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Simulation of urban population distribution grid by integrating
the geodetectorand random forest model

CHENG Fanglong' ZHAO Guanwei' > YANG Muzhuang' > LIU Yueliang' LI Fang'
(1. School of Geographical Science Guangzhou University Guangzhou 510006 China; 2. Institute of Land Resources and Coastal Zone
Guangzhou University Guangzhou 510006 China)

Abstract: Fine population distribution is important to urban resource allocation and management.In this paper we take the Yuexiu
District Liwan District Tianhe District Haizhu District Baiyun District and Huangpu District of Guangzhou city as the research
areas and base on multisource data such as demography night lighting interest points and land use using the geodetector to identify
the influencing factors of population distribution and simulate the population distribution grid by using random forest model.The results
show that compared with the traditional correlation analysis the geodetector can identify the important factors of spatial distribution of
population more accurately.The correlation coefficient between the results of population distribution grid simulation based on random
forest model and the actual population of streets ( towns) is 0.774 with an average relative error of about 30%.Compared with the
simulation results based on linear regression model the accuracy of the stochastic forest model is significantly improved.

Key words: population distribution; grid; simulation; random forest; geodetector

@ 2 2
1 3
N 1930
. Wright J.K. Dasymetric
4
5413
1416 1726
2731 3236
1 2019-04-08,; 1 2019-10-19
: (41671175; 41671430) ; (2017A030313240) ;

" (YQ2015127)

(1992—) o E-mail: 784628444@ qq.com
o E-mail: zgw11124@ 163.com


User
高亮

User
高亮

User
高亮

User
高亮


2020 1 99
N N 1.2
N N N \POI
2014
2013
37 . ( ) o
( GDEMV2)
30 m GCS_WGS_
o 1984,
2001 Leo Breiman  Cutlery :
Adele ® N R 6
. . 25 30 m. POI
Python API
D . N N N
;@ ; . .
13 2018 7
46)
bootstrap GCS_WGS_1984,
@ o
Python
% .3 . . .
Albers
3536 N Krasovsky_1940 o
Y o 2
2.1
1 o
1.1 o
7 434.4 km’ 2013 o
1292.68 o 2013
~ ~ ~ ( ( ) 39_40
) 6 106 ()
o 2013 1198.14 km® ()
783.02 o 10% .



[1] Wang JF, Li XH, Christakos G, Liao YL, Zhang T, Gu X & Zheng XY. 2010. Geographical detectors-based health risk assessment and its application in the neural tube
defects study of the Heshun region, China. International Journal of Geographical Information Science 24(1): 107-127.

[2] Wang JF, Zhang TL, Fu BJ. 2016. A measure of spatial stratified heterogeneity. Ecological Indicators 67: 250-256.

[3] . 2017. . 72(1): 116-134. [Wang JF, Xu CD. 2017. Geodetector: Principle and prospective. Acta Geographica Sinica

72(1):116-134.]

308 348 km’ 1 o
150 m () 10%
o 150 mo
—2.2
81 ’
( 13 ) N N E%Auﬁ
. 5 7 wm High: 2901 .
Ll Low:0 EN  km
Y 1
X
GeoDetector2015 X 1
Y o o
0.05 @
2.3
u o ()
Pi= ) a xS, +kxM, +b (1)
j=1
P, L () ) a; : R 0.06. R>  0.0039
j PS5 ()
i () n o
Lk y M,
i b o 3
()
(X)) . (X)) .
(X3) (X4 o
(X5) ( Xe) 3.1
SPSS 22.0
R 0.764 R’ o
0.584.
Y=70.098X, -3 678.228X, - 176. 539X, —2. 052X, - \ N V13 POI
121.901X,+702.048 X (2) N N N 20
2.4 ( )
(2) ARCGIS .
150 m

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



User
高亮

User
高亮

User
文本框
地理探测器正确引用：
[1] Wang JF, Li XH, Christakos G, Liao YL, Zhang T, Gu X & Zheng XY. 2010. Geographical detectors-based health risk assessment and its application in the neural tube defects study of the Heshun region, China. International Journal of Geographical Information Science 24(1): 107-127.
[2] Wang JF, Zhang TL, Fu BJ. 2016. A measure of spatial stratified heterogeneity. Ecological Indicators 67: 250-256.
[3] 王劲峰，徐成东. 2017. 地理探测器：原理与展望. 地理学报 72(1): 116-134. [Wang JF, Xu CD. 2017. Geodetector: Principle and prospective. Acta Geographica Sinica 72(1):116-134.]


User
多边形线条


101

2020 1
3.2 o N
13 POl . .
oob_score analyse
20 Python R
o 0.840f N oA x «
scikitdearn o Tox SNV T Sy
0.838F N J \y* ;’ ‘k‘k/ﬁ-**,**
bootstrap o My
S 0.836} !
63.2% 2 ;
2 0.834f i
36.8% ( out-of-bag 3 .
0.832F
OOB) o OOB 0.830} i - niestimatorsi{foob_score?ﬁﬂlﬁHﬂ?ﬁ@|
° SO0 OOOOOOOOOOOOOOOOO
TN OFOANINO O OO O HONNOOFONNOO OO
n_estimators
( max_depth) (n_ 3
estimators) (n_
estimators = 500) N
. 2 A
6 o
3
; 320
&1
; 600 ALUNEE
m High:1759
o = Low:0
6 600 4
oob_score analyse ( )
0.84
0.82} R 0.774 ;
o 0.80 ¢ 0.599. ()
§| 0.78 30%
-§ 0.76 1
0.74 4
0.72
0.70 F [ o= PR Moob_scorei i phZ ] 4.1
123456780100112131415161718 (1)
TR B
2 0.05
q
3.3

« ”»

()
0.8 21.98%.



102

2020 1

4.2
D
. @ .
30 m
NPP /VIIRS 500 m
DMSP/OLS
o @ o
(2013 ) (2015 ).
(2016 ) .POI(2018 )
o @
POI
POI
POI
1 . M. 1993.
2
J . 2015 17
(6) : 653-660.
3 ) DMSP/0OLS
J .

2015 24(5) : 735-941.

4 LI G WENG Q. Using Landsat ETM+Imagery to measure
population density in indianapolis Indiana USA ] .
Photogrammetric Engineering & Remote Sensing 2005
71( 8) : 947-958.

5
J. 2011 27(5) : 95—
98.

6 ) GIS

J. 2002 47(23) : 1835-1837.
7

D. 2016.

8 ) D .

2016.
9

D . : 2012.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

WRIGHT J K. A method of mapping densities of population
J .The Geographical Review 1936:103-110.

MARTIN D. Mapping population data from zone centroid

locations ] . Transactions ofthe Institute of British

Geographers 1989 14( 1) : 90-97.

FLOWERDEW R GREEN M. Developments in areal

interpolation methods and GIS J . The Annals of

Regional Science 1992 26( 1) : 67-78.

GOODCHILD M F ANSELIN L. DEICHMANN U.A

framework for the areal interpolation of socioeconomic

data J .Environment and Planning A 1993 25: 383-

397.

LISAKA J HEGEDUA E. Population estimates from Landsat

imagery J . Remote Sensing of Environment 1982 12:

25 9-272.

HARVEY ] T. Population estimation models based on

individual TM pixels

& Remote Sensing 2002 68( 11) : 118-1192.

LUNG T LUBKER T NGOCHOCH J K et al. Human

J .Photogrammetric Engineering

population distribution modelling at regional level using

very high resolution satellite imagery ] Applied
Geography 2013 41( 4) : 36-45.
.DMSP/OLS

J . 2011 26( 1) :45-

51.
.DMSP/OLS
J. 2012 10(1):1148.

ELVIDGE CD BAUGH KE KIGE A et al. Relation
between  satellite  observed  visible-near  infrared
emissions population economic activity and electric

power consum—ption J . International Journal of Remote
Sensing 1997 18( 6) : 1373-1379.

SUTTON K ROBERTS D ELVIDGE C. Census from heaven:
an estimate of the global human population using night—

time satellite imagery J . International Journal of

Remote Sensing 2001 22( 16) : 3061-3076.

BRIGGS DJ GULLIVER J FECHT D et al. Dasymetric
modelling of small-area population distribution using
land cover and light emissions data J . Remote Sensing

of Environment 2007 108( 4) : 451-466.

J. 2005 60( 2) : 266-276.
DMSP/OLS
N ] .
2009 2009( 1) : 83-87.

2013 35( 12) : 25172523.



2020 1 103
J. 2018 20( 10) . 1467-1477.
2017 19( 10) : 1298-1305. 33
26 . . DMSP/OLS J. 2019(2) : 7145.
J . 34 LBS
2017 38( 3): 113-120. J. 2018
27 WU C MURRAY A T. A Cokriging method for estimating 38( 11) : 1809-1816.
population density in urban areas J . Computers 35
Environment and Urban Systems 2005 29: 558-579. — J .
28 GAUGHAN A E STEVENS F R LINARD C et al. 2017 39( 11) : 21862196.
High resolution population distribution maps for 36
Southeast Asia in 2010 and 2015 J . Plos One 2013 30 m J . 2017 36
8(2): e55882. (10) : 1304-1312.
29 D . 37 . J.
2013. 2017 72( 1) : 116-134.
30 GIS 38
— J. J. 2013 50(4) :1190-1197.
2009 34( 2) :237-240. 39 GIS
31 — J.
— J . 2008 33(4):163-65.
2014 16( 3) : 435-442. 40 —
32 D . : 2017.
. ( )
( 71 ) 11 ElasticSearch
5 I I (
2005 21(4): 6-0. ) 2014 35(1): 85-87.
6 . 12 .
J. ( ) 2001 26 I 2014 31(2): 1047.
(6): 491-499. 13 .
7 Elasticsearch TLogstash Kibana: J. 2013 36(6) : 1-5.
M . 14 .Hadoop
2015. J . 2015( 10) : 114-
8 ELK  Spark Streaming 117.
J . 2015 2( 6) : 674-678. 15 .
9 ELK Stack J. 2005( 12) : 20-23.
D . : 2018. 16 WebGIS
10 ElasticSearch J. 2011( 12) : 64-68.
J. 2015(2) : 117- ( : )

121 126.


User
高亮




