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Impact and contribution of climate change on
apple productivity in China

BAI Xiu-guang, CHEN Xiao-nan" , ZHENG Shao-feng
(College of Economics and Management, Northwest A & F University, Yangling 712100, China)

Abstract The impact of climate change on crop productivity is a hot research topic in agricultural production, and
indirect crop simulation models have been evaluated by many researchers. During the years of 1992 to 2012, the apple
yield in 8 main producing provinces of China was significantly influenced by the climate change factor, which was
indicated by temperature, precipitation and sunshine hours. In this paper, the impacts and contribution of climate change
on apple productivity were explored by using stochastic frontier trans-log function with a panel data set from the 8
provinces. The empirical results showed that the apple yield potential increases about 2. 38% — 2.89% induced by
raising per 1 C in temperature factor, decreases about 2.07% —5.43% induced by raising per 10 mm in precipitation
factor,and decreases about 1.01% — 1.33% induced by raising per 10h in sunshine hours factor;secondly, the climate
factors affect apple yields through interaction with area, the precipitation and sunshine hours have negative effects on
the yield,and the temperature has positive effects on the yield; thirdly, the major contributor to the apple yield growth is
TFP growth which accounts for 32. 98% of apple production growth in the period of 1992—2012, the average
contribution sourced from the input growth is 21% , whereas the climate has a negative contribution at the level of
-13.6%.
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Fig. 1

Changes of the average monthly precipitation in 8 apple main production provinecs from 1992—2012
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Fig. 2 Changes of the average monthly sunshine hours in 8 apple main production provinces from 1992—2012
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Fig. 3 Changes of the average monthly temperature in 8 apple main production provinces from 1992—2012
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Table 2 Estimation result of the climate change impact on apple tree yield model
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Table 3 Production elasticity of each climate factor and the total factor productivity

Wk Bt i I B e o N
4y N, A, s B BARNCE  REEAR
Year TC TE TFP

e e €un

1992 —0.175 7 0.7318 —0.245 7

1993 —0.176 7 0.770 3 —0.2357 0.020 9 —0.000 014 0.020 9
1994 —0.171 5 0.477 9 —0.2256 0.015 6 —0.000 014 0.015 6
1995 —0.173 1 0.628 0 —0.244 4 0.021 3 —0.000 016 0.021 3
1996 —0.172 0 0.681 4 —0.274 2 0.020 2 —0.000 014 0.020 2
1997 —0.184 2 0.430 6 —0.172 3 0.022 0 —0.000 015 0.022 0
1998 —0.171 2 0.359 5 —0.252 7 0.026 1 —0. 000 015 0.026 1
1999 —0.179 6 0.380 3 —0.246 9 0.018 3 —0.000 015 0.018 3
2000 —0.178 5 0.404 0 —0.247 8 0.023 6 —0.000 015 0.023 6
2001 —0.176 4 0.375 2 —0.247 9 0.024 9 —0. 000 015 0.024 9
2002 —0.176 9 0.516 4 —0.243 4 0.025 9 —0.000 015 0.025 9
2003 —0.169 4 0.616 7 —0.307 2 0.024 5 —0.000 016 0.024 5
2004 —0.175 4 0.541 2 —0.246 0 0.018 6 —0.000 016 0.018 5
2005 —0.175 4 0.393 3 —0.255 3 0.019 7 —0.000 016 0.019 7
2006 —0.176 9 0.346 5 —0.279 4 0.0159 —0.000 016 0.015 9
2007 —0.1727 0.484 3 —0.316 6 0.013 6 —0. 000 016 0.013 6
2008 —0.175 2 0. 500 5 —0.3016 0.018 5 —0. 000 016 0.018 5
2009 —0.174 9 0.388 7 —0.274 5 0.015 1 —0.000 016 0.015 1
2010 —0.172 3 0.569 1 —0.305 3 0.007 4 —0.000 017 0.007 4
2011 —0.171 9 0.539 3 —0.286 6 0.008 1 —0.000 017 0.008 1
2012 —0.173 9 0.439 0 —0.253 2 0.011 4 —0.000 017 0.011 4
-1 —0.174 9 0.503 5 —0.260 1 0.018 6 —0. 000 016 0.018 6
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AR P B R TE L 1992—2012 4E IR Y P Y
PEF-¥ R 0,503 5, R A THE 100, 77 o 3
Jm0.503 5%, FEAAEEE N AR A SRS AR
16.31~21. 77 “C AR 4 IR A8 &8 09 7= 3ok, al 3
BHATH N A FHRE TR 1°C, R =0
W 2.38%~2.89% . H MEHE R 6,
1992—2012 44K —0. 260 1, 3£ B H IR 4 &
B 1%, B> 0,260 1%, H R SR
AT N 161, 49~284. 49 h, AR 4 H BRI %078 &
(77 P, BT AR AR IR HORE R B 1
10 h, SER B PR 1. 01% ~1.33% ., BF5IX [H]
WL SER X AR E B AR B 18,85 °C 48 i 2
19,49 C O A5 AR BR # H3BA L b 39 5L 807 [ 38
X T 4 0F; B RBRECE PR B, il 223, 08 h

Rk 209. 53 h, A A T3 5 B (9 34 0, T R K
S I W NS o5 I [ o
2.4 ERBFHKRBELRE

At (11) 0] 43 ff 3 S W 1 K ok IR
(D, A PFERBPHERORJE T Uy FE
AP ANBER AR AL R R AR R e B R A
FE IR AR AL By HoAth A BRI B R AR Ak, ARBFSE T
AR F) & P AEZ M TEP R A5 % 7 i 4
KB 5 Chen 55 "R WFFE 45 AR, B3 4
ATLLE H,1993—2012 434 577 iy 35 K 32 2 AR
T TFP W3 K. simk ik 3] 32. 98 %, Hivk Ji Ak p= 2
RIFEATIHR, o5 21 %6, M 2 X B 7= 1 7 34 5T
Wk —12. 79 %, BV A8 fh X 32 L B 7= il 388 K 5]
B
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Table 4 Source of the apple yield increasement in the apple main production area of China %
; A 3 = 57 G
ity o5 EJJ)‘J e W #/A VKR R H\ﬂﬁﬁ\f"}?ﬂl g e SR .-
A FeEi AN A ®A BR Wiz B KR HR e s P hE i e
Year KR KF OMKER MKE HKRE ) X KK S
ee X pe. e Xte. TFP res
Y.~ eaXla. e Xfa e, Xw eX sun. el Y.
1993 0.59 0.37 6.47 —6.59 0. 26 1.12 —0.82 —1.29 —0.98 2.09 1. 36 —0.77
1994 3.34 —12.17 7.61 4.67 0.11 —4.26 2,21 —0.84 —2.89 1.56 —1.22 4. 56
1995 8. 45 0. 38 3.57 —3.90 0. 04 1.36 —0.37 —0.08 0.91 2.13 3.09 5. 36
1996 17.57 —2.40 —2.11 2.25 —2.27 —1.31 —1.43 2.88 0.14 2.02 —0.12 17.68
1997 —1.71 —2.16 1.37 —2.96 —3.75 7.69 2.26 —4.63 5.32 2.20 3.77 —5.48
1998 9.07 0.03 0.53 —3.24 —2.67 —14.89 0.71 3.21 —10.98 2.61 —11.04 20.12
1999 12.94 —0.97 10. 60 6.05 15. 67 4. 89 0.17 0.96 6.03 1. 83 23.53 —10.59
2000 —2.83 —3.10 —1.52 —0.29 —4.90 —0.43 —0.93 0.05 —1.31 2.36 —3.85 1.01
2001 —4.12 —1.32 —0.31 —4.41 —6.04 —3.85 0.25 —0.02 —3.62 2.49 —7.17 3.05
2002 —1.91 —0.05 0.09 —0.05 —0.01 —0.77 —1.11 —0.93 —2.82 2.59 —0.23 —1.66
2003 16. 49 0. 82 0. 88 0. 88 2.57 —6.39 —1.64 3.59 —4.44 2.45 0. 57 15.91
2004 24.77 0. 56 3.69 0.98 5.22 4. 87 0.87 —3.61 2.13 1. 85 9.21 15. 56
2005 —14.39 —2.02 1. 30 2.31 1.58 —0.03 1.73 0. 81 2.51 1.97 6.07 —20.45
2006 24.56 0.40 7.10 3.72 11.21 —0.58 0. 85 1. 01 1. 28 1.59 14.08 10. 48
2007 8. 49 0.59 1.73 —0.52 1.80 —3.85 —3.04 3.80 —3.09 1. 36 0.05 8.43
2008 4,02 —1.00 1. 10 0.31 0.41 2.53 0.69 —2.11 1.11 1. 85 3.38 0. 64
2009 1. 82 0. 50 2.15 0. 38 3.03 —1.54 0. 36 0.19 —0.99 1.51 3.55 —1.74
2010 —9.28 —0.69 0. 87 0. 45 0.63 —1.02 —1.31 1.00 —1.34 0.74 0.02 —9.30
2011 11.45 —0.93 0.33 —1.87 —2.47 —1.44 0.10 —0.77 —2.11 0.81 —3.78 15.23
2012 3.28 —0.88 1. 44 2.61 3. 17 1. 96 0.20 —2.29 —0.13 1.14 4.18 —0. 89
1y 5.63 —1.20 2. 34 0. 04 1.18 —0.80 0.03 0.05 —0.72 1. 86 2.27 3.32
Average
ik 100.00 —21.30 4164  0.70 2100 —14.20  0.53  0.80 —12.79 32.98 40.36  58.96
Contribution

ratio

O PR3 B IR R R AL 5 AE R B F B IE BRBELE .
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HE 2D B [ B 107 o i R A 85 D11 52 8 B R 0 AR R
AT 3 R0, SEE TFP 35K A WK 3

FE 19932012 4F A BIF 5% X [8] P, A8 28 fb X 32
FEE R SR L BRI STk R K R 0. 80 %0 .
IR TTRRIK Z 0 0. 53 %, 1M B 7K 2 48 4k 1) 5Tk A
T —14. 2 %0 BE MO PF L A0 KR X 87 (1 BTk
—12. 7996, F& B S A A8 A0 R R 39 5 B = 1 1
H BB R GIR ., A% R 5Tk i) i
PORF U H BRBFECE 2005 A X5 B 1 i) 5T
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ABFFERIH 1992—2012 4F T [ P RS0 3 =
X8 A~ 03 A T AR A 32 i AT LR K i T H
I st 250 45 A g TR 22 ) 8 0 X K5 I ML T 9 2 7 PR B
3B SR P R KR TEFP 19K 9 3, SEIE 4 b7
T AR A R E S P M TFP MK A 52,
BRI A LT 4 8.

B — AR AT v [ SR T X R B A
2R AEAS [R) A R 1 5 ) R R R ) A TE
2250, BEKER H R B0 3 A B ) B
AR R B AT T [ 5 W) 2 B IR T R R B K A
F IR 5008 2 YA R 3 SR B B, FL X AN (]
XA R HLA 22 v, R B ZE ) B R b X R
M) 458 K o 28 B A M PR 253 2ot 5 il X PR 2R 1 32 B
M SE R BRI L A E WA SRR K
B 10 mm, SEF B PR AR 2. 07% ~5.43% s 4R H
WA ETHE 1 °C SRR 2. 3896~
2.89% ;A FH WA ¥ H BB B AN 10 h, SE R 5
FEREAR 1.01%~1.33%.,

O LSRR R K ORI Y 4 S EE R W Tk 22
SRR, WFSE X N TEP 3 K % 5t ik ik 2

32.98% R BAE - E R WA TR, &7 21%, 1M
SRR X RO STk — 12, 79%, BRI AE
19922012 4[] A A8 4k X 32 L 2L = 1) 3% K e 3]
BRI R B AR R R A B B PR BT R A
2005 4R JF by T A3 1] o 10 Bk K R A7) 2 BEL 4 B0 = 38 fin
MR %

9 = TFP B K b, HOR 3 20 19 7 34 BTk B
K BB ARG 57 50 715 2980 AR AL 7 24 580 Fn 4y ot
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T fR B A R AR ) 55 Bl 2 AR B B A G B 5 A4S
SFUT R ZE AR ) G s LR SRR B R T X
L5 S g B < L Al B AR 2 5 A AR R
PR IEAE I 4538 — .
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i ) 5 A 7 SR AT R & R BT B I BOR
St T S Al B Y L X S AR Ak, 2 T
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Jhy Mg 3 N A AR A B HE B R 8 S O SRR TR
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