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Fig. 1 Geographical location and administrative division map of Hechuan district
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Tab.1 Rural settlement data and data sources
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Tab.2 An index system for evaluation of land use suitability in rural residential areas
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Fig.2 Random forest flow chart
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Tab.3 Accuracy of 10-fold cross-validation
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4 0. 850 0.991 9 0. 860 0. 989
5 0. 880 0. 990 10 0. 900 0. 989
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Tab.4 Random forest model confusion matrix

‘ HE )

Bt B 25 B £ i1t
& T &

& E 490 7 0. 986
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Fig. 5 Enlarged view of the evaluation node of land suitability for rural residential areas in Hechuan district
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Tab.5 Appraisal of the suitability of land use in rural residential areas
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Tab. 6 Evaluation of the suitability of land use for rural residential areas in various towns hm*

B B4 AN — i iE iEH F5 HUEE S ANEE — s & H
1 A E 1.23 0. 80 2.15 16 =R 0.54 0.67 2.05
2 KA B 0.52 1.36 6.52 17 a4 0.17 0.33 1.15
3 HmiEE 0.51 0.62 3.3 18 T e 4 0. 66 0.73 2.12
4 TR EE 0.23 0.56 0.81 19 BRE 1. 29 1.08 3.69
5 LiEv3it 0.23 0.07 2.56 20 XU 1.32 1. 12 3.43
6 B 0.58 0.59 1.51 21 R 0 1.01 1.81 4. 04
7 A BH 3 A 0.09 0.57 2. 36 22 R 0.94 1.27 1.57
8 PR 4 0.51 0.68 2.43 23 + 355 0.43 0. 40 0.51
9 T REE 0.17 0.31 1. 87 24 TEIEE 0.31 1. 63 4. 04
10 Jo T 4 2.11 1. 71 4.99 25 A 1. 45 1.23 1. 49
11 [ 23 0. 36 0.72 3.35 26 EEL 0.47 0.57 1.36
12 T AR 0. 96 0.83 2.23 27 7N 4 0.61 0.61 1. 67
13 BRIl 0. 96 1. 06 6.92 28 A 0.88 1. 38 0. 09
14 R 0.57 0. 86 0. 65 29 HEBT 0.58 0. 84 2.06
15 =LA 0. 65 1.19 2.34 30 =1 E 0.71 1. 10 6. 14
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Fig. 6 Factor importance evaluation
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Tab. 7 Ideas on optimizing rural residential areas in Hechuan district
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Tab. 8 Optimization plan for rural residential areas
T REAHE FHIE RT3 T A FE RS AR AL ZE SR
BB R W RN R ok L S ] £, JR A AL LA A O ok
o QLI AV TR, AR IR BT IREROR i 1 oy v
I H X KAt AW R AT & SRS 8BF BOE ™l A SR B, 2 G A R 1
5 R SR I B R BB R AR S D e AT Ja B 5 N B0 55 5 PR AR
TIPSR 7w A kR REE A
:—:»I%I LETD Ab? ’ L AL
g PRI AR S A f;iﬁ;i";ii*g; B4 Al Tl R
= o 2 37 B2 T S B %}wmﬁ%% e UL R R A A SRR .
R AR R R AR K B BLEE.
A T B R BT i
e AR S ESHERS AL S2%  SUERMNERSEROE. £R Eiﬁi%ﬂ;;iﬂ%&ﬁjﬁf%iﬁg
Ap=] ’ "] ") AN HY N
3 R T BRI . BAC AR T A 2R 5 7= ol B
R JEIK AN R 5 ST R S SO0 A A AONY  IB J0A 2R J 7  B B L e —
6.2 &5t

ALV PR3 N X WF5E Xz FTBEALAR PRI 1% - LR i RO DA R SE B0 T AR J R 3 R
WOk . EEAIBT .

1) 538 48 EC Y GDP 0 A it R I BV A — R0 X AT 2 3t ) PR PR B AR A S R R R
PAFEBT 5 P 25 P8 B A 2 22 5 [ 28 22008 5 3 77 415 00 i T8 m ARS8 O A R T T8 P M0 B P B2 W o 55 3l 1 4
BonT AL DX N 57 2l 3 09 1 5 25 S o e IR S BRI BT A A i TR R B T B DR RE . X s e 2
T PR 2R AT S8 3 AR T R P M T LR A AR B AR R

2) Bt B AR BACASE T A 256 8 1K 0. 991, FLKG A B 25 78 0. 980 LA s AUC A ¥4 %5 v » Uk W 44 2 11 i BIL 2% A 452 780
T T AR T R P 3 R 4 SO AT 5 . LR A v Y R

3) NZS [A] 3 A3 AV KA G B AR i R 00 A 4 4 1 X JR AR ik — i R AN 165 R DX A T T R
SR AT K BT PR AR P A 2 AL 3k 5 TS DX AR O L B PR A S AR 1K IR AR R A
ek 925 18] 56 4

4 T B AR BE UM IR AR AT 0 0 24 A ) DA Fa I A 3 R S () 23 A 2 S K A 3 B2 S
FLA] b 4R A AR i RS DA it O 2 e S R LR e I SR I 2 %

S 30k -

[1] WAN A,LIU Y,XIE X,et al. Study on spatial layout optimization of Linpan settlements based on point pattern analysis[ ] ].
Environment Development and Sustainability,2020(17) :1-19.

(2] 3R KA KRR ITER L 58 R MESR 208 5% T = A BRI 1l AR R J I s ) s R it A () ). Al /2 2 4R, 2019, 35(9) 1 246~
254.
ZHANG T Z,ZHANG F R,XIE Z,et al. Spatial pattern evolution of rural settlements in mountainous areas of ethnic minorities
in Yunnan Province under the background of precise poverty alleviation[ J]. Transactions of the Chinese Society of Agricultural
Engineering,2019.35(9) :246-254.

U3 AT otk RS 22T L 55 B T AR L 19 AR A i PR st I B PR PP 5 43 KR L) . Aol TR 24, 2010,26 (11) : 290-296.



102 TR AFFRCEAFF B http://cqnuj. cqnu. edu. en % 39 %

QU Y B,ZHANG F R,JIANG G H.,et al. Suitability evaluation and subarea control and regulation of rural residential land based
on niche[ J]. Transactions of the Chinese Society of Agricultural Engineering,2010,26(11):290-296.

[4] BERERC, 2 08 L PR SCIE, 55 T AL Voronoi [ A Ja R T 3t 3 BT AN 5 8836 70 KRS8 L0 ). YL PG AR R 24 2 4 . 2017, 39
(6):1244-1255.

LIANG Z F,YUAN Y,CHEN W B, et al. A study on suitability evaluation of rural residential areas and its consolidation division
based on weighted voronoi diagram[]J]. Acta Agricultural Universitis Jiangxiensis,2017,39(6) :1244-1255.

(6] FE XIS 30 Bk 20, 55 36T TOPSIS &AL A i R s A B AL 5T LLLL DS A 48 2 9] LT 1. B AL 0l 4 4% , 2021,60(3) - 60-
65.

BAI X,LIU L. W,DUAN Y H, et al. Study on layout optimization of rural residential area based on TOPSIS model: taking
agricultural valley in Shanxi as an example[ J]. Hubei Agricultural Sciences,2021,60(3) :60-65.

[6] F 5 . FU5 PRI 55. £ MR ST RME RS S TP LR E S G107 B HE R4 4R CH AR E RO . 2020, 42
(5):531-538.

TANG W,YU J,CHEN Y H,et al. Suitability evaluation of rural residential land under the background of rural revitalization:a
case study of Cili county[J]. Journal of Hubei University (Natural Science),2020,42(5) :531-538.

L7 XUSESC Bk 21, 25 B 5 55 1L PG 48 AR i R 28 6] 40 A7 AR B2 FEal B e dP A [T 0. o [ Rl 93 9 5 X &), 2022, 43(1) : 100-109.
LIU L. W,DUAN Y H,LI L L,et al. Spatial distribution characteristics and suitability evaluation of rural residential areas in
Shanxi province[ ] ]. Chinese Journal of Agricultural Resources and Regional Planning,2022,43(1):100-109.

(8] 3l XA Ik, A, 55 kT i #E AR R 1y B Tl AR R i R A A JR 3 B PP K a3 2R R OF e LT 1. BRI 5% 5 9F &, 2016,35(5)
153-157.

WEN B.LIU Y Z,XIA M,et al. Suitability evaluation and regulation of rural residential land in Yixing city based on the gray
target model[ J]. Areal Research and Development,2016,35(5):153-157.

L9 #BHTIR. kT A2 A& 2% Ja B R A R A S AR AR LT 1. #1 AL Rl Bk 2, 2018, 57(17) 1 99-105.

SHAO X J. Layout optimization research of rural residential land based on the ecological security pattern[ J|. Hubei Agricultural
Sciences,2018,57(17) :99-105.

L10] 20k, £ i SR AL 46 BT ER L RMEANANER AR EBRTRL] P EAD - BE53H5,2018,28(11) :47-55.
LI B Q,WANG Z Q,ZHANG L G,et al. Study on space reconstruction of rural settlement based on clustering development
path[ J]. China Population, Resources and Environment,2018,28(11) ;47-55.

[11] FE 555, X £ ARH L 3 T3 B 5 R KT TRAN i A 2 T 3t 26 B 8 73 [T 1. ARl T #2241 , 2020, 36 (1) : 283-291.

TANG X M, LIU Y, REN Y M. Classification of village land types based on suitability and development evaluation[]].
Transactions of the Chinese Society of Agricultural Engineering,2020,36(1):283-291.

L12] 575 BRB, KA, 45, 26T GIS $iR I e X R i 0 s BT L) 1. /K LR R F 5, 2018,25(1) :397-402.

JIN B, CHEN Q, ZHANG Y, et al. Study on suitability evaluation of residential area in Yangling district based on GIS
technology[ J]. Research of Soil and Water Conservation,2018,25(1) :397-402,

[13] BRLLAE . SR WIB0. 25 MG . 55, 2k T GIS 5 i 1L IX AR AN i IR FH b o B 3 o 0 ). K AR5 BP9, 2015, 22(2) : 200-203.

GAO H J,ZHANG C Q,CAI G P,et al. Land suitability evaluation of rural settlements in Karst mountains based on GIS[J].
Research of Soil and Water Conservation,2015,22(2) :200-203.

[14] ROY B. Optimum machine learning algorithm selection for forecasting vegetation indices: MODIS NDVI & EVI[]]. Remote
Sensing Applications: Society and Environment,2021,23:100582.

[15] XU F,HO H,CHI G Q.et al. Abandoned rural residential land: using machine learning techniques to identify rural residential
land vulnerable to be abandoned in mountainous areas| J]. Habitat International,2019,84 :43-56.

L16] b, £ 56, SRELAR . 55, BEPLARARIE BE A8 A B T R 038 BRI A o i B LT DL %A} 2%, 2018,40(10) : 2085-2098.

XU F,WANG Z Q,ZHANG H W, et al. Application of random forest algorithm in suitability evaluation of rural residential
land[ ] ]. Resources Science,2018,40(10) :2085-2098.

[17] SATHYADEVAN S,NAIR R R. Comparative analysis of decision tree algorithms:ID3,C4. 5 and random forest[ M |. India:
Springer,2015.

(18] EERM AN KGR, BRG i RE A &)1 X 2020 4F 85 i1 4E % [EB/OL]. (2021-02-22)[2021-10-14 . http://www.
he. gov. en/xxgk/qzfwij/tjxx/202102/W020210222385393306552. pdf.

Hechuan District Statistics Bureau Chongqing City, Hechuan Investigation Team of the National Bureau of Statistics. Hechuan

district 2020 statistical yearbook[ EB/OL7]. (2021-02-22) [ 2021-10-14 ]. http://www. hc. gov. cn/xxgk/qzfwij/tjxx/202102/



% 3 H FHRE.Z ETHNWARTENEANERAAMEL BTN —UERT &I K A 103

W020210222385393306552. pdf.

C19T fArF0 5, S 5w 77 AR AE 8, 55 56 T &I BERFAE 1 e b RS 08 303 IXOBF 9« DA RC Y% v D B L0 ] L PG 4R ol R 2% 24 41, 2018, 40(5)
1092-1101.

HE X Y,WU K N,SONG H F,et al. A study on the rural residential area sorting based on the features of the pattern spot:a
case study of Yixing[J]. Acta Agriculturae Universitis Jiangxiensis,2018,40(5):1092-1101.

(2070 R 3C, 50 7%, X AR, 5. 6 T 30 25 (8] 35 B M 48 B B AR G I R T R AU B0 IX LT L AR0lk T/ 241, 2016, 32(19) - 249-257.
SONG W, WU K N, LIU H R, et al. Zoning of rural residential land consolidation based on spatial autocorrelation of
geographical spatial suitability index[ J]. Transactions of the Chinese Society of Agricultural Engineering,2016,32(19):249-
257.

[21] A2 . i 75 9 . /NI 0 FE B AR A i R A JR 36 R AT A B A JR A e 3 LT . op ARl R 2227 41 . 2015, 20(1) - 245-255.
YANG X L,YE X Y,ZHAO X M. Rural residential layout suitability evaluation and optimization countermeasures in Poyang
county[ J]. Journal of China Agricultural University,2015,20(1) :245-255.

[22] XN EWGF,RT, B LWL S BT RIS B AR A e I e B e 43 IX LT 0. 7K AR 3RS . 2017, 24(5) 1 299-304.

LIU Y J.ZHU Q,LV L G,et al. Time-series zoning for rural residential land consolidation based on study of farm households”’
willingness[ J]. Research of Soil and Water Conservation,2017,24(5) ;299-304.

(23] BRI BT BRIG, TRAEJT . 8. 208 SUOLA T 45 T2 [ 415 U0 i R A s R AT JR) D0 A BIF 50« LAY 5 48 0 U vl S I L 1. st R 5%
2021,40(4) :977-993.

WEI L Y,CHEN Y,ZHANG Z F,et al. Rural settlements layout optimization based on spatial combination identification from
a multi-scenario perspective:taking Xinyi city of Jiangsu province as an example[ J]. Geographical Research,2021,40(4).977-
993.

[24] SUN D L,XU J H, WEN H J, et al. Assessment of landslide susceptibility mapping based on Bayesian hyperparameter
optimization:a comparison between logistic regression and random forest[J]. Engineering Geology.2020,281:105972.

(251 EWREE R T5 057 IMPF— o 5. JE T BEAL AR AR 10 2 945 2 A5 R A A 15 107 Y« AT 1 48 W R /N 22 S 9] [T 1. K % 24,2019, 34(4) < 210-
215.

HOU C Y.ZHU X F,SUN D Y,et al. Construction and application of drought loss model based on random forest: Taking rain-
fed wheat in Henan province as an example[ J |. Journal of Catastrophology,2019,34(4):210-215.

[26] HO T K. The random subspace method for constructing decision forests[ ] ]. IEEE Transactions on Pattern Analysis and
Machine Intelligence,1998,20(8) :832-844.

(277 Pl T LA 2 > 0 3 5 & T IX R 5 A T 15 O 1 B T T P 5 [ D). B AR AR TS R 2%, 2019.

SUN D L. Mapping landslide susceptibility based on machine learning and forecast warning of landslide induced by rainfall[ D].
Shanghai: East China Normal University,2019.

[28] WU R,WANG J,ZHANG D, et al. Identifying different types of urban land use dynamics using Point-of-interest (POI) and
random forest algorithm:the case of Huizhou,Chinal J]. Cities,2021,114(2021) :103202.

[29] &2, BRE S L JLIR 5. 3 DT W 07 45 R A8 3 DR AN T IR 0 A S BB B R X RO LT ] hE A3 .2012,31(1) : 59-
66.

ZHANG X,WEI C F,NI J P,et al. Research on the distribution of rural settlements in relation to landform factors in karst
trough valley of Chongqing municipality[ J |. Carsologica Sinica,2012,31(1) :59-66.

[30] JAE Btk £ A5, 55, 5 ol iy R 2% 10 1o o b B I T 8 DX RS IR 53 L IX R ) T X 3R LT 1. K R AR R F 5T, 2019, 26 (5)
312-320.

ZHOU X,CHEN W,WANG Q,et al. Zoning and strategy of rural residential land consolidation on loess hilly and gully regions
with consideration of arable land use conditions[ ]J]. Research of Soil and Water Conservation,2019,26(5) :312-320.

[31] TRIEA, & EH . MR F 5 &k AR T 1 G A a6 A0 BF 5 - UV Sk S Bl L) 1. A2 255 R A BR324 . 2019, 35 (11) : 1387~
1395.

ZHANG Y J,LEI G P. Analysis of spatial distribution and optimization of rural settlements in geological disaster-prone area:a
case study of Dongtou county,Zhejiang province[ ] ]. Journal of Ecology and Rural Environment,2019,35(11) :1387-1395.

[32] R 7526, X K AT HE 0. 5 T30 BUPE 5 R R KT AR 1 A 1 T 3t 2 3000 43 [0 ], Rl TR %4 4R . 2020,36 (1) : 283-291.

TANG X M, LIU Y, REN Y M. Classification of village land types based on suitability and development evaluation[]].
Transactions of the Chinese Society of Agricultural Engineering,2020,36(1) :283-291.
[33] BRI, o B AR A, & B 2 S DD RE R I T A AR A B B B8 S OE 50« LA SR Tl D ) L) 0. A At O 8 R 2 2 4R CB AR B2 O



104 Journal of Chongqing Normal University (Natural Science) http://cqnuj. cqnu. edu. cn Vol. 39 No. 3

2021,37(3):96-105.

ZHAO Z Y,WU G S,LIN H H. A study on the arrangement of rural residential areas influenced by the leading functions of
towns and villages:a case of Wugang city[J]. Journal of Fujian Normal University (Natural Science Edition),2021,37(3):96-
105.

Resources, Environment and Ecology in Three Gorges Area

Evaluation of Suitability of Rural Residential Land Use Based on Random Forest Algorithm:
Take Hechuan District, Chongqing City as an Example

LI Linzhi' s CHEN Xingyu', ZHANG Hong', SUN Deliang', WEN Haijia”, CHEN Shuang’
(1. The Key Laboratory of GIS Application Research, Chongqing Normal University, Chongqing 401331
2. Key Laboratory of New Technology for Construction of Cities in Mountain Area, Ministry of Education,

Chongqing University, Chongqing 400045;3. Chongqing Planning & Design Research Institute, Chongqing 401147, China)
Abstract: [ Purposes]In order to rationally lay out rural residential areas and promote the development of rural planning in the whole
region, it is very necessary to scientifically evaluate the suitability of rural residential areas. [ Methods ]It selects 20 factors in 4
aspects, including location conditions, production attributes, natural conditions, and social economy. to construct an evaluation
index system for the suitability of rural residential areas, and selects 1 000 rural residential areas in the study area as a positive
sample, a negative sample of 1 000 rural settlements is randomly selected in a 1 ¢ 1 ratio. Based on the random forest algorithm, a
land suitability evaluation model for rural settlements is constructed, and the suitability level of the rural settlements in the study
area is divided into suitable ones using the natural breakpoint method. Generally suitable and not suitable for three grades, according
to the evaluation results, the optimization plan for the suitability of rural residential land in Hechuan District is proposed. [ Findings ]
1) The effectiveness of the model was verified, and the AUC values of the training data, test data, and overall data were 0. 999,
0.996, and 0. 944, respectively, and the highest accuracy of the model test was 0. 991, indicating that the model prediction accuracy
is high and stable. 2) Among the evaluation factors, slope, distance from rural roads, and topographic undulation have a greater
impact on the evaluation results of the suitability of rural residential sites. 3) The suitable area is located in the gentle hilly basin in
the middle and north of Hechuan District, and it is recommended to keep and develop. Generally suitable areas are mostly located in
the southwest and southeast, 1 000 meters away from Jialing River and Fujian River, and internal reconstruction is recommended;
unsuitable areas are located in the south and southeast ridges and valleys and water systems, distributed on both sides of the Sanjiang
River and the Huaying Mountain branch Yunwushan area. It is recommended to relocate and merge. [ Conclusions ]| The use of
random forest model to evaluate the suitability of rural residential areas has high accuracy, and provides a reference for the
management and control of rural residential areas.

Keywords: random forest algorithm; factor classification; land use suitability evaluation; rural residential area; Hechuan
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