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Spatial Delimitation of the Urban-Rural Fringe Based on POI
and Nighttime Light Data: A Case Study of Wuhan City
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University, Wuhan 430062, China
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Abstract: Objectives: The boundary identification of urban-rural fringe is the basic work of
urban-rural fine planning and governance, plays an important role in promoting the sustainable use
of land, urban-rural integration and other processes. The purpose of this study is to solve the
problems of single data source selection, difficulty in data acquisition, low temporal and spatial
resolution in the past recognition of urban-rural fringe. Methods: Taking Wuhan as an example, this
study uses the breakpoint analysis method to obtain the boundary of urban-rural fringe. Land use
structure information entropy, NDVI and population density data are used to verify and compare the
delineation results, and field visits and analysis are conducted for typical regions. Results:
1)NPP&POI can integrate the characteristics of difference in facility type, light intensity and
resolution between POI and nighttime light, and has higher accuracy and timeliness compared with
the boundary of urban-rural fringe identified by nighttime light, population density and other data
alone. 2) Compared with land use, landscape and other data, NPP&POI can better represent the
vitality of urban and rural development. It can quantitatively identify the potential urban and rural
central areas and multi-layer structures. This result has reference significance for the research of
urban and rural infrastructure allocation, industrial division, ecological function division, etc. 3) The
second mutation rule of NPP&POI in urban and rural space confirms that the urban-rural fringe
exists objectively as a regional entity generated in the process of urban expansion, providing
empirical support for the theory of urban-rural ternary structure.
Keywords: NPP&POI composite index; urban-rural fringe; break point analysis; structure of urban

and rural space
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Fig.4 Wuhan urban-rural fringe boundary
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Fig.6 Distribution Map of Land Use Types in the Urban Rural Fringe of Wuhan City
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Tab. 3 Area Statistics of Land Use Types in the Urban Rural Fringe of Wuhan City
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Fig.7 Spatial form of Wuhan urban-rural fringe
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Tab.4 Distribution of NDVI in urban core areas, urban-rural fringe and rural areas of Wuhan from 2010 to

2020
X WL X W2 L85G ZF
JE A SFEIE AMEE CPIIE AMEE CPIME FRdEE
2010 0.412 0.122 0.557 0.175 0.708 0.120
2011 0.418 0.102 0.576 0.176 0.721 0.124
2012 0. 407 0.113 0. 541 0.190 0.710 0.145
2013 0.410 0.110 0.535 0.196 0.691 0.151
2014 0.393 0.110 0.536 0.187 0.713 0. 147
2015 0.394 0.103 0. 547 0.193 0.710 0.155
2016 0.383 0.103 0.515 0.189 0.692 0.153
2017 0. 386 0.100 0. 541 0.188 0.719 0.148
2018 0.404 0.093 0.538 0.183 0.725 0.136
2019 0.410 0.094 0.501 0.183 0.694 0. 144
2020 0.431 0.101 0.523 0.184 0.718 0.158
2010-2020
0.019 -0.021  -0.034 0.009 0.010 0.038
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Fig.8 Verification grid and its measured value
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Fig.9 Analysis results of Verification transects
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Fig.10 Distribution Map of Boundary and Population Density in the Urban Rural Area of Wuhan City
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Fig.11 Distribution Map of Site Investigation Points

B 1la. b 2L DR SRR, BEER, XKL, mbiseR, #3R
BUEMANDEL S, BRI MG, &I RRDEBISNEGITOCRE, 53X
R IR O XA R . B 11es d 40 BIALF- 2 X T VA RVL B X AR 7 A, %38 X Ik

BURKERR IH U TE RS M g AT, ML AT A FEAR S5 Bt A oAb, N D AR, A HIESR 7>
fi LRI e, MWE SRS, UK 2N SORHE.

B 11e PrfE XBEGRE THRITH, H 2022 FIEX#E UOR KEFWIHE P Tk, +
MU IR, TR et T e R B, AR XU RAR IR PO RNRZE
PABENFIRS, BED. N, BN TR AESZ b, Koo/ T
2018 ECCERIHT, TUINEA Gk, KMGREE ST HEL, LMo mf/ Nk, 8
PRI RS D, BSSRIE)E BRAEE . BE. EEA—ENThRE. B 11g BBR
R P2 PEWI PG, PR AL TA RS e AR v, %X RIR A AR B B, C 58 B
SR TAE, VOl eh AR O @ Csh L, RO RIS BT 7/ magie
R B 1h BB A, HRER, EERRINPEE IR A IS, H
T 9 AR B3 el — 0 TR, Xt R TIE BRI A AR iR RN N —



RBEER = E, KRR, RV A O @I, AR E R IEL TR
BB BLe B 11 AT KM DO KAT, 123 X C A i Dok el A, BT i
XA A A NRTER I, Bt ZxFMAE, B A IRAT IR B M S AR i . S
L EIR, RIRXIRIE S BRI Tk, KREEAEE . SEEEENX. B
AT BRI FE MRS B AT RAAE, RHORI R R, N DRI AT
WRTTZ O XA 2 Z 0], AT 2 AR T R BL 530 R 5E 1 2 45 & A AR VLG -

5 45iG

HERRIEIR 2 45530 s Va0 THEIRIR 2 S R4 0 L R o 258 (it 2
AR EAAEER L, SH—RE R iR GBI 2 . AR
AT o A FUE AR 2 454500 7 B PR B — . IRICR A L AR 4 R 5 4y
PERACI IR R, 4% POI FIR AT R & B B Bk 2 45 &80 2 R E b, R0 H i as R
FERMME IPRCE . REBE T HR TR . LR

(1) NPP&POI £ & 18 5 Fl T3 £ 45 & 2= [ R @ i 7, BERE R H% POL (¥ 1 5 30U
WA, GAE R SRR 2 I ZE 5, DR AT 6 U7y “RaH” RO,
SCREFI RO GIE R RE AR S R T I), eDims s L IEIBE, CRUER S, SR
S, ARECT SOMCR A POL. R IAIAT YR 1% 18 M et 3 o v . I Ak B

(2) NPP&POI gl g Bl IR 2 e 0 X 5 2 2450 . BTN 2 256 Rk
1482.35km?, 7 iU B HIAR Y 17.30%, SR 0 X AR R I “/S B 3A 7 ianiRl S
BRER UM AT RRAE . BT T O X I “— FE 27 B, SRHLIX 2 5046 T
HAME L RIEL IR AARE . ZAFER I, NPP&POL A1 T A H Geit. - I
SO SR B BRI 2 R RIS J), WA R TR S i AR L Py T RS
Re Xl 7 S5 L A S 5 L

(3) NPP&POI L5 15 5U7E IR 2 23 1A) b I IR RAS A . 55— IR SR8 H BLAE I T A 0
X5 2 g Az n), BEEIEW %O X BE R N, NPP&POI RILAK PR,
R HIAEIN 2 5435 2 M2 18], BEEFEYR £ 45 A0 0E 23 1, NPP&POI 2 i [ A%
SRUE LI BRI BT S ZFUHIE SR 2 45 G R T sk R b e AR b3 SR
WAFAE, BASRRRESNE, S5, NO L b g (i i M AT A SRR 1 — Eehk, T
R 2 2= R R 9 P O TF =00 5 o R HR I B SRR .



AHEFEAL ARG T 5], X NPP&POT fi3 2 7% () AR AL AR HEAT 4R 1 HRRIE 1 HI 2 &5
BV, AREEE T SR AR AR N EURIZE 5 R ARG B30 T BE4T EEBL A BT 4R
PHAREYE. NPP&POT BLARBEXT H IR W5 NN FOEEAT X0y, (HAER M, RS HIHEE E
SR DI PN P AR ARG, 2 DX 2% ) AR 5% R 7 ZEIR AR o NPPRPOT BEfS RALIN 2 K&
JIE 73, IRWUER] S S0 A A, A R BENE R HLES 5 2] S8 0T B M AN I s (R 2 25 5
sl 1 REA = S PG i LI AT SRS A LI AL R B - S N

27 3Lk -

[1] Chen Hongsheng, Li Zhigang, Wang Xingping. The Construction of Urban-Rural Dual Structure from a Central-
Local Government Perspective: Study on the Evolution of Urban and Rural China from the First Five-year Plan to
the Twelfth Five-year Plan. Urban Planning International, 2016, 31(6): 62-67+88 (i, Z=EN|, F4F. drde—
WA T ES S oS —— “— kR B AR P ER 2 AR . ERR TR, 2016, 31(6): 62-
67+88)

[2] Liu Yu, Feng Jian. Analysis on execution and change of regional function of agriculture in rural-urban
fringe: A case study of Beijing. Geographical Research, 2017, 36 (4):673-683 (X, Hfif. I 2 g5&uBaR il T BE
SRR B AR A DU U ). IR, 2017, 36(4) :673-683)

[3] Sujuan Zhong, Mingshu Wang, Yi Zhu, et al. Urban expansion and the urban-rural income gap: Empirical
evidence from China. Cities, 2022, 129(10)

[4] Bryant C, Russwurm LH. The Impact of Non-Farm Development on Agriculture: A Synthesis. PlanCanada, 1979,
19(2) : 122-139

[6] Gu C L, Chen T, Ding J H, et al. The study of the urban fringes in Chinese megalopolises. Acta Geographica
Sinica, 1993, 48(4): 317-328

[6] Zhang Jianming, Xu Xueqiang. Review And Perspective Of The Studies On Rural-Urban Fringe. Human Geography,
1997, (3): 9-12 GREEW], VP, IR 2 LG SR IS R (], ASCHER, 1997, (3): 9-12)

[7] Sharp J S, Clark J K. Between the country and the concrete:rediscovering the rural-urban fringe. City &
Community, 2008, 7(1): 61-79.

[8] Zhao Huafu, Zhu Yuhuan, Wu Kening, et al. Study on the Method for the Demarcation of Urban-rural Fringe
Based on Land Use Dynamic Indicator. China Land Sciences, 2012, 26(9): 60-65CGEEH, 4 KK, Ron T, tHIRE. HT

ENTERR IR 2 ST e TTERT L. P E - HRAE, 2012, 26(9) ¢ 60-65)



[9] Huang Xiang. Boundary Division of Urban-rural Fringe Based on Comprehensive Landscape Index. Geospatial

Information, 2015, 13(4): 7-9+11 G, HETLR&HMAREIIL 2 &5 &30tk sr. I EE R, 2015, 13(4): 7-9+11)

[10] Wu jinghang, Gui Zhipeng, Shen Li, et al. Population Spatialization by Considering Pixel-Level Attribute

Grading and Spatial Association. Geomatics and Information Science of Wuhan University, 2022, 47(9): 1364-1375

CREN, FEEMS, B0, 55, R 0 J 1 23 2 5 2 () SR IR N s 4 T 3. iRBUR 2243k (5 BRMERR) L 2022, 47(9):

1364-1375)

[11] Li Fei, Yan Qingwu, Zou Yajing, et al. Extraction accuracy of urban built—up area based on nighttime light

data and POI: a case study of Luojia 1-01 and NPP/VIIRS nighttime light images. Geomatics and Information Science

of Wuhan University, 2021, 46(6): 825-835(JF &, HEIKE, 4TS, . FIFRIEITG POT FI3R T A X SR BOR 0t Fi—

—LLEEHII—5 01 JE I NPP/VIIRS & AT Yesetg B, sUIK 54k (B RR), 2021, 46(6) : 825-835)

[12] Liu Pengfei, Wang Qing, Zhang Dandan, et al. An Improved Correction Method of Nighttime Light Data Based on

EVI and WorldPop Data. Remote Sensing, 2020, 12(23)

[13] Han Yongshun, Wang Wenjuan, Zhang Dongshui, et al. A Population Spatialization Method Based on Regional

Differentiations in Population and ActualHousing Vacancy——Taking the Yalong River Basin of China as an Example

Mountain Research , 2022, 40(2): 303-316 (BT, £330, TRAK, . —FhEET 7 X AR F B4 X 1 D2 e 7 vk

——DUERILRECONE]. L2, 2022, 40 (2) :303-316)

[14] Lloyd Christopher T, Sorichetta Alessandro, Tatem Andrew J. High resolution global gridded data for use in

population studies. Scientific data, 2017, 4(1).

[15] Lin Danchun, Tan Min, Liu Kai, et al. Accuracy Comparison of Four Gridded Population Datasets in Guangdong

Province, China. Tropical Geography, 2020, 40 (2): 346-356 (MKFFE, &, XIP, &5, QM E 28 187 A BUE 4 i kS

P ——LA 2010 45T A4 N1, BT HIEER, 2020, 40 (2) :346-356)

[16] Xiao Dongsheng, Wang Ning, Liu Zhicheng. Accuracy of Representative Population Grid Data Set in Arid

Areas: A Case of Gansu Ningxia Qinghai Region. Arid Land Geography, 2022, 1-16. (HZ&F, 7%, XER. T 55X

CRFHEN TR AR AR —— U T E O, TRXME, 2022, 1-16.)

[17] Zhu Shoujie, Du Shihong, Lijun, et al. Estimating population distribution in cities and towns though fusing

multi-source spatial data. Journal of Geo-Information Science, 2020, 22(8): 1607-1616 (J~¢7s, Fhith:, 2%, 4%

A 22 U8 (A A IR D A il B, bRk ERH# 223k, 2020, 22(8): 1607-1616)

[18] Handong Liang, Zhongyang Guo, Jianping Wu, et al. GDP spatialization in Ningbo City based on NPP/VIIRS

night-time light and auxiliary data using random forest regression. Advances in Space Research, 2020, 65(1):

481-493



[19] Yangyang, Huang Qingxu, Zhang Liling. The spatial-temporal measurement on the land urbanization level using

DMSP/OLS nighttime light data——a case study of Bohai Rim. Economic Geography, 2015, 35(2): 141-148+168 (}%¥¥,

WEERAE, TALFc. T DMSP/OLS R [RIAT Y6 HdE i - b Ak /K 7 e 2 DU B A A0 —— ISR b X il rhER, 2015,

35(2): 141-148+168)

[20] Zhou Y, Smith S J, Elvidge C D, et al. A cluster—based method to map urban area from DMSP/OLS nightlights.

Remote Sensing of Environment, 2014, 46(147): 173—185

[21] Zhou Liang, Zhao Qi, Yang Fan. Identification of urban agglomeration boundary based on POl and NPP/VIIRS

night light data. Progress in Geography, 2019, 38(6): 840-850 (&%, #XIH, #Ml. T POI 5 NPP/VIIRS I Ya¥4E 1

WL e R, HhFRRLEERE, 2019, 38(6): 840-850)

[22] Zheng Muchen, Xu Gang, Xiao Rui, et al. Distance decay of nighttime lights from urban centers and its

application. Progress in Geography, 2022, 41(7): 1251-1260 CEIRJE, NI, B8, £ TR IENAT 6 B 4% ) B8 i

KNiF. shEREREFERE, 2022, 41(7): 1251-1260)

[23] Zhang Zhigang, Zhang Anming, Guo Huanhuan. Pattern and Process of Urbanization in the Yangtze Delta Based

on DMSP/OLS Data. Remote Sensing for Land & Resources, 2016, 32(6): 37-42 (5k &N, KZ2HH, FEXRXK. T DMSP/OLS

TIANT Y HE 3R 2 456308 2 MR AU Fe—— DA R B3R X . HhIm 5 b3l B RN, 2016, 32(6): 37-42)

[24] Yang J, Li X, Li S, et al. The woody plant diversity and landscape pattern of fine-resolution urban forest

along a distance gradient from points of interest in Qingdao. Ecological Indicators. 2021, 122: 107326

[25] Zhang Jingqi, Shi Wenbao, Xiu Chunliang, Urban research using points of interest data in China. Scientia

Geographica Sinica, 2021, 41(1): 140-148 (3K=#F, SL3CE, BHFsw. POI FARAEHEW T L RN A, HIEREE, 2021

41(1): 140-148)

[26] Xu Zening, Gao Xiaolu. A novel method for identifying the boundary of urban built-up areas with POI data

Acta Geographica Sinica, 2016, 71(6): 928-939 (¥F&FT, wlERt. AT A7 BN sl IR T s X T FHRAITTi%. el

ik, 2016, 71(6): 928-939)

[27] Zhou De, Zhong Wenyu, Zhou Ting, et al. Assessment on urban mixed land use and analysis of its influencing

factors based on POl data: a case of the main districts of Hangzhou City China. Land Science. 2021, 35(8): 96—

106 (48, BhoCER, R, 45 FET POT Hdm Ay it & A PO SRR M —— DABUM AT B3R Ou ). o [ 3t

%, 2021, 35(8): 96-106)

[28] He Xiong, Zhou Chunshan, Zhang Jun, et al. Using Wavelet Transforms to Fuse Nighttime Light Data and POI

Big Data to Extract Urban Built-Up Areas. Remote Sensing, 2020, 12(23): 3887

[29] Li Qiang, Li Xiaobo, Liu Jianfeng. Analysis and assessment of the mode of planning and construction and



design of land use guidance in rural-urban continuum. Areal Research and Development, 2015, 34(5): 143-147 (%=
W, BN, RSN IR 2SS IR R PP S A A S et MUIEET AL ST A, 2015, 34(5) 1 143-147)

[30] Chen Wei, Xiao Zhizhong, Lin Jianwei, et al. Wuhan’s exploration on transformation from multi-plan
integration to spatial planning reform: reflections on the new round of the city master plan of Wuhan. City
Planning Review, 2018, 42(z2): 32-37(Fr43, H&EH, Mgt & RKIUN “ZHE—" W2 AR SCERRE —&E TR
POTHT— 33001 SR I 2%, Sl R, 2018, 42(z2): 32-37)

[31] Minjie. Study on the feature and spatial—temporal regulation of rural-urban land conversion. Huazhong
Agricultural University, 2007 (%, RHIRATRERAE SRR, ol k%, 2007)

[32] Yang Xiping, Fang Zhixiang, Zhao Zhiyuan, et al. Analyzing Space-Time Variation of Urban Human Stay Using
Kernel Density Estimation by Considering Spatial Distribution of Mobile Phone Towers. Geomatics and Information
Science of Wuhan University, 2017, 42(1): 49-55 (W31, J5 G4, UG, 55, U THLFE S 43 A (¥R 2 T A V3R 17 AT et
FlEE A, BT (F BEERR), 2017, 42(1) @ 49-55)

[33] Zhang Ning, Fang Linna, Zhou Jie, et al. The study on spatial expansion and its driving forces in the urban
fringe of Beijing. Geographical Research, 2010, 29(3): 471-480 (5kT*, JFHKEE, JAA, 25 JbglIliiibZ X 2Ry EEr
fiE S JRE L. HUERRTIE, 2010, 29(3): 471-480)

[34] Liu Wanzeng, Lu Chenni, Huo Liang, et al. Selection Method of Residential Point Features Constrained by
Optimal Information Entropy. Geomatics and Information Science of Wuhan University, 2021, 46(8): 1178-1185 (X}
B, MR, 5T, 45 RAE EMARIE R ORE FEBU L. PO (R B REERR) , 2021, 46(8) @ 1178-1185)
[35] Jian Peng, Yina Hu, Yanxu Liu, et al. A new approach for urban-rural fringe identification: Integrating
impervious surface area and spatial continuous wavelet transform. Landscape and Urban Planning, 2018, (175): 72-

79

MLEEK:

FrR: POURITHIAIKT Yol & Kot F T30 £ 45 430 2 1) Kl s (R F gt —— LA T Al
B @i, FEB, B, 90 T

DOI: 10.13203/j.whugis20220597

WA EHE: 2023-06-04

SRR

FETE, JEBL S, A PO AT R & s Fl T30 2 45 6 B0 2 AR i 58 —— LA
BT AR, BRBUR2E2EM (5 B RFERD, 2023, DOI: 10.13203/j.whugis20220597 (Meng
Yingying, Zhou Size, Nie Yan, et al. Spatial Delimitation of the Urban-Rural Fringe Based on POI and



Nighttime Light Data: A Case Study of Wuhan City[J]. Geomatics and Information Science of Wuhan
University, 2023, DOI: 10.13203/j. whugis20220597)

M ERXENENRAE EXDRESFHHER, 5 UIER RSO !
BRBGB I AR :

BN — 52 (AT Y RAARAE B SR IR A R H - AT A

XBGR, BRI, FiEn, MR, X

Rk (EERFARD, 2021, 46(1): 30-39
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20190376




