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SRR B, AT AR R i R AR Lk . Rk . H A
. BREWLSE MWL a8 %7 (Two-step Floating Catchment Area Method, 2SFCA)
AU RS B TR R O AR, AR B T A, (B R AR AN
Ao N, BERE LR AR U] LA e IX s 8] 14 2 Sl 55 15t AT IR PR 25 T el R Bk
s J B SR e B i W A SRR 55 Uit ,  Z MUt i R 95 HE 1, 2SFCA i Bhy i %
JETHELGRNTR R, A AT (R I i {5 o 2 SR S e R 2

BRI, ASCERR T — DT R UHERE 70 Be A A FL it s [a] Al sA M3 /7% (Optimal
Supply-demand Accessibility Method, OSD), IREIHUCIA ik, FAEEE: L
BEALG B AR 5 A FL 2 R 3, ARG Be s R zs Tkt debs, OF 514480 2SFCA
LIRSS AT LA b o R0 S g0 R I T B iR TR E T BT R RCR &, &
THE R IR, 38 T A IR S5 it i AT A v oM S5 A5 Ak el
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A AR 55 1t 23 (B T iR Mo B ik R B R RG ek . ol ek . W i
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2SFCA {5 8] 5. 2SFCA . 351 E2SFCA . 1] 4848 F-[X V2SFCA ., |~ X G2SFCA .,
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)it (Bl ECE . BUEMNMBERZE , AP, 5 2SFCA H — 4ok it
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— AN ERSEBA AR, RS PREI TR AT, R R RS
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AU, 22 B A R it TR B S s S S, BPAS KM T BT st 2 1) A7 Jeg ) 5 B
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Y e JO e S 25 RS i L AR BCAE T g ) A

gi b, CABRRIXFUTRCRNFBEANE TR . M RO — & XS N 3R R
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H— e LT R, B HR R SO s vl s M F e, T A 3R
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ieVjeU
Subjectto Y x,=d, VieV (2)
jeu
Zx,.j$qj, VjeU (3)
ieV
x;=10,1,2, -}, YieV, YjeU (4)

X (D) Sy Ebredl, Ty MERITIAS s 30 (2) PRI TAE TR, FIErA 4
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i,
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IfTE] 5 Bt 2 B PSS RAT I I L 55 AR N A IR S5 BSR4 o X SEAR AR AT L
VAN A XL AR MU 55 B RESERRBE , A ml LUHIWrBEnts il 55 RE 1 Je s 2 . il X A 2 7%
AL

B SER, DA Btz 55 AE R TR e A X — AP F Gk AL i, A7
Toffto BEXFX GO0, P B PIRRAR LTI 5 o — IR B o5 DOt AT (T, % He il
Rt an RS RE ST, R 5 AN S T EOR TR s IR IR SR AN BER 2
2, PEERLRAR, BRAEITINE .

Minimize Y Y ¢,x, (5)
ieVjeU
Subjectto Y x,<d, YieV (6)
jev
le.j:qj, VieU (7)
ieV
x;={0,1,2, -}, VieV, YjeU (8)

YE#ETE Python 3.8 MR, JF A 1 BE TS DLt 23 e 14 2 Hh s 2 18] ] sA M 3143 T
B, Z T HEEAE GIS hifE& i o 8idis , dr ZOIRaRL, SRS IR CBC MIP K fifds
(https:/github.com/coin-or/cbe) HEATHERIK AR . 1% T B J 5255 %048 U hitps:/github.com/
trirumisu/OSD.

4

4.1 RHIEHE

ASCLIFRMI T 47K X g 5], F L Z A X DA RS oo AN ORI B, R
ST EBAR BT 3 BC M 2SFCA Jr ik A Tl ik P, JRXT L &5 R . AR SCEIE % &
B T HREAL X AR SS TP Z AN R B PR . RN T /K X B TR Z4 242 km?®, 4>
XEE24METE, 133340/DNX, 20204E2 X AN Z1161 7, 254X DA RS Huls . it
SEHLRAY , ARAFEEA AL X DA RSSO IR 55 R R/ INXORUEE N 18R o IR 441112020
EATE A AR X AR SS A B . FRAE/NX 28 [ 4040 5550, 7F ArcGIS Hr & B
Sy FREZE (E 1),

HRIE BN T 427K IX 25 A IX DA AR S5 P Se bR S 1 00, 330K 55 Hhoe A B iR 55
JNX A OD B BEAS SRS, Seit 2547 15 min BIE A /NX 5 SRBURE 2 BE Y7 IR 55 4 8] Al 3k
P (E2), BTk B, A BRI SS T HGE /N X e B AT 7E 15 min Y 2k X AR AR
gy, (5 46.57%, Hid—FRER (53.43%) JoikElk,

S X DA RS oD RS BE b (20184F) ™, #STkRUEN 1400 m*, AR5 A D
3F~5 N BFFRAEN 1700 m®, RSN NS5 F~THN; BHFREN 2000 m*, R4
AN TT~105 N o 256 RHIX DAMRS F.ORSRE 45 TiEhr CRFUER, RO IE .
A5, W MRS R ORI IR S A OB B ARSE T FIR, AR MRS
OO IEETR DCAEC 2280 (K3), 10N IRS HOFETE I AR A TR, AN 5 1
FER, 12245, 4%5 . 95125y, Hi oSk s OE 2k 5] 60%, 14k
SRR AL BTAY, HirP 25 51 17 SRS T O B TS Sk B 57.1%H1 46.5%.
42 ETRAHESRATEES T

BT I AT A BEPPAL AR 55 T ik, BRLER K. D 7€ ArcGIS HhifE & S il 558
ALFEAE X DA R S5 ot as Ty e R S5 R, AR /NX A (a7 8 S N PR, @) 1
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Fig. 1 The study area in Zhengzhou, China
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Fig. 2 Healthcare centres and their service areas in Jinshui District, Zhengzhou, 2020
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SCYGTHAIRES . HP S AL, B E Inter@® Core™ i7-7700 CPU £18 GB N7,
Window 104:/E &%, 2¢%E Python 3.8, ArcGIS 10.2 Fl CBC IR M RIS 7 2% . CBC
RERR AR R 2.2 s, HRAFRATAE

XA 47K X H AT 46.57%09 )i B AT LAFE 15 min 24770 N 2 ik kX DA RS
O (F1D), Z LT R T E R HE R 0% E R “15 min FIAEST &7 8 HAR™,
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ARSI Hh A5 T T SR L B A B2 rR PSRk, il B B iR 55 o
IR SS RE T AR R L FRE IR S BE T, Xob I 55 v ) i 40 LR i Rt 2 ) e 55 v i
FTEF T BC, AR RESR A 4 FroR . R LB 4 a0, ARSI TS oo R B3R e ds
RE ), EEHTUCHC R 55 3 w5 Y L, 15 min N B GA IR 55 b0 B9 S RECH AR e, AL
53.22%; AHCHE FE ZALIX TR IR S5 vhoC i BebRifis, A 55 hon B 55 RE 4R 2 b
B, 15 min N EEAR S5 0 B o AR 2 54.86% . AHXTAR S T OB =, T 23 [\l
g o d) s IV RIBEN Covr e i S € P LT
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Fig. 3 Service redundancy or shortages for healthcare centres in Jinshui District, Zhengzhou

x1 MMNTEARAENEHETEFRSBESESIT

Tab.1 The coverage percentages of healthcare services within different time thresholds in Jinshui District, Zhengzhou

435 SLPRIRAS RE ST IR IRS5 RE 1 el i IR 55 BAR
NE(N) i H(%) UNION i L (%) INION i H(%)
<5 134038 8.29 141442 8.75 120419 7.45
5~10 368009 22.76 385789 23.86 321689 19.89
10~15 358494 22.17 359843 2225 310973 19.23
>15 756538 46.78 730005 45.14 863998 53.43

a. SEPRRSS BES) b. RS RES)

T 351 (min)

e >15

. 10~15
5-10

. <5

o FLXTAE
Ji: &l

Bl4 RSN T Bk X BRI 55 e L o4 2

Fig. 4 The optimal allocation of healthcare services in Jinshui District, Zhengzhou
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SR 2SFCA TR TR B ml ik, w5E, LIRS e, 11515 min 617
B (170 BB PN BT AT i R s, T S X A DA RS oo RN Bz s 58 =4, IEA
INDKOA Ry, 5T R S T PR P A A 55 o i, R T DX PN 45 R 55 o0 9 L
A, ARRNEAS/ DX BEEE AT s

FT P 2SFCA . 4 2SFCA FIH /150 2SFCA 3 5T 2647 15 min (AT =
72 m/min) ] SR PN 25 /N AR B 2 B 7 IR 55 25 (Rl ik M. 6 52 ) 30k 2SFCA Y
M5, MRS Hnl AL R i K. S5 SCHk™ ), ARSI,
1.2, 1.5, 1.8, 2 X SFMEAL. METHT, ASCHRYE A RN Sk, BTk g o
FE (<04). B (04~0.8), —% (0.8~1.2), U (1.2~1.6) Fikf (>1.6), FFXFLA
b 6 BRI 25 AT AT . B S BRAN R i A B P kP 2 R S B 2B Y 2 [l
FRAE, ZBIX “15 min” JE)2BEI7 RS w ik vk S P IH S A JB 2 8540 . A a3 R Y Sk
B ErEE . N B S TR B X AT sk ey, AR T I B BE YT AT AT
2, JEHORFRAR XL R BT RS b, /NX “15 min” BATARBGE 2 BT RS
AR PEREZE, B/ NI 0,

F2WR, FEFRM2SFCA, “15 min” ST RPE T IRIZEITIRS 2 BT A R
WHER, S 30.89%; i 2SFCA R, BEI7FIRS a3l kvt BAF R, &bl
32.29%. 7] 2SFCA TIA 45 5 bl AU AN A1 22 S K. BEAMUEIG N, Bey7 MR 55 23 [a) ]
IR BT ORD U XA JE R R R R R, 43N 28.57% (B=1).
26.26% (B=1.2). 22.37% (B=1.5). 17.56% (B=1.8) F115.75% (B=2).

XA B T EeA TR A EE (32 1) FI2SFCA T al ik R4 1 (%2), KW
FE S ) 1 A 2 D S B AN TR, JE TR B 2SFCA . 5387 2SFCA FIHE ) %508 2SFCA [ 7]
ISR 2E AR, H ARG R 7 R A A AT R T T
“ET L, PPE ORI SET RO LA TR, T B e “15 min E)
IRERIT R WA ZS B3, #1 X DAE o it b 25 5 R 2 ) oA 22 5k, DA St
SRE TR 2 e, BRI AS ] b st il aA R 2 X 3

5

AR CAELRA 5 T8N LRSS BB AIL T AS AL T, SR 48 i ()3 iy ) RS TR 1 o e
RS AT T 28, VR R IR 45 B Zs [l T sh 1k, IR DU T 4K XAk X DA iR 45
F, KPS S8 R P AL LT B, SR AT A

ZHIFFR R . © AR A EATERIS, KFmEE, [H CBCKga, HRAITTHE
BflA) 298 2.2 s, AR CPLEX, GUROBI %S i FHAR A, TR 20 0.2~0.3 s,
Q@ SEGE RN LIRSS it s [ A PERE ik (U AR R AE) A EL, Bepifit
o PO A R A Ay e Uit 2 [A) n] kMEy T HAA 7E 2. BRSO RSk, H
A Y PR SR T ROG A T4 A L RS Fa bR (A A6 AR 45 il A 7 st
) AT oK A PR S5 RA TR ] . 25 it filt 3 A P RRA TR ) . e AR N R iR 5578
TR, HIVESFI LR . A 50 A IR S5 I 45 5 T 2R 2 (8] 4 A1 22 5Pk DA KAt
AHE TR 250, OIS ] LB nl s PR 22 X0, RERMSSR AN AN L .

A EREE T IAMET . XESHE . SO 85N RS 23 B AT AT . 2
HMRSIRR S, (FEHETR, WA sh (GEmoiE ERrkhl) s &L %
oo SRR KA, w il AR SO BT P EAS T v, HIWT A FL R 55 K- 2R
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Fig. 5 Maps of healthcare services accessibility assessed by 2SFCA within a "15-minute" walking search radius

#F2 ETF2SFCA“15 min" FITERFE T EF RS A ESEIT(%)

Tab. 2 Statistics of healthcare service accessibility within a ""15-minute" walking search radius by 2SFCA

AL T Z(<04)  E04~0.8) —fK(0.8~1.2) F(1.2~1.4) H(>1.4)
fAi B 2SFCA 42.82 4.12 22.16 7.94 22.95
7 2SFCA 51.51 6.63 9.57 7.97 2432
/] 2SFCA(f=1) 43.43 17.26 10.75 6.95 21.62
T /7 2SFCA(f=1.2) 46.01 19.13 8.60 7.44 18.82
/1 2SFCA(f=1.5) 52.93 15.63 9.06 7.34 15.03
/1 2SFCA(f=1.8) 59.97 13.54 8.93 3.93 13.63

T JJ 2SFCA(=2) 63.60 14.09 6.56 3.10 12.65
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A TG SR A e EA R . R YT B AR IR R R YE . 7E 15 min gk XA
B N, BUAAEIX AR o5 B N A FE R AR T KBl i B, B A ] e AR
PR LA . N BIRAERGI05E o Jy SAE M 9 2 4 DX DA I 5 4 i S BB IE 20K
A LU LRI Bt . 7 S Bt i A L 3T Bt ml i R B DO o A
ARSCA IR PR R 2 R SR U R BT oK A i, R A A BNt A Ja LK B m] ik P DAl AF
gL, NGB IE AT R AL, FTiE T AR A SR 55 A R

S 3k (References)

[1] Xie Lijian, Zhou Suhong. The characteristics of inter- city commuting in Guangzhou under the context of regional
integration. Urban Insight, 2010(4): 85-93. [ &1, A1 R 4L K 3sk— Atk 597 M i o B3 s ik S i S
F%,2010(4): 85-93.]

[2] Hansen, W G. How accessibility shapes land use. Journal of the American Institute of Planners, 1959, 25(2): 73-76.

[3

[4] Jarv O, Tenkanen H, Salonen M, et al. Dynamic cities: Location-based accessibility modelling as a function of time.
Applied Geography, 2018, 95: 101-110.

[5] Kwan M P, Weber J. Individual accessibility revisited: Implications for geographical analysis in the twenty-first century.
Geographical Analysis, 2003, 35(4): 341-353.

[6] Zhang Q 'Y, Northridge M E, Jin Z, et al. Modeling accessibility of screening and treatment facilities for older adults

] Dalvi M Q, Martin K M. The measurement of accessibility: Some preliminary results. Transportation, 1976, 5(1): 17-42.

using transportation networks. Applied Geography, 2018, 93: 64-75.

[7] Luo W, Wang F H. Measures of spatial accessibility to healthcare in a GIS environment: Synthesis and a case study in
Chicago region. Environment and Planning B, Planning & Design, 2003, 30(6): 865-884.

[ 8] Mcgrail M R, Humphreys J S. Measuring spatial accessibility to primary care in rural areas: Improving the effectiveness
of the two-step floating catchment area method. Applied Geography, 2009, 29(4): 533-541.

[9] Liao Xinzhi, Wang Hua, Zhao Wanmin. Evaluation method of medical facilities service coverage in mountainous cities
based on map data. Journal of Geo-Information Science, 2021, 23(4): 604-616. [BL.0xf, A, TR, B4 H K 5E
B LI T T B AR 55 B e PP A DR ST s sRAE SR A1, 2021, 23(4): 604-616.]

[10] Guo S H, Song C, Pei T, et al. Accessibility to urban parks for elderly residents: Perspectives from mobile phone data.
Landscape and Urban Planning, 2019, 191: 103642. DOI: 10.1016/j.landurbplan.2019.103642.

[11] WulJY, Chen H T, Wang H Y, et al. Will the opening community policy improve the equity of green accessibility and in
what ways? Response based on a 2-step floating catchment area method and genetic algorithm. Journal of Cleaner
Production, 2020, 263: 121454. DOI: 10.1016/j.jclepro.2020.121454

[12] Xiao Y, Wang D, Fang J. Exploring the disparities in park access through mobile phone data: Evidence from Shanghai,
China. Landscape and Urban Planning, 2019, 181: 80-91.

[13] Chen Y, Yue W Z, Rosa D L. Which communities have better accessibility to green space? An investigation into
environmental inequality using big data. Landscape and Urban Planning, 2020, 204: 103919. DOI: 10.1016/.
landurbplan.2020.103919

[14] Yang Wenyue, Li Xin, Chen Huiling, et al. Multi-scale accessibility of green spaces and its equity in Guangzhou based
on multi-mode two-step floating catchment area method (M2SFCA). Acta Ecologica Sinica, 2021, 41(15): 6064-6074.
(W30, 20, BRER, 45, 36T 2 AT R B a8 2L ) N 22 ROBE S n] i M5 AP SE. AR 35241,
2021, 41(15): 6064-6074.]

[15] Han Zenglin, Dong Mengru, Liu Tianbao, et al. Spatial accessibility evaluation and layout optimization of basic
education facilities in community life circle: A case study of Shahekou in Dalian. Scientia Geographica Sinica, 2020, 40
(11): 1774-1783. [FHGAK, FEAS N, XK, 45, 4k DA G T8I LA 20 Bt 2 18] v A PP S0 )R A T LAK %
VB X R ). #hFRARE, 2020, 40(11): 1774-1783.]

[16] Andersson F, Haltiwanger J C, Kutzbach M J, et al. Job displacement and the duration of joblessness: The role of spatial
mismatch. The Review of Economics and Statistics, 2018, 100(2): 203-218.

[17] El-Geneidy A, Levinson D. Place rank: Valuing spatial interactions. Networks and Spatial Economics, 2011, 11(4): 643-
659.

[18] Korsu E, Wenglenski S. Job accessibility, residential segregation and risk of long-term unemployment in the Paris
region. Urban Studies, 2010, 47(11): 2279-2324.

[19] Wan N, Zou B, Sternberg T. A three-step floating catchment area method for analyzing spatial access to health services.
International Journal of Geographical Information Science, 2012, 26(6): 1073-1089.



41 RO 2 FTRIUAETE 2 BCA A LS 23 8] Al sk B 1037

[20] Yiannakoulias N, Bland W, Svenson L W. Estimating the effect of turn penalties and traffic congestion on measuring
spatial accessibility to primary health care. Applied Geography, 2013, 39: 172-182.

[21] Lucas K, Wee B, Maat K. A method to evaluate equitable accessibility: Combining ethical theories and accessibility-
based approaches. Transportation, 2016, 43(3): 473-490.

[22] Talen E, Anselin L. Assessing spatial equity: An evaluation of measures of accessibility to public playgrounds.
Environment and Planning A: Economy and Space, 1998, 30(4): 595-613.

[23] Zhao Pengjun, Luo Jia, Hu Haoyu. Spatial match between residents' daily life circle and public service facilities using
big data analytics: A case of Beijing. Progress in Geography, 2021, 40(4): 541-553. [ I5 7%, B4, 1525 KT REdE
B9 A 6 P 9 L 5 e 45 Uit 2 B) DE e 5 : AL soh Bl s BERR2= 0, 2021, 40(4): 541-553.]

[24] Xia N, Cheng L, Chen S, et al. Accessibility based on Gravity-Radiation model and Google Maps API: A case study in
Australia. Journal of Transport Geography, 2018, 72: 178-190.

[25] Lakhani A, Parekh S, Gudes O, et al. Disability support services in Queensland, Australia: Identifying service gaps
through spatial analysis. Applied Geography, 2019, 110: 102045. DOI: 10.1016/j.apgeog.2019.102045.

[26] Shi Xun, Wang Fahui. Application of Geospatial Information Technologies in the Public Health. Beijing: Higher
Education Press, 2016: 183-186. [Jifiilt, T-yk . MuH{F B4 AR LA I T A: 5 RSy i FH. st S5 808 R
#t,2016: 183-186.]

[27] Joseph A E, Bantock P R. Measuring potential physical accessibility to general practitioners in rural areas: A method
and case study. Social Science & Medicine, 1982, 16(1): 85-90.

[28] Onega T, Duell E J, Shi X, et al. Geographic access to cancer care in the US. Cancer, 2008, 112(4): 909-918.

[29] Shen Q. Location characteristics of inner- city neighborhoods and employment accessibility of low- wage workers.
Environment and Planning B, 1998, 25(3): 345-365.

[30] Cheng Min, Lian Yuejiao. Spatial accessibility of urban medical facilities based on improved potential model: A case
study of Yangpu district in Shanghai. Progress in Geography, 2018, 37(2): 266-275. [F2f#, 3% H fF. JeT holk i aEA Al
P T B2 it s [R] ] IR P DA L ¥ rT i X A 1), b 3RLf ki, 2018, 37(2): 266-275.]

[31] Luo W, Qi Y. An enhanced two-step floating catchment area (E2SFCA) method for measuring spatial accessibility to
primary care physicians. Health & Place, 2009, 15(4): 1100-1107.

[32] Mcgrail M R, Humphreys J S. Measuring spatial accessibility to primary care in rural areas: Improving the effectiveness
of the two-step floating catchment area method. Applied Geography, 2009, 29(4): 533-541.

[33] Luo W, Whippo T. Variable catchment sizes for the two-step floating catchment area (2SFCA) method. Health & Place,
2012, 18(4): 789-795.

[34] Yang D H, Goerge R, Mullner R. Comparing GIS-based methods of measuring spatial accessibility to health services.
Journal of Medical Systems, 2006, 30(1): 23-32.

[35] Guagliardo M F. Spatial accessibility of primary care: Concepts, methods and challenges. International Journal of
Health Geographics, 2004, 3(1): 3-16.

[36] Dai D J. Black residential segregation, disparities in spatial access to health care facilities, and late-stage breast cancer
diagnosis in metropolitan Detroit. Health & Place, 2010, 16(5): 1038-1052.

[37] Wang Chengjin. Function simulation and regularity of distance decay of inter-urban traffic flow in China. Progress in
Geography, 2009, 28(5): 690-696. [ F.Jii 4. H I SEIH I Y 0l PRBEIL S REAE. HIBERL2 ), 2009, 28(5): 690-696.]

[38] Liu Yu, Gong Li, Tong Qingxi. Quantifying the distance effect in spatial interactions. Acta Scientiarum Naturalium
Universitatis Pekinensis, 2014, 50(3): 526-534. [ X3, B8], T PAE. 45 (8] 58 HAE FH A IE 2 52 ) B B i, Jb
KR E R, 2014, 50(3): 526-534.]

[39] Rong P J, Zheng Z C, Kwan M P, et al. Evaluation of the spatial equity of medical facilities based on improved potential
model and map service API: A case study in Zhengzhou, China. Applied Geography, 2020, 119: 102192. DOI: 10.1016/j.
apgeog.2020.102192.

[40] Wang Qi. Accessibility analysis of medical services in Shanghai based on improved 2SFCA [D]. Wuhan: Wuhan
University, 2019. [T, & T HGE A sh8 22001 B 7 iR 45 nl ik M [D]. G K%, 2019.]

[41] Jiang Daoqi. Practical Linear Programming Method and Its Supporting System. Beijing: Tsinghua University Press,
2006: 193-197. [VEIEBL. SEFHZAMERN 77k ML R R S, dbnt: A= AT, 2006: 193-197.]

[42] Fu Jialiang. Operations Research Methods and Models. Shanghai: Fudan University Press, 2014: 118-121. [ K. i&
FETEERL. 1l B H R U, 2014: 118-121.)

[43] National Health Commission of the People's Republic of China. Standard of service capacity of community health
service centers (2018 edition). http://www.nhc.gov.cn/jws/s7882/201809/d77¢d05877b84909b0bd0e8b92a3e5{8.shtml,
2018-08-22. [rfrAe N RN [ [ 58 TP A= f R 22 D 2. A X TLAE IR 55 o0 Il 55 18 0 AR HE(2018 4 AR). http: //www.nhe.



1038 i B 2E 774

gov.cn/jws/s7882/201809/d77¢d05877b84909b0bd0e8b92a3e58.shtml, 2018-08-22.]

[44] National Health and Family Planning Commission of the People's Republic of China. More than 80% of residents can
reach the nearest medical point within 15 minutes. http://www.nhc.gov.cn/libin/mtbd/201710/d25a52d908b64ba492dcd
212b5a91b86.shtml, 2017-10-22. [ A R AN F 5 DAl A4 B 2 5143, 80% LA )3 R 15 43 st e 53k
il 1 BT 5. http://www.nhe.gov.cn/libin/mtbd/201710/d25a52d908b64ba492dcd2 12b5a91b86.shtml, 2017-10-22.]

[45] Tao Haiyan, Chen Xiaoxiang, Li Xia. Research on spatial accessibility to health service- A case study in the Haizhu
district of Guangzhou. Geomatics & Spatial Information Technology, 2007(1): 7-11. [P ifgte, MRIEH, 225 . /NI EYF
BARRSS s 1) AT SRR GE: LA N TITIE SR X ). 2 5 [R5 ., 2007(1): 7-11.]

[46] Wang Yuanfei. GIS and Voronoi polygon based public health care accessibility analysis. Geomatics & Spatial
Information Technology, 2006, 29(3): 77-80. [ £ K. GIS 5 Voronoi Z I JEFE BT IR 55 Uit b 38 ] S5 1 43 B v 64 By
HH. 2 575 [ ELE ., 2006, 29(3): 77-80.]

Measuring the spatial accessibility of public services by
optimal supply-demand allocation

ZHAI Shiyan', HE Xinxin’, KONG Yunfeng', LUO Jingjing’, SONG Genxin’
(1. Key Laboratory of Geospatial Technology for the Middle and Lower Yellow River Regions, Ministry of
Education, Henan University, Kaifeng 475000, Henan, China; 2. College of Geography and

Environmental Science, Henan University, Kaifeng 475004, Henan, China)

Abstract: Spatial accessibility is an important index for measuring fairness in public services
such as health care, education, and outdoor leisure. It has also been widely used in the layout
planning of public facilities. However, the existing accessibility models cannot fully illustrate
the direct relationship between service supply and demand, and thus, the accessibility
indicators cannot be explained with explicit meanings. This article introduces a new method for
measuring accessibility based on optimal supply and demand allocation, which is different
from the supply- demand relationships in existing methods. Given the supply locations, the
demand locations, their attributes, and the travel costs between them, the transportation
problem model is used to allocate services to demands. The classical model can be easily
solved with optimal total travel cost. Based on the model results, the spatial accessibility of
services can be measured. The proposed method was tested on healthcare services in a district
in Zhengzhou, Henan, China. There were 25 healthcare centres and 1333 residential
communities in the study area. The instance model was effectively built by an open-source MIP
solver in 2.2 seconds. The service area of each healthcare centre and the travel time from each
community were obtained according to the modelling results. In addition, the coverage
percentages with predefined service thresholds were calculated. The proposed method was also
compared with popular methods, such as the two- step floating catchment area method
(2SFCA), Gaussian 2SFCA, and gravity 2SFCA. Areas with poor healthcare services were
identified by using the results from the three 2SFCA methods. However, the spatial variation in
service accessibility might be very different when selecting different search thresholds and/or
distance decay coefficients. The optimal supply-demand accessibility method (OSD) proposed
in this study has advantages such as being parameter- free, easy to calculate, and easy to
explain. The authors believe that the method has application potential to replace the existing
methods in evaluating public services and facility planning.

Keywords: public service; spatial accessibility; optimal service allocation; case study



