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1.1 HRXiE

AR AR E T RAEX (B D R SR, E58
BT EERX (BFERERT. FHh 7. NEG.
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B CC) L BK (mm) . ZEEE (%) MHWME.
Hor SR, WK PHSE SR>, B 52 B DR

=Rk R KRS, RSB SR A AR AT
M B BRUEER S, i HBHE BT RS54, LR AE XK
Tl L. ZRAFE EREFTMAEER, AU RRE
0.5°x0.5° T KM [ AAMS B ds ,  7EA% RUK-F EXT 1981
—2008 E&A TKAEF W IS E R AT AR
TR H MR IR T AL B SCHR AR AL 1) AR AR X
Hh [ L S A AR S ) P4

EARFHE
Maize planting area/hm?
200 5000
500 8000
1500 ® 15000
3000 @ 80000

0 450 900km
| I I

B 1 1981—2008 4+ B = KAt h & A
Fig.1 Distribution map of maize planting areain
Chinain 1981—2008
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NN RS B P I B 1 O N S
(ordinary least square, OLS) #47, WFFtdLie 7 X
KA 4 RFEIRH T, K 1B st e E A
&, BFCRAEERE RERL (regression specification
error test, RESET)H#HATIBIRAL R, o5 RL PR
RBJREER R, ZEME S REE T RARKEK . B
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W 1981—1983 43k 3 a £l HI-FIEAFR) MLk
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A, EARERN (D WS IEIEF GIERL . Hih
IR R MK sEHR) P55 T KA
S RIIRENA T, Con(E)y 1981—2008 4E 35 ]
T E M AEFKE KR TR, & CARBEFET E
G B K A PE AR b By NI 28 a(1981—2008
) FERIKEA T E MIRRLGHE, B NiX 28 a BIRENE T
E FIZ&1L{E. Coff (E) NEKEF A, HLA (1) FIK
T E 2%

2 HER50H
2.1 1981—2008 F2EFMEE (BAX. BEEM) EK
BENTHES

1981—2008 = [ FOK HL = Bk IR KB 5 (F 2),
(E BT 2240, 7 300 ) — e R B B 7 3k AR
BB T T S E K IR E IS, BF TR 1981
—2008 4 (L1t 28a) DL 7 a ARG 31500 4 AN EL,
FERIH—I0— ROTRE o A 4 AN B B K =
a8 1981—1987 4. 1988—1994 4. 1995—2001

. 2002—2008 = 4 NI B P H E K B [ AR 4
f)35 243 1l 9 126.81. 93.538. 57.805 Al 25.91 kg/(hm*a)
BINEL T ErE (KB G R A £ P<0.01 7K
PRI R EASE) . R 1981—2008 4F 4 [H oK H 7 i
FREmE S, (HEMETEZ A RERNSESL, U
JEAE 2002 FEZ J .
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Fig.2 Trend of maizeyieldin Chinainevery 7 a
in 1981—2008
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W 2@ Hilts dbe. 75, JTRM LR, Xy
(HYVAX. BEFET) 1981—2008 4F-FH84E KM=
AN 1.07x10°%t, 25 4 oK A AR 54.80%. 1 LR
T LR 154 (AR, BEW) FKAPHEA 44
W BB EA, INRETE 4 AN BRI AL,
TERT 3 NBT B P IB 0 ISR, AR 4 AP (2002
—2008 ) I d A S, AR A AR A T 1981
—1987 SEH A B W, )R I H H 1988—2008 4E E oK
B IR TR R I R
2.2 EZRFEFIPEEBSET 1981—2008 FEKHE
oA R

N7 SR G M AT ] ROK B S R R I R R,
FUHE I F A I K B = 15 0 AR 2% 1444 1 B a1 AT
aNT, AR, Bl TEL RPN ERTER D,
T 508 1D 30 20 S AR A7 AE B sk ok, R AR 70 08 FH L Rk
10 M5

2 [, FOREFBIRY B & AN IRE) R T 1 R 2
Bk BB E KT (P<0.05), HAPAMEER GRE. K
RS AALELE S| TR K (P<0.01), HEREE
Ab, HARWSIHE 7 ZHIEM G bR T FEAKRUKBHAR 5
HAhIRS) NP8 g, kit 2 28 a LT R
AEHE T FOR =R, AR E R R
oK FNERSS) B FOK = R,

MR F R FE R G, AR K 5= 1 ik
VER R, HARNEEE I 1%, T K74 08K 0.39%,
T HE R AN AT 45 N (2 25 F WU 435310 9 0.04% %11 0.06%.
1981—2008 1 [HIX 10 M4 (HIRX) ALK,
N R At 4 5 $ N B R 46 1E 4 R 56.64 kg/hn?
0.78 Jt/hm? Al 9.81 Jo/hm?, £ 118 73 )4 158.65 kg/hm?,
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2.62 jo/hm? F1 18.69 Ju/hm?, KKK T 180.10%.
235.90%#11 90.52%, X1t 1981—2008 4EAEK} . JFEME A1 H
Al R BN K6 T K B ) BT Rk A3 ) R R OK R K T

70.24%. 9.44%FA!1 5.43%. W] WLAEKH AT IL 2 28 a sk
R ] R K B R B I AN AT A, X S R S
T T 22 (I 7 4 R —

F1 1981—2008 F&E (HIARX. HiEW) ERMB~THUIEE
Table 1 Trend of maize yield in different provinces (autonomous regions, municipalities) in 1981-2008

) 1981—2008 1981—2008 1981—1987 1988—1994 1995—2001 2002—2008  2002—2008 2% {4 & AH % T
A HRXAERET g R 5eEE AR AR AR FARER EAREE PR 1981—1987 [AAEAL.EL A5
Provinces, autonomous Proportion of yieldin  Changeratein  Changeratein Changeratein Changeratein Changeratein Change percentage of change

regions, municipalities the province of Chinain ~ 1981-2008

1981-2008/%

1981-1987
I(kg-hm2.a®)  /(kg-hm™2.a?)

FH Jilin® 13.18 78.8" 164.4"
11 %% Shandong 1255 101.3" 124.7"
3t Heba” 9.31 624" 113.9”
EHIT Heilongjiang” 9.03 575" 1965
B Henan” 8.81 789" 131.4"
JLF Liaoning 7.88 741" 9.1
P9Il Sichuan 5.73 51.8" 418"
HZE Neimenggu” 5.57 109.17 235.2"
1P Shanxi 3.56 56.7" 378"
BkFE Shaanxi” 3.44 56.7" 95.6"
Z=® Yunnan® 341 62,6~ 716"
#tM Guizhou 248 89.6" 617"
i Xinjiang” 2.37 187.3" 266.1"
L3 Jiangsu® 2.18 388" 1701”7
2% Anhui® 1.76 675" 113"
Hif Gansu” 153 839" 166.8"
#t Hubei 1.46 855" 804"
I8 Guangxi 1.38 836" 3497
Jtx Beijing” 0.93 384" 151.2"
HEFK Chongging 0.86 — —
K Tianjin 0.66 49,27 33
FH Ningxia’ 0.64 169.1” 30757
#F Hunan 0.62 1535" 86.4"
J“% Guangdong” 0.32 119.4” 139"
WHL Zhejiang 0.14 745" 217"
W Fujian 0.06 135" —
ILPG Jiangxi 0.05 109.8” 91.9”
¥ Shanghai” 0.04 703" 1704~
iR Hainan 0.03 166.9" —
P Xizang 0.01 811" 16.8”
#Hif§ Qinghai 0.00 335.9” —

1988-1994 1995-2001 2002-2008  ratein 2002-2008 compared
I(kg-hm?.a®)  /(kg-hm?2.a?) /(kg-hm?a?)  withthe rate of 1981-1987/%
96.4" 472" 350" —78.7
97.3" 95.0" 108.6" -12.9
796" 451" 1.3 —90.1
105.4" 9.6 -81.8" -141.6
100.2" 59.9"” 195" -85.2
55.1" 95.7" 1317 1339.6
489" 55.2" 60.8" 455
150.9” 66.9" -15.7 -106.7
50.0" 61.9" 79.3" 109.8
63.6" 45" 337" 647
676" 59.6" 417" 334
84.7" 98.7" 105.1" 70.3
2185" 160.5" 95.8™ —64.0
715" 5.7 -56.9" ~1335
108.1" 450" 304" -127.3
104.9" 56.7" 19.0” -88.6
85.1" 87.7" 85.3" 6.1
67.7" 99.3" 132.9” 280.8
76.0" 0.8 742" -149.1
— 3384 390.1" —
344" 64.3" 943" 27576
218.2" 120.3" 29.17 905
136.9" 175.8" 203.7" 135.8
128.2" 125" 946" —31.9
60.0" 915" 114.17 311.9
157.4" 108.8" 68.4" —
104.9" 115.8™ 124.7" 35.7
101.4" 371" 234" 1137
176.2" 154.3" 156.5" —
634" 1025 134.8" 702.4
— 463.0" 544.4" —

e RN 1%RF KT, *RIR B%RF KT, #R/R 1981—2008 FF KBS BRI A, -7 RETLEIE. TH.
Note: ** 1% significance level, * 5% significance level, # The province of maize yield slowing down in 1981-2008, “— represents no data. The same as below.

A B & R K E R AR, RS
FAER ST PR (Rl = 5 B D FECEOK™, K
(3G 02 (e ik BOK B =38 0. SR == 78 56 R R4
1%, T K53 HIU5" 0.99%F1 1.04%, P&k 5K 7 ]
HRAMEH, BAKEHEN 1%, EXKE™ 021%.
1981—2008 4, =2 fEAR A N &35, HE 10 4
B (HIEX) S-FAFE T 2.00%, 5E5-FHRIKT
4.54%, BRI/ T 5.12%, M-S EE K #7755
77T 1.98%. 1.08%A11 4.72%, X4k B 5 ET A
FLEAEFAL . KRBT R AR A T K 2 M (R B 5T A
NEET R 2 SEER 2K, HIRE T2 RE T
RAREL T FORMAEE MK, AIRBAIERER AR, F5
B R EEEOS ORI N EY, AR SR ORI
FR AR, RETYRAE A EOKRIE =, [RIOKRH

HR B ARt 2 SR T K B R T K B 89 e
TANG T Ky, FIFE KIS IR, i F)
FreBrt g, EREERLE 28 af, FKETHZEIIK
(17, DRI E2m T A ] ROR SR

grEFR 2 4 KA T GREE. Bk, B (=
B R FEBEAEALY B X 1981—2008
SERKEE IR, PTUUEHIX 4 ZRORsh R oK
FFEHAN 77.33%, A IEKL(70.24%) . FERE(9.44%) F1H
AN (5.43%)3 & [FIfE FOKIG ™ 85.11%, 1< fE
BFEAF E KIS 7.78%. TESLFRAEF=H, AR AR Rl
b HE E] SR A5 1981—2008 4 oK H = £, 10414 (H
X)) P TR RAET: 28a B, UM T 66.00%,
X 22 5 AT SR AR AT TR o A R B 1 At R (an
U ORI )& .
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Table2 Resultsof multiple linear regression of maize
yield and various factors in main maize production
areasin 1981—2008

BRZN K7 Driving factors

oAty R
A e i Climatic factors
xR P L —
Varisbles  peifizer/ Irrigation Other TR F#7K ii
(kg-hm?) [GThm?) Tempera- Precipita ™
nputs/ ture/"C  tion/mm Cloud
(t-hnd cover/%
A 0.39** 0.04*  0.06* -0.99** 0.21%* —1.04**
Coefficient
y? L
W.‘Jﬁ 56.64 0.78 9.81 21.03 113.58 63.39
Initia value
1A
End value 158.65 262 1869 2145 107.77 66.27
1981—2008
AEIREN A T
AL E 4 b 180.10 23590 90.52 2.00 -5.12 454
Changeratein
1981-2008/%
Xof B FRITTHRI%
Contribution 70.24 9.44 543 -1.98 -1.08 —4.72
toyield/%

o E L EOL A, X ZE R, N T RE A T A
F DX, BT X DL EOR R X O fr, 3 —2 0 Hr
T HIREN R T & BRI MR . PR L PR R
KX AP AR B KX ARG M A HI T e84
ZZELAR, M HIX 2 ANEG KA I A T oK R
1 3.41%F1 1.53%, [KULHE 5T H 8 7 gt i =40
X2 HEKEFFHERRKMILTEEKRX (Hh, B
L. WS MEERE FoKIX GRdb. RIS (78
AR R IA 2 BUIEER) 1 K A= [ 32 S i I,
RN 3.

#3 BERIE RN R ERKZXEKE =R ST
Table3 Contribution of driving factors to maize
yield in main maize production areas

UKz [HF Driving factors

ARER
At Climate Factors
X RR gy Em RROA =
Regions  Variables rerilizer Inigation }Ot)r?er WE Rk %E

Ikg-hn?) /GE-hm®  inputs  Temp- Preci-
(kg-hm®) J(FThn?) /(yT:th‘z) erature pitaion C10U
/c o Imm C‘/’gf

0.10 -0.89*

Bl E3 0 0.27**  0.12** 0.04 1.52%*

BRI 0812008
s’\‘p?ir:]';em fEAFfL 269.90 30103 67.80 341 -1658 446
maize Forte
region Uik 7287 3612 271 518 -166 -397
WEEE R 042** -0.10* 0.13* 054* 0.14 -030**
juﬁi 1981—2008
Hua—_%ai #A8k  184.36 15237 8636 197 -1212 946
saummer B
maize = pn
region iRk 7743 -1524 1123 106 -170 -284

f3¢ 3 AT M, 7E 1981—2008 4F A 3K zh K 7%t 4k 77
F5 K IXRN 3 v v B R K IX T K B P F S i RN T R AR

HATE—, FEXEER. BEkE, ERSIs
FRKXAEMAEGE TRX KRR~ EEREE (8
F| P<0.01 7KF) MIIEMRK R, KUK R 2L 2
KEFZX W ERIE =, (HEARF X IRALEME L E A .
REARMHE NG 1%, Jb7F KX AR E KX £
KEFERE 20 BB 0.27%F1 0.42%, T 1981—2008
FIX 2 ANEFEX B KPR E S B K T 269.90%F
184.36%, AL AERME FRAK R IE = T 72.87%F0 77.43%.

RN 2% DX K ™ B AR AP E XS 2 7 7B
JEHFEFEKK, FEBENS TR AP0 B W IE Y
W, FEBBNERN 1%, ToKEESK 0.12%. BT
1981—2008 FH EHIL T HF E KX FEBMBAMK T
301.03%, [AI b EME A5 e B = 38K T 36.12%. Hif A\ BB 7
WK, FEILT R ERX BRAEKS KB BUR, T
SRR S EOZHL X F ORI, R 0 £ N %
[X 35k P TR P R i B, M MR oKX,
X2 T R X E ORI R i, B AT A
AR FR N o H T IR A R E I 38 N 35 1), 438
VWX Z A X P s AT Re A DRI SR ER . [FIR, /e
TAZHL X 1) R AR A1, 7R FoK R AR ™ R AR I
HEAT N 2ERE,  AH T i T 2 I RN L R A K 2 )
W, K2 R 2 JG e, oK B A2 A e 5l b
FEBLEMIG, SEGEBA BRI A,

TRV oKX, HAWY RN S K= 171
BEIEMHRK R LAY 1%, FK$Ef2
K 0.13%. 1T 1981—2008 4F i & Tk X HiAth 4
JRBENIEK T 86.36%, K 1 H Al 4 57 45 N R4 K il T K
HrE 11.23%. fEdb KX, HAY AT FOKH
PR REE R, ERAEIAT R E K.

3 PR AR TN % Xk K L= R A BT AN R
AR LT RO A SR VR L ROK B RN 3 R
HEEF, SIRAETH 5 1%, Bk 25 B8 R 1.52%7F1 0.54%,
1981—2008 FS U3 EF+ T 3.41%F1 1.97%, P it <
R KEFIK T 5.18%F1 1.06%. Z Fr LAF= A i fhil %
Al RE S RN AL S AEARBR 3 N T 2 i A E B, BRI
BN T ERAK KB M TR R . [ A 5%
PR P3G B AR A R ZE Y R AT A R B S,
Kb B, Rt 7 Bk = i KBS ek
TR X, BEKS K R A B3 A OOk
F, PPAEXMILGMEFE TR Z 2 AN R R
4, S FEVER A A 45 B K AR AL AN S 06 oK R AR I K
IS, ~ERFIME 2 REFX AT KB HE BE
FI BTS2, Ul B AR S AR B B T 2 AR
ToRAEFE, REHREIN 1%, WEENERFE 1%, b
77 % TR AENE B F K43 ) 23980 0.89%711 0.30%, Hi
T 1981—2008 4= 2 MR X [ = 78 55 3 0 T 4.46%F!1
9.46%, AL FEE KB435 T B 3.97%7F1 2.84%.

3 Hig5iTie

3.1 #ip
1) 1981—2008 4 [H FoK B = Ak b B na s,
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{ER I T B 2 AR R, JLH R TE 2002—2008 4.
SEA 15 (EREX. BT HBLT K=
BRI G

2) AEkh. MEWR. LA AT BN NS A B E A SRS )
7 1981—2008 4 F oK B B AR, AR AR, Bk, H
) R A N FOENRE B (R T ORI, 20X 4
ARG 190, R 3 E oK R K 0.39%,
0.21%- 0.06%F1 0.04%. ] <Al 2 78 55 Z X F oK A
FEAR A U S, RN 19%0R 4R S R > 1%
(Rl =BHEEEEN 1%), BSHEKRL T 0.99%
Al 1.04%.

3) {E 1981—2008 4= 1], AEALXS ™= & ) Tk &K,
HUCGRERE . WA LIS E, 28 a BALEL. .
oAt oz 8 N 53 0l P35 38 n 7 180.10%,  235.90% F
90.52%, fRAF EAKH= /MK T 70.24%, 9.44%7F
5.43%. M52 SEZA MM, BB A PG, o
TR FECE KT B PR T 1.98%, F&/K R4S it 198/
M S BCE K= 55 A R T 1.08%7F1 4.72%.

4) Rk 2 KEKREX (ETE T KX AR
HEKX) MEKA BERE 808 . & EKX
HEME BN BE 08 0 25 A 3k TR B = 1 o HAm A RN
(R T DL 32 (R B g B R OK X ROR 3G 7, S
Rl H, AR b 5 R B R Y ROK B P I K3 B
FIEEVER, T R AL X R 5= 53
1) 7L THT 52
3.2 itig

AHfFFLE T Cobb-Douglas A7~ R T 1981—
2008 A E FOK 5 2 AN IREN AT IRk, #ERE. L
AN FSRER) 2 ooEEER, 4 T %K 30 A
TR TR E = By sz ATk, AU OKAE PR R RE
gkt —E S % . R A, FREAE
L g it — AT A T RIHER R

D Geit o3 B 7 iELE XI5 A = = DTk R T
BHMBZM S, HRERDREYE. e Ethss e i
(YL DX TR AN s PR /NS . (E H T B P i 1) o o
B RS BRI B A [R] DA R (A A B 1n) R SSE,  (HF
G R E AT BlnsebrEr =, {EW
BPEAGZ B) T 2 R, AR R A T E
BIRFHA T, ARG HEHME T (umsEHE,. KR1%K
£ W, AL LERSTE ENE)
AL, W FCIE T IE M HLER AL LR B R e s AR
REWRE . A8 EE AR TFBRIRE. SRR
ISR FCIER N, RERE BE A THI I 45 5 H 5 58 T 2 [
TR FE R IR, ISR A DR 5 T (4 ATLER 5 T
FAHT, PEE A R AR .

2) JERlE 1981—2008 4 F K 77 Hh BT ik i K11 [
T X 25 R SR RORT s A 51?9, 1981—2008
AR K A AR IR CEUIED #9077 180.10%, H i -H E
I it ) 1 8 3z e e KR B P R B R, i
Wit FHAL AR BT A SR i 22 1 i, e 28 ZeiE. B
Jeb & ACIE RN, VEVI G P ORI RS . A
WA R i & A B 2 5 SO RHR A 26 2 2 RIS, AF

VDY ANIR R, R H BB R SR G L, R A e
FE 3t DX 08 7 5 g/, 877 AR 2 R KIS g L
EA RS SRR TR, RIERAS, R
AR H ERBRAL FIA S5 e, SUMAEDD S, RS R
£ 22 4 1) R0 R e RV i 2 AR TR K P 1
BRI K, (B4 5 A 77 o A% B A AR, s AT A
A F i AE .

3) ARG, BT A oK
R ITE TIRZ, {H7E 1981—2008 4EH., &A%
G T KRR, (HR IR AR K,
mHAERE. BN 3 MERET, BHKHE
SR (R0 AR BT i Sk P 97 T 52 T e LA R 2510 55, K ROR
HIAF M TE K. H Ar SRR B 5 455 ]
R, e RS i X0 LA B A O 5 4 el g
DA 1 0 TS AR AL XS K 7= s 52 M R i 90 N 2 SRR AE
BT E L, SRR eE g, SEE R EdE—
B INRIX T IR T . BeAh, AREFFRPES R ER M
FUEfai b FEIR B . BR/AKFNEE ST 3 FhEL &N BK- &
TRCIA, TN COL WREEMIAERER, DL R 2% S H 7 (1)
T HAEHEW ARG K&, &E0EE— P, UE
A RGEHE SRR K B 10
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Analysis of reason for recent slowing maizeyield increase
under climate changein China

Yang Di*, Xiong Wei'*, Xu Yinlong", Feng Lingzhi?, Zhang Mengting®, Liu Huan*
(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences,
Beijing 100081, China; 2. Yulin Meteorological Bureau of Shaanxi Province, Yulin 719099, China)

Abstract: China's maize yield has demonstrated a slowing growth since the end of last century, which has received great
concerns for policy makers and agricultural scientists. Reasons for such phenomena are usually ascribed to decreasing fertilizer
efficiency, land degradation, decreasing technology inputs such as new crop varieties, and climate change. However, none of
the reasons has been clearly investigated and quantified to date, particularly at a very regional scale. Here a gridded and time
series database of maize yield, areas, irrigation, fertilizer application, we apply an ensemble empirical mode decomposition
(EEMD) analysis and examine the contribution of each factors on past yield growth and their changes along time. We discover
that the slowing yield growth has been experienced at the whole China and 15 provinces (autonomous regions, municipalities)
in 1981-2008. Based on Cobb-Douglas production function, we create multiple linear regression models for the whole country
and the 10 provinces that exhibits slowing yield increase, to isolate the contributions of fertilizer, irrigation, other physical
inputs and climate on past maize yield increase. Results showed, at national scale, 1) maize yield was significantly correlated
with fertilizer, irrigation, other physical inputs and climate factors during 1981-2008. Maize yield was significantly promoted
by inputs of fertilizer, irrigation and others, with a 1% increase of these investments increasing maize yield by 0.39%, 0.06%
and 0.04%. Among climate factors, change of precipitation increased maize yield, with a 1% increase in precipitation
promoting maize yield by 0.21%. Whereas temperature and cloud cover had negative effects on maize yield change, a 1%
increase in temperature and a 1% decrease in solar radiation would decrease maize yield by 0.99% and 1.04% respectively. 2)
Past increase of fertilizer application amount contributed most to past yield increase of maize (70.24%), followed by irrigation
(9.44%), and other physical inputs (5.43%). Within all climate drivers, increase of temperature reduced maize yield by 1.98%,
while decrease in precipitation and solar radiation increased maize yield by 1.08% and 4.72%. 3) Increased fertilizer
application significantly increased the production in Northern spring maize region and Huang-Huai-hai summer maize region.
Irrigation had positive effects in Northern spring maize region. The other physical inputs had significantly positive effects in
Huang-Huai-hai summer maize region. For climate drivers, increase of temperature could promote maize yield significantly in
Northern spring maize region and Huang-Huai-hai summer maize region. The reducing solar radiation had significantly
negative effects on maize yield in two maize producing regions. Although statistic model is able to isolate the contribution of
various factors, it's accuracy depends on the training date and the models that have been selected. Our results only focus on the
major factors that affecting China s maize production, which to some extent limits its explanation ability as many other factors
such as environmental degradation, pest and diseases, labor loss have started to affect the national crop production.
Nevertheless, our results are consistent with previous studies showing that fertilizer is the major player for past maize yield
growth, while its decreasing contribution has caused the recent slowing the maize yield increase. Climate change is becoming
an important factor in fluctuating the production and affecting the changing trends.

Keywords:. climate change; fertilizers; irrigation; maize yield; Cobb-Douglas production function; driving factors



