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Abstract; Study of the climatic suitability for the wine grapes has great significance for optimizing the distribution of wine
grapes and the utilization of climate resources. Based on the geographical distribution data of wine grapes ( Vitis vinifera L.)
and the climatic factors affecting the distribution of wine grapes, the Maximum Entropy model ( MaxEnt) and Geographic
Information Systems ( ArcGIS) were used to identify the dominant climatic factors affecting the planting distribution and
study the climatic suitability of wine grapes. The results indicated that the MaxEnt model could well simulate the potential
distribution of wine grapes in China, and the assessment result was excellent with the average AUC 0.936. The contribution
of climate factors to the geographical distribution of the wine grape was evaluated by Jackknife tests in the modeling analysis.
The frost-free period, aridity index, annual extreme minimum temperature, annual precipitation, sunshine duration of

growing season, and = 10 °C accumulated temperature were the main dominant climatic factors affecting the spatial
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distribution for wine grapes. At present, the areas of optimum, suitable and sub—suitable subregions for growing wine grapes
( Vitis vinifera 1..) accounted for 2.9% , 20.4% and 76.7% , respectively, to the total climate suitable planting area. The
optimum area was mainly distributed in Ningxia, Shaanxi, Shanxi, Inner Mongolia, Shandong, Hebei, Xinjiang, and

Gansu, considering only climatic factors, Shaanxi, Shanxi and Inner Mongolia had a large development room.

Key Words: wine grapes ( Vitis vinifera L.) ; climatic suitability; the Maximum Entropy model ; climatic impact factors
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Fig.1 Distribution of weather stations and wine grape planting locations in China
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Table 1 Potential climate factors affecting planting distribution of wine grape ( Vifis vinifera L.)

eSSl BRI T At 275 3CHik

Category Potential climate factors Variables References

LAFRA Live through the winter =% H SR/ C T, [11]
ety B A <l °C. T i [9-11]

HE PR Heat resources

=10 CHEIHBE/(C - d) T, [4,6,9,11,12]
RPN/ C T [12,29]
TeF/d FFP [8-11]

JK 53 4% Water conditions AEFK R/ mm P [28]
TR K [8-11]

JEHE Sunshine K ZE 4—9 A HIBEHU/L Sio [10]

i BIE A Quality formation EH SRR/ C Thor [6]
7—9 A AR/ C T 1o [12,28]
W 7—9 H KRB DI; 4 [4,12]
Y 7—9 H Bk R/ mm Py [10,13,28-29]
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SAREE R 25 0] 40 Ai P 5 5% 25 00 A R B AR 200 T 1E J5 A9 ZE RS I % /R 1 kmx 1 km P03
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SIS RIT 6 PR i A BB IR rh A TR, R T = 10°C TS Sh AR R H P RR 79 H
FEK A 5 H A S B F I S I GRHEAFINAE A B AUC (B, 53128 0.957 F10.917 (3£ 2) , HoAth /<
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K2 HETFHAT MaxEnt R R AUC &

Table 2 AUC values simulated by MaxEnt for different combinations of climatic factors

HFHE FEA MREAR
Factors combination Training data AUC Test data AUC
T s Toor s P1—9, Te, T ,FFP P K, Sy 0.955 0.917

Tm,g s T s DL g, Py_o,Tc, T, ;. ,FFP P K S, 4 0.954 0.915

T s> Taumr—0 »P7—o , Te, Ty, ,FFP . P_ K, S, 4 0.954 0.917
Toves Tauir—o ,Dlho, Te, T,y , FFP P K S, 0.953 0.916

T,, Ty DIy, Tc, T, ,FFP P K. S, 4 0.955 0.916

T, Tomi—o,DI_o, Tc, T, ,FFP P K S, 4 0.954 0.915

Ty, Ty Prg,Tc, T, ,FFP,P.K.S, 4 0.957 0.918

T, Towi—osP7_o,Tc, T, ,FFP P K S, 4 0.955 0.916
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Table 3 The accumulated percent contribution and permutation importance of the climatic factors affecting the planting distribution of

wine grape
A L NER A NER S R/ S i

Variables Percent contribution/% Accumulated percent contribution/% Permutation importance

FFP 36.2 36.2 31.2

21.3 57.5 12.5

16.9 74.4 9.9

T 7.5 81.9 18.4

Sy 6.3 88.2 16.4

T, 5.3 93.5 5.0

Tt 4.1 97.6 2.6

Pr_y 2.4 100 4.0

FFP: JC 75 Y] Frost-free period (day) ; K: T 2% Aridity index; P: 4F /K & Annual precipitation (mm); 7T, : W55 KM Annual extreme
minimum temperature( C) ;S, o :4:1$ZE 4—9 A H HAJ4L Sunshine duration of growing season during Apr. to Sep.(h) ;7,: =10 C{HsIFE =10 C
Accumulated temperature(°C + d) 5 Ty, : T #H F 35S % Mean temperature during the warmest month (°C) 5 P;_g: B BEIK (7—9 H ) The

precipitation of the maturation stage during Jul. to Sep.(mm)
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VARG HR A PIIE S Bili 453, T b A sk Z T T A B % Fig.3  Contribution of climate factors to planting distribution of
Eﬁg ,ﬁz%.%ﬁ]— El/‘J El ﬁ% . )J—‘sz%, U_l ZF\ﬂéu%jlj%B ﬂ/‘]% wine grapes ( Vitis vinifera L.) in China by Jackknife test
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SR o3 FRR AR A i R X 3 A I A
TGP 4 20 o3 L DX P AR AR B e (IR STRAE — 19——=12°C Z i), JCREATE 186—240 d Z[H], =10 “C FRIRAE 3500—
3630°C - d Z 0], THEEEAE 3.5 224 (K 5) , FETF Jackknife 434745 5 2 B 0ol 4 FH H B A BI04 780 A o3 ik
W/ PRI TEL 5 Sk FoA PR 7 PR AR - BPIR G I AR K 2R H IR BBORHASE Y 199 BT, i 38 B XA 4 2= H BRI 2807
1355 h Db AUf FHRE K —AN PR A0 4 A7 0 MR X6 2R K P i 7 45 R B . TRV 485 285 A A6 ME SR 0 Rk 2 F
075 U YRR DX R SR IX A — R WY Rl LXK AT WE T A A DX, /K AN S B A 7, PR AR RE TRE X
B KT 600—650 mn F P4, W TS 4 Bt B (B EE M AP MK F 650 mm 7 ZEREE
R K AR . 2 DR E L, HIRSE R R R EOTe R, AU T4 Rk i (1815)
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Fig.4 Climate suitable of wine grapes ( Vitis vinifera L.) in China
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Fig.5 Response curves of dominant climate factors to model prediction
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Fig.6 The proportion of different climate suitable areas to the total climate suitable planting area

GEFEH | TR TPG 7 250 A7 A3 B A 1 2 PN R 50 0 T 5 o, A% 3 T DX RS A 4 A K 2 F R
810 h DL b, S midi B X A K 25 H BBRHECEE 1355 h DAL DB H BERT%0 810 h BV AT 3 A R A5 45 A4 < (02
B ) H IR B R TR A AR K

T B R R AT ST T A AT )38 ‘L XA A R B (B AN P 3% PR 7 R A 7 AR 4045 1 1) R 4 A
B BREL, 52 M A 2 AE KO 2 U RIVE FH IR 25 5, 22 R 7 3 [R) VE FH %) 7 by 482 00 39 15 0504 P B R 7 B A A
FOLA5 1) f g 197 ph R [ R AN 58—

(3) Fridk I B SR B R 7 F2 B A 5 A DR - 7 BRI I 394 1 S5 4 265 DR TR G R 4 e A T Y
SRR TR 505 T340 AR 5 35 T R 46 28 431 505 8 R P e A 7R Ay 1 IR 4 2 o0 A 5 A
I 2Z [BI OGR4 T TR 4 7 45 DX S A AR AR AR (LA 25 R A S PRI 6 26 1) IO, TR I AN 2 T A 1 1
P FL X B LA A T, DRI, AR ROR A A B X A SRl L — 20 S HESR Ay B
I R SN T TR ST 5 R ANAE TR AR R 11 56 B 45 L UEA 720 2%, B a5 WS M TR 8 2653 R0 45 114 £ 8
TR TG 28 A Al T

4 #ig

T IV o PR 8 2 313 149 M RSBl B A DR 3 50l , R0 i DA i A T 3 532 e BRI PR 45 2 2 A5 )
ET MR T AT IO A R A 2 AR IE EL P . A5 SR T DRIE of RTY A  28 DR R A T U T
N ORI R AR S e UL AR K A AR KR 4—9 H H IR =10 °C B, Il PR 7 46 4
MBI T ZE A AR R L AL RE N /R S R 2 DY BRI A M IX S 7 B T N S R Y S0 e
T R 55 P 5 AL S PP LY R RS | LU AR~ AL b sk S 0 S B X HU A PR A 1 AR T
LR SRR PN RN e IR - S IS S R TN E RS SR NI ed e 1 8

http ; //www.ecologica.cn



6 4] ER A v DIV Ao SR TS 9 2 R A1 ) T2 AU R R P 5 U 2427

Brigh: B b TR R B R B B I R TR B3R rh B SUGJR ORI R ) RGBT B2 7
Kn b B KA /D7 25 T B B

22 3L R ( References)

[1] e, D, BFR, ke, IMNEE, TRE, X508, 196 (Y& (Vits L) FETSTETAME RO, M8 3R, 2017, 18
(1): 70-79.
[2] XURZ. s EREAE IR & R, JE 5, 2017, 49(1) : 1-4.
[ 3] Van Leeuwen C, Friant P, Choné X, Tregoat O, Koundouras S, Dubourdieu D. Influence of climate, soil, and cultivar on terroir. American
Journal of Enology and Viticulture, 2004, 55(3) . 207-217.
] BEDL. TR S X RIFE BRI A BT Aol B, 2004, (5): 61-63.
[ 5] Winkler A J, Cook J A, Kliever W M, Lider L. A. General Viticulture. Berkeley: University of California Press, 1974.
] Coombe B G. Influence of temperature on composition and quality of grapes. Acta Horticulturae, 1987, 206. 23-33.
[ 7] Budan C, Calistru G H, Metaxa G R. Le Microclimat et son influence sur la culture de la vigne dans queques vignobles de Roumanid//Ler Sympo

C R, ed. Ecologie de la Vigne, C R lerSympo. Interna Ecologie Vigne, 1978 99-111.

[ 8] Zfe, T4, JEM, K4=. REMHHE UEX QDT . B T4, 2007, 25(19) @ 57-64.

[9] X, &%, T4 PEMHURKR L. $Hi5505%. B2, 2017, 62(14) ; 1527-1538.

[10] AR v el R 4 A A X R B A XIRAEFFE [ D] Bt M st i B TR K%, 2012.

[11]  skmbeks, ZR203e, BRIF, sk, o0k, Sisde, 7. hEI T amHm#E A S X, A4, 2014, 33(11) : 3107-3111.

[12]  ZEZAh, ABRAMK, BB, EE5FE. Brsmis 42 <o X R ps. PEdbAk-zBes=4, 2005, 20(1) ; 38-40.

[13] FAe, RALr, Zefe | T8, B, (IR BN A2 <k X R, BHECT4z, 2010, 28(21) : 63-67.

[14] EHE, £, AR, M, EHERK, R HREESEX R S EI. FZ%H, 2017, 44(4) ; 792-802.

[15] Af, TRy, FRIThS. F 1A% 0 DR KR A po 35 DO, PSR, 2018, (3): 5-12.

[16] Butterfield R E, Harrison P A, Orr J L, Gawith M J, Lonsdale K G. Modelling climate change impacts on wheat, potato and grapevine in great

Britain//Downing T E, Harrison P A, Butterfield R E, Lonsdale K G, eds. Climate Change, Climatic Variability and Agriculture in Europe: An
Integrated Assessment. Oxford: University of Oxford, 2000 265-288.

[17] Jones G V, White M A, Cooper O R, Storchmann K. Climate change and global wine quality. Climatic Change, 2005, 73(3) : 319-343.

[18] Tate A B. Global warming’s impact on wine. Journal of Wine Research, 2001, 12(2) : 95-109.

[19] Mozell M R, Thach L. The impact of climate change on the global wine industry: challenges & solutions. Wine Economics and Policy, 2014, 3
(2): 81-89.

[20] far@ps, JATME 3R EEFERGTERRL G XA Bk, AR5, 2012, 32(12) : 3931-3939.

[21] REIGRI, fIZ=Fe, MARYE, B, R HT MaxEnt 85574 R b D AR B0 M A8 Ak A R 7 PP AG. A2 252441, 2019, 39(24) .
9033-9043.

[22] T4, W%, EUE, TO5E, M. JET MaxEnt SUPEATOMTE AL X A9 25 [ 204 22855441, 2019, 39(9) « 3277-3286.

[23] Phillips S J, Dudik M, Schapire R E. A maximum entropy approach to species distribution modeling//Proceedings of the Twenty-First International
Conference on Machine Learning. New York: ACM, 2004 655-662.

[24] HR, i3, HERE. W9 R DCHE MR R4G BT ™ e AR, YR S SR, 2010, 4(6) : 47-49.

[25] Sivilotti P, Christian B, Paladin M, Peterlunger E. Effect of soil moisture availability on merlot; from leaf water potential to grape composition.

American Journal of Enology and Viticulture, 2005, 56(1): 9-18.

[26] M. fOlbSMBEE TS, bR, dbafl R AR, 1991.

[27] i, fGafd, SKyA L AR 2524 00 TR B HE B 0N FHITIR. YA &S24, 2004, 28(6) : 853-861.

[28] fM&fE~, A, SRIEP, (har 2. T L0500 A A S A5 X SRR T8 BR T B e M e 75 A A AR B S RIS , 1997, (3) : 22-26.

[29] ZEiCWA, SRi4E, HTETT. Bevh & BRI 4 X R, TR X AT, 1999, 17(3) : 126-129.

[30] AaEfE, B, WKH, 229, XIS, a0, TS ENBFE A SR R ME b7 2400 A SR PR IR#4i, 2015, 30(7) .

1141-1152.

[31] %48, T o, Bk, fTbhk, XIBrE, ZRIER, JMadn. [QBER A ML 50 BE Y LU Y
27(5) : 173-179.

[32] Phillips S J, Anderson R P, Schapire R E. Maximum entropy modeling of species geographic distributions. Ecological Modelling, 2006, 190(3/
4): 231-259.

[33] 1IPCC. (2007) Climate Change 2007 Synthesis Report. Contribution of Working Groups I, Il and III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Geneva: IPCC, 2007.

BASP AT . EUERNY:, 2005,

[34] Wang, X Q, Xie, X L, Chen N, Wang H, Li H. Study on current status and climatic characteristics of wine regions in China. Vitis, 2018, 57; 9-
16.
[35] 2, Haf, BT, 06, WA, BN H AR Son THAR. Jbat. hELll T i, 2001.

http ; //www.ecologica.cn



