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Abstract: This study investigated the evolutionary characteristics of the spatial pattern of watermelon production in
China from 2002 to 2022, and the driving mechanisms of climatic factors, aiming to provide a scientific basis for industri-
al layout optimization and climate suitability strategy formulation. Based on the meteorological data and watermelon pro-
duction data of 31 provinces (autonomous regions and municipalities) in China, this study used spatial autocorrelation
analysis(Moran’s D and a two-way fixed effect model to carry out research. The results showed that during the study pe-
riod, the total yield of watermelon in China exhibited a steady fluctuation trend, with planting area decreasing by 19.6%
cumulatively, and per-unit yield increaseing by 25.3% cumulatively, indicating that the industry has undergone an inten-
sive transformation from extension expansion to connotation improvement. The spatial pattern of watermelon production
evolved from weak agglomeration to decentralization, with Moran” a I declining significantly after 2016 and becoming
nonsignificant, suggesting a trend toward spatial distribution equilibrium. The impact of climate change on the distribu-
tion of watermelon production has significant regional heterogeneity. The increase of annual average temperature has a
generally positive effect on watermelon production, while extreme high temperature shows significant inhibition in the
Huang- Huai- Hai region. The increase of precipitation had a negative effect on watermelon production in Northwest
China. Hail disaster has a significant impact on South China. In conclusion, China 's watermelon industry has entered an
intensive development stage driven primirily by per unit yield improvement. Future industrial layout should follow the
principle of “zoning policy and climate adaptation”, strengthen climate change monitoring, early warning, and adaptive
technology research and development, and promote the transformation of the industry to the climate intelligent direction.
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Table 1 Variable setting and indicator definitions
AR i Variable fRE5 Code 5E X Definition
WA PE A P A1 Jm AR Ak Pr FA XD PE I b 4 ™ e 1 U A
Dependent variable Watermelon production layout change The proportion of watermelon yield between provinces and nation-
al production

AR AR & [% 7K & Rainfall Ra 4E[%/K # Annual precipitation
Explanatory variable  £=135 B Annual mean temperature  Te AP B2 Annual mean temperature

VK%L H %X Hail day Ha AP UK H 2L Average annual number of hail days

SR R Mt A B U

Mean maximum temperature

The average maximum temperature throughout the year
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Fig. 1

Changes of watermelon production, yield per unit area and planting area in China from 2002 to 2022
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Table 2 Watermelon production in 2002 and 2022 by province in China

2002 2022
A ﬂﬁl? i o 4 [ 5 A H4, [ s ik 4 [ 7 L) 4
No.  Region Production/ Accounted for the proportion Rank Production/ Accounted for the proportion Rank
10*t of national production/% 10*t of national production/
1 Jt 5t Beijing 40.23 0.64 23 9.41 0.15 29
2 R Tianjin 37.82 0.60 25 25.21 0.40 27
3 ]k Hebei 343.50 5.50 6 245.56 3.90 9
4 1LY Shanxi 98.98 1.58 15 45.8 0.73 24
5 4% 7 Inner Mongolia 76.17 1.22 18 75.05 1.19 21
6  IL7 Liaoning 63.10 1.01 20 144.06 229 15
7 AR Jilin 118.40 1.89 13 108.66 1.72 17
8  EJPIL Heilongjiang 250.04 4.00 8 78.33 1.24 19
9 ki Shanghai 50.58 0.81 22 11.01 0.17 28
10 VLJ5 Jiangsu 413.24 6.61 4 500.49 7.94 3
11 #FiL Zhejiang 212.45 3.40 172.15 2.73 13
12 “Z# Anhui 583.48 9.33 3 318.34 5.05 5
13 4% Fujian 60.55 0.97 21 39.73 0.63 26
14 YL¥% Jiangxi 181.23 2.90 10 189.08 3.00 12
15 1l 4% Shandong 1189.88  19.02 1 745.04 11.82 2
16 A7 Henan 1149.56  18.37 2 1292.32 20.51 1
17 4t Hubei 348.34 5.57 5 303.26 4.81 6
18 75I7 Hunan 252.02 4.03 7 377.97 6.00 4
19 J7Z Guangdong 92.24 1.47 16 95.99 1.52 18
20 77 Guangxi 146.08 2.33 11 282.33 4.48 7
21 #§F§ Hainan 34.85 0.56 26 58.96 0.94 22
22 i K Chongqing 21.40 0.34 29 58.64 0.93 23
23 YOIl Sichuan 101.69 1.63 14 116.15 1.84 16
24 3 Guizhou 28.15 0.45 28 44.25 0.70 25
25 ZF§ Yunnan 30.32 0.48 27 75.45 1.20 20
26 VOJK Xizang 0.07 0.00 31 0.63 0.01 30
27 [V Shaanxi 89.71 1.43 17 169.88 2.70 14
28 HN Gansu 75.29 1.20 19 281.22 4.46 8
29 75 Qinghai 0.78 0.01 30 0.51 0.01 31
30 T H Ningxia 39.90 0.64 24 193.73 3.07 11
31 Hri# Xinjiang 125.91 2.01 12 243.12 3.86 10
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T 0.046 4~0.096 9 2 [A] , F B PG KA P~ f7 4 —
£ () I 1) 2 0] ) AH 5 CRIVAR AL 5 119 X 378 2
] E R HBAMKREZET. 2016—2022 F
Moran’s T FP&Z 0.012 0~0.025 5, #£3T 0, i W %5 ]
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I Stata 19 B 1 X 1] [ 78 2508 AR AL 4y B
2002—2022 =S i AR Ak 6 rp [ G AR 77 2 [A] ¥ AR

DR . R EE B (R 4R, SR AR A o [ 7

JNAE PR A JR B B 25 e, HLAR I B 8 Y X I
R . A R R 25 R B OR AR (Te) &
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Table 3 Global spatial autocorrelation analysis of
watermelon production from 2002 to 2022( Moran index )

fEf3 Moran’s 1 844 Ji % VAT PiA

Year  Moran’s index Variance Z-score P-value
2002 0.096 9 0.004 8 1.8352 0.066 5
2003 0.060 9 0.004 3 1.434 8 0.1513
2004  0.079 4 0.004 8 1.632 6 0.102 6
2005 0.060 7 0.004 7 1.373 6 0.169 6
2006 0.063 5 0.004 6 1.430 8 0.1525
2007 0.067 6 0.004 5 1.502 0 0.133 1
2008  0.064 1 0.004 6 1.439 7 0.1500
2009  0.0617 0.004 5 1.420 6 0.1554
2010  0.0517 0.004 4 1.286 6 0.198 2
2011 0.0495 0.004 5 1.2342 0.217 1
2012 0.046 4 0.004 4 1.206 0 0.227 8
2013 0.0502 0.004 4 1.256 9 0.208 8
2014 0.0535 0.004 6 1.278 4 0.201 1
2015 0.0539 0.004 6 1.284 6 0.198 9
2016  0.0120 0.004 2 0.701 8 0.482 8
2017  0.0132 0.004 1 0.726 0 0.467 8
2018  0.0215 0.004 1 0.8523 0.394 0
2019  0.0198 0.004 0 0.836 8 0.402 7
2020  0.0233 0.004 2 0.877 1 0.380 5
2021 0.0255 0.004 4 0.890 2 0.373 4
2022 0.0217 0.004 3 0.836 5 0.402 9

W BRI B T AR A R T AR PR A R Tk
X576 E RN S RAIEY AP R — 30 P i
R FE (MY 2 B0UN-0.206(P=0.434) , 520 A i 2%
B I, I 7R W e T e P AR = A
T E il 5 £F K B (Ra) R BN-0.066(P<0.05) ,
TE 5% 7/KF 1 52 25 ) 52 e, 1 B B /K & 39 0 mT R
AN TP A = A5 J5 , o] e 550 o 5690 48 B 1
FE k@A % UK H 2 (Ha) R 3008 -0.019 (P=
0.179), B A B3, (H I A7 1) 34, R UK Kk
X P A 2 B — s A

MR VG TR X B A 25 SRR - Bk = X 2
A 1R (Coef.=1.523, P<0.01) 1 F 34 & = i &
(Coef.==1.075, P<0.01) [ 32 25 520 , i FE T = e gk
AR AR AR st v e S AR AR R A R PR AR X %
HE 1R (Coef.=2.524, P=0.105) IF [f1] 5 i $% 11 &
%, HF% /K& (Coef.=—0.177,P<0.05) & 35 F1 [ 54,
Vb B AZ DX I G AR P B B 7R I 4 1 R 5 4R
7 X %2 UK E H #(Coef.=—0.037, P<0.05) {2 171 [
S, 3 B A% XSO0 VKR R B BU AR bR X
A VLI X &S5 R T 5 M 3 A 235, 1 B
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Table 4 The impact of climatic factors on the spatial evolution of watermelon production in China
T é . AL X ' ﬁ?ﬁiﬂFZ ' J&ilifﬁiﬂiﬁ& o ‘#@fzg ' PEAE= X .
Climatic Nationwide Northeast region Huang-Huai-Hai Yangtze River basin region  South China region ~ Northwest region
feor | THAREC,  BHRE |, HHRN FHRE ETEER 3N AR
Coef. Coef. Coef. Coef. Coef. Coef.

Te 0.876  0.009  0.680 0.201  1.523 0.000 0.786 0.439 0.044  0.951 2.524 0.105
Mt -0.206  0.434 -0.491 0.230 -1.075 0.000 -0.063 0.934 0.420  0.409 -0.575 0.649
Ra -0.066  0.033 -0.070 0.233  0.021 0.578 0.071 0.852 0.034 0415 -0.177 0.048
Ha -0.019  0.179  0.012 0.129 -0.032 0.592 -0.058 0.388 -0.037  0.010 0.022 0.716

ST B | R W (7 P b o e e P VA5 TS
T &, TR R O0 2 A 3500 B D J2 DR 31 7t AR
FEA R AR AR B S R, HLBR K 5 VKR AR 40
7 X AR I T R, U B P AR P S A AR AL
H A A 1) X S R 22 S
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Fig. 2 Distribution of regional suitable for watermelon cultivation based on annual average temperature
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