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ABSTRACT

A sufficient number of ambulances are critical for preventing delayed vehicle dispatch for emergency patients. This study
presents effective methodologies for evaluating the effects of ambulance quantities on availability. The statistical properties of
the emergency requests and responses were analyzed for a city in Korea. The inter-request times were modeled by statistical
distributions. The ambulance dispatch was modeled using simulation, reflecting the shared dispatch among the city districts.
The simulation results revealed that the existing ambulance quantity could successfully meet the majority of the requests, but
more vehicles were desirable for improvement. The locations of the additional vehicles were determined efficiently by
simulations with a greedy approach. The simulations with added vehicles showed a significantly better coverage of the
emergency calls. This research can help design improved emergency vehicle operations, and help save lives.
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Table 1. Example of the Emergency Vehicle Activity Data
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Table 2. Goodness-of-fit Test for the Inter-call Time Distribution

No. Center Call time District Return Weibull
1 MS 22:58 Out 23:55 Kolmogorov-Smirnov
2 SD 16:49 In 17:57 Sample size 4586 p-value 0.17021
YT 00:54 Out 01:27 Statistic 0.01638 Rank 2
15 Histogram of Inter-call Times and
6000 - Probability Fitting (Weibull)
NUMBER OF CALLS PER HOUR 5 10
5000 2
]
A
4000
3000 240 360 480
2000 HOUR Inter-call Time

0 2 4 6 8 10 12 14 16 18 20 22

Figure 1. Number of emergency calls for each hour.
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Figure 2. Histogram and distribution of the calls at center MS.

Horizontal axis: times between calls.
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Table 3. Number of Failed Responses at Each Center

Bup- mA e

Table 4. Effect of One Additional Vehicle at Different Centers

Center No. of requests No. of failures Ambulances per center No.
GS 9679 10 NB|MS|YT|GS|SD|YC|YE|JM| PJ | JJ | Sum | Fail.
YE 9664 1 Now |2 |21 ][1 |1 |t1]1][1]1|2]13]116

pr— ; M1 |3 2111t ]1]1]1]2]14] 45
3 7 7 M2 |2 3 1 111 1]1]|1]2] 14 48
M 13581 10 M3 222ttt |t|t1|1|2]14] 45
MS 23120 24 M4 |2 2121 |1]1]1]1|2] 14 ] 35
NB 18111 M5 22t |t|2tft|t]1]|2]14] 46
ol <81 4 M6 |22ttt l2tlt|1|2]14] 35
M7 2211111211 ]2]14] 39
SD 10502 9 M8 221|111 ]1]2]1]2]14] 28
YC 11290 13 M9 |2 21|11 |1]1]1|2]2] 14 ] 40
YT 11011 7 MIO | 221111111 ]3]14] 36
Sum 135585 116
Table 5. Preference of Requests to Other Centers
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Table 6. Effect of Two Additional Vehicles at Different Centers
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Table 7. Effect of Two Additional Vehicles at Different Centers,
Observed with More Simulations

Ambulances per center No.

NB|MS|YT|GS|SD|YC|YE|IM| PJ | JJ |Sum fail- Ambulances per center No.
Now 2 L2 il it i T2 s e NB|MS|YT|GS |SD|YC|YE|IM| PJ | JJ |Sum| fail
mitlsl2la il lilalalil2l15]5 MIlT |3 |2 |11 1 1 1212 |15]12
vzl 23 Talalalailil2l112115]5 MI2| 2 | 3 |1 1 1 1 1 {2 (1|2 /|15]| 9
Mzl 2l 2l it Talail2li1121151%s MI9| 2 |2 |1 1 1 1 112122 |15]12
Mial 2l 211l 2111121112153 M20| 2 | 2|1 1 1 1 1213 |15]12
MIS|2 (2|1 (1|21 |1 }]2|1]2|15]14
Miel 212102t 2111211506 Table 8. Summary: Effect of Additional Vehicles on Failure Rates
M7 2 (2|1 (1|11 |2]2|1]2|15]38 Current +1: IM +2: JM, MS
MI8| 2 | 2|1 1 1 1 1 {31 ]2]|15]6 Total calls 135,585 135,305 225,947
MI9| 2 |2 | 1|1 1 1 1122 |2]|15]|5 Failures 116 28 9
M20| 2 | 2|1 |1 1 1 12|13 |15]|5 Success rate 99.9144% 99.9793% 99.9960%

Failure rate 0.0856% 0.0207% 0.0040%
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