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Evaluation method of chestnut planting suitability based on maximum

entropy model

Yuan Yuke, Ma Yuehong, Chen Weigiang', Weng Qianwen, Fang Aman, Li Jiwei
(College of Resources and Environment, Henan Agricultural University, Zhengzhou 450046, Henan, China)

Abstract: [Objective] Chestnut is a key economic tree species in northern China, possessing both nutri-
tional and medicinal benefits. As one of Beijing’ s major specialty agricultural products, chestnut culti-
vation in Huairou District holds significant economic and ecological value. However, due to its high
sensitivity to environmental conditions—such as elevation, temperature, precipitation, soil chemistry,
and vegetation cover—its suitability for cultivation varies widely across the region. This research aims
to assess the spatial suitability of chestnut cultivation in Huairou District using a comprehensive model-
ing framework. The main objective is to identify highly suitable and potential expansion areas, thereby
supporting local agricultural optimization, ecological protection, and rural revitalization strategies.
[Methods] A total of 439 chestnut distribution points were collected from official databases and field
surveys. Sixty-two environmental covariates were assembled, including topographic (elevation, slope,
river distance, topographic wetness index), climatic (19 bioclimatic variables from the WorldClim data-
base), soil (physicochemical and trace element properties), and vegetation (NDVI) data. All spatial data-
sets were resampled to a 30-meter resolution. The Maximum Entropy (MaxEnt) model was employed to
assess species-environment relationships. The model was optimized using the ENMeval package in R,
evaluating 48 combinations of feature classes (e.g., linear, quadratic, hinge) and regularization multipli-
ers (RM) ranging from 0.5 to 4. The best parameter configuration-linear and quadratic features (LQ)

with RM = 1-was selected based on delta. AICc values. Model performance was validated using the ar-
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ea under the ROC curve (AUC), based on 10 bootstrap replicates. To improve model interpretability
and address multicollinearity, Pearson Correlation Analysis was applied to filter environmental vari-
ables. Sixteen core variables were retained. Fuzzy membership functions were constructed for each vari-
able, employing sigmoid, parabolic, or discrete functions based on their response curves. The entropy
weight method was then used to calculate objective weights for each variable, further revised through
expert consultation. For spatial evaluation, land use and soil type data were integrated to create 53, 333
evaluation units. A composite suitability index was computed for each unit using a weighted summation
method. The index was classified into three categories: highly suitable (= 0.701), moderately suitable
(0.509-0.701), and unsuitable (<<0.509). [Results] The MaxEnt model achieved an AUC value of
0.918, indicating excellent predictive accuracy. Among the 16 key variables, the most influential were
distance to river networks (26.3%), temperature seasonality (17.6%), elevation (9.4%), slope (9.3%),
NDVI (7.5%), and parent material (6.8%). These variables reflect the importance of water availability,
temperature stability, terrain constraints, and soil- forming processes in chestnut distribution. The suit-
ability assessment indicated that 9.93% of Huairou District was classified as highly suitable for chestnut
cultivation and 21.77% as moderately suitable, while the remaining 68.30% was deemed unsuitable.
Overlay validation showed that 56.49% of existing chestnut plantations were located in highly suitable
zones, 36.61% in moderately suitable zones, and only 6.90% in unsuitable areas, indicating strong con-
sistency between model predictions and actual planting patterns. Further analysis revealed approximate-
ly 54 900 hectares of potential chestnut development areas outside current cultivation zones, including
15 300 hectares of highly suitable land and 39 600 hectares of moderately suitable land. [Conclusion]
This study demonstrates the effectiveness of an integrated MaxEnt-fuzzy evaluation-entropy weighting
framework for agricultural suitability analysis at a regional scale. By incorporating 62 environmental co-
variates and optimizing modeling parameters, the study achieved high-precision mapping of chestnut
suitability in a complex mountainous environment. The model not only accurately identified current op-
timal planting zones but also highlighted substantial development potential in underutilized areas. The
results suggest that chestnut distribution in Huairou is strongly influenced by terrain, climate variability,
and soil nutrient conditions. Particularly, factors such as proximity to water sources, elevation, and tem-
perature seasonality are decisive. These insights are consistent with physiological knowledge of chest-
nut growth and provide robust guidance for regional agricultural planning. From an ecological perspec-
tive, the identified suitable zones overlap significantly with hilly and mountainous areas where chestnut
plantations can contribute to water conservation, erosion control, and biodiversity enhancement. From a
socio-economic perspective, the spatial zoning results can support targeted policy implementation, rural
income generation, and sustainable land-use strategies under the framework of China’s rural revitaliza-
tion and ecological civilization initiatives. Overall, the study contributes a replicable and data-driven
methodology for crop suitability analysis and offers valuable spatial decision support for stakeholders
involved in land planning, agricultural modernization, and ecological restoration.

Key words: Chestnut; Maximum entropy model; Suitability zoning; Huairou district; Environmental co-

variates
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Fig. 1 Overview of the study area and distribution of chestnut points
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Table 1 Filtered environmental variables and contribution rates

i 16 5 (PR AR TRE R X

Filtered environmental variables ~ Contribution rate/% Variable significance

TR TE WY £ PE 2§ CND 263 SO L 3E K G IR T SIS IR AR A K
Affecting soil moisture, fertility, and aeration, indirectly impacting the growth of chestnuts
W ZET AR BIO4 17.6 S LRI FEE 9% 51 i Reflecting the annual temperature fluctuation range
4K Elevation 9.4 BBNRTYEA HEES AT NGRS
Indirectly affecting the growth of chestnuts through temperature
3 ¥ Slope 9.3 RN K AR AIHEK BE 77 Affecting soil and water conservation and drainage capabilities
T FEEINDVI 7.5 15 NDVI [X 3848 4% 7 55 K U7 Areas with high NDVI have good vegetation coverage
54 7 Parent material 65 TE B2 SRR R UL T B T R -
Granite, gneiss, and other acidic parent materials weather to form slightly acidic soils suit-
able for chestnut growth
I FZE M FEKE BIO17 4.6 SR AR PR T R 2 K
Reflecting precipitation during the driest season of the year
300 AB 4.6 5 IEAE N B K B A% Related to the development of chestnut pollen tubes
i H I AR IR EE BIOG6 4.1 B4 g H A O A
Reflecting the lowest temperature of the coldest month of the year
HOLEN AK 3.0 BB & P MR TS
Potassium enhances chestnut fruit fullness by aiding transport of photosynthetic products
IR 7K 7 BIO12 2.7 VR A AR B0 7K 53 (R AR 00, B2 MR SRR 92 P
Water supply during crop growth impacts the ripening of chestnut fruits
28 TK 1.8 A A LR R 7, B MRAR SRR 512 B
TK indicates soil s long-term potassium supply, affecting chestnut fruit quality
5% AP 1.3 PRI AR 2 & A Phosphorus affects root development
HTARIE A TWI 05 R LT A KA OB R -
Reflects the local terrain’s ability to redistribute water, affecting soil moisture
3k AZN 0.5 2 5GP A% Zine participates in the regulation of enzyme activity
3% AMN 0.4 FRLES AR 7 N Manganese affects redox reactions

7 : CND. 138 W25 1 25 s BIO4. T JE =7 MR 46 s NDVL 5 b4 F6 % ; Parent material. REZRE; BIO17. fe 2R 1 MK s AB. 200 ;
BIO6. 1574 H M ARIR s AK. SERCEN ; BIO12. 4F /K TK. 48 ; AP. 5 %0 TWL BB H0; AZN. 205 ; AMN. A 3dE. FIE.

Note: CND. Channel network distance; BIO4. Temperature seasonality; NDVI. Normalized difference vegetation index; Parent material. Parent rock

and material; BIO17. Precipitation of driest quarter; AB. Available boron; BIO6. Minimum temperature of coldest month; AK. Available potassium;

BIO12. Annual precipitation; TK. Total potassium; AP. Available phosphorus; TWI. Topographic wetness index; AZN. Available zinc; AMN. Avail-

able manganese. The same below.
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Table 2 Membership functions and impact curves of evaluation indicators
EEL PEEAE ] ot NP SH S B R A
Indicator Function type Corresponding membership function
1 %0 AB SH [002=x 4940, £<0.62
Sigmoid type Slo= 0 62
x>0.62
T AK SH ¥<70
Sigmoid type 160 x
flo= 160 g X09+0.1 70<x<160
x>160
B AMN ElUL Y/ 0.66 x<1.8
Parabolic type SI)=140.009 6x° - 0.099 1x+0.807 5 1.8<x<11.6
0.95 x>11.6
H 308 AP SH! 0.115 x<0
Sigmoid type STx)=140.008 68« 0<x<25
0.217 25<x
AR AZN ElULYi o x¥<0.2
Parabolic type
17 02xo9+01 02<x<17
36 L x0.9+0.1 1.7<x<3.6
x>3.6
7K BIO12 SH ¥ <465
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533 45 X09+0.1 465<x<533
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2RI /K& BIO17 ElULYiEs i 0.34 x<0.59
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x<-16.5
- fo= x+11‘65xo9+01 _165<x<-11
A A BRAGIREBIO6  Sigmoid type x> 11




1954 E I N 4 HA43%
%2 (%) Table2 (Continued)
£z PR Xof IR £ 55 J FBE R B
Indicator Function type Corresponding membership function
1 x<0
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22-11.5
0.1 x>22
24 PFERRFMEEEMHITNER RN T B 5 T DX DU 4 i PSR 2R g 8, 2 o AR

24.1 pMARARRE G H R B HBEOT A ST
H6 AN VEO e bn 1 & FE S B0 , 1 e &N VEAN T
PRI, 85 R AR 3 Wrom . 1% 7712 W7 i) 18 X 2%
PEES VIR ZE AR AL IR 3 N R AR B EBOR B
S8Rk M T R A B A RICEE 3 MR PR BN

242 MEMMETHIFNLER L5 IEH Pear-
son AH M 73 ATV B R AT IR SR AR 28 L ASORYA P A1 DA
JEREERT F i A K B S R BT IS
I8 FH ArcGIS FAE X & 48R i2E 47 2 (A AL 3, %
FIMBGREAE T A B S PN BT 2R & Fa 4L
g5 PR UL PR AR S S B A X R A 7R
VPG R, 75 25 = B AT, BARTE MY BB LI

J6IBA F B oA, BAR S AL LI )i
R0 IX I T4k PRAGEE AR B B B LB
i D KB IE 2 %5 (B 3) . MR
R X AR 9 19 230.33 hm?, 5 B AR 1 9.93%
I B X AR N 42 145.99 hm?, (5 BV AR 10 21.77%
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