR AR U
BB,

(1AL IMIE R A 2 S IR R 222 B, ALt 1008755 2. U R IMRE R4 Kl PRAF 72 5L 30 %, b AT 1008755
3. RBHR AR AR ISR 5 0 A B B SERE , LA 1008755 4. mUNME 2 R R S YRR AR A5 R X R SE 3, Jb st 100875)

f§ =: iz | EPIC(Environmental Policy Integrated Climate) E 47 4 K #5 B M 401 T 1961—2011 4 F E £ /N & A 4
RKANZAKIER, GFPELENEZHERNEZETHNAKG BERERTT 2. EREW.WRLET, 2 11
MNNERERE KD BEBRET SN INEIGAEZR (HBALZRBM) AL ELZR K MEHME L ETE
BHEMTHUMAELZR ;TN IANAEZR(FE OE KILFTH), Kol BE KERFEHRT L x
R &8 HALZR A, BEAERN,E12AFS56 ARE, MABHLAEZR KoM BEMEENERE TH
BAZK AW T B ELER FEALZRANALY T AL MER N E, W REAER, NEILTF L, AL
HEFBBAEK,

KEEIR : DE AKX W IR AR M HLE S EPIC #E AL ]

RESY S, 423; S512.1  CEMRER: A

Simulation of water stress regularity in main wheat planting
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Abstract: This study simulates the growth process of wheat in main wheat growing regions of China from 1961 to
2011 using EPIC (Environmental Policy Integrated Climate) model and analyzes the water stress in the growing period of
wheat. The resulis reveal that the degree and frequency of water stress in winter wheat regions and Northeast spring wheat
region except for Xinjiang winter wheat region are significantly lower than the other spring wheat regions. The degree and
frequency of water stress in North, Northwest and Middle and lower Yangtze winter wheat regions in the south are lower
than those in the other regions. The rule of water stress in Huanghuai and North winter wheat regions are similar, which
shows that water stress is higher in January, February, May and June and North winter wheat region is a bit higher than
Huanghuai winter wheat region in water stress degree and frequency. North, Northwest, North Xinjiang spring wheat re-
gions especially Xinjiang winter wheat region are regions with most severe water stress.
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Fig.1 Planting regionalization of wheat in China
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Table 1  The input and validation data of EPIC model
Data type Data content Data Source
1961—2011 4F42 [ 752 A>3 w1 11 H BE7K & L H B (I6) <l i e b 1 i
o R B L F DRI  FIRITEC 122 A0 000 B Ay o (RIS
{5 e China meteorological data sharing service

Meteorological data

Daily dada: precipitation, temperature, radiation, wind speed, and

system of China meteorological administra-
tion

relative humidity of 752 stations and solar radiation of 122 stations

eS8 A K

Soil distribution data

i 1:100 77 LA
1:1,000,000 soil map of China

b3 R

. I LR & 5
Soil property data

Hh E R A A X R
Crop planting zoning map of
China

VEVIRERMSCHE 15 $ 3

Crop seeds and harvest time data

H /N Tl Xl P

INZERERIAICER H 3

Crop seeds and harvest time data

AN B R
Crop yield data

55 s (8] A DT S FY) 398 J P Rl A0 4% )2 00 A LA

Wheat planting regionalization map of China

2000—2011 4FE2E L0 G i R VEY) ™ & TR R4

Growth process of wheat recorded by agricultural stations of China.

o E R 2 BE T Bt -SRI
Institute of Soil Science, Chinese Acade-
my Sciences

o] R 2

Chinese Soil Genus Records

Soil layers, texture data, and organic carbon and so on

A Al B B R S R

Data sharing net of Chinese Academy of
Agricultural Sciences

2% 30k 22]

Reference [22]

hE E KGR E S M

China meteorological data sharing service
system of China meteorological administra-

tion

1.3 KEEEF
7K 53 W38 (Water Stress, WS) 248 A AE P14 4
IR KA T B AR IR AR R F R AR B
Zo TE EPIC BRI o3 filhit i ad 25 JEAE ) AR K
AR K SRR R SC R AT, A
T oA AE X B SRR AR X /N AR KR S
PR BNFETC N R HE W52 0 T 114 71N 22 7K 4 T 38 A2 16 AR
LA SCLA A /N 22 B AR DN U4 | 133 S 5000
A KTt E R E Sy S e , s HUF A BRLR ] A 3)
VA, HHEY P A P A, A
NEISR, LIAGE] B SRFER 250 T Rk i . 1EAE
Wy A= I, 2R 0 7K o3 3 24 e] Dhid s =X (D 35
R
M
WS, = % (1)
s WS Ko B IR 15w 2n )2 1T RYIK )
M E, 25 i RIS YIK I . WS, BE
BUNFTRVEY T 3Z W B 38 RO, Ry 1 TR K gy
a A, WS = 1 — WS, fEE YKo it
T, WS = 0 RIRVEYIAEAETC K I3 3B IRZS, WS =
1.0 RRVEW I 52 /K 3 il e R ARG =X (2) 3158

H A% A DX P BT il AR /N A T BRI 224
SEEIR IR RBAEL, IR 23 B 25 FiAR X /22 26 7 0T
7K T3 8 R, R 2 (3) 3158 Hh A5 R AL IX A o
Al AN TR S5 K 8 A A R AR 3 (4)
THE A B X PN BT A o R 2 AR BN

Z::zl( Zinzl(Wdek>/n)

WSy = n (2)
- % (3)

! " Y.)/n
v - 23:1(2};1( )/ n) @)

X WSy, A/ NEA TN d RIYK e 24
SEIME; m MAEFEIX r N5 d RAFAEK ST 0 Y
i EUSEG n U EAERG WS Rl Rk B AR d R
(7K BB s Fy FPREIX - 7K I (K 145
F LR, sum( WS,) AFE X r YT 3 S
KA MR FET L REG N, R - o8
3 R AR A R B KRB Y, R X - N
Al R 2N P (L hm™2) 5 p FPAEIX
r NG R Y, MR s By SRR/
(t+hm™),
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FHZ) WA WORFEE HI R B AT DLAL R
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i AL CBUR) PHU EE R i FRA K 2 50(2)
DLP2, B T4 il X AEAE/ N A SRl BRE B9 45 22
S TEAH ] EPIC BRI, T5 225 X XS AL A 7
SRR, A LS SCE - UA (Shuffled Complex
Evolution — University of Arizona) 5. 1 [27] WHIT SR
TE o TR T DAA A5 A R R M 2 IR Ak )
RO, BEMS— S0 A K D R BRS04 R B
Pif o SCE — UA B33k 1 LA JEL 2 5L F ff 8 1k
MY A B REOR 5 B AR A i A ) 5 kb i
456 . FIF SCE - UA BL T S H0R & 1Y it
DA REE SR B T 275 SCRk[28 ] ~ [29 ]

ASCK HARRECRE R 0bj = [1- 4, |, Hh
d, HRE FEL

ZE 1R UEN Sy < B KB ELR 50005 H bk e AL
MSEIESSVE R 0.1,

SIS B S E00) B AR, vT AR 4
RMERE I S 0GR B , o 7T AR 48 2 80 o 3
BSORBIFE I R N T 45 % o EPIC FLRIA B
XA SEI T BUETE L, B —BE AR Tz
SCHR [ 24 [ T ABFSE 8% K& 50 % WA L HI . PHU
F9ONSHEAH T R BUEILE . A XS% LU
R, B A A BT R 1N SR
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Table 2 Calibrated parameter boundary values

WILRME Initial value

Sy TR LR
= BN L INAE Lower Upper
Parameters Spring Winter Jimit Tirnit

wheat wheat
wA 30.0 35.0 30.0 45.0
/(t*hm™2MJ~'*m~2) ’ ’ ’ ’

HI 0.50 0.50 0.45 0.60
DIAI 0.60 0.60 0.10 1.00
BN2 0.0250 0.0230 0.0134 0.06
PHU/C 1500 1500 1200 2400

DLP2/ % 49.95 50.95 10.00 100.00

RSP DX AL S G 3 B e B s 7 51
BT — - MRl ST SR R 2 X H A
S 7 RS FHAVE B IR . B X 22 0 45 2000—2011
SRR H AR SR JA) A PR AR far A EPIC A5,
e b VR P B AL AR P R AT LG A
Bt 55 S ™ S R AT X S E A5 R DX A5 75
KRR MNGR 3 PN, e REUEAE 0.5 DL B, T5
HIRZE R ZTE 10% 407 K EEBAR I X 3 A7 A8 /e
ZFZRGRIFEL X, XA R R RPE R
FEr 0, ¥ 5 R 22 KT H AR X . T FhoA
XN 5l i Z T B /N2 AT A 26 5, — sl s/
2 1AL SR A s A — 38 T UL A
A B Y158 2 R FH ()45 B RS B0 0%) VA R 2 48 2
ER AR 25 . (A7 SRR LR gh AR 220k s A AR AL
ZE UL FEAE B 2 LR I FH IR 752K

FIBRBBIESITE
Table 3  Statistical index for validation
INZERPHEIX R Yo 75 R? B iR 22/ %
Wheat planting region Slop Determination coefficient Root mean square error

BT 4 2 X South China winter wheat region -0.03 0.02 29.58
PRI 4 X Southwest winter wheat region 0.73 0.59 10.74
Ejiﬁlfa—fdwfﬁeriy[azngtze winter wheat region 0.96 0.63 10.61
#EA X Huang - Huai winter wheat region 0.84 0.55 14.16
4 s

&ﬁﬁ?ﬁif iring and winter wheat region 100 0.78 12.93
JLH4 22 X North winter wheat region 0.94 0.76 8.80
P72 X Northwest spring wheat region 0.43 0.56 9.82
BriRA 22 X Xinjiang winter wheat region 0.74 0.67 10.86
JLH#R 2 X North spring wheat region 1.80 1.00 7.28
JbiE#R 2 X North Xinjiang spring wheat region 0.79 0.88 10.12
Zrdt#HF X Northeast spring wheat region 0.17 0.17 17.80
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2.1 BINEMEXKSHEME

A DX/ NFE AR B K A3 e AR A an ] 2
JIi7s , I 25 5 2% 4 BT 7 10 45 FoRs DX A8 7K 43 B 3 35
B FrEZE, ] K 43 W38 f5 ™ B R TR A 7
X, HAEBEAAE B WIS e (X0, e K288
BB T 0.8, IHIAS] T 0.89, FEMI R 451k FAIX
INETLCF AN REAEE o FLUOR B0UE I AR A 22 X, 7Y
At G ACHE R A7 DR 8 22 4 21X, 3K S A
XK B B{ETE 0.25 3 0.6 Z (8], J& T H 45K
- MibRHEZE R T 0,15, B FHA X, 360 X
XK 43 3B AR N AR AR, 25 65 8] 2 T DL X
e 52 DX St i 7 /N2 AR A e — AN s LA B Bk 43
B EAR R . BOUE AL ARAE X TAE AL & |
oA, PR A B R AL AE T L2
.5 7.6 ARG B EARXT 85, 5.6 H 7K 43 iia
H& T 0.3,1M 1.2 AR IaER T 0.5; L4
72 XKy 3 fE L m i T i WA 22 X, 3¢ s W e (B
FRem Al i . PEAE  JEER JbEE 3 N EE X, K
Ay I3 AR : 7E 5.6.7 =4S H K43 e (48
HiES: Yt 0.5; F 3 AN K 2 X B Ko i+
SLIF ] AR X /N2 A B A e 1) B ] b
FEEX >VILEFEX > LHHEEX, HMGELLE
XAE 9 A LLFIK /M MHATE 0.2 ~ 0.4 Z 8284k, P 5h
AKLFE9 Ay LA e s T 5, B ATk 0.8,

K3 I AR R R AR R P AT R A
KAIZRAC TR 2 X, 3 B4t [X 7K 43 b3 76 2 AN /N2 A
H WA BESIT 0.2, HARHEZE SR KT
0. 1(PHRE A X0 0.12) , Ul B IX $e 32 K /N EE A
B AN 7K 53 38 35 40 FARAR Y K- BB s A K
e/ KT NIRAZ X RAUE 2 KoK ke (s
SR, AN T 0.3, B EXLE 3 Hia)
M5 HTA, KL T4 EZXTE 1 H Effe H
AL ARILEZE XAE 3 H ARl 6 H T A4 e K
S3 T E WA KA B (AN R . AR KRR
26 22 X @ TR K S5 AR G i i 1K, AR B /K o — i
KE] 1500 mm DA b, AL A X L HAE IR, Ho)
FEBFWBKAERZ X i 2, T LK 26 1l X 7K 43
o (B A AR, VU A2 XN 12 IR IR 2156 —
A6 H Ko e (A AR FILAb e Be 3, 75 1 A B
fIREE R . BHRE, HE X RIEHFELZXERI)
TR A 22 DX K 43 T 2 (B3 3 vy T A 4 22 X, %)
VAR K, F 5 & 22 XK AT B (R A
HE H SRR AT LA /N2 A KRR AL I 4 22

ARG A R 1.2 A AN S .6 H o
F4 BNEMERKSIEHESREE

Table 4 Mean value and standard deviation of

waler stress in each wheat region

- 3 e
AR s PRE
Wheat planting reci Me: Standard
eat planting region ean deviation
EHAEK
LIRS
South China winter wheat region 0.10 0.06
A X
Sl I— . 0.13 0.12
Southwest winter wheat region
KATH T £ IX
Middle and lower Yangize winter wheat re- 0.06 0.04
gion
R X
h(ﬁ\il:. . . 0.28 0.18
Huang — Huai winter wheat region
TG AL LR X
Qinghai — Tibet spring and winter wheat 0.39 0.16
region
JeEA X
North winter wheat region 0.35 0.25
) I
l&l:ﬂﬁ%il:‘ . 0.55 0.12
Northwest spring wheat region
HTHRAE X
;‘}]“;L\El: . 0.89 0.11
Xinjiang winter wheat region
A X
:ﬂiulﬁil: ' 0.44 0.18
North spring wheat region
A X
1t ﬁi,: . . 0.56 0.20
North Xinjiang spring wheat region
RALFEEZX
RALHEZ X 0.19 0.07

Northeast spring wheat region

2.2 FHINETHERKSIMNEL SRR E

A AR DXAS [FI AR BE 7K 43 Jiika e AR A g it
SR, 5 2.1 RSSO HL AT L& B2 K 3 Tk d
B 4N AR R U RS KL N A X 4
KEHMEETE 0.2 LT, 881 T 80% (KITH T
W FE XML T 90% ) , B AR WA /D i 7K 53
A (WS =0.99) B, HixX HE b [X ZAEF B
KRR VY R A K FR R T IRE & 2
3INEXPEEN, RALEE X BIREHFEZ X HK
G318 2 AE A5 R B K A3 i & R AR AR 1Y
ZIX, BIEBFEHE XMW FR AT 28R E - &
Here , (5 T oK A A 7E/INZZ I 22 A A T o
HPA R HA 3,13 t-hm ™2, X BEBHZK A Wt & A R
X 7= S A AR R

BOUE ALHRA S XK A3 e 24 -4 (E AN R
FEAK 3 pan & AR A AR AR AR I, {0 2 A - SRR B
AT KA AL E X & T 1.57 t-hm ™2,
UEIARR T /K3 IihiA /22 il BV HS TR FR 4%
PR B s — . P AL AR X
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BARIK A IA ZAE A S B LA E KA AR
K(E 2),fHX 3 4 F KW RN T ZEFHRE
PR ARG, B R X 63 X K A aE fE 0.5 DL L
BB T 50% (IR DO T 45%) , Ju
Wi 7K 53 038 (= 0.99) i & A= 3 0 K T e b

WFRIRRN T 2.63% ,1H 85% LA 7K 20 i ¥ A v
T 0.5, HAR 3 7K 43 W 38 A & HE A8 /N2 B B B
WICE 2), I LN P it s F P G A8 b ss R &2
X, Brsmaz XKmFRAM0 N 2 PR E ® LT
A, KA TE 0.5 LA SR T 85% , Tt H:

TR IX , T & A X B SmK 7 i e ik o8 (=0.99) YA AR L R T HAh 221X
HHEAERK WA EX KT Rl & £ K
1.0 - South China winter wheat region 1.0 - Southwest winter wheat region 1.0 0 Middle and lower Yangtze winter
wheat region
w08 ‘o, 0.8 Yy 08
®o =3 &
=5 06 z 506 oF 06
=504 =504 =5 04
&S &3 N
2% 02 2502 2= 02
0 1 1 1 0 1 1 0 1 —‘-fd/lvl\
10-30 12-29 02-27 04-28 08-20 11-28 03-08 06-16 10-21  01-09 03-30 06-18
I 1) Time(M-d) I8 i) Time(M-d) i 6] Time(M-d)
e A& X TR A A X Jema X
1.0  Huang-Huai winter wheat region Qinghai-Tibet spring and winter 1.0 North winter wheat region
wheat region
¥ 0w 0.8 ¥ ¥ o
LT 2 = $
20 27 23
=204 =256 25
SR & = RS
%% 02 %5 %=
O 1 1 J 1 1 1 0 1 1 1
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I %] Time(M-d) [ 1) Time(M-d) I} 1) Time(M-d)
bR X FIMA LK JefEEZ X
10 Northwest spring wheat region 1.0 - Xinjiang winter wheat region 10 North spring wheat region
w08 ¥ o ¥, 0.8
® 8 K3 B3
3 E 0.6 o8 == 0.6
250, =5 =3 04
&S & = RS
%% 02 N %% 02
O 1 1 1 0 1 1 1 0 1 1 1
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[} 1] Time(M-d) [} i) Time(M-d) [} ) Time(M-d)
JesRAR 2 X R £ X
1.0 r North Xinjiang spring wheat region 1.0 Northeast spring wheat region
t a \F' 2]
Ko K 8
= @ =2a
=9 =5
= 3
b E
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O 1 1 0
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B2 &NEMEXWFZFHTRIMEEN
Fig.2 Water stress in rain-fed agriculture of each wheat region
N 327 N S S %
DB 0 S H 1) RIAIE 7 T AT T/ A B
? b

ARSCHMAT EPIC AR A AR TR Hh [ 25 /N 22 Fif
TR BRI
149 H KRS B EAEL, X 25 b AR XK 23 I JEAEL I 4F N 5
T A TR Y A

X AN 7K 73 38 2R A

AEPR AR EA T

3 DA E MR IE , {66 7535 TR A 451> AL IX AL AR fE

iﬁﬁﬁﬁ[lo,m] .

AR A3E P , 17 AFE I FEAE I 7 T FE B K e, 7 fif
AL 4R S5O, B 25 T8 B 2 800 X 8k
H T B ol R R AUL A R AE AR —
AR B AR I B F e, ol B3 1 X

SRR TAEA RO Tl IERUNE AR, BNl SRS B A R 5 AR S0 S OR (3
e [ A2 (8] AR RS K o E R . FERE BR 14 ] P BT T B AR SO B T 2 22 X7 IX
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Table 5 Frequency of water stress in different degrees

AN ws i B Frequency/ % i
Wheat planting region Mean ~0.99 ~0.9 0.5 0.2 Yield/(t-hm~?)

HERI4F X South China winter wheat region 0.08 0.42 2.28 6.69 12.47 9.26
PURE 4 Z2 X Southwest winter wheat region 0.13 0.95 3.50 10.73 19.07 11.20
) e A2 5 X

IJ\[/Iti({lﬁlreha‘rl\:dwiv\v::{gngtze winter wheat region 0.06 0.00 0-15 3.30 981 10.60
HEA X Huang — Huai winter wheat region 0.25 0.26 3.15 21.06 2.64 8.55
HimGEELERX

;§§%T2b§ ,s:pring and winter wheat region 0.32 2.63 7.n 24.31 52.65 5.3
JEHRAZZ X North winter wheat region 0.26 0.22 3.96 21.87 42.01 6.98
PEt#Z X Northwest spring wheat region 0.58 10.78 29.71 57.32 78.57 1.51
A # X Xinjiang winter wheat region 0.84 41.64 65.93 87.57 95.89 0.30
JLEFHZZ X North spring wheat region 0.47 3.33 18.09 45.23 68.15 2.20
JtEEAZZ X North Xinjiang spring wheat region 0.57 7.95 30.52 57.17 75.25 1.06
ZRAL#ZZ X Northeast spring wheat region 0.16 0.32 2.31 9.90 25.69 3.13

T M) ) 7 R BRI 3K A3t i s U
SR FH DX P I A G ol AU 235 R ) 42 (LB B S Ik
DR SRR o

AR SOAE YA AR AL 28 U B 52 ] 1
PEAT T S, X 23 DX o A 3 B A R T
HWEA —E 15 TR ASSCUIA LUR 5 2tz
Ab <5 AR s (R R b SR T DX et o 5 ) 2
{6, BFFEE 23 32 0k i 30 A 1 DU R WL T 23 6]
bk K D A, SR 2 IR/ R 4 A AR TR A7
U, RS B 4 3 S A 0 7K 0 I3 ) I 28 R 5
R A M 3 AR LR PR HBISE
R LG BAENTHE AR R K 23 e R 2, (3
Sl S A O A X SR e, ) B — 2 o A b b
B THHX e — I BOK 78 A5 A L o

4 4 g

ARSI FT EPIC A ) A2 R AGE T AR 025 7o A DX/
HZAEFFRAAME PRI, o 713 545 M X H
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