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Dynamics of decadal changes in the distribution of cultivation regions with climate

suitable for the Fuji apple in China
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Abstract; Apple has larger planting area than any other fruit in China. Analyzing the decadal changes in the distribution of
cultivation areas with climate suitable for apple under the background of climate change can provide a reference for the
rational use of climate resources and adaptation to climate change. In this paper, we established a model by examining the
relationship between Fuji apple cultivation distribution and climate, based on meteorological data from 1961 to 2010 at 2084
meteorological stations and the geographic planting distribution of Fuji apple in China together with the maximum entropy
(MaxEnt) model and the ArcGIS spatial analysis technique. The decadal change characteristics of the distribution of Fuji
apple cultivation areas in China from 1961 to 2010 and areas sensitive to climate change were explored using the model. The
results showed that climate change has led to the northward movement of planting boundaries and areas with climate suitable
for Fuji apple, with westward expansion of the areas with suitable climate. There was an obvious decadal change in areas
with climate suitable for the cultivation of Fuji apple and this area increased significantly, especially in the 1990s. The

cultivation area with suitable climate was 36% higher in the 2010s than in the 1960s; however, the optimum cultivation
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area fluctuated with decadal change. The optimum cultivation area in the 2010s was slightly higher than that in the 1960s,
but was 25% lower than those in the 1970s—1980s. The most climate change—sensitive cultivation area of Fuji apple was
principally found in southern Liaoning, southern Shandong, and northern Jiangsu, and on the southeastern Henan
northwestern Loess Plateau and the contiguous area of the Sichuan—Shaanxi province. Annual sunshine hours and thermal
conditions had significant effects on the areas with climate suitable for the cultivation of Fuji apple. Overall, climate change
can act to increase the area suitable for cultivation of Fuji apple, but can adversely affect the stability of the optimum

cultivation area.
Key Words:; climate change;Fuji apple;climate suitable area; inter decadal
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Fig.1 Study region and geographical distribution of the weather
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Table 1 Dominant climate factors affecting plantation distribution of Fuji apple in China

AN T SCHR KR SR A3 B BTHK 4
Dominant climate factors Reference Percent contribution/%
18 H SR Mean temperature of the coldest month( TC, °C ) [29,31,33,36,42-44] 4.1
AR Mean annual temperature( T',°C) [29-34,38,40-43,45-48 ) 7.9

=10°C ik Accumulated temperature of not less than 10°C

(ST,,Cd) [32-33,35,38,40,43,46-47] 7.3
AEREIKHE Annual precipitation( P, mm) [29-30,34,42,36,38,31,43,45,48 ] 29.4
BB FHAIRSE Mean relative humidity in summer( RH, , %) [30,35,40-41,44-46,48 ] 2.1

B IR H 2% Summer range of temperature (SRT, °C ) [35,40,43-44,47] 11.2

4 H FERF % Annual sunshine hours(S,h) [29,33,36,42,44] 35.6

HZ 4R B Mean temperature in summer( T, ,C) [29,35,38,40] 2.3

2 BRSO

2.1 SRS E A AR AR AL
F e AT 70 BT 1961—2010 4 & S F AP A 19 A [ A e il B X AR BB 4k (& 2) . 1961—
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Fig.2 Decadal dynamics of Fuji apple climate suitable cultivation distribution in China
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Table 2 Decadal dynamics of Fuji apple climate suitable cultivation area in China

T H AR Suitable grade 1960s 1970s 1980s 1990s 2000s
N3 H. Unsuitable area/ ( 10°km?) 79113 78592 77954 76916 75914
UGB EL Less suitable area/ (10°km?) 9629 9661 9839 9910 10667
& H Suitable area 4780 4771 5445 6634 6858
538 F Optimum area/ ( 103km?) 1134 1632 1418 1196 1217

EEP L ERA T/ (10%km?)

Above suitable area

5914 6403 6863 7830 8075
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IEPGY 2B AR Tt DX A FRE W) S 3 [T B =48 A8 SR I B T R AR 1 AU e 1 L IX, 19708 3
S SRR A A 1 3 R DX TR N 5 Ay B LR B A AR bty , 7 30 T 1A 1632%10°km?, 8 1960s
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Fig.3 Sensitive region of Fuji apple climate suitable cultivation distribution in China
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5 e 3 DX TR BRI R G 18 A 3 o I P A e, 3R B A0 DR X 1 o R DX P 2 i A B, 8 B0 6 v AR 3
LR B IROK S A SR ) A BTG, 17 RA K DR B 5 T S 2 ot SO 1 1 B 2 M TR 7 53 R ) T AR
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Table 3 Relationships between the dominant climate factors and the area of Fuji apple climate suitable cultivation in China

. . . . S, STNEAD = YE B LA A
WIEFLIK B P —— Jon L Lt

. . . Above suitable Above less

Less suitable area Suitable area Optimum area .
area suitable area

T./C 0.901* 0.961** -0.252 0.985** 0.998 **
T/°C 0.929* 0.930" -0.513 0.894 " 0.943 "
YT/ (C.d) 0.977** 0.871 -0.370 0.861 0.935*
P/mm -0.607 -0.102 -0.391 -0.198 -0.340
RH ./ % -0.671 -0.220 0.355 -0.159 -0.333
SRT/C -0.347 -0.770 0.127 -0.806 -0.689
S/h -0.785 -0.949 " 0.281 -0.965** -0.947"
T./C 0.815 0.729 -0.730 0.628 0.715

* P<0.05; % = P< 0.01

3 e
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