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Abstract

Based on the traffic network of the central urban area of Changsha in 2024, this paper constructs a
transportation network analysis model. By analyzing the spatial characteristics and service capac-
ity of emergency medical sites, it explores the spatial structural features of urban emergency med-
ical resources. Firstly, regional statistical indicators, including the Gini coefficient and coefficient of
variation, are adopted to analyze the spatial distribution of POI data of emergency medical sites and
population data, revealing a highly agglomerated and spatially unbalanced layout. Secondly, with the
established transportation network model, the two-step floating catchment area (2SFCA) method and
potential model are applied to evaluate the spatial accessibility of emergency medical services, iden-
tifying a “core-periphery” spatial differentiation pattern and inequitable resource allocation. Finally,
location-allocation models, including the maximum coverage model and minimum facilities model,
are used to optimize the existing layout of emergency stations. The results indicate that a minimum
of 37 emergency stations is required to satisfy the emergency medical demands of Changsha, mean-
ing three additional stations need to be built on the current basis. This research provides practical
references for emergency medical site planning in megacities: it identifies suitable construction zones
and spatial distribution patterns of emergency medical facilities, and optimizes service capacity via
maximum coverage and minimum facilities models to match the facility demands of the study
area.
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Figure 1. Road map of central urban area in Changsha City
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Figure 2. Geographic distribution of medical emergency sites in Changsha City
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Table 1. Spatial statistics of medical emergency sites in central urban area of Changsha City

F 1. Kibm DX ET 28 SR E gt
AT X 45k T B2y SRt X3 W B X|X, -« R RS
HIBH BT 1 2.014715 49.63481 43.39601 7.955828
RAEHTIE 1 7.910104 12.64206 6.403261 2.026361
FRilifiE 1 11.38875 8.780596 2.541798 1.407418
RYFHTIE 1 239674 41.72335 35.48455 6.687722
R 1 2.251791 44.4091 38.1703 7.118214
I 1E 3 3737771 8.026173 1.787374 1.286493
FR AL A IE 1 5735938 17.43394 11.19514 2.794439
T TE 1 5.523946 18.103 11.8642 2.901681
HEACIE 1 5.764325 17.34808 11.10929 2.780677
A i 1 10.35198 9.659988 3.421189 1.548373
KBATIE 2 1.143757 174.8623 168.6235 28.02821
TN 1 1 10.34059 9.67063 3.431832 1.550079
Bi TV TS 1 3458133 2.891733 3.347065 0.463508
RATHTE 1 18.36701 5.444543 0.794255 0.872691
W R4 3E 2 5.986639 33.40772 27.16893 5.354833
BRIE 1 13.86303 7.213432 0.974634 1.156221
HRE 1 46.48928 2.151034 4.087765 0.344783
PRIETE 1 90.59393 1.103827 5.134972 0.176929
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KT8 2 22.4093 8.924868 2.686069 1.430543
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Ti K YEH1E 1 4.816065 20.76384 14.52504 3.328179
it 38 609.0916 823.4655 671.873
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Figure 3. Traffic road network model map of central urban area in Changsha City
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Figure 4. Shortest path between stop 1 and stop 2
4.1 BM2 SERARERE"

(=) B mst e

FESRT BT 2Bt s KR IE R )M 53 b A BAKID 1T A O3l DX 1Y) 77 AN it A A T8 K A
XL FVECHR 3 ST AV T L3R IX 1 2 SREE o B R e A il iy A0 W] A (0 SR R Bt a5
KD 120 o sh2s BT SRt s fEu it an o, SR B ahi 23E, SCal 83 A\ D 7y
At (I3 T B2 2 Rt ki R R AT

B, BATEEAUACEL, AR R HKVD T 2 BEEAT BUX IR D e, B0a BARB I R
VR GIS BRAF B I e s T, R 2 BT TE AT B DX R T e 3 AL AR R DA s Bt s A 2 BT TE 1Y
JE IECEAR B A, A5 BB SRk s s R RO R A S 0L, 0 5 R

Figure S. Distribution map of residential sites and emergency sites in the central urban area of Changsha City
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Figure 6. Population density distribution map of Changsha City
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Figure 7. OD cost matrix within 15-minute ambulance travel time
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Figure 9. Service areas of medical emergency sites based on potential model
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Figure 10. 15-minute service areas of medical emergency sites
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Figure 11. Distribution map of random candidate points for medical emergency sites
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Figure 12. Maximum coverage scope of medical emergency sites
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Figure 13. Maximum service coverage scope of medical emergency site at the Third Hospital of Changsha
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Figure 14. Minimization of facility points numbers
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