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The study aimed to evaluate the current spatial distribution of emergency centersin the Holy Sites

(Mina, Muzdalifah, and Arafat), represented by the centers of the Saudi Red Crescent Authority
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and the newly established Emergency and Support Response Centers. To achieve this objective,
the study employed Geographic Information Systems (GIS) and spatial analysis and modeling
techniques to examine the distribution pattern of emergency centers, assess service coverage
areas, and estimate emergency response times. The study was based on the development of a
spatial and attribute database for emergency medical centers within the Holy Sites and applied a
set of spatial analysis methods, including Service Area Analysis, Accessibility Analysis, Location-
Allocation Analysis, and Kernel Density Analysis. In addition, several spatial statistical measures
were utilized, namely Mean Center, Standard Distance, Directional Distribution, and Average
Nearest Neighbor, to evaluate the efficiency of existing emergency center locations in achieving
spatial and temporal coverage of emergency medical services and to identify spatial coverage gaps

across the Holy Sites during the Hajj season.

The findings revealed that the Saudi Red Crescent Authority centers provide good emergency
medical coverage within the main crowd concentration areas. However, relying solely on these
centers does not ensure adequate spatial and temporal coverage for all parts of the Holy Sites. The
spatial modeling results further demonstrated that the addition of the newly established
Emergency and Support Response Centers significantly enhanced emergency service coverage,
reduced spatial coverage gaps, and improved response times. According to the Location-Allocation
Model results, the coverage rate increased from 34.6% to 53.7% in Mina, from 20.1% to 29.9% in
Muzdalifah, and from 24.9% to 57.5% in Arafat. Moreover, the areas reachable within seven

minutes improved considerably, particularly in Arafat.

The results of the spatial and statistical analyses also indicated that the distribution pattern of
emergency centers is closely aligned with major pilgrim gathering areas and principal movement
corridors. Nevertheless, some areas continue to experience relatively low levels of emergency
service coverage. Based on these findings, the study recommends reassessing the locations of
certain existing centers, establishing additional emergency centers or response points in areas with
insufficient coverage, and expanding the use of GIS and spatial analysis models to support
decision-making and enhance the efficiency of emergency medical services in the Holy Sites

during future Hajj seasons.
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Chustered Chustared Random [ra—
Given the z-score of -2.01825872324, there is a less than 5% likelihood that this clustered Given the z-score of 1.89393504869, there Is a less than 10% likelihood that this dispersed
pattern could be the result of random chance. pattern could be the result of random chance,
ge Nearest Neighb Y Average Nearest Neighbor Summary
Observed Mean Distance: 176.5125 Meters Observed Mean Distance: 350.9327 Meters
Expected Mean Distance: 208.6153 Meters Expected Mean Distance: 291.9373 Meters
Nearest Neighbor Ratio: 0.846115 Nearest Neighbor Ratio: 1.202082
z-score: -2.018259 z-score: 1.893935
p-value: 0.043564 p-value: 0.058234
Dataset Information Dataset Information
Input Feature Class: i+ sae s )l 580 ey saalll 30 S0 50 Input Feature Class: i jaias s3gedl jaal UG S1sa
Distance Method: EUCLIDEAN Distance Method: EUCLIDEAN
Study Area: 8181827.010520 Study Area: 8181827010520
Selection Set: False Selection Set: False
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Average Nearest Neighbor Summary

Nearest Neighbor Ratio: 1.172771 Sigmhicance Level
2-score: 1.362781 T3 ety

o1 wm

p-value: 0.172952 o5 mm
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=
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Clustered Random Disparced

Given the z-score of 1.36278069353, the pattern does not appear to be significantly different
than random.
Average Nearest Neighbor Summary
Observed Mean Distance: 362.3890 Meters
Expected Mean Distance: 309.0024 Meters
Nearest Neighbor Ratio: 1.172771
2z-score: 1362781
p-value: 0.172952
Dataset Information
Input Feature Class: %l aie 5 sl 81 sy saalll S S0
Distance Method: EUCLIDEAN

Study Area: 6492808.624260
Selection Set: False

Average Nearest Neighbor Summary

Nearest Neighbor Ratio: 1.822115
z-score: 4973511 .
p-value: 0000001

shcance Level

aaooome

|
|

Significant

Clustered Random Ouspersed

Given the z-score of 4.97351343311, there is a less than 1% likelihood thet this dispersed
pattern could be the result of random chance.
Average Nearest Neighbor Summary
Observed Mean Distance: 734.1115 Meters
Expected Mean Distance: 402.8898 Meters
Nearest Neighbor Ratio: 1.822115
z-score: 4.973513
p-value: 0.000001
Dataset Information
Input Feature Class: 4l ju aius sl Jastl 9 S
Distance Method: EUCLIDEAN

Study Area: 6492808.624260
Selection Set: False
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ge Nearest Y
Nearest Neighbor Ratio: 1305691 Signhcance Lovel Crtical Value

2-score: 4.379170 Wm L oo Crdmbn).
- e

prvalue: 0.000012 = 2se--1s6
2 -136--163
3 -163-163
£ 163-196
= 196-238
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Clustered Random Ouspersed

Given the z-score of 4.37917049854, there is a less than 1% likelihood that this dispersed
pattern could be the result of random chance.
Average Nearest Neighbor Summary
Observed Mean Distance: 339.8026 Meters
Expected Mean Distance: 260.2074 Meters
Nearest Neighbor Ratio: 1305891
2z-score: 4379170
p-value: 0.000012

Dataset Information

Input Feature Class: <t e st s ) sill 8 jes aaty) 00 S0 e

Distance Method: EUCLIDEAN
Study Area: 15166571.147574
Selection Set: False

Gasadl yandl I 5L Slsadl Alio dolas 1 49 03, S
Slye pada Biludly tsylghald BMLSYI 3S1,a0
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Average Nearest Neighbor Summary

Nearest Neighbor Ratio: 1.265185
2z-score: 2.211349 =
p-value: 0.027012

aanoom

Given the z-score of 2.21134907926, there is a less than 5% likelihood that this dispersed
pattern could be the result of random chance.
Average Nearest Neighbor Summary
Observed Mean Distance: 565.1856 Meters
Expected Mean Distance: 446.7216 Meters
Nearest Neighbor Ratio: 1.265185
2z-score: 2.211349
p-val

ue: 0.027012
Dataset Information
Input Feature Class: e e ol saall ) S
Distance Method: EUCLIDEAN
Study Area: 15166571.147574
Selection Set: False
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