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  : Ҳ ҿҲ , ԓῚ ᴍẅ, ɼ Ҳ, 

ԓ Ӕ ↔ ⅎ , ₴ ԋ ҅ ɻ ɼ ɻ ɻ ɻ

Ӏ֥ ᴓ ԋ Ṣ ↔ , ᵜ ╦ Ṣ ⅎ , ҙ

ᵊ Ṣ ꜘ◌, Ғ Ὴ ֥ ɼ ᵣ ᴌ MaxEnt, 

Ṣ Ґ Ҳ ⅎ Ὶ ԓ⌐װ , ᴮ ֥ҟ ɻḌ ֥ҟ ɼ ԓ ╦

IPCC AR5 ₴ 3 Ṣ װ Ҳ ⅎ Ḫ , MaxEnt ᵣ ArcGIS ԋҲ

ᵲ ,שׂ (receiver operating characteristic curve, ROC ) ɻ№⅓

(jackknife test) Ӏ ɼ , ԓ ╦ Ҳ ⅎ AUC(area under 

curve)ẅ └ñ ò ‼, ԓ ɼ ╦ Ṣ ᴌҐ, Ҳ Ӏ ɻ

ɻ ɻ ɻ ɻ ɻ ɻ ɻ ɻ ᴓ, 1.01×106 km2ɼҲ װ∑ ҿҲ

, ɻ ɻ ɻ ҡ , ҿ 6.79×105 km2ɼRCP2.6 RCP4.5 Ґ, Ҳ

ⅎ ɻ Ҳ ᵣ Ғ , ꜘ RCP8.5 ,שׂ Ґ,  ɼRCP4.5שׂ

RCP8.5 Ґ, Ҳ Ҳ ꜠ ɼMaxEntשׂ Ṣ ᴌҐҲ
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Potential distribution of Actinidia chinensis in China and its predicted response to climate 

change* 

WANG Rulin1,2, LI Qing1** , HE Shisong3, LIU Yuan3 

(1. College of Agronomy, Sichuan Agricultural University, Chengdu 611130, China; 2. Sichuan Provincial Rural Economic 

Information Center, Chengdu 610072, China; 3. Kiwifruit Institute of Cangxi County, Cangxi 628400, China) 

 

Abstract: Kiwi fruit (Actinidia spp.,) belonged to Actinidiaceae,, is a type of perennial deciduous woody liana and an important class 

of berry fruit. With rich sugar, protein, amino acids, vitamins and especially high vitamin C content, the kiwifruit is known as ñthe 

king of the fruitò and has a good market prospect. A. chinensis is a species endemic in China with a fast-expanding planting area due 

to its unique subtle flavor and high economic value. Optimization of planting scale and distribution of the crop has been the major 

concern for regional planning. The objective of this study was to test and determine the possibility of using the MaxEnt (the 

maximum entropy) model to simulate and predict future large-scale distribution of A. chinensis. Based on current environmental 

factors, three future climate scenarios suggested in the IPCC fifth report and current distribution sites of A. chinensis, the MaxEnt 

model was used in combination with ArcGIS to predict the potential geographic distribution and trend of change of A. chinensis in 

China. The dominant factors were chosen using the jackknife test and the receiver operating characteristic curve (ROC) used to 

evaluate the simulation. The results showed that high value of area under curve (AUC) denoted good results which significantly 

differed from random predictions. Based on the evaluation criterion, the accuracies of the predictions of A. chinensis potential 

distribution in the current and future periods were excellent. The predicted result of the MaxEnt model was imported into 

ArcGIS10.0 for further analysis and showed that under present climatic conditions, the total suitable area was 26.92% of the total 

land area in China. The potential distribution was highly consistent with the locations of specimen records and field surveys. The 

highly suitable areas were in Sichuan, Shaanxi, Chongqing, Hubei, Guizhou, Zhejiang, Hunan, Anhui, Henan, Jiangsu and Gansu 

Provinces. The areas of highly suitable habitat in the main producing provinces were analyzed statistically. The results showed that 

under the current conditions, the most suitable area for A. chinensis cultivation was 1.01×106 km2, accounting for 38.94% of the total 

suitable areas. The moderately suitable areas were in Henan, Hubei, Anhui and Shandong Provinces, with the area of 6.79×105 km2, 

accounting for 26.26% of the total suitable areas. Comparison of future suitable areas with current suitable areas showed that areas of 

high suitability increased under scenarios RCP2.6 and RCP4.5, but decreased under scenario RCP8.5. Under scenarios RCP4.5 and 

RCP8.5, the mean center of highly suitable area of A. chinensis moved northward. The result showed that the MaxEnt model was 

highly reliable in determining not only the range of geographic distribution of A. chinensis, but also in identifying dominant 
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environmental factors driving the geographic distribution. Whereas climate was a decisive factor in species distribution, change in 

distribution pattern of species was the most direct effect of climate change. The results provided a critical reference base for A. 

chinensis plantation pattern and countermeasures to cope with climate change in China. 

Keywords: Actinidia chinensis; MaxEnt model; Environmental variables; Climate change; Suitable area analysis; Representative 

concentration pathway scenario 

 
ҍ Ṝӊ ԑᵬ № , Ṝ Ҍֽ ץ , ғ

Ҍ Ȃ ҉, Ṝ № Һ [1]Ȃ῾ҙ ֟ ᶭ

Ṝ ᴆ, Ṝ ῾ᵬ ⅞, ῒ ȁ ֟ [2-4]Ȃ №  

(species distribution models, SDM) Ṝ № ΐ, 

ῤ ⌠ , ╠ MaxEnt (maximum entropy model)ȁ ԍ ᴰ ↕

GARP(genetic algorithm for rule set produciton model)ȁ Ṝ BIOCLIM(biological climatic model)

Ṝꜚ ᴆ Climex (match climate and compare location model) 14 № [5-7]ȂMaxEnt

ԍῒז , ⱴӊ ᴆΐ ȁ ᵬ Ḃȁ

ҙῤ ⌠ԅ [8]Ȃ , ῤ ≠ MaxEnt ⱳ ԅ Ṝ (Oryza 

sativa)[9]ȁ (Zea mays)[10]ȁ (Triticum aestivum)[11] ᵬ , № ԅ Ṝ ҍ №

ӊ ῏ , ԅ Ȃ 

    (Actinidia spp.), , ԍ (Actinidiaceae), (Actinidia), ҹ

, 20ҕ ֲ ӊѿ[12]ȂҬ ҕ Ҭ , 

66ҩ Ҭ 62ҩ ֟ԍҬ [13]Ȃ , ῾ҙ֟ҙ , ֟ҙ , 

֟ ⌠ , ╠ ֟ ≠, ҹҕ ѿ֟₮ Ȃ

Ҭ (Actinidia chinensis) (Actinidia deliciosa) ңҩ ȂҬ

ҹҬ , ԍῒ ȁ ᴇṿ , Ȃ Ҭ, ԍ ӎ

⅞ № , ₮ ԅ ѿ ȁ [14-15]Ȃ ҉ , [16]ȁ
[17]ȁ [18]ȁ [19] [20] ᴍ ԅ Ṝ ⅞ , ֟Ҭ ⌠ԅ

ᵬ Ȃᵖ ╠ Ṝ № , ғᵄ Ṝ ⱴ▲, 

Ҍ ῃ ֟ , Ҭ Ṝ ԍ≠ץ ,

ᴨ ֟ҙ ȁḆ ֟ҙ Ȃ ≠ MaxEnt , GIS , Ҭ Ҭ

№ , ȁ ȁ№ Ҭ 3 Ṝ (RCP2.6ȁRCP4.5 RCP8.5)Ҋ№

, Ҭ ⅞ ץ , ҹῒ ֟ Ṝ

ᶫ Ȃ 

1  ҍ  

1.1  ᴆ  

    ԍ MaxEnt ᴆ Ҭ Ҭ № Ȃ

Robert Schapire Ҭ MaxEntҺ ᾧ Ҋ ᴆ, ╠ ҹ 3.3.3k [21]Ȃ 

   ArcGIS ᴆ MaxEnt ⌠ ҉ , Ҭ № №

Ȃ 

1.2  №  

ᵝ [22-23], ᾢ № , Ҭ ῤҬ

№ ҹ , GPS , ῒז № ↕ №

ῤ Ὲ Ҭ ῏ ℮ Ȃ ñ ῾ҙҍ

Ҭ (CABI, http://www.cabi.org/)òȁñῃ Ḥ (GBIF, http://www.gbif.org/)òñ

῍֣ ò(http://mnh.scu.edu.cn/)Ȃ ҉ ῍ № 283ҩ, ᶏ Google Earth ᴆ

№ Ḥ , MaxEnt ᴆ , ȁ № Ȃ

ᶏ Excel , Ḡ ҹ*.CSV[24]Ȃ 

1.3   

ᵝ , Ȃ ׆ worldclim Ҋ ԅ 67ҩ , 

19ҩΐ ӈ Ṝ ( ֓ ץ ҹ , Ҍ

Ṝ , ҍ )ȁ ȁ ȁ ᵞ
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Ȃ҉ № 2.5arc-minutes( 4.5 km2)Ȃ ╠ worldclim Ҋ Ȃ

Ṝ Ғ ᴪ(IPCC) 5 ᵀ ῍ 4 ῖ [25](representative concentration 

pathways, RCP), RCP2.6ȁRCP4.5ȁRCP6.0  RCP8.5ȂῒҬ RCP4.5 RCP6.0 ҹҬ CO2

, ғ╠ ᴨᾢ ԍ , RCP2.6 ( ᵞ CO2 )ȁRCP4.5(Ҭ CO2 )

RCP8.5( CO2 )3 ᵬҹ Ṝ Ȃ 2030s(2021ð2040 )ȁ2050s 

(2041ð2060 )ȁ2070s(2061ð2080 ) 2080s(2071ð2090 ), ῾ҙҬ (International 

Centre for Tropical Agriculture, CIAT) Ҋ [26]Ȃ 

1.4  Ҭ ҍ ᴇ 

ᶏ : ῀Ҭ № , 75% Ҭ № ᵬҹ

(training data) , ▼ᵩ 25% Ҭ № ᵬҹ (test data) , ₴℗

(jackknife test) , ⇔ , ῒᵩ ṿ[27]Ȃ 

₮ ҹ ASCň , ≠ ArcGIS ArcToolbox ΐ, ҹ Raster

, ᶏ ArcGISҬ ȂMaxEnt ᴆ ₮ ṿ 0~1ӊ , ṿ 1

Ȃ ᵬ (ROC , receiver operating characteristic curve)№

ᴇ, Ҋ ṿ(area under curve, AUC) , ҉ AUC ṿ ҹ 0.5~1, 

AUCṿ 1 Ȃΐᵣ ᴇ ‰ 1[28-29]Ȃ 

1  Ҋ ṿ(AUCṿ) ṿ ῒҍ MaxEnt ‰ ῏  

Table 1  Relationship between area under curve (AUC) and the accuracy of the MaxEnt model 

AUC ṿ  

Range of AUC value 

ᴇ ‰ 

Evaluation criterion 

0.5ŮAUC<0.6  Fail 

0.6ŮAUC<0.7  Poor 

0.7ŮAUC<0.8 ѿ  Fair 

0.8ŮAUC<0.9  Good 

0.9ŮAUC<1.0  Excellent 

1.5  Ҭ ⅞№ 

    MaxEnt ₮ ҹ ASCň ᴆ, ᾢᶏ ArcGIS ArcToolbox ΐ, 

ҹRaster , ᶏ ArcGISҬ , ᶏ ñ № òⱳ ⌠Ҭ

№ [24,30]ȂMaxEnt ᴆ ₮ ṿҹ 0~1, ṿ 1 Ȃ IPCC
[31-32]῏ԍ ᵀ ⅞№ , Ҭ ’, ≠ ñReclassifyòⱳ , ⅞№№ ṿ

№ , ᶏ Ҍ , ⅞№ ‰ҹ: <0.05ҹҌ ; 0.05Ů <0.33ҹ

ᵞ ; 0.33Ů <0.66ҹҬ ; ů0.66ҹ Ȃ 

1.6  ₃ᵥҬ ᵝ  

    Yue [33] , ԅ Ҍ ץ’ ῒҬ ᵝ , ΐ

ᵣ Ὲ Ҋ:  
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Ҭ: Dҹ t ⌠ t+1 ᵝ ; qҹ t ⌠ t+1 ᵝ , 0°< q<90°
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ᵝ ҹқ , 90°<q<180° ᵝ ҹ , 180°<q<270° ᵝ ҹ , 

270°<q<360° ᵝ ҹқ Ȃ 

2  ҍ№  

2.1  Ҭ № ῏ ᴇ 

2.1.1   

∆ № 19 ҩ Ṝ Ṝ , 
[34-35], ֓ ӊ Ҍ ᾧ ῏ , ֓ ῏

Ҭᴪ ῀ΌᵩḤ , Ȃ , ᾢ ῏№ Ȃ Ҭ, 

Worthington [36] , , ΐᵣ ҹ: ᾢῃ ∆ , MaxEnt

ᴆҬ ₴℗ (Jackknife) ץ , ╧ MaxEnt

Ȃῒ , ≠ SPSS ᴆ ῏ └ spearman ῏№ , ῏

|r|ů0.8, ↕ ∆ Ҭԋ , ╧ , Ȃ ҉ , 

῍Ḡ ԅ 22 ҩ ף) ᵝ 2), ҉ Ҭ Ҭ № , 

‰ ᴇȂ 

2  Ҭ № 22ҩ ῒף ᵝ 

Table 2  Codes and units of environmental variables used for simulation of potential distribution of Actinidia chinensis  

ף  

Code 

 

Environmental variable 

ᵝ

Unit 

Bio2  Mean diurnal temperature range Ņ 

Bio5  Max temperature of the warmest month Ņ 

Bio6 ‛ ᵞ  Min temperature of the coldest month Ņ 

Bio7  Annual temperature range Ņ 

Bio9  Mean temperature of the driest quarter Ņ 

Bio11 ‛  Mean temperature of the coldest quarter Ņ 

Bio12  Annual precipitation mm 

Bio14  Precipitation of the driest month mm 

Prec5, 9, 12 5ȁ9 12  Precipitation in May, September, December mm 

Tmax2, 4, 9, 10, 11, 12 
2 ȁ4 ȁ9 ȁ10 ȁ11 12  

Maximum temperature in February, April, October, November, December, and September 
Ņ 

Tmin3, 4, 10, 11 3 ȁ4 ȁ10 11 ᵞ  Minimum temperature in March, April, October, and November Ņ 

Tmean5 5  Mean temperature in May Ņ 

2.1.2  ROC AUCṿ ‰ ᴇ 

1 ╠ Ṝ ᴆҊ ROC , Ҭ ԍҺ Ҭ Ҭ

№ AUCṿҹ 0.960, ɰ 1 AUCṿ ᴇ ‰, ‰ ⌠ñ ò

‰; 2ҹ Ҍ Ṝ Ҋ MaxEnt ROC , AUCṿ

⌠ñ ò ‰Ȃ҉ Ḥ , ԍ№ Ṝ Ҭ Ҭ №

Ȃ 

 
1  ╠ Ṝ Ҭ MaxEnt ROC  

Fig. 1  ROC curve of MaxEnt model for Actinidia chinensis under current scenario 
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2  3 Ṝ ҊҬ MaxEnt ROC  

Fig. 2  ROC curves of MaxEnt model for Actinidia chinensis under 3 climate change scenarios 

  

2.2  Ҭ Ҭ №  

( 3) № ( 4) , ╠ Ṝ ᴆҊ, Ҭ Ҭ 25°~36°N , 

101°~122°E , қ Ҍ № , 2.58×106 km2, Ҭ 26.92%ȂῒҬ Һ

ᵝԍ ȁ ȁ ȁ ȁ ȁ ȁ ȁ ȁ ȁ ᴍ, 1.01×106 km2, 

38.94%; Ҭ № , Һ Ҭ Ҭқ , ȁ ȁ ȁ

қ , ҹ 6.79×105 km2, 26.26%; γ Ԑ ȁ ȁ

ᴍ, ҹ 8.99×105 km2, 34.8% 

ҹ 2030sȁ2050sȁ2070s 2080s, 3 Ṝ ҹ RCP2.6ȁRCP4.5 RCP8.5, 

4 4 , ҉ ҊҬ ȁҬ ׅҺ Ҭ ȁ ȁ ȁ

, Ҍ ȁҌ Ṝ Ҋ№ Ҍ Ȃ 
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3  ԍ MaxEnt Ҭ Ҭ №  

Fig. 3  Potential distribution of Actinidia chinensis in China based on MaxEnt model 

 
4  3 Ṝ ҊҬ  

Fig. 4  Predicted future suitable areas for Actinidia chinensis under 3 climate change scenarios 
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4  Ҭ ╠ (1950ð2000 ) Ṝ ᴆҊ  

Table 4  Predicted suitable areas for Actinidia chinensis under current and future climatic conditions 

 ף

Decade 

Ṝ  

Climate 

scenarios 

ᵞ  

Lowly suitable area 

Ҭ  

Moderately suitable area 

 

Highly suitable area 

 

Predicted area 

(×104 km2) 

╠  

ᶛ 

Proportion of current 

predicted area (%) 

 

Predicted area 

(×104 km2) 

╠  

ᶛ 

Proportion of current 

predicted area (%) 

 

Predicted 

area 

(×104 km2) 

╠  

ᶛ 

Proportion of current 

predicted area (%) 

╠(1950ð2000 ) 

Current (1950-2000) 
̇  89.91 ̇ 67.86 ̇ 100.62 ̇ 

21ҕ 30  ף

2030s 

RCP2.6  91.77 102.07 70.39 103.37 108.84 108.18 

RCP4.5 101.27 112.64 86.81 127.92  86.89 86.36 

RCP8.5 122.19 135.90 62.01  91.38 106.94 106.29 

21ҕ 50  ף

2050s 

RCP2.6 102.34 113.83 66.93  98.62 108.43 107.77 

RCP4.5  93.77 104.29 59.29  87.37 116.97 116.25 

RCP8.5 112.79 125.44 65.02  95.82 110.06 109.39 

21ҕ 70  ף

2070s 

RCP2.6  45.85 ̇ 75.87 111.81 113.10 112.41 

RCP4.5 111.01 123.55 79.71 117.15 108.49 107.83 

RCP8.5 120.82 134.38 58.53  86.24 122.72 121.96 

21ҕ 80  ף

2080s 

RCP2.6  89.82  99.91 81.41 119.96 108.28 107.62 

RCP4.5  80.19  89.19 68.21 100.52 148.29 148.37 

RCP8.5 100.49 111.77 80.21 118.19 109.38 108.70 

2.3  Ҭ Ҭ Ҭ ᵝ  

╠ RCP2.6 Ҋ, ꜚ ⱴ Ȃל ᵣ҉ ╠ 1.01×106 km2 ⱴ

2080s 1.08×106 km2( 4)Ȃ ╠ 2080s, Ҭ Ԑ ( ╠) (2030s)ȁ

(2050s 2070s)β (2080s)( 5), ᵣ҉ қ ꜚ 82.39 km( 5)Ȃ 

╠ RCP4.5 Ҋ, ᾢ⁞ ⱴ Ȃל ᵣ҉ ╠ 1.01×106 km2 ⱴ

2080s 1.48×106 km2( 4)Ȃ ╠ 2080s, Ҭ Ԑ ( ╠ 2030s)

(2050s)ȁ (2070s)β (2080s)( 5), ᵣ҉ ꜚ 32.44 km( 5) Ȃ 

╠ RCP8.5 Ҋ, ᾢ ⱴ ⁞ Ȃל ᵣ҉ ╠ 1.01×106 km2 ⱴ

2080s 1.09×106 km2( 4)Ȃ ╠ 2080s, Ҭ Ԑ ( ╠) (2030s)ȁ

(2050s)ȁ (2070s)β (2080s)( 5), ᵣ҉ қ ꜚ 40.82 km( 5) Ȃ  

5  3 Ṝ ҊҬ Ҭ ᵝ  

Table 5  Shift distance and direction of mean center of highly suitable area of Actinidia chinensis under 3 climate change scenarios 

 

Period 

RCP2.6 Ṝ  SRES-RCP2.6 RCP4.5 Ṝ  SRES-RCP4.5 RCP8.5 Ṝ  SRES-RCP8.5 

ᵝ  

Displacement 

(km) 

 

Direction 

 

Angle 

( )̄ 

ᵝ  

Displacement 

(km) 

 

Direction 

 

Angle 

( )̄ 

ᵝ  

Displacement 

(km) 

 

Direction 

 

Angle 

( )̄ 

╠ 2030s  

From current to 2030s 
108.84 

қ

Southeast 
279.2  9.68 

қ  

Southeast 
290.23 106.56 

қ

Northeast 
 66.37 

2030s 2050s  

From 2030s to 2050s 
 58.65 

Northwest 
 94.87 47.70 

қ  

Southeast 
344.09  73.01 

Southeast 
265.52 

2050s 2070s 

 From 2050s to 2070s 
 60.54 

қ

Northeast 
 31.19 33.70 

қ  

Northeast 
 32.51  88.50 

Northwest 
 97.14 

2070s 2080s  

From 2070s to 2080s 
 62.73 

қ

Southeast 
357.39 74.00 

Northwest 
132.39  92.80 

қ

Southeast 
281.38 

╠ 2080s  

From current to 2080s 
 82.39 

қ

Southeast 
316.83 32.44 

Northwest 
153.71  40.82 

қ

Northeast 
 43.31 
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5  3 Ṝ ҊҬ Ҭ  

Fig. 5  Variation of mean centers of highly suitable areas under different 3 climate change scenarios  

 

3  ҍ  

MaxEnt ᴆ ԍ ץ , № ҹ , ≠ №

№ Ȃᴧ [37], № MaxEnt , 

MaxEnt ᴆ № Ҭ Ȃ ╠ ROC ( AUC

) ᴇ[38], AUC ṿ 0.5~1, ṿ ԍ 1 [39]Ȃ , 

╠ Ṝ ҊҬ AUCṿ ԍ 0.9, ‰ ñ ò ‰, 

№ ҍҬ № ץ , ԍҬ Ҭ № ҍ Ṝ῏

Ȃ , ≠ Ḥ ᴆ ArcGIS MaxEnt ₮ ᴆ , ᶏ

№ ҍ ᾝ҉ , ᵞԅ , ѿ ԅ ‰ Ȃ 

≠ ArcGIS ᴆ ԅ 3 Ṝ ҊҬ ’, , 

2080s, ȁҬ RCP2.6ȁRCP4.5 RCP8.5 Ҋ ⱴ, ⱴ Ҍ Ȃ

Ҍ Ҋ Ṝ Ҭ № ѿ Ҍ Ȃ ᵬ

№ MaxEnt ‰ Ȃ [40]≠ MaxEnt№ ԅҬ ᵣ

Ҋ(RCP4.5)Ҭ Ҭ № 2050 , ,ל , Ҭ

╠ Ҋ , ҍ Ҍ ῃ , ԅҌ Ҍ №

Ȃ 

Ṝ ‗ ҉ № Һ , № ↕ Ṝ

Ȃ Ṝ ⱳ , ᶏ ҍ№ Ȃ

Yue [33] ץ , ᵬҹ , ԅҌ Ҭ ᵝ , № ԅ Ҭ

ᵝ ԅҬ ,ל Ṝ , , ⌠ 2080s, ȁҬ

Ҭ Ҍ ȂῒҬ Ҭ 3 Ҋ Ẓ ꜚ, ҍ

ҍ ⱴ ῏( ׆ ;(6 Ҭ ₮, Ҍ Ҭ ᵝ

, ῒ ԍ ╠ Ṝ Ҍ , ╠ Ṝ ҹ 1950ð2000 , 

Ṝ ҹ 2030ð2080 , 2000ð2030 Ҭ ꜚ Ȃ 
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6  Ṝ ҊҬ ҍ  

Table 6  Changes in annual mean temperature and annual precipitation under different climate change scenarios in China 

Ṝ  

Climate change 

scenario 

ᴍ 

Year 

 

Range of annual mean 

temperature (Ņ) 

 

Annual mean 

temperature (Ņ)  

 

Range of annual 

precipitation (mm) 

 

Annual precipitation 

(mm) 

╠ Current 1950ð2000 -13.8~25.8   6.15 12~4 199   621.59  

RCP2.6 Ṝ  

SRES-RCP2.6 

2030s -18.2~27.1  6.68 16~5 062   824.16  

2050s -17.7~27.3  6.94 18~5 149   857.32  

2070s -17.6~27.4  6.89 22~5 155   849.40  

2080s -17.9~27.3  6.79 22~5 101   845.79  

RCP4.5 Ṝ  

SRES-RCP4.5 

2030s -18.0~27.2  6.73 16~5 086   822.52  

2050s -17.1~27.6  7.28 19~5 201   849.65  

2070s -16.6~27.8  7.74 22~5 155   858.04  

2080s -16.4~27.9  7.69 21~5 143   859.39  

RCP8.5 Ṝ  

SRES-RCP8.5 

2030s -17.5~27.4 11.92 21~5 054   819.23  

2050s -16.4~27.9 11.65 21~5 149   858.42  

2070s -14.4~29.0 11.49 27~5 261  2 024.12 

2080s -13.4~29.4 11.99 29~5 286 2 075.86 

 

ᵝ Ẋ ᵝ Ḡ , ȁ ᴪ

ⱬ [41]Ȃ Ҭ Ҋץ : 1) Ҭ 19ҩ ץ ҹ , 

Ҍ , ֓ ӊ Ҍ ᾧ ῏ , 

Ҭᴪ ῀ΌᵩḤ , Ȃ ᾢ ₴℗ ῏№ , 

№ , ╧ , ԍҺ , ԅ

‰ Ȃ2) ԅ ҊҬ , ᶏ RCP2.6ȁRCP4.5 RCP8.5 

3 Ṝ Ȃ ץ , ╠Ҭ ᵬҹ№ , ᴪ

№ , Ҍ ᾧ Ȃ3) Ҭ Ҭ № Ҍֽֽ

Ṝ ᴆȁ ȁ ȁ ȁֲ ꜚ , ᴪ ȁ

֟ ᴪ ῒ№ ֟ [42-43]Ȃ ԍ҉ ץ , , MaxEnt

ᵝ Ҭ ᵝ Ȃ ԍ └, ֽ ԅ ң Ṝ

№ , Ҋѿ ᵬҬ, ԑᵬ Ḥ ץ , Ȃ  

 

 References 

[1] , ᶃᶃ, Ҽ. Ṝ : [J]. , 2009, 18(2): 693ï703  

 Wu J G, Lv J J, Ai L. The impacts of climate change on the biodiversity: Vulnerability and adaptation[J]. Ecology and 

Environmental Sciences, 2009, 18(2): 693ï703  

ᾣ, , . ῃ ,שּׂ [2] Ṝ Ҭ └ ŋ. Ṝ Ҭ ᵬ

№ [J]. Ҭ ῾ҙ , 2010, 43(12): 2477ï2484  

 Li Y, Yang X G, Wang W F, et al. The possible effects of global warming on cropping systems in China ŋ. The possible effects of 

climate warming on geographical shift in safe northern limit of tropical crops and the risk analysis of cold damage in China[J]. 

Scientia Agricultura Sinica, 2010, 43(12): 2477ï2484  

[3] , , , . Ṝ ᵬ Ṝ [J]. Ҭ , 2010, 30(3): 633ï639  

 Deng Z Y, Zhang Q, Ning H F, et al. Influence of climate warming and drying on crop eco-climate adaptability in Northwestern 

China[J]. Journal of Desert Research, 2010, 30(3): 633ï639  

[4] , ᾣ, , . Ṝ Ҋқ ҈ Һ ᵬ ֟ ⱬ ≠ [J]. , 

2015, 26(10): 3091ï3102  

 Wang X Y, Yang X G, Sun S, et al. Comparison of potential yield and resource utilization efficiency of main food crops in three 

provinces of Northeast China under climate change[J]. Chinese Journal of Applied Ecology, 2015, 26(10): 3091ï3102  

[5] Anderson R P, Raza A. The effect of the extent of the study region on GIS models of species geographic distributions and 

estimates of niche evolution: Preliminary tests with montane rodents (genus Nephelomys) in Venezuela[J]. Journal of 

Biogeography, 2010, 37(7): 1378ï1393  

[6] , ↔ , ḍ, . ᵝ ῒ Ḡ Ҭ [J]. , 2013, 21(1): 

90ï98  

ch
in

aX
iv

:2
01

71
2.

01
70

5v
1

ChinaXiv合作期刊



 Zhu G P, Liu G Q, Bu W J, et al. Ecological niche modeling and its applications in biodiversity conservation[J]. Biodiversity 

Science, 2013, 21(1): 90ï98  

[7] ᴂ , , . № ᴇ [J]. , 2015, 35(2): 557ï567  

 Xu Z L, Peng H H, Peng S Z. The development and evaluation of species distribution models[J]. Acta Ecologica Sinica, 2015, 35(2): 

557ï567  

[8] , ↔ , ↔ , . № [J]. , 2013, 33(16): 4827ï4835  

 Li G Q, Liu C C, Liu Y G, et al. Advances in theoretical issues of species distribution models[J]. Acta Ecologica Sinica, 2013, 

33(16): 4827ï4835  

[9] , . Ҭ № ῒ Ṝ [J]. , 2011, 31(22): 6659ï6668  

 Duan J Q, Zhou G S. Potential distribution of rice in china and its climate characteristics[J]. Acta Ecologica Sinica, 2011, 31(22): 

6659ï6668  

[10] ᵥ , . № Ṝ [J]. , 2012, 32(12): 3931ï3939  

 He Q J, Zhou G S. Climatic suitability of potential spring maize cultivation distribution in China[J]. Acta Ecologica Sinica, 2012, 

32(12): 3931ï3939  

[11] , . ≠ (MaxEnt) Ҭ  № ף ꜚ [J]. Ҭ ῾ҙ , 2012, 33(4): 

481ï487  

 Sun J S, Zhou G S. Inter-decadal variability of winter wheat planting zone in China during 1961 to 2010 simulated by maximum 

entropy (MaxEnt)[J]. Chinese Journal of Agrometeorology, 2012, 33(4): 481ï487  

[12] , ḍ , , . (Actinidia) ᴰ [J]. , 2000, 8(1): 1ï12  

 Huang H W, Gong J J, Wang S M, et al. Genetic diversity in the genus Actinidia[J]. Chinese Biodiversity, 2000, 8(1): 1ï12  

[13] , . Ҭ ҍ≠ [J]. , 2003, 20(6): 648ï655  

 Xu X B, Zhang Q M. Researches and utilizations of germplasm resource of kiwifruit in China[J]. Chinese Bulletin of Botany, 2003, 

20(6): 648ï655  

[14] ↔ , , —, . ҍ [J]. ῾ҙ , 2013, 52(20): 4937ï4942  

 Liu Y, Zhu T H, Fan F B, et al. Occurrence and pathogen identification of kiwifruit bacterial canker in Sichuan[J]. Hubei 

Agricultural Sciences, 2013, 52(20): 4937ï4942  

[15] , , , . ֟ҙ [J]. ῾ҙ , 2012, 51(10): 1945ï1949  

 Tu M Y, Jiang G L, Chen D, et al. Development status and countermeasures of kiwifruit industry in Sichuan Province[J]. Hubei 

Agricultural Sciences, 2012, 51(10): 1945ï1949  

[16] ԍ , Ҽ , ↔ ῃ, . Ṝ ⅞[J]. ῾ҙ , 2010, 38(11): 5741ï5743  

Yu C, Ye L J, Liu Z Q, et al. Climate adaptability division of Actinidia deliciosa cv. Hayward in Dujiangyan[J]. Journal of Anhui 

Agricultural Sciences, 2010, 38(11): 5741ï5743  

[17] Ҽ, , , . ԍ GIS ῏Ҭ Ṝ ⅞[J]. Ҭ ῾ , 2011, 27(22): 202ï207  

He W L, Li X M, Zhu L, et al. Climate ecological applicability regionalization for kiwifruit based on GIS in Guanzhong of 

Shaanxi Province[J]. Chinese Agricultural Science Bulletin, 2011, 27(22): 202ï207  

[18 ] , Ῥ , , . Ṝ ⅞[J]. Ҭ ῾ҙ , 2016, 37(1): 36ï42  

Mo J G, Chi Z X, Tang B, et al. Climate suitability for red cartridge kiwifruit planting in Guizhou mountainous area[J]. Chinese 

Journal of Agrometeorology, 2016, 37(1): 36ï42  

[19] , , ҕ . ԍ GIS ҆ Ṝ ⅞№ [J]. : , 2012, 

29(2): 89ï93  

Zeng Y M, Gao Y H, Yang S Q. The kiwifruit climate division analysis of Chongqing Wansheng District that based on geographic 

information system[J]. Journal of Chongqing Normal University: Natural Science Edition, 2012, 29(2): 89ï93  

[20] ↔ , ↔Ԑ , ↔ , . Ṝ ῒ ⅞[J]. , 2003, (2): 18ï20  

Liu M, Liu Y P, Liu Z F, et al. Wild Chinese gooseberry ecologic climatization in Yi-Ling County and its region division[J]. 

Meteorology Journal of Hubei, 2003, (2): 18ï20 

[21] Ha H, Heumann B W, Liesch M, et al. Modelling potential conservation easement locations using physical and socio-economic 

factors: A case-study from south-east Michigan[J]. Applied Geography, 2016, 75: 104ï115  

[22] , ↔ , , . ԍ MaxEnt ᾴ ῃ № [J]. , 2017, 28(3): 992ï1000  

 Guo J, Liu X P, Zhang Q, et al. Prediction for the potential distribution area of Codonopsis pilosula at global scale based on MaxEnt 

model[J]. Chinese Journal of Applied Ecology, 2017, 28(3): 992ï1000  

[23] , ↔↨. ᵝ ⱬ [J]. Ҭ ῾ҙ , 2017, 22(2): 98ï105  

 Zhang T J, Liu G. Study of methods to improve the temporal transferability of niche model[J]. Journal of China Agricultural 

ch
in

aX
iv

:2
01

71
2.

01
70

5v
1

ChinaXiv合作期刊



University, 2017, 22(2): 98ï105  

[24] ֹ, , , . ԍ MaxEnt ῃ Ҭ № [J]. Ḡ , 2011, 37(3): 80ï83  

 Cao X R, Chen L, Zhou Y L, et al. Potential distribution of Magnaporthe grisea in China and the world, predicted by MaxEnt[J]. 

Plant Protection, 2011, 37(3): 80ï83  

[25]   , , . Ҍ ᵣ Ҋ Ҭ [J]. ֤Ḥ : , 

2011, 3(1): 36ï46  

 Yan G H, Li Q P, Xing C. Future surface air temperature changes in China under different greenhouse gas emission scenarios[J]. 

Journal of Nanjing University of Information Science and Technology: Natural Science Edition, 2011, 3(1): 36ï46  

[26] , Ԑ, , . IPCC ԓ ᵀ ѿ ᵬ Һ ȇ Ṝ Ὲ Ȉ № [J]. 

Ṝ , 2014, 10(1): 14ï19  

 Zhang X H, Gao Y, Qi Y, et al. Implications of the findings from the working group Ň contribution to the IPCC fifth assessment 

report on the UNFCCC process[J]. Progressus Inquisitiones de Mutatione Climatis, 2014, 10(1): 14ï19  

[27] , ḍי, . ԍ MaxEnt№ Ṝ [J]. ҙ , 2015, 51(1): 127ï131  

 Wang L H, Yang J X, Xu X N. Analysis of suitable bioclimatic characteristics of Pseudolarix amabilis by Using MaxEnt model[J]. 

Scientia Silvae Sinicae, 2015, 51(1): 127ï131  

[28] , Ҙ , ҆ . ROC № ᴇ῀᷅ № Ҭ [J]. , 2007, 15(4): 365ï372  

 Wang Y S, Xie B Y, Wan F H. Application of ROC curve analysis in evaluating the performance of alien speciesô potential 

distribution models[J]. Biodiversity Science, 2007, 15(4): 365ï372  

[29] ⱬ, , , . ῀᷅ Ҭ № [J]. : , 

2015, 35(1): 75ï78  

 Zhao L, Zhu G P, Li M, et al. Potential distribution of Leptoglossus occidentalis and Jadera haematoloma in China[J]. Journal of 

Tianjin Normal University: Natural Science Edition, 2015, 35(1): 75ï78  

  

[30] , , Ҁᾥ , . ≠ MaxEnt Ҭ [J]. Ḡ , 2009, 35(2): 32ï38  

 Zhao W J, Chen L, Ding K J, et al. Prediction of potential geographic distribution areas of the maize downy mildew in China by 

using MaxEnt[J]. Plant Protection, 2009, 35(2): 32ï38  

[31] ӏ , , . Ҍ ף (RCPs)Ҋ 21 ҕ ҬҊ ᵀ[J]. , 2014, 37(5): 

529ï540  

 Han L Q, Han Z, Li S L. Projection of heavy rainfall events in the middle and lower reaches of the Yangtze River valley in the 21st 

century under different representative concentration pathways[J]. Transactions of Atmospheric Sciences, 2014, 37(5): 529ï540  

[32] , , , . ֲ № ץ Ṝ ῒ [J]. , 2016, 27(11): 

3607ï3615  

 Zhao Z F, Wei H Y, Guo Y L, et al. Potential distribution of Panax ginseng and its predicted responses to climate change[J]. Chinese 

Journal of Applied Ecology, 2016, 27(11): 3607ï3615  

[33] Yue T X, Fan Z M, Chen C F, et al. Surface modelling of global terrestrial ecosystems under three climate change scenarios[J]. 

Ecological Modelling, 2011, 222(14): 2342ï2361  

[34] , , , . MaxEnt № [J]. ҙ , 2012, 48(1): 

53ï59  

 Chen X M, Lei Y C, Zhang X Q, et al. Effects of sample sizes on accuracy and stability of maximum entropy model in predicting 

species distribution[J]. Scientia Silvae Sinicae, 2012, 48(1): 53ï59  

[35] , ↔ , . ᵝ ⱬ ῀᷅ № [J]. , 2014, 22(2): 223ï230  

 Zhu G P, Liu Q, Gao Y B. Improving ecological niche model transferability to predict the potential distribution of invasive exotic 

species[J]. Biodiversity Science, 2014, 22(2): 223ï230  

[36] Worthington T A, Zhang T J, Logue D R, et al. Landscape and flow metrics affecting the distribution of a federally-threatened 

fish: Improving management, model fit, and model transferability[J]. Ecological Modelling, 2016, 342: 1ï18  

[37] , , ´, . ᵝ Ҭ [J]. ꜚ , 2014, 18(1): 47ï52  

 Cai J Y, Zhang M M, Su H J, et al. Application of ecological niche models for selection of species habitat[J]. Journal of Economic 

Animal, 2014, 18(1): 47ï52  

[38] , , , . ԍ MaxEnt ᵝ Ҭ № [J]. ֤ ҙ : 

, 2015, 39(1): 6ï10  

 Han Y Y, Wang Y, Xiang Y, et al. Prediction of potential distribution of Bursaphelenchus xylophilus in China based on MaxEnt 

ecological niche model[J]. Journal of Nanjing Forestry University: Natural Sciences Edition, 2015, 39(1): 6ï10  

ch
in

aX
iv

:2
01

71
2.

01
70

5v
1

ChinaXiv合作期刊



[39] ᴰ , , ῌ , . ῃ ⅞№ [J]. , 2016, 36(10): 2934ï2944  

 Kang C Z, Zhou T, Guo L P, et al. Ecological suitability and regionalization of Pseudostellaria heterophylla (Miq.) Pax ex Pax et 

Hoffm. in China[J]. Acta Ecologica Sinica, 2016, 36(10): 2934ï2944  

[40] , , , . Ҭ (Actinidia chinensis) Ҭ ῒ № [J]. , 

2017, 37(2): 218ï225  

 Zhang J, Ao Z Q, Wu Y M, et al. Prediction of potential geographic distribution of Actinidia chinensis in China based on maximum 

entropy niche model and ArcGIS[J]. Tropical Geography, 2017, 37(2): 218ï225  

[41] ӓ , ´ , . ᵝ ȁ ҍ [J]. Ҭ : , 2013, 43(11): 915ï927  

 Qiao H J, Hu J H, Huang J H. Theoretical basis, future directions, and challenges for ecological niche models[J]. Scientia Sinica 

Vitae, 2013, 43(11): 915ï927  

[42] , ῐ, , . Ҭ ≢№ [J]. , 2011, 38(2): 257ï264  

 Yang M X, Xiao D X, Liang H, et al. Cytomorphological observation on sex differentiation of Actinidia chinensis[J]. Acta 

Horticulturae Sinica, 2011, 38(2): 257ï264  

[43] ᴋҸ, , ԍᴯ , . ῾ ᶏ ῒ ðð ԍ 205 [J]. 

῾ҙ , 2016, 34(4): 528ï534  

 Ren D, Qi Y B, Yu W Y, et al. Research on the degree of use and the influencing factors of farmersô machinery ð based on the 

survey of 205 households of kiwifruit farmers in Sichuan Province[J]. Journal of Sichuan Agricultural University, 2016, 34(4): 

528ï534  

 

ch
in

aX
iv

:2
01

71
2.

01
70

5v
1

ChinaXiv合作期刊


