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Optimization study of county fire station layout based on accessibility
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Abstract: Previous studies on the layout of fire stations predominantly focuses on urban areas, with limited at-
tention given to counties primarily composed of rural regions. In response to the need for optimizing the layout
of fire stations in counties, a comprehensive evaluation method for the accessibility of urban and rural fire res-
cue is proposed in this paper. Considering the differences in fire risks between urban and rural areas, different
standards for accessibility classification are established. Fire rescue demand points are identified by integrating
fire data and point of interest data, with urban fire stations and township full-time fire stations serving as supply
points for fire rescue. The accessibility of fire rescue in the county is then weighted and comprehensively calcu-
lated based on the average ratio of fire direct property losses in urban and rural areas. Taking SD County as an

example, 16 040 demand points were collected, and the existing 2 urban fire stations and 13 township full-time
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fire stations were used as supply points. The travel time for fire rescue was simulated based on real-time road
conditions from online maps. A total of 29 evaluation scenarios were set within a full working day, each contain-
ing 16 040 samples, amounting to 465 160 samples in total. The results indicate that the cumulative proportion
of demand points with accessibility levels I and II is 50.30%, with several areas experiencing excessively long
response times. Analysis reveals that this is due to the lack of township full-time fire stations in these regions.
Therefore, a proposal is made to construct 8 township full-time fire stations in these areas as an optimization
plan. Upon re-evaluation, the cumulative proportion of demand points with accessibility levels I and II increased
by 10.76% to 61.06% after the implementation of the optimization plan. The comprehensive evaluation method

for urban and rural fire rescue accessibility proposed in this study can also be applied to the optimization of fire

station layouts in other counties.
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WE A 4 7 s 7% 7%
ECFS-1 111.741 861° 27.261 860°
ECFS-2 111.775 668° 27.234 541°
ETFS-1 111.782 385° 27.329 682°
ETFS-2 111.859 002° 27.328 427°
ETFS-3 111.879 441° 27.290 109°
ETFS-4 112.007 378° 27.279 884°
ETFS-5 111.908 758° 27.180 826°
ETFS-6 111.966 084° 27.159 802°
ETFS-7 112.043 124° 27.145432°
ETFS-8 111.955 866° 27.123 757°
ETFS-9 111.906 854° 27.080 405°
ETFS-10 111.827 602° 27.105 560°
ETFS-11 111.718 423° 27.170 525°
ETFS-12 111.648 251° 27.204 046°
ETFS-13 111.680 624° 27.276 166°
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x6 RUAREEVTEMERERSHELLTL
Table 6 Change in the percentage of the number of de-
mand points for each accessibility class after the

optimization scheme

W5t 1% Il 2% Il % V2%

12:00| 19.32+5.88 | 24.42+5.09 | 20.874+1.70 | 35.39—12.67
13:00| 20.94+6.12 | 25.92+4.72 | 21.034+1.88 | 32.10—12.72
14:00| 19.96+5.67 | 24.84+4.88 | 20.264+2.00 | 34.94—12.55
15:00| 19.46+6.05 | 25.27+5.09 | 18.9142.20 | 36.36—13.35
16:00| 19.22+5.84 | 24.91+5.35 | 19.214+1.93 | 36.66—13.12
17:00| 18.07+6.04 | 22.08+5.11 | 19.984-2.26 | 39.88—13.42
17:30| 18.40+5.99 | 21.90+5.26 | 19.7941.92 | 39.91—13.17
18:00| 18.42+5.77 | 23.19+5.09 | 21.204+2.30 | 37.19—13.16
18:30| 19.93+5.89 | 24.69+4.80 | 21.4942.31 | 33.89—13.00
19:00| 21.92+6.07 | 26.43+4.41 | 20.1442.03 | 31.51—12.51
20:00| 22.2446.02 | 26.60+4.66 | 19.05+1.37 | 32.11—12.05
21:00| 24.514+6.42 | 27.53+4.45 | 19.26+1.44 | 28.70—12.31
22:00| 26.91+6.76 | 28.62+4.54 | 18.65+0.60 | 25.82—11.91
23:00| 28.40+6.82 | 30.014+4.62 | 18.13+0.09 | 23.45—11.53
00:00| 30.70+7.15 | 30.974+4.10 | 16.80+0.07 | 21.54—11.32
01:00| 29.09+6.86 | 31.47+43.98 | 16.32+0.39 | 23.13—11.23
02:00| 31.06+6.92 | 30.904+4.18 | 15.32+0.41 | 22.72—11.50
03:00| 31.9146.96 | 31.04+3.95 | 14.77+0.30 | 22.28—11.21
04:00| 30.4446.59 | 29.80+4.41 | 15.21+0.52 | 24.56—11.52
05:00| 28.604+6.32 | 30.13+4.31 | 15.22+1.09 | 26.05—11.72
06:00| 25.594-5.97 | 28.97+4.17 | 16.84+1.42 | 28.61—11.55
07:00| 21.3345.74 | 25.82+4.53 | 20.77+1.76 | 32.08—12.03
07:30| 19.884-5.38 | 24.63+4.19 | 20.92+2.19 | 34.57—11.76
08:00| 20.0545.67 | 25.37+4.62 | 20.99+1.95 | 33.58—12.24
08:30| 20.034-5.65 | 25.66+4.59 | 20.31+1.81 | 34.00—12.05
09:00| 19.0645.57 | 25.28+4.78 | 20.01+2.09 | 35.65—12.43
10:00| 17.43+5.39 | 24.82+4.84 | 20.0242.35 | 37.73—12.59
11:00| 16.85+5.65 | 22.80+4.59 | 20.57+1.82 | 39.78—12.06
12:00| 19.08+5.94 | 23.71+4.86 | 19.5942.53 | 37.62—13.33
YIME | 23.38+6.17 | 26.92+4.59 | 18.70+1.43 | 31.00—12.20

% T
el eIl eV
8 ARWAMERNTIRRSHIFERL
Fig. 8 Distribution of demand points with different levels of

accessibility
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