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Abstract: [ Objective] As the fourth staple food crop in China, potato suitability evaluation is of great significance to ensure national
food security. Based on climate data, this study constructed an integrated species distribution model to predict the climate suitable
area of potato in China in the future, and provided an important scientific reference for optimizing potato planting in China.

[Method] In this study, the future climate data derived from six different global climate models (GCMs) were used to drive an
ensemble of five different species distribution models (SDMs) to simulate the temporal and spatial distribution characteristics of
climate suitable areas of potato cultivation in China in the historical (1970-2000) and four future (2021-2040, 2041-2060, 2061-2080,
and 2081-2100) periods under four greenhouse gas emission scenarios (ssp126, ssp245, ssp370, and ssp585). [Result] (1) The
precipitation in the wettest month, the highest temperature in the warmest month, and the average temperature in the coldest quarter
were the main meteorological factors that affected the climate suitability of potato in China, with their contribution rates of 54.7%,
21.4% and 18.1%, respectively. (2) In four scenarios of greenhouse gas emission, the prediction results of various suitable areas were
basically the same, showing the similar trends that the areas of suitable and low suitable would become larger, while the area of high
suitable would become smaller. Only in Hainan, Tibet, Xinjiang and some other regions, the climate was not suitable for potato
planting. The suitable potato planting areas (including both suitable and high suitable) exceed 50% in all cases. (3) In the future, the
low suitable and suitable areas for potato planting will increase greatly, while the high suitable areas will decrease. The order of areas
of different suitable grades would remain: suitable areas™>low suitable areas™>high suitable areas. (4) With the increase of
greenhouse gas emission level, the high suitable area in China would be greatly reduced. For spatial distribution, the high suitable
areas were mainly in Northeast China, Gansu, western Xinjiang, and some parts of southwest China. From the perspective of time,
the future climate change would greatly affect the northwest of Shaanxi, the middle and lower reaches of the Yangtze River, the
central and western Inner Mongolia and other regions. The climate suitability of potato planting would obviously decrease.

[ Conclusion] In this study, the integrated species distribution models were constructed to predict the temporal and spatial
distribution characteristics of potato climate suitable areas in the future. Northeast, Gansu, Southwest and other regions of China
could be the main potato planting areas, while Xinjiang and other regions could be the main development areas. The rest regions
should be given priority to the development of other staple crops and cash crops according to local conditions.
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Table 1 SDM model inputs meteorological environmental factors

TE & X REHATEMR Hfr
Variable Definition Whether to use for modeling Unit
biol FEFI43EE  Annual mean temperature 7 No C
bio2 SEERAR R TP (il -SRI D & Yes C
Mean diurnal range (mean of monthly (max temp - min temp))
bio3 251 1 (BI02/B107) Isothermality (BIO2/BIO7) (x100) & Yes C
bio4 WEZETPE (BRUEIM22x100)  Temperature seasonality (standard deviation x100) % No C
bios % H 0 ¥ 35 =i 2. Max temperature of warmest month 2 Yes T
bio6 % A I 5AKHE Min temperature of coldest month 75 No C
bio7 L 4E AR AL 5 1 (BIO5-BIO6) Temperature Annual Range (BIO5-BIO6) 7 No C
bio8 eI X [ 34033 2 Mean temperature of wettest quarter % No T
bio9 I TRZE I FH4% % Mean temperature of driest quarter % No T
biol0 Tl B 2R FE 1A P 343 - Mean temperature of warmest quarter 75 No C
biol1l AL T % Mean temperature of coldest quarter & Yes T
biol2 4 f#/KH Annual precipitation 17 No mm
biol3 feitw H A 1B 7K & Precipitation of wettest month &= Yes mm
biol4 fe T 5 H B /K f Precipitation of driest month 17 No mm
biol5 PR (B RED  Precipitation seasonality (coefficient of variation) &= Yes —
biol6 Tl b X ¥ B /K 5 Precipitation of wettest quarter 17 No mm
biol7 I TIN5 /K 5 Precipitation of driest quarter % No mm
biol8 T ZEJE IR /K i Precipitation of warmest quarter % No mm
biol9 VA 2= E B /K & Precipitation of coldest quarter 7% No mm
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Fig. 2 Correlation diagram of the input environment factors in the species distribution models (SDMs)
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Table 2 Characteristics of species distribution model used in this study
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Model Characteristics References
IZIN ] TEPERENAR t G TR P I A 45 2 WL 0 P ¥ [15]
Maxent Selection of statistical characteristics of random variables is the most suitable criterion for objective conditions

B [l g AR YA 8 43 RS BRI B 7 Z ) RO A ELAR A S A SN/ N Il R R 4 SR 7 i 8 2 LT B8] 2 [16]
BRT EEEIE2 44 TN

Recursive binary segmentation is used to eliminate the interaction between predictors, and a large set of small

regression trees is established to represent the nonlinear correlation between responses and their predictors

ESME=ENAEVEL S
MARS

I3 7 K L e A S (KR A [0 0 7 i

Adaptive spline regression method for processing high-dimensional data

[17]

SR AL
SVM

A MM A 1) S 0 v o o R, 7 e 2 ) v A LE AN 5 B 2 ) F) B 2 e KA
Map data from low-dimensional vector to high-dimensional vector, and maximize the distance between positive set

and negative set in high-dimensional space

(18]

BEHLARAL
RF

1 Cart A 5|\ Bagging HVEBEAT 2 A TMIBIBEHUANEE, RIS VI3 B BAA YR 732K 3%, e ont 4k
g Eelinf o)<
Bagging algorithm is introduced into Cart decision tree for multiple random sampling, and then a single decision

tree classifier is trained to complete the construction of the integrated model

[19]
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Fig. 3 Distribution of climate suitability of potato cultivation in the historical period of 1970-2000 in China

2.3 RRSBETUTEREESEXERTILIFE

AR AT SO LS S, ) & 55 G 1 B S iR 0
X HAEAT G b (R 3D, ZiREW, SiEHE
DX 1 AR AR Ak 5 U 3 AR RO 5 A 5 UM OGOk
R, HomHso 5N AR ko> B ATy B . RIS
B DK TR S I e, 3 I B 5 IR = AR IR
TR MR IEARKR. BAKEL, 75 sspl26 155t
N RS B X AT A AR 10 SEAI K 2.4 X 10 km?,
X AU A 10 SEL 6K 4.1X10* km®, &G
B X BT B4 10 4F 4095k 20 6.5 X 10 km?; 1 ssp245
5, RS E X IHRCF 44 10 FHK 8.1x 10
km?, & B XA 10 R K 3.8 X 10% km?, &
TEE X EACE A 10 F> 11.9X10° km?s 7E
ssp370 1550, IROE DX AR T 44 10 35K 1301
X 10* km®, 3&HXEACFEA 10 FK 6.9x10°
km?, 0 B X RS AE 10 45> 20 X 10 km?s
7E ssp585 & T, ARIEE X IH AR 10 EHK
20.8X 10" km®, I E X [HIACTEIAE 10 SEHK 4.1X
10* km?, 35 B X B AR 10 R84 24.9 X 10°
km®o BEAh, HAR G RS B X AE AN R AR 4 H
U LEHE P 3 ARG B — 80, RIS B X > IRE B X >
T IS X o
2.4 DRESEERXMNTZOMEHE

LA BT 2080—2100 L5 FE#E 1970—2000 4 [A] 4%

3 REREETZUARHABEETARNARNNEED
HEMESERETEXEMNSEIT
Table 3 Summary of the climate suitable areas of different
grades for potato cultivation at different greenhouse

gas emission scenarios in different periods under
future climate change in China (x10* km?)

R G| fREEX EHKX REEKX
Scenario Period Low-suitable Suitable High-suitable
Di gt 1970-2000 262 407 296
Historical
sspl26 2021-2040 270 479 216
2041-2060 275 501 187
2061-2080 287 500 177
2081-2100 283 501 179
ssp245 2021-2040 275 476 214
2041-2060 283 504 177
2061-2080 301 507 156
2081-2100 320 497 147
ssp370 2021-2040 272 473 219
2041-2060 285 503 176
2061-2080 314 510 141
2081-2100 345 511 108
ssp585 2021-2040 273 484 207
2041-2060 294 509 161
2061-2080 339 509 116
2081-2100 388 507 69
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Fig. 4 Spatial and temporal distribution characteristics of potential climate-suitable areas for potato cultivation in China under four

different greenhouse gas emission scenarios (sspl126, ssp245, ssp370, and ssp585) in four future periods (2021-2040,
2041-2060, 2061-2080, and 2081-2100) under future climate change
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Green areas were the high-suitable areas for potato planting in the period of 2081-2100, while red areas were the reduced high-suitable areas in the future

compared with the baseline period of 1970-2000
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Fig. 5 Characteristics spatial and temporal distributions of high-climate-suitable areas for potato cultivation under four different

greenhouse gas emission scenarios (SSP126, SSP245, SSP370, and SSP585) in China
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