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Flood Risk Zoning Using the Flood Hazard Index: Case Study of Lowmar
Sub-watershed of Seymareh, llam Province, Iran

Esmaeil Najafi* <, *Farzaneh Gholami® ©, Azam Gholami®

1. Department of Geormorpholory, School of Earth Sclences, Darmghen Unihversity, Darmghan, ran
2. Department of Geomarpholomy, Faculty of Geography and Planning, isfahan Unhversity, lsfahan, iran.
3. Department of Sodology, Facultty of Lterature and Humanities, Kharszm! Unheersity, Tehran, Iren

==L Majafl, E | Gholsrm, B, & Gholam 4 (2023). Flood Rk Zamns Using the Flood Hezard Inder: Caze Study of Lonamar
Eub-waterzhad of Seymarsh Dare Province, Tan, Dirarier Dreversion and Mmagement Ernowlades, 15(3)-266-201 bttps-/idor.
arg/10.32598 DAER 1552002

d | hitpe: /doi.org/10.32598 DAKP 1532922

itzes b= Floods, as one of the most devastating natural disasters, can affect human fifie,
infrastructure, environment, and economies.. The Lowmar sub-watesshed of Seymareh, located in Ham
Province, southwestern Iran, & one of the areas vulnerable 1o fleods due to its specific geographical location
and dimatic conditions. This study aims to identify flood-prone aress within this sub-watershed and propase
strategies to reduce flood-related risis.

[TETET This is a descriptive-analytical study. Flood-prone areas in the Lowmar sub-watershied were assessed
using the ficod hazard index [FHI), considering eight hydro-geomorphological and climatic parameters:
Slope, drainage network density, distance from rivers, land use, lithology, elevation, rainfall, #nd normalized
difference vegetation index (NDVI). The analytical hierarchy process (AHP) model was used to analyze the
data and determine the weight of each parameter The required data were prepared from satellite images,
digital elevation models, and meteorological data, and processed in 3 geographic information system [GE)
emwiranment. After integrating the maps of various parameters, a final flood 2oning map was produced,
categorizing the area into fve rick severity levels: Very high, high, moderate, low, and very low.

™2 The most criical factors influencing flocd risk in the study area were slape, rainfall, vegetation cover,
and land use type. Over 605 of the Sub-Watershed arza falls within a flocd risk range from moderate 1o very
high, especially in the central and westerm areas. Additdonally, 40.5% of the villages in this area, a5 well as
three towns—Lowmar, Sarab-Kzlan, and Sizh-Sizh—were located in regions with high and very high flood risk
Poads in the western part of the Sub-Watershed were also expozed toflood hazards, which require preventive
and managerial actions.

feET The findings highlight the importance of urban planning, preventive measures, and flacd risk
management in the Lowmar sub-watershed. The preventive measures include strengthening infrastructure,

Ayl improving and-use planning, increasing vegetation cover, and educating  local communities for flood

Received: 09 Dec 2024 preparednﬁs.
Accepted: 15 Fab 2OOE PR Flood zoning, Hydro-geomorphological parameters, Geagraphic informiation systerm (GIS), Anabytical
Parslnble Orfiress 00 Ock 2005 hierarchy process (AHP), Lowmar sub-watershed of Seymarneh
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Introduction

loods are the most common type of nahe-

ral dizaster worldwide, cansing significant

environmental and socio-scomomic con-

sequences (Heidari, 2014), inereasingly

affecting many people and their activities.
In recent decades, the world has been affected by severe
floods (Pinos & Quesada-Foman, 2022} Some of the
deadliest floods have occwred in China (1933, 1931,
1887). Guatemala (1949), Bangladesh (1974}, Venezuela
(19990, Iran (1954), India (20137, Japan (1933, and Pern
{1941) (Milliman & Farnsworth, 2011). Flood caused
by heavy rainfall iz one of the most challensing types
{Aslani & Mehdipour, 2015). These natural disasters
can be properly monttored using moedern technologies
and information systems (Giordan et al . 2018), including
geographic Information Systems (GIS), remote sensing,
and multi-criteria decision analysis (MCDA) (Pahlavani
etal, 2017).

A flood 15 a sudden increase in water levels that exceeds
the capacity of the river channel This sudden increase
canses the water to move oot and flow into floodplans
and surrounding lands, resulting in damapge to residential
areas and agricultural lands and endangering people’s
health (Fezaei-Moghaddam et al. 2013). Flood ik
ZONE 5 a0 imporiant process in Watel Tescurce manage-
ment and flood damage prevention. This process mvolves
identifiying flood-provie areas and aszessing the associated
rizks go that appropriate planning can be made to redoce
damage and increaze community resilience. The Flood
Harard Index (FHI) 12 a practical and systematic param-
eter for assessing and managing flood risks. This index
belps decision-maleers to identify areas with high flocd
rizk and design appropriate preventive and management

IMeazures.

Various studies have been conducted to identify flood-
profie areas in Iran (Abedini & Fathi, 2013; Ghotban-
zadeh et al,, 2017; Azizi et al | 2021; Esfandiari Da-
rabad et al., 2021; Mirzaei et al_ 2025). Hatarmi Nejad
et al {2017} used the analytic hierarchy process (AHP)
method and 11 indicators, mcloding aquifers, climate,
vegetation cover, elevation, soil, distance from the water-
way networlk, geological formations, land use, evapora-
tion, rainfall, and temperature, to zone flood risk in Izeh
County, Iran_ using a GIS. Their results showed that ap-
proximately $0% of the stedy area was at a very high or
high rizk of flocding.

r’ Disaster Prevention and
‘ Management Knowledge

MNajafi and Kanmi Keordabadi (2019) assessed and
zoned flocd sk in district one of the Tehran metropolitan
area uzing a hybrid AHP-FUZZY model with an emphasis
ot urban zecurity. They identified very low, low, and me-
dium risk zones in the north and center of the study area,
as well as very high and high nisk zones in the outlets and
within wrban areas. Hosseini {2021) uzed the AHP and
flood-affecting indicators, including slope, curve number,
distance from the river, watercourse erosion potential, el-
evation-slope-wetness index, slope direction, rainfall and
elevation, to zone flood nisk m the Amughin watershed,
Ardabil Provinee, Iran. Their results showed that 64% of
the ares was at high flood rizle In another study, Habibne-
jad Roshan et al. (2023) used the AHP model and flood-
affecting indicators to identifyy areas with high flood risk
in the Kammn Eiver watershed. Their results showed that
about 10% of the watershed was located in the area with
high and very high flood riske

Hosszeim et al {2023 evaluated flood rizks in the Ham-
oon-Jazmurian watershed using a fuzzy model and AHP
and 13 flood-affecting indices. including height, slope.
slope direction, topographic curvature, dramage density,
distance from the watercourse, zeclogy, vepetation, land
use, rainfall topographic wetness index, steam power in-
dex, and =oil type Thetr results showed that the nisloy ar-
eas were located near the main watercourses. Daneshpar-
var et al. {2021} used the AHP and the analytic network
process (ANP) to zone flood risks i the Sabalan Dam
watershed in Ardabil Province. Thetr results showed that
i both methods, the elevation and slope factors had the
greatest impact, while the mumber of curves and distance
to the river had the least imparct Haszanloo et al (2019}
alzo conducted flond risk zoning in Maneh and Samalgan
counties in northern Khorasan provinee.

There are also several related stodies conducted in oth-
er countries. MNyarko (20000 mntegrated a hydrological
model (modified rational model) in GIS software by the
arithmetic overlay operation method to dstermine flood
rigk zones in Accra, Ghana and its environs. Thetr results
showed that the high flood rislk zone covered 33 66% of
the study area, while the low risk zone covered 26.83%.
Samanta et al (2016) used an MCDA to analyze flood
rizk in the Marltham Biver, Morobe Province, Papua New
Guinea. They suggested that the use of MCDA in GIS
techniques is very useful for accurate and reliable flood
rizk analyzis and mapping. Seejatz et al (2017) em-
ployed spatial anabysiz ina GIS environment. utilizing the
AHP to aszess flood nisk zones i Sukhothas Provines,
Thailand. The results showed that the Muang, Kong-
krailat, Khirimat, and Sizamrons districts were flood-
prone aress.

Fgeit, i ol {H105) Ploorl Rk Fonang ¥imy tha FHL ENR L 2 9L



' Disaster Prevention and
‘ Management Knowledge

Austuimn 2026 Vel 45, lsoue 3

Lojmstan

e r—

=

Y

vims  w Kilameier |

gL 45 2 10
TPOTE T T 4Tzo0E T WTaon

Figore 1. The geographical location of the Lowmar sub-watershed of Seymareh

Echogdali et al (2018) used the watershed modeling
system (WMS) and FHI models to map the floodplaim of
the El Maleh basin located in southeastern Moroceo. The
uze of the WS model allowed for the accurate mapping
of the flood risk areas with precize flood heights at differ-
ent levels. However, this method was only applicable fora
small portion of the basin located downstrearn of the hy-
drological station Swain et al. (2020) conducted a study
uzing AHP GIS, remote zenging. and Google Earth Enine
software to investigate the flood-prone area of Bihar India.
The results showed that the highest and lowest flood sus-
ceptibility indices were atiributed to hypdrological (0.497)
and haman (0,03 7) factors, respectively. Also, about 12%
of the region had very low flood susceptibility, and about
40.36% had high to very hagh flood susceptibility.

Karymbaliz et al. (2021) used GIS-based MCDA to
zone flocd risks i the Megalo Rhetna river watershed n
eastern Attica Their results indicate that abowt 22.7%% of
the total catchment area belonged to the high-nsk flood
zone, and about 15% was at very hizh flood niske Thiers
et al (2022} performed flood risk zoning wsing the FHI
method in a GIS environment based on MCDA and con-
sidering seven parameters in the Taguenit Wadi water-

shed, zouthern Morocco. The results showed that about
28.67% were located in hich and very hich risk areas
and about 40% in low and very low risk areas. The afore-
mentioned stodies confirm the use of the AHP MCDA,
and GIS methods in identifying flood-prone areas. These
studies generally emphasize the importance of creating
flood risk maps for managing and reducing flood damage.

The Seymareh river watershed, located in Nlam prov-
ice, zouthwest of Iran. iz vulnerable to heavy rainfall
and is a flood-prone area This watershed was flooded
in 2015, 2016, 20185, and 2019, causing extensive dam-
age to infrastructure and moral residential areas. As part
of the Seymourh watershed, Lowmar has faced climate
challenges including heavy rainfall and rising tempera-
tures. These changes could have significant impacts on
the lives of local residents, agriculture, and infrastrocthure.
Therefore, planning to manage water resources and re-
duce the risks of flash floods in this region is essential
In thiz regard, this study aims to identify areas prone to
floods in the Lowmar sub-watershed of Seymareh and
present a comprehensive flood hazard map. using the FHI
and MCTIA methods. This is the first study that combines
FHI with MCDA. This research, covers the specific needs
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of Lowmar sub-watershed and addresses practical apph-
cations and appropriate rezults in the field of flood risk

management.
Materials and Methods
Study area

The Seymareh watershed 1z one of the headwaters ofthe
Earkheh River, located m the southwest of Iran and in the
Zagros Mountain Fange. Among the important areas in
this region are the towns of Valiasr, Lowmar, and Kolm.
The study area, with an area of 1131 km®, is part of the
Seyvmareh watershed, which starts from the confluence of
the Seyrnareh and Cherdavel rivers in the north of Low-
mar town in llam provincs and ends in the south at the
Seymareh Dam (Figure 1). The long-term average an-
mual rainfall and temperature at Lowmar station are 4128
mm and 20.9°C, respectively.

" Disaster Prevention and
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Flood rizk assessment

The FHI was used to identify areas vulnerable to flood
risk. It is based on the MCDA of the AHP which consid-
ers eight hydrogeomorphic-climatic parameters inchod-
g elevation, rainfall slope, drainage network density
(DD, distance from river (DFE)., nermalized differ
ence vegetation index (NDWVT), land vse, and hithology
{Abedini & Fathi 2013). The selection of these factors
was theoretically based on their refationship to flood risk.
Each of the eizht factors was classified based on the de-
gree of impact on flood risk. The finsl flood risk map 1=
prepared based on a combination of climatic and physical
factors and elements (Esfandian Darabad et al., 2021).
Figure 2 presents a diapram of the steps invobred in flood
rizk aszessment.

e — GIs
[ MCDA
Elevation !
DEM (30+30m}
Slope
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DND
DND
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{spatial
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NV Satellite |,
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Rainfail
I
W ¥
Classification Palrwise comparison matrix
W
Dreterminimg weights
Flood risk zoning using FHI
B
|-

Flood risk potential map

Figure 2. Bchematc diagram of the steps imvolved in flood risk zonmg
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Diiztance from the river

The areas that are close to rivers are more prone to
flooding in both normal and flash floods in the river basin,
becanse water flows from higher elevations and accumu-
lates at lower elevations. The areas close to other terres-
trial water bodies, such as ponds, dams_and lakes, are also
likcely to be flooded in the event of heavy rains (Feager,
2014). The classification of DFF. was estimated and per-
formed using the Evclidean distance tool in the ArcGIS
10.3 environment and veing a 1:50,000 scale topographic

map (Figure 3.
Elevation

Elevation plays an important role in the spread and depth
of floods in the downstream basin (Stieglitz et al 1997}
The elevation map of the study area was estunated from a
digital elevation model (DEM) with a resolution of 3030
m in the AreGIS environment. The map is plotted in Fig-
ure 3, which shows that the highest elevation was in the
northowest of the region

Slope

Slope 13 an important indicator of a surface area that
iz highly susceptible to flooding (Fegmi et al., 2010).
A steeper zlope indicates the influence of topography
on flooding (Cai et al., 2021); Water flows from higher
elevations to lower areas; o slope affects the amount of
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Figure 4. Flood risk map of the Lowinar sub-watershed
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surface runoff and infiltration (Fezaei Termehe et al.,
2015, In thiz study, the slope map was prepared from the
DEM. The map iz shown tn Figure 3, mdicating that the
highest slope was in the west of the area.

Land uze

Land nze directly or indirectly affects some hydrological
factors such as nnoff production infiltration and evapo-
transpiration (Fahmatt et al, 2016). In other words, it
can cause flooding in the basin by increasing the levels
of barren Iand and similar uges, resulting in more water
consumption and infiltration by increasing the levels of
garden and similar uses, and plavs an effective role in
reducing discharge (Esfandiari Darabad et al, 2021;
quoted by Rezaed Moghadam et al., 2014). In this study,
land nze maps were obtained from Land=at 8 satellite im-
ages (fior 2021) wsing ArcGIS software (Figure 3) and
supervized classification For this study, land use types
were divided into five different catezories depending on
the type of use.

Vegetation

Using Landsat & satellite images. a vegetation map
was prepared in the ArcGIS environment (Figure 3),
which was classified into areas with vegetation and
without vegetation
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Table 1. Pamwize comparizon matnx of flood nsk zoning factors for AHP

Factors Rainfall Sope Land Use Lithology DMND DFR DV Elevation
Rainfall 1 114 121 228 136 170 1 521
Slope 877 i 1.06 2 1.64 150 088 T2l
Land usa 0826 094 1 1.59 155 141 0E3 B.ED
Lithology 0.43%9 050 053 1 082 0.75 0.44 250
OMD L5328 06l 065 122 1 091 054 4.4
DFR. 0588 0eT 07 133 110 1 0.5 182
NIAST 1 1401 1321 237 185 170 1 271
Elevation 01322 0.138 0.147 0273 0227 0.207 o2z 1
Table 2. Nomnalized pairwise comparison matrix of flood risk zonng factors
Factors Rainfall Hope Land use Lithology DD DFR NDWVI Elevation
Rainfall 0.075 0.186 0186 0186 0185 0185 0:185 0186
Slope O05s0 0163 0.163 0163 0163 0.163 01630 0163
Land use 0062 0.153 0.154 0154 D154 0.154 0154 0154
Lithology 0033 0081 0.081 0.os2 ros2 0.082 .08l ooB1
OND 0.041 0.093 0.09% 0.099 100 0.09% 0100 0.09%
DFR 0048 0108 0.10% 0108 0109 0109 0109 0109
MNEAS 0075 0188 0185 0185 0184 0185 0185 01386
Elavation 0.o0a 0023 0.023 c.0z23 023 0.022 0023 0023
Rainfall catchment area (in square kilometers). In this study, the

Fanfall iz one of the most waportant factors affecting
flood mtensity (Adiat et al, 2012). Rainfall is the main
source of surface munoff The intensity and volume of
channel discharge are largely controfled by ranfall (Had-
ian et al., 3022 In thes study, the ranfall map was pre-
pared by using the meteorclogical data for a period of
20 years (2002-2022) obtained from the Sarabeleh and
Lowmar synoptic stations. The map 15 shown in Figure 3,
indicating that the highest rainfall occurred m the western
part of the region.

DND

Flood munoff vanes directly with the square of the DIND.
In other words, the higher the DND, the greater the flood
runoff (Carlston, 1963). DND is defined as the ratio of
the lenpth of the drainage network (in kilometers) to the

DND map was obtained from a 1:50,000 scals topograph-
iz map of the National Mapping Organization (Azadta-
lab et al. . 2019, For this study, DND types were divided
mto five different classes that correspond to drainage net-
wotks and their adjacent areas.

Lithology

In this study, the lithology map was prepared from the
1:30.000 scale lithology map of the Geological Survey of
Iran data. The geclogy of the region was classified mto 10
classes according to the characteristics of the region The
score of each class was evaluated based on expert opinion

Relative weight azsessment

The weight of the factorz applied for flood risk zoning
in the Lowmar sub-watershed was determined using the

by
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Table 3. The FI and n values for calculating the CR

Rl 0.00 0.00 058 0.90

r’ Disaster Prevention and
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124 132 141 145 1.43

Table 4. Percentape and area of flood nisk zomes in the Lowrmar sub-watershad

Flood Risk: Area (lm?) %
Very high 180.62 1553
High 24412 #1115
Moderate 26EE2. 2548
Ly 25710 2230
Vary low 180,61 1515
Total 1131.07 100

determine the weights of the main criteria and sub-crite-
ria This method helps all decision malkers to weigh their
opinions and rankc complex criteria (Tkram et al., 2020,

The eight factors were hierarchically constructed in Ta-
ble 1. The applied matrix was 5x8 and the diagonal ele-
metits were equal to 1. The normalized weights for flood
rizk factors are presented in Table 2. Rainfall vegetation,
slope. and land use were identified as the most relevant
factors in the FHI

There are two main AHP congistency tests: Consistency
index (CT) and consistency ratio (CR). The CI is obtained
as: (max-n){n-1}; the closer the Amax (maximum value
of the comparison matrx) i= to o, the better the consis-

Table 5. Areas prone to flooding and the recomrmended strategios

Areas with Aood Risk Mame of Areas

AHP model. The AHP is one of the most comprehensive
systems designed for decision-making with multiple cri-
teria, because this technique allows the problem to be
formulated hierarchically and considers various quantita-
tive and qualitative criteria in the problem (Ghorbanza-
deh et al., 2017). This technique analyzes and weights
parameters and helps researchers make better decizions
about flood management This method is based on pair-
wize compansons and allows for relative evaluation and
prioritization of options (Kamamizzaman et al, 2018;
Chen, 2016). The steps of AHP include: problem and
goal defination, hierarchy constraction, pairwise compar-
sons, weight caleulabion, consistency analysis, and best
decision zelection (decisions with the highest weight).
The AHP painwize companson method iz often used to

Strategies

Villages : Cham langal, Ghazi Khan-s Ohya, Kolm-e Payin,
Cheshme Mahi Bala, Chashme Mzahi Payin, Darbid, Shahrake
‘Waliasr, Shileh, Imamzadeh laber, Pir Michael, Meleh The

Areas with very iow

Strengthening infrastructure (such as hydrologicsl
stztions and communication routes), restrictions
on building in ficod-prone areas, educstion and

increasing awareness, research and development

Preventing the construction of communication

find Shursh, Hasan Gavdari, Ramavand Bord Ghabale, Rama-
vand, Cham Charagh; Kolm town
Villages: Sarab-Kalan, Lorini Olya, Lorini 5efli, Chegeni, Lals,
Heyvand, Panzdah-s Khordad, Abbas Abad, Fatemiyeh,
Aresas with high flood Kureh Vand, Darvishan, Vargach, Sarkan, Shourab Khanali,

risk Buzhan, Kakavand, Abzar, Torshak, Mian Rah-= Iaber, Pelk-2
Shabab, Ganjeh, Meyd All, Mazrasi Bord Sorkh, 5arab-Eolm,

roads in high-risk areas, restrictions on building
in flood-prone areas, increasing vegstaton cover,
and strengthening land use planning

Chaman Gol, Zifal, Chalsar; S2rab-Kalan town, Lowmar town

Vitlages: Gurab-e Sefli, Negel, Gurab-e Olya, Baghleh, Sarab-2

Areas with vary high
flood risk

Sigh own

Gur Tuti, Dogar, Gavan, Talkhab, Khosh Ghadam, Kroza, Anar
Har, Barik Ab, Cham Kabud, Pacol Gorab, Reza Abad, Chanar
Bashi, Gahwareh, Darbwabeh; Sazbon dam facilities; and Siah-

Flood risk zoning, equipping hydrological and
hydraulic infrastructurs; regular monitoring of
water flow, and estimating economic kosses
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Figure 5 A) Map of Sarab-Ealan Towmar, and Siah-Siah towns that are at hich and very high foed nisk, B) Foads in the westem
part of the Sevmareh watershed, located m 2 high-flopd nsk area

15.53% at very low nsk. The names of the different areas
within each flood risk zone, along with the proposed mea-
sufes, are listed i Table 3. Mozt of the flood-prone areas
were located in the western part of the sub-watershed.
in the Seymareh watershed, 45 of 111 villages (40.5%0)
and 3 towns were located 1n areas at hizh and very high
flood risk, and roads in the western part of the watershed
were located in areas with high flood nisk (Figure 5). The
results of this study are consistent with the findings of
Eguaroje et al (2018), given that important factors (av-
erage slope, annual rainfall vegetation, and land use) had
the greatest itnpact on flood risk severnity.

Discussion

Thiz study examined flood risle zoning in the Lowmar
sub-watershed of Sevmareh river by a combination of
FHI and AHP methods in the GIS environment More
than 60% of the sub-watershed area had moderate to
very high susceptibility to flooding, which is consistent
with the resultz of other studies: Hatami Nejad et al
(2017} also reported that about 609 of the study area
i Izeh County was at very high and high flood risk
This consistency indicates a cohimon pattern of vulner-

tency and the smaller the CI value. The CR iz obtained
as CLRI, where BRI is the consistency index of a random
matrix that randomly generates 'a cross-correlation ma-
trix and iz dependent on the order. When the order of n
iz larzer. the value increases. When the CR value 15 <001,
the consistency of the matrix 1= acceptable (Chen 20200
Table 3 provides the BT and n values used to calculate the
CP. For eight factors, the imax was 3.897 and BI was
1.41. The CF. was obtained as 0.09. which iz less than 0.1;
therefore, the consistency of the matrix was acceptable.
The FHI was then calcnlated az Equation 1 :

1. FHI=[0.172x(rainfal)+[0.224x ( 21 o pe)]+[0.142
*(land usel]+[0.075%(Lithology)}+] 0 .0 9 Zx(DND)}+
[0.101%(DFR)}H[0.17T1x(NDVI)}+[0.021 % (elevation)]

Results

Figure 4 shows the flood risk map of the Lowmar sub-
watershed. The map illustrates five distinct classes of FHI,
ranging from very low to very high, based on the AHP
model. Based on the results presented in Table 4, 15.353%
of the study area was at very high riskc. 21.15% at high
risk, 25.48% at moderate risk. 22.30% at low nisk, and

274
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ability in the Zapros mountsnous regions, which are
due to similar topographic, climatic. and hydrological
characteristics. Ramfall, slope, lack of vegetation, and
land uze were the most tmportant factorz affecting flood
risl: in the region These results are consistent with the
findings of Eguaroje et al. (2013) who confirmed the
key role of slope, ranfall and vegetation in increas-
ing flood misk. Hosseini (2021 also reached simuilar
results in the Asmughin watershed. The high weight of
the slope parameter in our study is considerable because
steep slopes m the western and central regions of the
sub-watershed increasze ronoff veloeity and reduce con-
centration time. Cai et al. (2021) alsc emphasized that
elevation and steep zlope indicate a strong influence of
topography on floed occorrence. The concentration of
high-rizk areas in the western and central parts of the
sub-watershed 13 consistent with the rainfall pattern
topography, and DIND. Consistent with our results, the
study by Karymbaliz et al. (2021 and Hosseini et al.
(2023)s study m the Hamoon-Jazmurian watershed,
showed that high-risk areas are located near the main
waterways. The location of 40.3% of villages and three
towns (Lowmar, Sarab-Kalan, and Siah-Siah) in high
and very high risk aress indicates serious vulnerability
of human settlernents. This result is consistent with the
findings of Swain et al. {2020} in Bihar, India who re-
ported 40 36% of the area was at high to very high flood
ik

The high weight of vegetation and land use in cur study
demonstrates the importance of land management in
reducing flood risk. Fezaei-Moghaddam et al (2015)
alzo showed that chanpes in land uze and land cover
have a direct impact on the hydrological regime of the
bazin Reduction in vegetation cover and increase im
barren areas cause increased surface runoff and flood-
ing. Bahmati et al (2018) emphasized that land use
directly or indirectly affects hydrological factors such
as runoff production, infiltration. and evapotranspira-
tion. Therefore, proper land vse planning and increasing
wvegetation cover cat play an important role in reducing
flood risk. The increase in the frequency and severity of
floods in recent years (2013, 2016, 2017, and 2018) in
the Lowmar region is consistent with the global trend of
climate change. Pinos and Quesada-Foman (2022) re-
ported that climate change has increazed the occurrence
of extreme rainfall events worldwide. The average an-
aual rainfall of 4128 mim at Lowmar station, along with
the steep topopraphy, provides favorable conditions for
flash floods.

Deirei et al (2022) alzo nzed the FHI method for flood
risk zoning in the Taguenit Wadi watershed, southem

r’ Disaster Prevention and
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Merocco, and suggested that this method 13 an efficient
tool for flood risk zoning in case of lack of hydrometric
data however, it requires datasets with high resolution
and accuracy, which may not be readily available. Addi-
tionally, this model does aot consider social, sconomie,
and cultural factors. However, mformation obtamned
from this model can help inecreaze public awareness
of fleod risks and how to manage them. Therefore, it
iz advizable to utilize alternative models for flood risk
zoning i watersheds. Najafi and Karimi Kordabadi
{2020} uzed a hybnd AHP-FUZZY model that allows
for consideration of uncertainty. Habibnejad Foshan et
al (2023) alzo vzed the AHP model, which better mod-
els the interrelationships between criteria However, the
simplicity and applicability of the FHI method in data-
poor conditions malke 1t a suitable tool for initial evalu-
aticn. Combining the FHI method with AHP in a GIS
envionment, as used in our study, 1s also an efficient
method for flood risk zoning in data-poor conditions.
However, to improve the accuracy and comprehensive-
niezs of the assessment foture studies are recommended
to uze combined methods, hvdraulic models, and hydro-
metric data, and that consider socio-economic factors.

Conclusion

In this study, flood risk zoning m the Lowmar sub-wa-
tershed withan the Seymareh watershed in Illam Province,
Iran, was performed using the FHI-MCDA method to
determine the extent of flood-prone areas that should be
conzidered in future land vse plans. More than 600 of
the sub-watershed area had moderate to very high suscep-
tibility to flooding, especially in the central and western
parts. Additionally, 45(40.5%0) villages and three towns
in the Seymareh watershed were found to be located in
areas with hizh or very high flood risk. The roads in the
western part of the Seymareh watershed were located in
an ared with high flood risk. Approximately 37% of the
waterzhed area was classified ag having a very low to low
flood risk, primarily located in the southeast and north
The factors that most sipnificantly affected flood risk ze-
vertty were rainfall. slope, lack of vegetation and land
wse. Topography could also be effective. considering the
condition of the valleys and their effect on the spread of
floods in the watershed.

The following recommendations are provided for re-
ducing potential flood risks in the study area:

- Hydromnetric data collection: Establishing hyvdrometric
stations to collect accurate and up-to-date data that helps
unpronve the accuracy of the FHI model

Hcpeh, stal EHUN) Plood Risk Faning Wisires o PEIL TR BT S60-00T.



' Disaster Prevention and
‘ Management Knowledge

- Strengthening land use planning: Using the results of
this study iy land use deszign and planning. espectally
areas at risk to reduce damage

- Imereasing vegetation cover: Implementing programs
to increase vegetation cover can help reduce the negative
effects of ramfall and floods

- Education: Conducting educational courzes for local
communities gbout flood risks and preventive measures
to increase their awareness

- Research and development: Invest i further research
to improve flood prediction models and better understand
the factors affecting their occurrence

Economic loss estimation: Accurate assessment of eco-
nomic losses cansed by floods for better planming and
damage reduction
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ABSTRACT

: meos Various disaster management exercises are planned and implemented annually
in Tehran, Iran, for increasing the knowledge and practice of staff in responding to emergencies. This sbudy
aimed to identify the barfers to disaster management exercies in lran based on the exsrcizes conducted in
22 districts of Tehran far continuous improvement planning.

[T This & & mived-method study, comprising three approaches: Qualitative anabysis, fuzzy Delphi
approach, and interpretive structural modeling (IBM). The participants included experts, managers, and
planners from the Tehran Disaster Prevention and Management Organization, who were selected purposefulhy
hased on their expertise and membership in the disaster exercise planning and execution team. First, 10
themes and 27 sub-themes were extractod bazed on gualitative analysis of disaster management exercise
reports of 22 districts of Tehran. After twio rounds of Fuzzy Delphi technigue, 14 key barriers were agreed upan
by the experts. Then, based on the I5M method, the structural self-interaction matrnx (3516} and the inital
and final reachability matrices were formed, barriers were partiioned into different levels, and finally, the 1584
dizgrarm was drawn.

[P Level 4 barrers included: Insufficient knowledge and skills of exercise planners and actars, failure
to identify vulnerable areas for the exercise, failure to identify priority risks, and failure to assess disaster
based on priority risks. Lewel 3 barriers included: Insufficent monitoring of emvironmental conditions to
ersure safety and security of the exercise area, insufficlent participation of some key actors {govemment,
private sector, institutions, public voluntesrs, citizens), inadequate financial resources, support senvices, and
eouipment for the exercise; Tailure to implement incident command system {IC5) and incident management
systern (IMS), and Insufficient information to actors and limited area for exercises. Level 2 barriers included:
Inadegliate communications (wireless or video) between operational actors and disaster management
exercise headguarters, poor quabity of immediate debriefing group sessions after exercise, and weakness in
the evaluation process of exercises. Level 1 barriess included: Weakness in managing lessons leamed from
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atural dizsasters result in high casualties and

cause serious damage to the environment

economy, and seconty of coumtries (Went-

worth, 2021). Disasters and crizes are spe-

cial situations that itvolve time pressure,
unclear or conflicting objectives, nsk, uncertsinty, and
limited and contradictory nformation These events usu-
ally occur without waming and require rapid and exten-
sive delivery of resources through police, fire, health de-
partments. local authorities, and related agencies. When
a dizaster or dizaster cccurs, organizations must be able
to quickly coordinate their response to address common
goals such as saving lives, evacuating. and treating the in-
jured. Therefore, they should have a good knowledgze of
emergency plans and procedures and know how to maple-
ment them (Skryabina et al, 2020; Waring et al.; 2024).
They alzo need to detnonstrate a wide range of complex
glrillz inclnding problem sobring, critical thinking deeci-
sion-making, communication coordination, leadership,
adaptability, and resilience to stress (Waring et al. | 2018;
Albanese & Patoras, 2018). Tran faces a vanety of natn-
ral and man-made dizasters, such as earthquales, floods,
subsidence, fires, and hazardons matenials incidents, that
have widespread mmpacts, especially in metropolitan cit-
ies such as Tehran piven thewr population denzity and
complex infrastructure.

One of the key steps in disaster management is prepared-
nezs which refers to a set of measures and actions that
enhance the capacity of society and responsible agencies
to respond effectively to incidents and accidents, thereby
minimizing the homan and material damage they cause
(Mational Disaster Management Law, 2019). Despite
the measures taken to increase preparedness, it 15 neces-
gary to hold regular maneuvers tailored to the characteris-
tics of different regions. Previous studies have shown that
countries with well-stroctored training programs perform
better during crizes and suffer fewer losses (Turkian et
al., 2022%). Holding resular disaster manasement exer-
cises enables organizations to enhance their preparedness
in dealing with critical situations, helps identify areas for
improvement in existing programs, provides opportoni-
ties to refine processes, strengthens coordination between
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units, and accelerates the speed of emergency response in
the event of dizasters and crizes (Alexander, 20207, On
the other hand, diversity in disaster management exercis-
es gives organizations the opportunity to prepare for dif-
ferent scemarios (Mizrale 20247 Exercizes that involve
cooperation between various organizations snd groups
can be effective in manaping large and complex crizes.

Given the diversity of population contexts and differet
hazards in urban areas. it is necessary to conduct disaster
management exercises regionally, tailored to local needs
(Zabetian etal | 2014}, In this regard, m Iran, various ex-
ercises (fabletop and operational) are planned and imple-
mented annvally at different levels (district regicn, city)
by the Tehran Disaster Mitigation and Management
(TDMMO) and with the parhicipation of the 22 distnict
dizaster management headquarters and specialized orga-
nizations, for empowering disaster management staff to
leamn and practice the reles and fonctions expected in re-
sponding to dizasters and enhancing the capacities of the
orgamzations and the actors mvolved. Over the past three
decades, more than 3 thousand exercizes have been con-
ducted 0 the form of discussion-based and operational
exercizes at the regional level encompassing 27 districts
ih Tehran. In 2033 410 exercize stages were held at the
regional and district levels. comprizsing 187 tabletop exer-
cises and 223 operational exercizes. Figure 1 shows the
number of exercizes held in the 22 districts of Tehran The
exercizes were planned and woplemented based on the
pricritization of disasters. Table 1 presents the number of
exercizes categorized by disasters.

Holding an exercize alone does not provide all of its po-
tential benefits; rather, these benefits are created through
the carefit] desion and implementation of the exercize. it
systematic evaluation, and the follow-up of its implemen-
tation and the plans made in response to the results. One
of the main challenges m implementing disaster manage-
ment exercises i3 the lack of a sustable structural model
for design, evaluation, and  contitmous improvemetit
(Khan et al., 2023).

Literature review
One of the methods commonty uszed for the develop-

ment oflenowledge and slills in disaster responders iz the
holding of emergency planning exercizes, which can be

Table 1. Number of disaster menagement exercises held in Tehran, categorized by disasters

Disasters Earthguake  Fire

M 156 &5 53 32

Hazardous Materials Ponding

Flood  Storm Subsidence  Enwironmental  Debris Flow

23 13 15 9 7
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divided mnto two forms: discussion-based and operational
(Berlin & Carlstrom 2014; Sinclair et al;, 2012). Smce
operational exercizes are able to stulate real-life sifua-
tions, maty emergency risk managers believe that onby
theze types of exercizes are helpful; however, this is not
true! Some of these exercizes are costly and often nnre-
alistic and meffective. OFf course; discussion-bazed exer-
cizes also have their drawbacks and wealmesses, but to
strengthen coordination and increase the ability to make
major and vital decisions during emergencies and dizas-
ters, costly and complex simulations are not necessarily
needed (MNational Dizaster Management Law, 2019).
Dizcuzsion-based exercizes inchide orientation seminars,
workshops, tabletop exercizes. games simulation-based
exercizes, modeling-based exercizes, and computer simu-
lations. Operational exercizes ichide drills, functional
exercizes, and fill-scale exercizes.

Torpan et al. (2025) discussed how tabletop exercizes
can be used as part of a valnerability assessment to sys-
tematically tdentify a3 wide range of commundcation bar-
riers to & dizaster that may put people at risk. They uszed
a complex scenario that included risks from extreme
weather conditions, dismption of vital services, and the
spread of misinformation about the disaster Their results
showed that the proposed tabletop exercize could help
anticipate potential barriers to accessing disaster informa-
tion and uncover capacity gaps m officials responsible
for managing communications during a disaster Waring
et-al (2024) evaluated the learning benefits of full-scale
emergency exercizes, after studying the evidence from 31
articles published since 2000, and found several learning
benefitz, including tmproved crtical thinking, knowledge
of roles and responaibilities, how to implement emergen-
cy plans, conmmunication and collaboration confidence m
ghility to rezpond, and reduced stress. These benefits are
facilitated by exercize realizm, exercize duration. pre-ex-
ercize preparation activities, and debriefing. Abualenain
et al (2024} addreszed thiz issue in 3 systematic review
of the effectiveness of full-scale stmmlation exercizes in
improving hospital disaster preparedness. The focus was
on hospital staff svolved in disaster and emergency pre-
paredness training. They found that the studies consis-
tently demonstrated a positive impact on participants’
skills, as well as identifying safety issues in hospital
settings. Moreover, they revealed that simulations effec-
trvely addressed crucial areas for improvement in disaster
responze. necluding communication breakdowns, sgquip-
ment deficiencies, and flaws in emersency plans. They
concluded that full-scale simulation exercizes are a prepa-
ratory learning tool to test facility and staff readiness for

complex emergencies.
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Moz atnd Gaarder (2022) examined exercizes for mass
cazualty preparedness, finding that conducting discus-
sion-based and operational exercizes made employees
feel better prepared. Exercizing should be tailored to the
needs and likely challenges of each healthcare system.
They showed that small repetitive exercizes would be
beneficial becanse most organizations would not be able
to conduct larze-scale repetitive exercizes. The best result
of holding exercises is the ability of the orzanization and
ndividuals to detect and address errors that are cccurring
in real time: McElroy et al. (2019) identified several op-
portumties for suprovement tn fullscale exercizes az a
regional preparedness test The major weakneszes noted
in conymwtcation and coordination from event sites to
the regional trauma organizations and hospitals. The size
and complexity of the exercize provides the experience
and knowledge needed to prepare for fistore disasters and
reveal the weakneszes. Sheikhbardsirs et al. (20207} ad-
dreszed this 1zzue o their study of an operational exercise
for dizaster aszessment and emergency preparedness in
south of Iran. Thesr rezearch revealed that the umiversi-
ties of medical sciences in the southeastern hub of Tran
are properly prepared for emergencies and dizasters. This
mcluded the Dizaster Medical Assistance Teams and the
response operational comprehensive plan for emergen-
cies and dizsasters. Thetr findings indicated a preparedness
score of 79.8%. The mean arrival time at exercise area (Ji-
roft City) was 4 hours 33 minutes despite the wide area of
Kerman and Sistan & Baluchistan provinces. Personnel
safety and secority, rapid assessment. commmmnications,
logistics, warnings, and news confirmation finchons
showed higher levels of preparedness.

Ehairilmizal et al. (2020) conducted a study on dissect-
g the challenges of the lead responding agency during
dizaster management exercises. They found challenges in
each element of effective dizaster management mcluding
cormmand structure, planning and nformation manage-
ment, communication. sttuation awareness and finally re-
sources and logistics. Donevant et al. (2019) conducted
a study on desioning and executing a fimectional exercise
to test a movel informatics tool for mass casualty tnage.
Thetr purpoze was to validate an informatics tool spe-
cifically desizned to identify and triage victitnz of irritant
gas syndrome agents. Skryabina et al, {2020} assessed
the role of emergency preparedness exercises in the re-
sponse to a mass casualty terrorist mcident. The reported
benefits including improved coordination of the response
through adherence to recently practiced incident plans;
confidence with response roles; real-time modifications
of the response and support provided to staff who did not
take part i exercizes. Exercize recency was highlighted
as an important facilitating factor. Kim (2013) explored
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the carrent practices of simulation exercises m Korea and
made desirable recommendations for the future of Korean
sitnulations to merease their learning effectiveness.

Among studies in Iran, Kolahi Dehkord: and Gholami
(2017} examined and priortized the problems m con-
ducting operational exercizes and maneuvers for disas-
ter preparedness. They reported that the most significant
barriers were management izsnes and a lack of scenario
preparation. Lack of coordination in camving out opera-
tions and the lack of appropriate facilities and equipment,
due to lack of proper management, were other problems
i cafrying out operatioms. Farhadi et al (2017) pre-
senited a model for developing emergency scenarios and
examiniig the complisnce of implemented scenarios,
emphazizing the nead to use a single model for develop-
g emergency response scenarios and training the people
volved.

The literature review shows that most studies and evalu-
ations have focused on the health and hospatal sectors, and
studies on exercizes i urban management are less consid-
ered and the related studies i Iran are very lumited. We
found no study on finding the barriers to exercizses held
in Tehran specifically in its 22 districts. In this regard,
the present study atmed to identify barriers and areas in
need of improvement by reviewing documents, instric-
tions, and reports from exercises held in 23 distriets of
Tehran, and to propose solutions for improving exercises
in disaster management and passive defense departments.

Materials and Methods
This iz ‘2 mixed-method study, comprising three ap-

proaches: qualitative analysiz, furzy Delphi approach
and mterpretive structural modeling (ISM). In the first
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stage, barriers and areas for improvement were identified
through a qualitative content analysiz of the performance
reports fom the exercizes in 22 districts. After two stages
of monitoning ueing the Fuzzy Delphi technique, key bar-
riers were agreed upon by the experts. Tzble 2 presents
the zet of fuzey numbers and the corresponding verbal ex-
pression and the defiuzzification method. Next, based on
the effectiveness of key barriers, a questiotmaire was de-
signed and completed by the experts. Then, the structural
self-interaction matrix (35IM) and the final reachability
matrix (EM) were formed, the relationships between bar-
riers were determined, and finally, the ISM diapram was
drawn. Figure 2 presents the flowchart of the study pro-
cess. The participants included experts manasers. and
planners from the Tehran Disaster Mitization and Man-
agement {TDMMO), who were selected purposefully
based on their expertize and membership in the disaster
exercize planning and execution team. Table 3 shows the
charzcteristics of the participants.

Resulis

After reviewing and analyzing the content of the exer-
cize documents and reports, a list of barriers and areas for
improvement in the exercizes held was first identified and
categorized. The extracted barriers were classified into 10
themes and 27 sub-themes as shown in Table 4.

Baszed on the two-stage fuzzy Delphi technique, experts
were asked to determine the level of effectiveness of the
wdentified barriers by designing a questionnaire bazed on
a five-point fuzzy spectrum { Table 1). After makne some
modifications. the key barriers were agreed upon by the
experts. Finally, after screening and eliminatng less im-
portant bamiers, 14 key bamiers were selected (Table 3).

Number of disaster managsment exercises held in 22 Districts of Tehran

T4
; . e 4 s
L =
! ) i il
I - Ll L - I 1= -

Figure 1. Number of disaster management exercizes held m 2023 i Tebhran categonized by distnicts (Disaster Prevention and Manage-

ment Organizanon, 2021)
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Table 2. Furzy verbal expressions. comresponding furzy numbers, and the defurzification method

Impact Range Actual Value
Mo impact a
Very fittle impact 1
Little impact 2
High impact 3
Very high impact 4

MNext based on the ISM, a questionnaire was designed
to extract and determine the effectiveness and suscep-
tibility of barriers, and experts were asked to examine
the effective barriers in pairs, and based on this com-
parizon, a 35IM was created. Based on this matrix, the
rezpondent determinied the relationships between the
variablez nsing the following symbols: V= variable 1
helps to realize variable j; A= variable j helps to realize
variable 1; = variables i and j both help to realize each
other; O= variables i and § are not related to each other.
Table & presents the results.

In the next step, the S3IM was converted into an initial
B, shown in Table 7. Then, by mchading the transttivity
of vanahle relations, the final RW was formed (Table 81

In the next step, using the final RM, the mnput, cutput,
and mtersection sets of each barrier were obtaimned [ Table
9. The barrters whose reachability and intersection sets
were completely stmilar were placed at the top of the ISM

Table 3. Characteniztics of the participants

Mo, Educational Level Expeartise
1 Iaster’s degree Strategic management
Health and safety
2 PhD
executive [HE)

3 PR Health in :ilsast.ers and
ETIETRENCies

a PR Health in disastlers and
EMEIEENCies

5 PhO Industma! and _s'fsbems
enginesring

& PRO Operations research
managemsnt

7 Msstirs degres Urban manag_emem.and

planning
Information and
8 PhD Communication
technology
=] PhD Disaster management
10 R Emvironmental

managemant

Rectangular Fuzzy Numbers
®1=(L1, M1, U1} ={0 0,0.25]
¥2={l2, M2, U2} ={D,0.25,05]
¥I=(13, M3, U3)=(0.25,05,075)
¥4 = [L4, M4, b4) = {05, 0.75, 1)

¥5= (L5, M5, US)={0.75, 1, 1)

Centroid Defurzifiation
XML=(L1+M1+UL),/3
WMZ=(12+2M2=U2) /4
MMZ= {13 AM3 LU /6

7% = MAK (XML, MM2, MIZ)

W= (LL+ L2 + L3)/3, (ML1+ M2+ M3)Y3, UL+ U2
_+ W33}

hierarchy. This operation was repeated watil the compo-
nents of all levels were determined.

By considering the levels of variables and the final RN\,
the initizl ISM diagram was drawn. After removing the
transitivity from the initial diagram the final diagram was
drawn az shown m Figure 3.

Discussion

In this study, the barriers to disaster manapement exer-
cizes in Tehran’s 27 districts were categorized imto four
levels based on the ISM approach: Level 4 barmiers, as the
most fundamental ones indicating the areas requiring tm-
provement in dizaster manasement exercises, meclhuded:
Insuffictent knowledge and skills of exercize planners and
actors, fatlore to identifyy vulnerable areas for the exercizse,
failure to ddentify prionty risks. and faslure fo aszess di-
saster bazed on priority risks. These barriers have a high
impact on the effectivensss of disaster management exer-

ME;:;ME Oveanimtional A
30 Disaster management - opergtions and
preparedness
=20 Hesalth, safety; and emvironment management
1z Management of disaster managemeant evaluators
network
=20 Disaster managament system command
=10 Disaster documentation system management
<10 Dizaster leaming and |essons learned system
mansgament
=20 Improving disaster management processes
“ah Disaster information and communication
managemant - spatizl information systems
< Disaster management - operations and
preparedness
St Disaster management - operations and
preparedness
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Table 4. Findmgs of the qualitstive content analysis of the exercise reports for 22 distnicts of Tehran

Theme

Knowledge and
skills

Risk aszessment of
22 districts

Observing safety
principles

Assessment of

environmental

conditicns and
informatian

Specialized
activities
{firefighting,
EMEEEnCcy
ewacuatiaon,
EMETEENCY
transportation,
safiety, security,
etr.}

297

Sub-theme

Lack of knowledge and insufficient
skills of citizens and volunteers

Insufficient knowledge of
arganizations and impraper
implementaton of exercise

Imstructions and scenario

development

Failure to identify vulnarable areas for
disaster exercise

Failure 1o assess the priority risks:

Failure to identify the priority risks

\Weakness in the safety of the araa for
eMarise

Safety of exercise participants

Insufficient ervironmental
information about the exsrcize area

Fiedd visit to the exercise area

Poor guality of firefighting and safety
SETVICES

Poor quality of security activities

Poor guality of amerzency
transportation

Poor guality of amergency evacustion

Poor quality of hazardous material
spill management

Poor quality of HSE management

Extracted Codes

The need for training in working with rescue and relisf sguipment for
the district’s emesgency forces; the nesd to hold supplementary training
Courses on maintaining rescue and relief eqguipment for warehousemen in
22 districts; citizens’ lack of swareness about identifying various hazards
z2nd how to deal with them; insufficient skills in operating the water tank
far new valves; the nesd for training in setbing up refief tents.

Insufficient famifliarity of managers and representstives of specialized
organizations at the regional level with the exercise implementation
process; insufficient familiarity of managars with the incident command
system (FCS); improper scenario development by experts from ragional
disaster management headquarters.

The need to identify vulnerable and unsafe areas in the district; the need
to hiodd joint meetings with specizlized organizations o know the status
of unsafe buildings; the need to identify the risk area before holding the

EXEFTize.

Lack of afire hazard map at the regional level; the need to be familizr with
the nature of some pmenﬁal hazards, including the release of hazardous
meaterials; failure to reconstruct parts of the school that pose a high risk,
such as the engine room and electrical cables.

Failura to hold exercizes bassd on pricnty risks; failure t examine the
potentizl available at the regional level in dealing with accidents caused
by these risks; failure to update existing equipmant in accordance with
priority risks; failure to prepars a database on priority risks at the ragional
levat: failure to develop an operational plan in accordance with prioritoy
risks in & location-based manner:

Inadeguate identification of unsafe areas in the exercise site; inadeguate
compliznce with safety reguirements in some school spaces; inadequate
maonitoring of compliance with safety principles in all buildings, and
imadequate elimination of exizting deficiencies; Failure to install dangsr
tape and warn oitizens dunng the operationzl exercise.

Insufficient sttention to safety principles by exercize participants

Inzufficient enwircnmental information at operational exercise locations for
citizen participation; the need for accurate and tmely information about
thie exercise to prevent traffic chaos
Inadequate aszessment of environmental conditions through fisld visits;
need for field wisits by representatives of oeganizations to the site of the
hypothetical accidant.

Poor conditions of firefighting equipment; insufficient number cf fire
extinguizhers in schools; lack of smart fire alarm and extinguishing systams
in residential complees,

Utilizing traffic management instructions at the scene to prevent
interference in operations and the presence of people unrelated to the
exerrise st the scene; the presence of security forces to ensure s=curity

during tha exarcize

Failure to provids alternative routss for emergancy vehicles in emeargency
situations

Insufficient familiarity of officizls with the safe emergency evacustion plan
in Tehran; school students’ unfamiliarity with how to property taka shefter
and safely evacuate; the need to prepare 3 building evacustion map and
provide information to know how to exit in emergency situations

Insufficient firefighting and first aid skills; lack of aw=reness of ==afety
principles for hazardous material spills

Insufficient mastery of safety principles; insufficient first aid skills
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Sub-theme

‘Weaknass in utilizing the partcipation
capacities of public voluntesrs and
partner institutbions

Participation of
Mon-participation or nsufficient

actors
participation of key actors in the
ENErCize
Inadeguate exerise sUDDOTT SENVICES
such as financing, insurance, etc,
Equipment and
i m
et Inadeguate eguipment for exercise
Mo wireless communication during
ENErCizE
Headguarters
and operational
COMmmiLncatons
Lack of video communication
infrastructure
Failure to implement the IC5
Command and slyoeib2dlib i
rdinati
AT Faiure to implement an M5
Weaknezs in the exercize evaluation
proCess
B Poor quality of group debriefing
irf:nnhnur:::;t immediately after the exercise
P Lack of management of lessons
process

learned from the exercize

Weakness in documenting exertises

Austuimn 2026 Vel 45, lsoue 3

Extracted Codes

The necessity of the presance of some neighborhood emergency response
volunteers (DAWAM members) in cperational exercizes

Mon-presence of members of specdialized headgquarters such as the Red
Crescent, police commanders {FARAJA), and traffic police and their non-
participation in the implementation of the exercise; non-presence of the
district mayor in coordination meetings; non-presence of representatives
of service-providing departments and organizations; lack of presence and
participation of organizations affiliated with specislized working groups in

EXErCizes

Mecessity of insurance coverage for participants in the exsmise

Inadequats forecasting and provision of integrated and sustainable
CoOmmunication equipment; the need to update medical =nd first 2id
kit equipmant in all schools; the nead to reconsider tha equipment for
the regional disaster management keadguarters 2nd update existing
equipment tailored to pobential hazards and incidents at the regional level.

Lack of an integrated communication network (2.g. shared wireless
network) between members of regional disaster managemant
headguartars; necessity of establishing wirgless communication betwean
the district and the Tehran Emergency Dperatons Center; development
of instructions to improve command communications with officials and
representatives
Pursuing the video communication infrastructure in the district in
order to facilitate communication during real crises; predicting the
wideo communication platiorms needed betwean the regional disastar
management base and other speciziized agencies.

Lack of formation of an 105 structure in the exercise; lack of familiarity of
some members parbcipating in the exercise with the IMS

Failure to form a network of evalustors for systematizing the evaluation
processes; failure to hold an immediate reporting session and review the
strengths and weaknesses of the exercize; failure to manage the lessons
learned from the exercise based on scientific approaches; weakness in
documenting the various stages of the exarcise

cizes. Level 3 bamiers included: Insufficient monitoring
of environmental condifions to ensure safety and security
of the exercise area, insufficient participation of some key
actors (govermment, private sector; institotions, public
volunteers, citizens), madequate financial resources. sup-
port zervices, and equipsnent for the exercize; failure to
implement (ICS) and incident management sy=tem (TMS,
and insufficient information to actors and limited area for
exercizes. Level 2 barriers inchuded: Inadequate commu-
nications (wireless or video) between operational actors
and disaster management exercize headquarters. poor
quality of inmediate debriefing sroup sessions after exer-
cize, and weakness in the evaluation process of exercizes.
Level | barriers included: Weakness in managing lessons
learned from exercizes, and wnproper implementation of
exercize guidelines.

Conclusion

Considering the identified barriers to disaster manage-
ment exercises m Tehran's 22 districts, followmng recom-
mendations are provided:

Planning exercizes based on the rizk aszessment results:
After the identification of prionty rizks in Tehran, their
assessment should be done in 22 districts, and the topic,
leaming ohjectives, exercize scenarios, and vulnerable ar-
eas should be determined based on the results of this nisk
assessment for the districts.

Educational planning to improve the knowledge and
sheills of exercize actors: Improving the knowledze and
sheills of actors requires needs assessment training plan-
ning tailored to the roles of actors, and retraiming courses.
Training wy general and specialized areas (firefighting,
emergency evacuation emergency transportation, safety,
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Table 5 Key bamers to disaster manapement exercises m Tehran's 22 districts

Barriers
Insufficient knowiedge and skills of exercise planners and actors
Failure to identfy vulnerable areas for the exercise
Failurs to identify priority risks
Failure to assess disaster based on priority risks
Insufficient monitoring of environmental conditions to enswere safety and security of the exerciss area
Insufficient participation of some key actors {government, private sactor, institutions, public volunteers, citizens)
Inadequate financial resources, support services, and eguipment for the exercize
Inadequste communications (wireless or video) between operational actors and disaster management exsrcise headguarters
Failure to implement IC5 and M5
Poor quality of immediate debriefing group sessions after exercize
Weakness in the evaluation procass of exercises
Weakness in managing kessons learned from exercizes
Improper implementation of exercise guidalines

Insufficient infarmation to 2ctors and limited area for exercises

Table 6. & S5IM of key barriers to disaster manazement axercises
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Table 7. The mitizl EW of key barmers to disaster management exercises

A B C D E F G H 1 1 K L M N
A 1 1 1 1 1 1 1 1 1 1 1 1 1 1
B o 1 ] o 1 1 1 u] o o 1 o o 1
C L] 1 1 1 1] 1 1 1 1 1 1 1 1 I
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E a o 0 o 1 t] 1 o o i i o o 1
F : | 1 1] 1 1 1 1 o 1 o o o o a
G a o 4] o 1 1 1 1 K] o 1 1 1 1
H a i) o o (H] ¢] o 1 1 1 1 1 1 1]
1 0 o [a] 1) o 1 o 1 1 1 1 1 1 o
] a o (4] o o o 1] ] (§] 1 1 1 1 o
K 1] o a o o o o o o 1 1 1 1 o
L 1 1 1 1 i} o 1 1 1 1 1 1 1 o
I L] 1) 1 1 1] (i} 1 1 1 1 1 1 1 1
M a (1] a 0 o o o u] o 1] 1 o o 1

A B C D E F G H 1 1 K L ™M N mf
£ 7 3 4 5 B 7 8 9 1w 11 1Z 13 14 3
A i 1 7 1 1 1 1 i [ TR 1 1 1 1 14
B 2 o 1 o 0 1 1 1 oD 1* 0 1 o o 1 7
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E 5 1* 0 o 0 1 a* 1 oo 0 D o o 1 5
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*The altered state of consciouzness m the process of transmissibility




Table 9. Parnitioning of key barners imto different levels

Barriers Input Set
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Figure 3. The final ISM diagram of barners to disaster management exercizes in Tehran's 22 districts

Strengthening the infrastructure of an integrated com-
munication network for disaster management headquar-
ters: Given the inadequate video communication mfra-
structure and the lack of an inteprated communication
network (zhared wireless network) betveen members of
dizaster manazement headguarters and the Tehran Emer-
gency Operations Center, it iz necessary to prepare the
required communication platforms at the regional level

Investing and providing financial resources to update
equipment and support services: Reviewing and updating
the equipment required for disaster manapement com-
mensurate with the risks and results ofthe rizk assessment
requires itnvestment and fonding planning. In addition, it
iz recommended to consider the budget line and finance
the exercize support services.

Improving the compliance with safety principles 2nd en-
virommetital mformation within the exercize site: It iz rec-
ommended that participants in the exercize observe safety
principles, provide environmental information about the
exercize area. conduct a field vizit to the exercize site and
identify msecurities in the site; and nstall danger tapes
and caution citizens during the exercize operation

Streamlining exercize learming processes. including
documentation, evaluation, and management of leszons
learned: In order to streamline the leaming processes of
exercizes, desiphing evaliation frameworks based on
the learning objectives of the exercise, systematizing the

L atal EIH."I} Apafreng fg S and Sobotions to wﬁxwwm“ q_nnm:}:" DAEF I:[S-} E.n :-]El

Pr————" ey oty

first aid, security, etc) for crganizational representatives
and other participants m the exercise such as DAWAM

Enzuring that planners and crganizers have a common
understanding and swareness of the exercize implemen-
tation process: Given the insnfficient familianity of man-
agers and representatives of specialized organizations at
the regional level with the exercise implementation pro-
cess and the ICS. or the inappropriate development of
scenarios by experts from regional disaster management
headquarters, it i3 recommended that traming seminars
and briefing sessions be planned to ensure a cothmeon us-
derstanding of the exercize implementation process.

Increasing the participation of key actors and partner in-
stitstions in the implementation of exercizes: In addition
to requiring the presence of key actors from the munici-
palities of 22 districts, it is recommended to increaze the
participaticn of members of specialized working groups
of the Tehran Disaster Management Headquarters, such
as the Red Crescent FARATA the Traffic Police, and
other representatives of service crganizations.

Strengthening the fonctioning and coordination of di-
saster management exercizes: Givets the lack of ICS and
IMNS, it is neceszany to strangthen the function and coordi-
nation of exercizses.
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evaluation activities, documenting, and managing the
leszons learned from the exercize based on scientific ap-
proaches are recommended.
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1. Discussion-Based Exercises

2. Dparational Exercises
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ABSTRACT

Background and Ob Consldering the scale of mass gatherings in urban areas, systematic attention
1o health, safety. and emvironment (H5E) factors for these events has become important in urban
governance. This study aimed 1o design and validate a tool for HSE evaluaton in urban mass gatherings,
tailored to the conditions of Tehran City, lran.

TR Using a miked-method approach [gualitative—quantitative), this research identified, categorized,
and validated key indicators for assessing HSE in urban mass gatherings. Tool development was done by
risk assessment, review of past events, opinions of experts, and fleld visits. The initial draft was tested
in a pilot study for three selected mass gathering events in Tefran, Iran, and its psychometric propertes
[content validity, construct validity, and internal consistency) were evaluated.

[(PE The finat version of the checkiist induded 14 operatiohal indicators: 6 safety-related, 4 health-
related, and 4 ervironmental indicators. it was fourd that 92% of the iterns had acceptable OWR (=0.62).
The CV1 for all iterns ranged from 0.80 to 1. The CV1 average for the entire checklist was calculated to be
(.92, indicating an excellent content validity. Cronbach’s a coefficient was calculated to be 088 for the
entire checklist, indicating a favorable internal consistency. Begarding its subscales, Cronbach's o value
was (.83 for safety, OL80 for health, and 0.78 for ervironment.

[T The developed chiecklist is 2 valid and reliable tool for assessing HSE in urban mass gatherings.

facicle dnf: By focusing oh neglected components and multdirmensional risks, this checklist enables systermatic
Recefved: 25 Aug 2015 analysis and targeted intervention from initial planning to implementation and collection. 1t can be used
Aecepted: 25 0ot 2025 by urban management authorities, event organizers, and HSE researchers.

Builnble Ordines 0 Ot 2025 [PIPPTEE Miass gatherings, HSE, Urban safety, Performance evaluation, Urban risk management
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ass gatherings as a social and urban phe-

nomenon, have become one of the major

challenges in nrban management in re-

cent decades due to population growth

the expansion of cultural and relizicus
events, and increased social interactions (World Health
Organization, 2003). These events, which mclude re-
ligious, sporting, political and cultural gatherngs, put
significant pressure on urban infrastructure, service re-
sources, and the health system by gathering large num-
bers of people in a specific time and place (Milsten et al |
2002). While managing mass patherings requires a mul-
tiditnensional and coordinated approach, previous smd-
ies have primarily focused oo macro-level aspects, such
as population dynamics, collective behaviors, and crowd
modeling (Helbing et al.. 2007). In contrast micro-level
azpect: and operational issues such as electrical safety,
food hygiene, and waste management have received
less attention, even though these factors play a decisive
role in mamtaining the health and safety of participants
{Thompson, 2008). The lack of structared frameworks
for contimuous monitoring and evaluation of health, safe-
ty, and environmental (HSE) performance in mass gather-
ings iz considered a serious gap m the research literature.
Many existing models lack operational capability in real-
world sitoations ahd are unable to effectively identify and
manage micro-risks and hidden threats (Safipour et al |
2023). Addionally, existing assessment tools are often
desizned i a noo-comprehensive manner, unable to =i
multanecusly cover the three dimensions of health. safety,
and enviromment {Adare et al., 2025

Given the complexity and diversity of threats in mass
gatherings, there 15 a strong need to design a comprehen-
sive and practical tool for evaluating HSE performance
in an urban context; a tool that can monitor HSE indica-
tors i a structured manner and help executive manacers
make quick and effective decisions. The present study,
using expert opinions. field data, and practical expen-
ences, aimed to design and validate a tool for evaluating
HEE performance in miass gatherings that covers the three
main dimensions of health, safety, and environment in an
integrated matmer. This tool can be used as a practical
gide for city managers, event organizers, and regponsible
institrtions ity crisis management.

r’ Disaster Prevention and
‘ Management Knowledge

Literature review

The World Health Organization (2008) defines mass
gatherings as “an organized of uoplanned evenmt where
the number of people attending 1= sufficient to strain the
platming and response rescurces of the community, state,
or nation hosting the event™ Mhilsten et 21 (2002) have
reviewed medical experiences in major mass gather-
ing events, emphasizing the need for health system pre-
paredness and emergency response protocols. Thompson
{2008) highlighted the critical role of public health plan-
ning and coordination for mass gatherings among organi-
zations in reducing health risks.

Amcng studies related to the health domain, Histton et al.
(2024 examined the perspectives of managers, law enfore-
erz, and medical staff smeohved in organizing mass pathering
events and found that the lack of effective commmnication
between theze groups can lead to dismptions in the health
atyd zafety managsement of events. In another study, Hutton et
al. used focus group discussions to highlisht the differences
m the understanding and practices of risk management by
each group and emphasized the need to design common and
understandable tools for all staleeholders mvobred m organiz-
ing mass gatherings (Hutton et'al. 2025). Bahbouh et al.
(2024 also prezented a frameworlk: for health meanagement
in mazs gatherings which inchades algorthms for popula-
tion mosnitoring, early waming and emersency response
planninzs. These frameworks offer predictive capabilities and
rapid response by leveraging new technologies, including

Among studies related to the safety domain. Helbmg et al.
(2007) modeled collective behavior in pardc situations and
demonstrated that the sbeence of emergency exit routes, -
reactions can lead to enanitarian disasters. Safipour et al.
{2023} desizned a resilience model for religious gathermgs,
using indicators such as crisis severnity, probability of cocur
renice, and response capability @ nisk assessment which can
be used in the safety management of urban events.

Ameng stodies related {o the environment domain, Jo-
hanzzom et al (2012) showed a link bebween population
density, increased pollution, and the prevalence of respira-
tory dizeases in urban settings. Also, the Centers fior Dis-
ease Confrol (CDC) guidelines emphasize the importance
of controlling eavironmental factors such as venhilation
ambient temperature. and water quality in mass gatherings.
Johansson et al (2012) indicated the wealmess i waste
management and the lack of sustainable infrastroctore in ur-
ban events, which can lead to pollution of natural resources
and a threat to public health.
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Table 1. Probability-seventy matrix for risk assessment
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s it Cun;equenc,e Pruhahiib._r
Fisting People Asszats Environment Reputation Lewvell Lewel2 Lewvel3 Leveld Lewel5S Lewelb
1 Zaro injury d:::ge Zero affect Zaro impact
2 ﬁ-:gu';: d::'.lf:;e Slight effect Slight impact Manage for continual improvernent
3 Mo Minor Minorefect  Limited impact
injury damage
4 H.H]Dr Local Lacal aff EIJI'.IEId'EIE.tIlE
injury damage impact
c Emg_le Major Major effect Ma]r.ur national
fatality damage impact
& Muhfl;_:le Extensive Mlassive aff 'u'!E-JIJF |_|1131ma— B
fatalities damage tional impact

Ameng stodies related to HSE performance, Sadoughi
et al (2012) employved a fuzzy analytic hierarchy pro-
cess (AHP) model to develop a performance evaluation
model for HSE management systems, which mchides
both enabling and cutcome-baged indicators. This model
can be applied in industrial settinps but requires adapta-
tion to the specific conditions of mass pathenngs Tools
such as HSE-P10 and specialized HSE dashboards have
alzo been developed to monitor HSE performance in large
projects (AMarr et al |, 2024).

Despite these stodies, the lack of a comprehensive,
structured, and operational tool for evaluating HSE per-
formance in mass gathermgs, expecially in urban settings,
reftains 3 senous research gap Most of the existing mod-
els either partially address one of the HSE dimensions or
are desizgned for industrial and non-urban environments
and are not capable of adapting to the real conditions ofur-
ban events. Awning to fill thiz pap, the present study seeks
to design an HSE evaluation checklist for mass gatherings
that covers the three main dimensions of health, safety,
and environment in an mtegrated and practical manner

Materials and Methods
This iz a descriptive-snalytical study conducted in Teh-
ran, Iran The process of designing and testing an HSE

performance evaluation checklist was carried out in sm
stages.

Table 2. Characteriztics of experts

Group Mo. Work Experience
Executive managers 4 >15 years
Technical experts & 10-12 years
Faculty members 2 =10 years

Primary data collection

Inthe first stage, basic data for compiling checklist items
were collected through field visits, risk assessment, analy-
sis of past events, and review of non-compliance reports.
The research team visited the religious and coltoral gath-
erings. obzerved the environmental and operational con-
ditions. and documented potential harards These hazards
included non-standard wiring, lack of fire extinguizhing
equipment, poor food quality, improper waste disposal,
and noise pollution. The identified risks were categorized
and prioritized vsing a probability-severity matrix to form
the basis for desigming the tool items. The matrix used for
rizk aszessment at this stage is shown in Table 1. The his-
tory of previous mncidents during tnass gathering events
i urban settings was reviewed to identify patterns and
factors that contribute to the occurrence of incidents. Dur-
ing mass gatherngs, minor incidents may occur, mclud-
ing people slipping. electrocution, falling scaffolding,
and people falling from elevated surfaces such as perfor-
mance stages, etc.. which are analyzed for the 22 districts
of Tehran. Only recorded incidents that were officially
sent to the Tehran Municipality HSE Secretariat were
anabyzed. Data from HSE mispections of previcus mass
gatherings held in Tehran Municipality (Imam Feza Cel-
ebration, Ghadir Celebration, Arbasen Remnants Walk)
were analyzed to wdentify deficiencies in the management
of mass gatherings.

Expertise
Crisis management, urban planning
Safety. environmental health, risk assessment

Education and research in the field of HSE
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Table 3. Concepts. components, and associated national regulations for the HSE evahiztion mmass gathernes i urban areas

Safety
Concept Component Mational Regulations

Phy=ical ohstadkes

Un=wven pavements Article 55 of the municipalities law, work at height safety regulations
T Slope differences
Traffic barriers Regulstions on transportation and trafic of Tehran
Wisrrittg cne pibrnrecsins Regulaticns on tle'IS{:II:.II'E'I]m -El'l.d traffic |:|n*_Tv;zh:|-=|nr topic 20 of the
national building regulations
Health regulstions on food preparation and distribution centers,
Ministry of Health 2nd Mediczl Education’s regulstions on transporting
food products,
Cooking tools Iran Food and Drug Administration (IFDA]'s minimum reguirements for
packaging and labsaling of food and beverage products,
Topic 20 of the National Buiiding Ragulations, IFDA rezulations on the
establishment and operation of food processing plants
Fire Extinguishing eguipment
Electrical B . NB‘I:H:I!'.IH| building regul?tu:ms of Iran,_mplc 3: Safety of build-
ings against fire, Occupational and Environmental Haaith Canter
: {DEHCYS regulations on occupaticnal zafety and health in the wse of
Stk il bl iRig BE daiahle praewols chemicals, Regulations on preventing and fighting fires in workshops
Fireworks and lighting equipment
Liquid petrodeum gas (LPG) ofinders and a5--  Specifications and testing of LPG cylinder valves — manually operated;
sociated fithings 0 11350 and 11351
Foed advertising structures
Temporany structures
Permanent/
tamporary Sertney and crowd control st s Nations! building regulations, topic 11: Industrial building design and

migdular construction
Stages or performance platforms
SITBCEUES E F P

Cowvering and shading structures
Dacorative and interactive structures
Cables and wiring
Fuses and circuit breakers

Elactric piugs and sockats

e g Mational building regulations, topic 13: Electrical instalfations in build-
Electricity Lighting system A

Eguipment earthing system
Diesel ganerators and electric motors

Electrical pansls
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Safety
Concept Component National Regulations
Air coolers and fan ooils
::GE;::EE:;? Heatee MNational bullding regulstions, tgp_il: 14: Mechanical insallations in
ment Fans and jet fans Bestiing=

Fire pits

Parking

Emergancy and rescue access and routes
Tr=ffic Traffic equipment Warkpiace traffic safery guidelines
‘Warning and guidanoe signs

Emergency and operationsl vehickas

Component National Regulations

Toilet=s
Washitasine Mationsal Stzndards Organization's Code of Conduct for Jold Storage/
Carering aras Food ‘Warahouse Buildings and Eguipment, OEHC's Ervironmenzal
Emvironmental £ Health Guide for Industries {Food Preparation and Distribution Centers
hieaith ki Bl amd Public Places),IFDA's Pest Control Guidzlines, Environmental
e Heaith Regulations for Buildings and Premizes,
IFD&'s minimum technical nd sanitary requirements for catering umnits
Sewags
Waste
Qu=lity and safety of food and raw materiaks
Health regulations on food preparstion and distributon centers, Minis-
Sto offood products :
e T try of Health and Medical Eduration’s regulstions on transporting food
= ey products, IFD&'s minimum requirements for packsging and labeling of
£ Cooxng ang dstrbgtng nod food and beverage products, National Building Regulations, Topic 12,
il IFDA's minimiam technical and health requirements for the establish-
SREEES mient and operstion of food processing factories
Peronal hygiene of cooks and distributors
Drinking water tankers
Mineral water bottles
IFDA's minimum technical and health requirements for units producing
Drinking water Drinking fountzins ready-to-eat and semi-prepared foods, DEHC s guidelines for water and
wastewater health measures
lce safety
Water used in tes and syrup distribution
Population stress management
hental health
Elderly and children
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Environment

Concapt Component
‘Waste collection and disposal
w rati
Waste man- SRR
et
el L=achate leakage
Use of reusable dishwars
Gazoline and diez=| eguipment
Alr pollution
Technical inspection of eguipment
Sound systems
Noizs podlu-
ms? i Technical inspection of eguipment
tion
Diesel and gasoline genserators
Wiater consumption management
Energy El=ctricity consumption management
Fossil fuel consumption management
Refining items

Based on the collected data, an initial list of items related
to the three main axes of health. safety, and envircnment
in mass gatherings was prepared. To refine and complete
this list, group meetings were held with the participation
of 10 HSE experts. This panel of experts was purpose-
fully zelected from three groups of specialists (Table 2)
to conzider different executive, technical and scientific
perspectives in refining the items.

Preparation of the checklist

The final items were crganized into three dimensions
of health safety. and enviromment and desipned as an
operational tool. For each item. the legal requirements
and related vpstream documents were inchuded in a sepa-
rate column, allowing users to cite and implement. This
checklist was tailored to the specific condmions of Tehran
and the needs of urban management.

YValidation of the checlklist

To determine the face validity of the checklist the -
tial draft was presented to 10 expertz. The ttemns were
reviewed for clarity, comprehenaibility, and importance.
At this stage, 5 ftems were revised, and two ifems were
deleted.

National Regulations

Waste management law passed by the [slamic consultative assembly

Law on how o pravent air polfuton

Executive regulations on how to prevent noise pollution

National building regulstions, topic 19: Energy saving

To determine content validity, each expert rated the ne-
cessity of the ftems at three levels, and the comtent va-
lidity ratic (CVE) for each tem was calculated vsing the
Lawshe method. Ttems with a CVE =062 are accept-
able. It was found that 92% of the items had acceptable
CVEL Seven items with lower CVEz were modified or
removed. Experts also rated each item on a 4-point scale
for relevance, clanty, and simplictty, and the content va-
lidity mdex {CVI) for items and subscales was caleulated.
The CVI for all ttems ranged from 080 to 1. The CVI
average for the entire checldist was caleulated to be 0.92,
indicating an excellent content validity.

To azzess reliabality, the final checklist was administered
to 30 pecple in three urban gatherings. Cronbach’s o coef
fictent was calculated to be (.86 for the entire checlchist
Fegarding its subscales, Cronbach’s o value was 0.85 for
safety, 0.80 for health, and 0.72 for environment All val-
ues are above the acceptable threshold (0.70) and indicate
favorable internal consistency and adequate reliabiliy of
the checklist and s three subscales.

Resulis

In Table 3, the concepts and components extracted for
developing the checklist are prezented for three domaine
of safety; health. and environment For each concept. the
relevant national legal requirements and upstream docu-
ments are alao listed. Using leading and lagping indica-
tors, items were first formulated and the AHP method

Do 2, bl O o ot Vi om of BN vl okt o s s i, DUARF 4107 IS
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was used to determine the relative importance {(weight)
of each question, rated az 1 (Full compliance with the
regulations), 0.3 (Partial or incomplete compliance), or 0
(Mo compliance). The score for each #tem iz calculated
as: Weight®s » Ceompliasnce level Then the scores of
all itemns inn each domatn are summed and nomalized to
a scale of 0 to 100. The final HSE score 1z obiained by
weightinge the three domatns of safety, health, and envi-
rotument. The total score of the checklist i= obtained by
sumiming the total scores of three domams. The final ver-
sion of the checklist iz provided in the Appendix 1.

Dizcussion

The results of using the checklist for HSE performance
evaluation in mass gatherings in wrben areas showed that
many operational components in the field of HSE have
been neglected in current planning. These findings are
consistent with the previous studies that have shown ex-
isting shorfeomings. Studies such as those by Sadoughi
etal (2012) and Bahbouh et al. (2025) in Iran primarily
focuzed on macro-level assessments in industrial settings
or national crizes. Some national stadies have only ad-
dressed qualitafive assessments of participant satisfaction
of dezcriptice analyses (e.z. Johansson etal 2012} Low
attention has been paid to operational components in the
urban context The checklist desizned in our study, using
field visits, risk assessment data and expert opinions, was
able to identify and structunze micro- and operational
indicators at the local level, particolarly m the areas of
electrical safety, temporary structures, food hygiene, and
waste management The checldist had high validity and
reliahility. High Cronbach’s o coefficients for all three
dimensions of the checklist indicated the high infemal
consistency of the checllist Oversll, the checklist was
ghle to reduce the zap between theory and practice i
HSE of mass gatherings in wrban areas, paving the way
for improving the quality of HSE management i urban
events. Thiz tool can niot only be used in the event plan-
ning phaze but can also be utilized as an implementation
framework in the performance monitoring and andifing
phaszes {Appendix 1)

Conclusion

By focusing on micro and operational components, in-
cluding electrical safety, tetnporary structures, food hy-
Ziens, Wwaste management, and legal requirements, the
designed checklist can identify and address gaps in cur-
rent planning for mass gatherings in urban areas in Iran
The checklizt has hish content validity and reliability (in-
ternal consistency). The following recommendations are
provvided:

Austuimn 2026 Vel 45, lsoue 3

Utilizing the designed checklist in the mitial planning
phase of mazs patherings by municipalities. crisis man-
agement organizations, and executive bodies

Traming contractors and execotive staff based on the
ttemy of the designed checklist, particularhy in the areas
of strucural safety, environmental health, and waste man-
agement;

Development of digital systems for real-time mondtor-
g of HEE indicators in mass gatherings and connecting
them to management dashboards:

Utilizing the desioned checlklist in the andit and perfor-
mance evaluation process after mass gatherings for con-
tinuous Improvement

Future studies are recommended to:

Use the checklist in various cubural, religions, sporting,
and commercial mass gatherings;

Conduct a comparative analysis of HSE performance
using the checldist in different cities of Iran, which have

Deevelop smart versions of the checldist with the ability
to connect to environmental systems, urban zensors, and
early warning systems;

Assess the level of acceptance of ‘satisfaction with the
checklist among users and explore the implementation

barners.
Fthical Considerations
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approval was required. Nevertheless, the anthors adhered
to all ethical guidelines for scholarly research, including
transparency, infegrity, proper citation and responsible
pze of previcusly published data

Funding
This rezearch did not receive any specific grant from

funding agencies in the public, commercial, or not-for-
profit sectors.

Mgt & & £ Doy sl VAo of e HPF vttt choli iy Lvbeon s g, FIMKCE F(1f 320345




Authiemn 2025 Vol 16 loous 3

327

Anthors' contributions

Conceptualization, methodology, review and editing:
Seved Sajad Mousavi and Mobin Ebrahimian; Supervi-
sion: Seyed Sajad Mousavi; Writing the oripinal draft: A1l
Authers.

Conflices of interest

The apthors declared no conflict of interest.
Acknowledgments

The authors would like to express thewr sincere apprecia-
tion to the Tehran Disaster Mitipation and Management

Organization for their valuable collaboration and techn:-
cal that supported the development of thiz study.

A

Disaster Prevention and
Management Knowledge



T e peverion v

Management Knowledge

Appendix 1. The HSE evaluation checklist for mass gatherings m urban areas

Safety
Concept Component frems Weight
o B Are traffic routes free of dangerous ohstacles and physical clutter?
Physical chetacles And is there 3 regular program to identify and remove these .04
ohstacles and clutter?
Have pawements been inspected and made safe for unavenness ar
Unewven pavements slipperiness? Are there pericdic inspections and a specific plan to 283

COFreCt Unevenness in pavements and prevent slipping?
Are warning signs and guards instlled for points with slope
differences {stairs, ramps, precipices)?

Are traffic barriers {such az New lersey barriers) installed safaly,
wisibly, and in accordance with regulations? And are there guidelines
or a regular ingpection program for the instaflation 2nd maintenance

of traffic barriers?
Are cl=ar, legible, and appropriately placed warming and directional
signs instalied on all routes?

Are food preparation sites designed in accordance with safety
requirements and using = safe haat source? Is there 2 ragular
inspection and control program in place to ensure the safery of food
preparation sites?

Ars fire extinguishing eguipment insmlled in sufficient numbers, in
good condition, and accassibla?

Routes Siope differences 188

Traffic barriers 289

Warning and guidance signs 254

Cooking tools 3.06

Extinguishing equipment 344

Are necessary messures taken to prevent electrical fires (e.g, using

Fire Electrical fires proper fuses and safe wiring)? |s there a program in piace for 335
pericdic inspection and control of electrical systemsto prevent fires?

Storage and handling of flam-  Are flammable materiats stored safely, away from hieat sources, and

mabie materials in accordance with regulations? i
Fireworks and lighting equin- Is the use of Rghting squipment permitted and supenvised by 34
ment security forcas? 3
Liquid petroleum gas (LPG) Do LPG cyfindess meet standards, have a healthy valve, maintain a
oyfinders and associated fitfings =afe distance from the public, and undergo vertical storzge? i
P adfvertisig Sirchares Have adverfising boards been checkad fnr_stren.gth, wind resistance, 383
and ground connection?
Has the instalistion 2nd erection of temporany structures been
Tempaorary structurss carried out in compliance with safety principles and under the 314
supervision of a technical expert?
Permanent,tem- Security and crowd control Have crowd control structures been designed well to hold crowd 132
paorary modulzr structures pressura? ;
structures Stages or performanca plat- Do the stages have guards, =sfe ladders, and 2 capacity approgriate
forms to the crowd pressnt? 305
. . Are awnings and tents resistant to wind and rain, and are they
Covering and shading structures properly secured? 251
Dacorative and interactive Do decorative structures not block the routes and not pose a risk of 365
SLISCILTES colizpse or fire? =
Have the wiring been installed safely, insulated, and out of the
Cables and wiring way of traffic? |z there & plan in place for regular inspections and 2.30

cormrections of wiring defects?
o Have appropriate protective devices been installed to prevent
Fuses and circuit breakers N e Bl B e 315

Are safe power strips and sockets used, and are there no overioads

Electric plugs and sockets D D 3.07
. . I= there adequate lighting on main routes, emergency exits, and
Electricity Lighting system e R 311
: : Has an earthing system for electrical eguipment been installed and
Ezrthing = ntu:n"me EOmE: tested? Are periodic tests and documentstion performed for the 323
2o earthing system?
Digsel generators and electric Are generators safely shisided, properly ventilsted, and located at =n 248
motors appropriate distance from the crowd?

. Are electrical panels locked, marked, and socessible only to

Electricad paneals 319

authorized persons?
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Safaty
Concept Component Itemns Weizht

_ : Has the cooiing equipment been properly installed, secured, and

Air coolers and fan coils : 3.62
wirad?

Hawe hesters been installed in the proper location, at 2 safe distance

G oy Hesinees from flammable materials? 181
EEmE o |:|:||: E s Have the fans been installed property with no risk of falling and
ing equipmen Fans and jet fans injuring peopla? 168
Is the use of fire pitz carried out by considering safety measures,
Fire pits firafighting equipment, and constant supernvision? Are thers 284
regulations and continuous supervision on the use of fire pits?

: Do parking lots have separate entrances and exfts, directional signs,
Farking and crowd controf? 2
EITERRGTY ank Tescre arurns Are acocess and emergency routes clear, unobstructed, and marked? 332

and noutes
: : Hawe cones, barriers, reflactive signs, and other equipment been
Teathc TrThe o eok installed according to regulations? e
Wiiesitgand sk g Are directional, emergency ixl:téjenj traffic warning signs clearly 203
Emergency and operational Hawe the parking location, traffic route, and readiness of emergency St
vehicles vehicles been anticipated and specified in advance?
Health

Concept Component Items Weight
Hawvea the toilets been inspected and approved for cleanliness,
Toilets ventilation, washable floors, and proper flushing? Is there a regular 5
schedule for cleaning, inspecting, and repairing toilets?
Do the washbasins have 2 pedal or sensor valve, liquid =oap, and a

Washharsins proper sewage disposal system? )
Hazs the catering area been assessed for washable surfaces, oon-
Catering area tamination protecton, and deanliness? Is there 2 specific cleaning 4.5
Environments! program, ongoing supenvision, and training for service personnel?
health i Do the drinking feucets have clean water, angled spouts, with no
Drrinking faucets mouth comtact with the spout? 55
|z the sewage coliection and disposal system proper, free of leaks
Sewags and unpleasant odors? z
Is waste collected separately at the production site in washable bins
with lids?
Waste |5 3 regular waste collection, separation, and mansgsment training 3.5
program implemented?
Cuality and safety of food and Hawe raw materials and food been checked for health, expiration i
raw materials date, and storage conditions?
Stotage bt pradies Is food stored under appropriate conditions (controlled tempers- o

ture, standard shekving, and separate from non-food items)?
ks the cooking and food distribution process carried ouwt in a clean

Cooking 2nd distributing food EMmiTonment, using approprate eguipment, and adhering to per- 9

Ei sonal hygiene principhes?
Hieatth card Do zll food service employess have a valid health ard? B
. Do cooking and food distribution staff follow personal hygiene
Perzonal I-r!-g.u%ne of cooks and principles, such as wearing clean woark clothes, gloves, and hats, and 7
distributars practicing frequent hand washing?
Are drinking water tankers capped, clean, and inspectad and certi-
Drinking water tankers fied for non-contamination? ks a program for periodic tanker wash- 55
ing, water sampling, and guality control implemented?
. Are mineral water bottles in good condition, sealed, and have a valkd
Minaral water bottles o 35
Orinking watar e . Are drinking water fountains regularty monitored for water guality
Driking fimimins and sanitary conditions? E,
Is the ice used in the gathering areas hygienic, packaged in a safe
lce safeny : 4
and non-contaminated manner?
Water used in tea and syrup Is the water used in preparing t=a and syrup supplied from 2 safe z
distribution and healthy source?
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Concept

Component
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Health
Items

Mentzl health

Populaton Stress Manzgement

Eidery and Children

Are measures in place to reduce crowd stress (such as dlear informa-
tion, discipline, and guidance officers)? s there a pre-developed
plan for information, crowd management, 2nd crowd caiming?
Are there special fadiliti=s and measuras provided to support the el-
derly and children {resting places; guidance, emergency assistance)?

Environment

15

25

Concept

‘Waste manage-
ment

Air pollution

Noize polluton

Ensrgy

Companant

‘Wiaste collection and disposal

‘Waste separation

Leachate leakage

Use of reusabie dishware

Gazoline and dies=l equipment

Technical inspecoon of eguip-
ment
Sound systems
Technical inspecton of eguip-

ment

Dizsel and gasoline generators

Wiater consumption manags-
ment

Electricity consumpton man-
FgEment

Foszil fuel consumption man-
agement

ltems

Is production waste collected and disposed of in 3 regular, hygienic,
and regulatory manner? |s there = scheduled plan for the collection
and disposai of waste?

is waste collacted ssparately (wet, dry, hazardous, and recyclable) at
thie source?

Has lezkage of leachate from bins or waste storage been preventad,
and has proper dreinage been provided?

Are reusable or recyclable disposable dishware used?

Do gasoline and diessl-powered equipment undergo technical
inspections, have proper filters, =nd mest emission reduction
standards?

Iz thie technical inspection of equipment performed periodically,
and its documentation recorded? Is there 8 program for recording,
monitoring, and periodically renewing the technical inspection of
equipment?

Are the sound levels of sound systems controliad in accordance with
permitted limits and notse pollution regulstions?

Have the audio and mechanical equipment been checked for sound
Ieaks, and sbnormal noise and performance?

Are generstors properly soundproofed, maintained, and installed in
a standard locathon? Are maintenance instructions and a main-
tenance program implemented to control noise emissions from
Eenergtors?

Hawe the necessary measures been taken to save water consump-
tion (e.g. instaliation of low-consumption faucets, leakage control,
scheduling of consumption)?

Are ighting and electrical equipment managed optimally, using
energy-efficient aguipment and turning them off when notin use?
I5 fossil fusl consumption monitored, 2nd are consumption redoc-
tion measures {e.g. proper maintenance and optimizaton of
equipment function) implemented? Is 2 consumption reduction and
optimal maintenance program for fuel equipment implementac?

Weight

12

12

in

o5

75
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ABSTRACT

Bnla g T ey B mag= 1HIS SELdY aimed to imeestigate the effectiveness of ground-penetrating radar
[GPR) for identifying subsurface cavities and fractures in roads.

[T Data were collected using a GPR system (madel 1760, ImpulseRadar Co., Sweden), which had
two central antennas with frequences of 170 and 600 MHz Data scquisifion was camried out in three
areas: A road under constriction in the Gachsaran Formation, 2 section of an asphalt-paved street inflam
province, and atvares including anold, small, buried tunhelin Kermanshah City, The gealogy of these areas
is different and ranges from the Gachsaran Farmation to Holooone sediments. The distance determined
for the data acquisiion step was 4 centimeters. The wave penetration depth in both antennas varied
by geology type in these areas. The data after different processing steps were examined using wave-
spectrum anabysis, characteristics, and evidence of anomaties to distinguish cavities and fractures.
IR After performing all the processing steps, the results confirmed the presence of cavities and
fractures. Also, the hish agreement in the overiapping areas between the two antennas was clearhy visible.
[Ty Since choosing the appropriate antenna frequency far GPR plays a key role in the ahility to
properly detect the electrical properties of materials, the results show the proger efficlency of the GFR
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Introduction

oday, identifying submarface discontinuities

such as cavities and frachures i roads and

passages is considersd one of the important

challenges (Bendetto et'al, 2017). These

dizcontinuities can reduce the resistance of
road structures, cause collapses, create dangerous subsid-
ence and surface depressions that give the roadway an un-
sightly appearance and generate high costs for roadway
repairs. One of the issues that challenges the construction
and mamtenance of this type of mfrastructore iy the lack
of sufficient knowledge of the subsurface layers, which
sometimes causes extensive damage during constroction
or operation. Conventional metheds for identifying sub-
surface discontinnities are often destructive and based on
drilling and sampling, which, despite their high reliability,
are costly and time-consuming. Therefore, geoplyzical
methods can be uzed for road studies due to being cost-ef-
factive and time-efficient (Hosaind et al | 2017). Among
these geophysical methods, ground-penetrating radar
(GPE]) iz of great importance due to its high accuracy and
speed, and non-destructiveness. It i3 considered otie of the
electromagnetic methods (Slob et al, 2010%. The use of
high-frequency electromapnetic waves for subsorface ex-
ploration dates back: to 1904 when Hulsmeyer, a Gemman
inventor; mvented a radar device (Parasniz, 1997). The
use of radar became popular in 1956 and was developed
more widely from 1970 onwards. GPR i3 able to detect
changes in the electrical properties of materials. However,
the zelection of the appropriate antenna frequency is con-
sidered to be one of the key parameters in the success of
this method (Daniels, 20047

Althovugh several studies have mvestigated the effec-
tiveness of GPE in identifying subsurface discomtinui-
ties, systematic comparison of the capabilities of anten-
naz with different frequencies (especislly 170 and 600
MHz) in environments with different soil types. as well
as targeted processing and wavefront spectrum analysis
for optimal interpretation to distinguizh between types of
discontinuities, requires further research Therefore, this
study aims to investizate the capability of GPR with 170-
and 600-MMHz antennas in detecting subsurface cavities
and fractures.

r’ Disaster Prevention and
‘ Management Knowledge

Materials and Methods
Ground penetrating radar

The GPR. method is the most widely uzed geophyzical
shallow technique that requares high-resolution accuracy
{Amnan, 2009). The basiz of this method iz the reflection
of electromagnetic waves at the boundary of layers with
different resistivity and magnetization In this method, the
radio waves are generated by special transmitters (anten-
nas) and, after penetrating into the ground and reflecting
from the boundary of the lavers, are recorded by inductive
receivers. Since the transmitter and receivers are mounted
side by side on a portable setup, the data acquisition speed
it this method iz very high. The accuracy of this method
ranges from a few centimeters to several meters, depend-
ing on the fraquency of the antenna used. Ground-bazed
radar operatez by transmitting electromagnetic waves
(10-1000 MHz) into the ground and receiving reflected
pulses when enconntering discontimities (Ahmadi et al |
2014). The discontinuity can be a boundary between lay-
ers, an impurty, boundary betwesn materials with differ-
etit dielectric properties, a buried object (e.g. pipe) or de-
lamination of that eross section (Figure 1. The amplitude
of the received echoes and their corresponding arrival
times can be used for subsurface modeling to determine
the nature and location of the discontimuity.

Compared to other non-destructive technigques such as
infrared, olirasonic, or microwave thermography, GPR
offers greater penetration power and can therefore model
at greater depths. High-frequency antennas (300 MHz
and above) are used in shallow areas (<2 m depth) to
achieve high accuracy, while lower-frequency amtentias
{300, 250, 100, and 30 MHz) are uzsed for deeper depths.

GPE iz a real-time method that uses high-frequency
radio waves to acquire data at very high velocity and
resclution (MNeal, 2004)). Changes in the velocity of wave
propagation due to differences in the electrical properties
of materials will result in differences i the time 1t takes
for the waves to travel and return. As the antennas move
along the survey line, they collect a time zeries of recerved
data at specific point: along the line. These time series are
then combined to create a subsurface scan view Figure 2
shows a schematic diagram of the GPE. wave propagation
and recording. The data is recorded in specific formats.
After going through varions processing steps. this infor-
mation i3 transformed into georadar sections that are used
to identify various targets.

Sbteratoiis s, ol G2V, Brirtion of Daastor ok Mmsspumant Bhorsdrvta i oo Py v Fpibil, LI Lok oo A
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Figore 1. Schematic diagram of the GPR. method m a 3-layer ground cross-section: Transmitted and recerved radar signals from the
layers {left) and speedometer timeline history (right)

Data collection and =tudy area lows vs to identify layers, cavities, and fractures near the
_ surface (=12 meters) (Goodman & Piro, 2013).
In this study, data were collected in designated zections:
within the target areas using a radar (model 1760, Im- Drata collection was carried out in three areas, including
pulseRadar Co. Sweden), shown in Figure 3. This model a road under construction (first area), an asphalt-coverad
has two antennas with frequencies of 170 and 600 MHz street and road (second area), and the road on a zmall old
The data collected with this tool, with high resolution, al- tunnel (third area}. Fizure 4 shows a satellite image of the

Survey direction ————p

Horizontal position ——#

I 7T 7T 71
E Hyperbalic anomaly
a5 from point reflector
T
E
B
=
_‘?H—. é\
HIREE R
c5-._
Linear continuous anomaly e
from planar reflector
1 1 L1 1 1

Figure 2. Schematic diagram of GPE. wave generation and recordme (left) and recorded signals m 2 survey direction (night). Te=
Transmitter, and Fx=Feceiver.

Abtaabadi-Aret, #tal (2025 Evebarion of Dosamar Risk MG Siendards = Tohom Provies Fugpmals OMEP 153, 264-335.
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Figure 3. The used GPR device

selected areas as well as a view of the profiles taken in
these areas. These areas were selected in such a way that
the cavities and fractures in them were visible or obvious.
Geologically, these areas contain Holocene sediments.
Tiwo areas were in Ilam Province and one area on the out-
skirts of Kermanshah City, all of which were located in the
Zagros geological zone. The road under construction was

f 7 w ™

Disaster Prevention and
Management Knowledge

in the Gachsaran Formation. One of the characteristics of
this Formation is its high susceptibility to erosion, espe-
cially erosion caused by water. This formation consists
of more than 500 meters of alternating red to blue-gray
limestone. In fact, the dizsolution rate of these materials ix
much higher than other rocks. Accordingly, karsts, cavi-

s g,

Figure 4. A zatellite image of the study areas (upper) and survey lmez (bloe Ines) in each study area (fower)

Abbesbadi-Arab, ot 2l 2005 Exahution of Disastar ik Mamgameet Standands in Tabren Proviece Sepiteln, DMEP, 13(3), 364353,
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Figure 5. Image of the shady aress: The road under construction (upper), the asphalt-coversd road with cavities (lower right), and

the roed on a small old tunnel (lower left)

in areas close to the surface are observed in this forma-

tion. Figure § shows the study area and the cavitiez and

fractures on the surfaces.
Data processing

In this study, data acquisition was performed with two

antennas with center frequencies of 170 and 600 MHz

and a horizontal sampling distance of 4 cm. Reflexw
and CrossPoint were used to process the data. The data
processing steps included automatic gain control (AGC),

bandpass filtering, Dewow :EItem:tg, static comection,
subtract-DC-shift and background removal. Tt should

be noted that after data processing, only the results of the
identified anomalies are presented. The values of the pa-
rameters used i different stapes of data processing are

Table 1. Values of the parameters used m different steps of data processmg

AGC 55-200 Namosecond
; 42-350 |Antenna 170 MHz)
. 10 (Antenna 170 MHz}
Dewow filtering 3 (Antenna 600 MHz) Manosecand
SIa'hccnrmmﬂm First mcEnl:Ed -
Subtract-DC-shift Remaving the mean -
1- (Antennz 170 MHz) !
Background removal 2548 s 500 MHz) Mieter

Abbasabadi-Areb, etal (2025, Evalesicn of Dsaar Risk Mamassmant Standards 2 Tebkoam Peoviees Fegprals, TMED ].!(3},‘.’-61—585.
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Figure 3. Fesults obtained for processed data from the second study area for two antennas of 600 MHz (upper image) and 170 MHz

{Rower image)

presented in Table 1. Figure 6 shows an example of the

data obtatned before and after processing.
Data analysis

After data processing. velocity analyzis and wave spec-

trum analysis were performed, taling into account the

characteristics of subsurface cavities and fracteres in the
GPR. data_ as well as examining the reflection coefficient
and phase of the waves retuming from the anomalies ob-
served in the data, and the results were interpreted.

Resulis

Figure T shows the results of the processed data for the
fir=t study area using both the 600 and 170 MHz antennas:
In this figure, the location of the cavities and fractures is
depicted. The results indicate the presence of many cavi-
meters, which are located along the fractures (crushed
area) and in combination with them. Due to the large
number of small cavities in this area, only large cavities

and fractures are shown in Figure 7. The area with these

dizcontitmities iz also shown well and with high resolu-
tion. The results obtained uzing the 600 MHz antenna

showr more detail in the near-surface region and confirm
the extension of the region to the ground surface.

Figure & shows the results after data processing for the
surface cavities. By vsing both the 600 and 170 MHz an-
tennas, the presence of a cavity in the area was evident. It
should be noted that the data in this area were collected in
different parallel lines with a distance of one meter from
was selected and presemted. The void identified in these

data iz cloae to the surface and is in complete agreement

with field observations. The cavities along the profile line
were about 3 meters in length and about 1 meter inheight

For the third study area. where 3 amall old buried tun-
nel is located, the results are shown in Figure 9 using
both the 600- and 170-MHz antennas. In this survey, after
finding the area and route of the tunnel, 15 profile lines
were surveyed perpendicular to the possible road, with a
distance of 3 meters from each other. In most of the re-
sults obtained for these profiles, the location of the tun-
nel was clearly visible. However, in two of these profiles,
the anomaly related to the tuanel was lower, which could
indicate local filling of the tunnel Given that the tunnel
was relatively deep (6-7 m depths), its presence was vis-

Abtaabadi-Areh, #tal (2005 Evelarsion of Desamar Risk Marasement Stendands 2 Tebom Provcs: Hosprals, DMER 157, 344-235.

Auhumn 2026 Vol 45, Isaue 3




Autisnn 2025 Vol 16 loous 3

Distance (m)

Disaster Prevention and
Management Knowledge

Figure 9. Beslts obtained for processed data from the third study area for two antennas of 600 MHz (upper image) and 170 MH=

(lower image)

ible using the 170-MHz antenna. It should be noted that
there were alzo underground facilities m this area, includ-
ing seversl pipes, the image of which iz well defined in
the results using the 600-MHz antenma Considering the
profile passing in a direction almost perpendicular to the
identified route for the tennel the tunnel cavity was about
80 centimeters i width and about 1 meter in height

Conclusion

In this research, using a GPR device with two antennas
with central frequencies of 170 and 600 MHz, subsur-
face studies of three areas with evidence of cavities and
fractures were conducted. The first study area was in the
Gachearan Formation; it was a road under constroction
in Ilam Province. The second area was an asphalt-paved

street in am Province. The third shudy area was in Ker-
manshah City; the area was a road on a small, old tunnel
that was buried decades ago. All three areas had different
ditmensions, depths of plarement and geclogical condi-
ticns of the cavities, allowing the efficiency of the GPR.
method to be evaluated using 600- and 170-MHz anten-
nas Both antennas were tsed to coflect data at their best
penetration depth; for near the surface (<3-m depth) the
600-MHz antenna was used, while for greater depth (<14
meters) the 1 70-MHz anterma was used. The results from
all three areas. after data processing and analysis, con-
firmed the presence of cavities and fractures at vaning
depths and dimensions. Owverall the results revealed the
high eapability ofthe GPE. method to identsfiy cavities and
fractures, and, consequently, the presence of areas prone
to collapse.

Abbasabadi-Anb, st Q0T Evalustios of Disaster Rik Managemeet Standords in Tabwen Provisce Sedpitele, DMER, 15(3), 56255,
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ABSTRACT

Brfeo S TR e [ehiran Province is exposed to all kinds of natural and man-made hazards due
to its geagraphical and political lacation, population coverage and the presence of vital centers and or-
ganisations in the country. The preparation and effective response of hospitals in disasters play an impaor-
tant role in maintaining and Improving the health of sodety. This research was conducted to investigate
the level of preparedness of hospitals in Tehran province in disasters, to identify the strengths and weak-
nesses of hospitals and provide practical solutions

[FENEE An analytical-descriptive study was conducted in 2022 for hiospitals in Tehran Province. The evalu-
ation tosl of the disaster risk management hospital accreditation standards was used. Hospitaks were
evaluated by the national accreditation surveys of the Ministry of Health using the checklist related to this
axis in the ffth round of accreditation in 2021-2022 and registered in the country’s accreditation system.
PSS software, wersion 21 and anabytical tests were used for data analysis.

[ITE 165 hospitals in Tehran province were evaluated. The average score of hiospitals in Tehran Provinee
in the axis of disaster risk management was 69.35%. The highest score was inthe first standard (assess-
ment of hospital safety index) with an average of 77.08, and the lowest score was related to the fifth Per-
formance analysis after disasters. With an average of 58.50. There was a significant relationship between
ownership of hospitals and thedr level of disaster preparation. Military, social security, and new university
hospitals had a higher average score. Private hospitals scored lower than other hospitals in standards
[preparedness, response and recovery)

[PRFEERT The results of this study showed that the level of preparedness of hospitals in Tehran Prov-
ince in terms of disaster and accident risk management s moderate, To improve the preparedness of
Tehran hospitals in emergencies and accidents, we need a multifaceted approach at management levels.
Hospital managers should include strengthening the structural and non-structural safety of hospitals,
scignitifically formulating preparedness, response, and recovery programs, increasing the knowledge and
skills of managers and employees in implementing response programs and national guidelines in their
strategic plans. Policyrmakers and health system managers should also include reviewing policies, laws,
and guidelines in locating and buikding hospitaks, fairness indistributing hospital beds, strengthening hos-

L pital infrastructure and equipment, participation and utilization of private hospital capacity in times of
Received: 17 lan 2025 crisfs, strengthening communication and information systems, and prosrams to improve the knowledge
Arcepted: 03 Aug JO2T and skills of managers and employees.
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Introduction

he capital of any country is the most #m-

portant center of political organization and

management and sometimes the most sm-

portant demographic, cultural economic,

polttical. historical and commumnication
center of that country. Tebran, the capital of Iran, has a
unigque posibon among the cites of the country due to its
admimstrative and managerial centrality, economic activ-
ities, and extracrdinary population concentration, which
intcreaze the risk of any type of incidents i this city. Us-
banization inappropriate geopraphical location, lack of
rizk zoning, failure to implement segional development
planz, unbalanced growth of regions, and increased popu-
lation density create serious challengzes during natural di-
sasters (Minnery, 2018}

Earthqualees, landslides, dilapidated buildings, unstable
urban textures, the location of oil and gas refineries around
atud even within the city, and the lack of 2n mteprated ur-
ban electricity system especially in the southern regions,
are some of the dangers that threaten Tehran Located in
the southern part of the Zagros mountain range, Tehran
iz surrounded by several active faults. The high seismic
hazard combined with the dense population distribution
and several vulnerability factors has made Tehran one of
the top 20 metropolises in the world at high nisk of earth-
guakes (Kamranzad et al . 2020).

The results of a study conducted to compile a flood risk
map in Tehran province showed that the capital of Tran is at
rizk of floods due to minfall. Anticipating and implement-
ing measures for the safety of urban centers and existing
facilities and constructions through combating floods and
technical implementation in accordance with regulations
also requires studying and vaderstanding flood risk, but
most constructions are done without paying attention to
theze nisks, resulting in many human and financial lozses.
Policies and planning in the field of allocating land use
along rivers ghould be based on hazard maps, consider-
ing the risls and damages cansed by floods (Aslam &
Mehdipour, 2015)

Given the peographical location, population density, and
the presence of important and vital centers and organiza-
tions in this province, Tehran's hospitals face a wide range
of emergencies, natural disasters. epidemics, mass casu-
alties, and chemicalmological tadiclogical/mclear inci-
dents, which pose many challenges to the health system.
In the evemnt of such mcidents; hospitals are expected to

r’ Disaster Prevention and
‘ Management Knowledge

provide a safe emvironment for patients and =taff, main-
tain their operational performance, and be able o deliver
the necessary medical services to the snjured. However,
studies in various fields have shown that the prepared-
ness of Tehran's hospitals 13 not in a desirable state (Fah-
manian et al.  J020; Bazyar et al , 2020).

In a sudy conducted based on the hospital zafety index
(HSI) tool, the score of Tehran’s hogpitals in the three ar-
eas of structural, non-struetural, and fonetional safety was
6633, indicating a moderate level of safety and that they
would not be able to provide unintermpted zervices i the
event of an accident (Abbasabadi et al 2023). A study
on hospitals in Tehran during the COVID-19 pandemic
found that military hospitals had the highest level of pre-
paredness (33 3%, while the Mimstry of Health hospatals
had the lowest level of preparedness (25.3%) (Heida-
ranilu et'al., 2022). In 2 study by Jafan Pouyan ot al. in
2012, the level of preparedness of Telran's hospitals to
deal with COVID-19 was reported as moderate {Taafari-
pooyan et al | 2022} Another study on the preparedness
of Tehran’s hospitals for traffic accidents with matry casu-
alties showed that the level of preparedness of hospitals
was moderate {§3.23%). and the training and practice of
hospitals were poor (Yousefian et al, 2022) The results
of the accreditation of disaster risk management in 2022
showed that the overall score of hosptals in the country
was §3.21% and the average score of hospitals in Tehran
province was 69 35%, which is higher than the national
level, but the hospitals still do not have the desired level
of preparedness (Abbasabadi, 2023).

This study asmed to investigate the level of disaster
risk management among hospitals in Tehran province to
wlentify strengthe and weaknesses and provide practical
solutions to increase the preparedness of hospitals. The
results of thiz study can be utilized by policymakers in
the Ministry of Health and Medical Education. as well as
accreditation manazers in Iran to develop infrastrocture,
enhance processes, implement corrective actions, and re-
fine comprehensive standards for disaster and accident
risk management in hospitals.

Materials and Methods

This iz a descriptive-analytical study. We used the data
from the accreditation study (fifth round) of hospitals in
Tehran Provincs, conducted by the accreditation asses-
sors of the Minsstry of Health in 2022, They used the
Farsi version of the HSI checklist, including 5 standards
(subscales) and 26 ftems (Asgari et al.. 2016). The scor-
ing was from 0 to 10, and the assessors scored based on
the extent to which each measure was mmplemented. The
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Table 1. Number of hospitals in Tehran province based on the mumaber of beds

Number of Beds
=100
100-200
=200

sum of points eamed by the hospital divided by the to-
tal points earned in this field determined the final score
of each hospital n the field of dizaster risk management
The data were extracted from the Mindstry of Health ac-
creditation syatem and entered tnto SPSS. Hospital scores
were ranked as good (>71%), moderate (31-70%), poor
(41-30%). and very poor (<40%). Descriptive statistics
(mean. standard deviation and percentage) were used to
analyze the data and regression analysis was employed
to examine the association between dizaster risk manage-
ment components and hospital characteristics.

Results

One hundred sixty-five hospitals were evaluated in the
fifth round of accreditstion assessment in Tehran prov-
itwce. These hospitals were affiliated with three medical
vniversities: Tehran Univerzity of Medical Sciences

Mumber of Hospitals Percentage of Hospitals [4)
a4 238
52 ¥31
49 729

(TUMS) with 31 hiospitals. Shahid Beheshti University
of Medical Sciences (SBUMS) with 69 hospitals, and
Iran University of Medical Sciences (TUMS) with 63
hospitals. Most hospitals (33%%) were private, with fewer
than 100 beds (38.8%), were general hospitals (77%).
Tables 1, 2 and, 3 show the statuz of hospitals in Tehran
provincs in terms of the mumnber of beds, the type of ser-
vices provided, and the type of affiliation

Fipure 1 shows the mean scores of hospitals in Tehran
province, based on the standards of disaster risk manage-
metit. The mean total score was 62.35%. The highest
score was related to the third standard (electrical systems
azzessment. manmtenance; and security) with 77.08%; and
the lowest score was related to the fifth standard (continn-
ity of critical services and recovery plan) with 61 41%.

Table 2. Mumber of hospitals in Tehran province based on the type of services provided

Type of Services
General
Psychiatry
Ctostetrics B gynecology
Pediatrics
Cardiac
Ophthaimology
Bum
Cancer & oncology
Orthopedics
Rehabilitation
Urology
Cermsatology

Tozal

General

127(77)

12{3.7)
44.2)
BlE.3)
3(8.1)

5(3)

1(5.0)
1{&.0)
2(2.1)
3(2.1)
1{0.85)
15.0)

185{100)
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Affiliation
Medical universities
Private sector
Social Security Organization
Armed forces
Charitable organizations
Martyr and Veterans Affairs Foundation
0il company, Welfare Organization
Islamic Azad University
Other

Total

The resnlts of the asseszment of disaster preparedness
mn hospitals showed that hospitals were in different lev-
els (from desirable to very poor). The lowest scors was
48.17, and the highest score was 94.30. Military hospitals,
teaching hospitals, and those for the Social Security Or-
ganization had the highest scores. Private hospitals had
lower scotes. Table 4 show the mean disaster prepared-
fess score of hospitals affiliated to three medical universi-
ties, and Table 5 presents the mean scores for each sub-
seale and items of the HSI checldist The results of the
regression anabysis showed that the affiliation of hospitals
had a significant association with disaster risle prepared-
ness, response; and recovery. Newly established teaching
hospitals, military hospitals, and social secority hospitals
had higher average scores.

Discnszsion

This study atmed to investigate the extent of compli-
ance with dizaster risk manazement standards in hospitals

r’ Disaster Prevention and
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Table 3. Number of hospitals m Tehran province based on the type of affilistion

M. (%)

51{9.30)
52(1.35)
11{7.6}
13(2.7)
12(3.7)
3z1)
4(4.2)
2{2.1)
11{7.6)

165(100]

of Tehran province. The average score of hospitals was
69 33%, which iz consistenit with the results of other stud-
ies (Ghanizadeh et al. 2020; Abbazabadi et al 2023;
Heidaranlu et al. 2022; Jaafsripooyan et al 2022;
Yousefian et al. 2022 In a samilar study in 2017 on hos-
pitals across the country, the overall average score of hos-
pitals was 48 82% and the average score of hospatals in
Tehran was 53 08% (Abbazabadi et al. 2022} Aceording
to the national accreditation report of hospatals 1 2022,
the dizaster preparedness level of hoszpitals across the
country was §3.21% and the preparedness level of hos-
pitals in Tehran was estimated at 60.23% (Abbasabad:
2023}, This indicates that between 2017 and 20232, the di-
saster preparedness level of hospitals in Tehran increased
by about 30.65%. Tehran Province has had a higher score
than the national score i both years, but #s level of pre-
paredness improvement is lower than the national level
{Table 6).

Table 4. hMean disaster preparedness score of hospitals affiliated to three medical universities

No. (%]
Liniversity Mean
Mumber of Covered Hospitals
SBUMS BR{E.41} 17.71
IS £5(4.33) TEE
TUME 31318} 6766
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Table 5. Ivlean =cores of the subscales and items of the HSI checklist

Subscale

Diisaster risk
as5e55ment

Impiementanon of
prEVEMLVE
mBasures

Electrical sy=tems
assessment and
maintenance

Dhsaster
preparedness and
TESPONSE

Continuity of critical
sarvices and a disas-
ter recovery plan

Abtwoladt Archobal SN Breloion af o & ek hsmpomor S tm e o, Tiben riing o Mogpitals; VIR, TS, S8 365

ltems
An annual assessment and prioritization of internal and extarnad risk factors in the hospi-
tal has been conducted.

The annual assessmant of hospital safety has been conducted in thres areas: Functional,
structural, and non-structurzl.

Bazed on the hospital's risk and safety assessment results and identihied priorities,
preventive measures have been planned and implemented.

Fire prevantion and contral measures are planned and implemented in the hospital

Securing surfaces and walls in the hospital is planmed and implemented.

The escape st@irway & accessible on all floors of the hospital without any obstacles, with
clear guidance signs and raifings

Active elevators are under continuous safety and technical supervision and have a stan-
dard safety certificate from the Iran Mational Sandards Organization
Ho=pital warehouses are managed safely

Incidents in the hospital are reported, investigated, analyzed, and corrective actions are
plannad and implamented.

Any change of use in the hospital adheras 1o safety principles and relevant regulations.

The hospital plans and implements security measures regarding passive defense.
Continuous electrical energy is planned and supplied to the hospital under safe conds-
tion=.

The hospital's electrical energy distribution is planned and implemented in compliance
with safety principles and related requirements.

Evaluation, maintenance, and operation of the hospital’s cooling, heating, and ventila-
tizn =ystems are planned and implementad.

Evzluation, maintenance and operation of the hospital’s steam supply systems are
plannad and implemented.

Evalustion, maintenance, and management of the haspital’s water supphy systams are
planned and implemented.

Unint=rruptible power suppliss are provided and used for critical eguipment.

Preparedness and response programs for disasters are planmed and implementad in
conditions of mass casuslbes.

Preparedness and response plans for the hospital’s prioricy risk factors are planned and
implemented.

Increasing the hospital’s capacity is planned in the areas of physical space, medical
equipment, and human resources.

Training and simulated exercises for managing disasters are planned and carried owt by
developing scenarios.

Activation of the response program during disasters is planned and managed.
Haspital svacustion in the event of a disasteris planned.

The hospital’s continuity of providing vital medical services after a dizaster is planned

Hospital performance analysis is performed after exercises or disasters, and effective
corrective actions are taken.

A recovery plan after a disaster is developed and acton s @ken accordinghy.

Total

Austuimn 2026 Vel 45, lsoue 3

MeanZ5D
5511678
L7.1+379
54.1£165
45.1+6.69
4711669
08.34£0.62
T.2:9.66
B4.1+6.67
6211266
1824069
66.1+3.67
83.1x1.78
65.1+2.78
49.1+8.75
17.240.75
54.:1+5.76
85.1+6.77
7414565
52.149.65
BE.1£1 67
86.1+0.66
7311168
82.1£1 63
o7. 14865
08.2£2.59
22 24558

11.1#35 65
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Standard 1 Standard 2 Standard3 Standard 4 Standard 5 DRM Score

Figure 1. Mean disaster risk management score of hospitals in Tehran province based on standards. DRM=Disaster risk manage-

ment

Among the items of the HSI checklist the highest
score {79.3%) was related to the annnal hospital safety
assessment (structural non-structural, and functional).
The reazon can be the hospitals’ requirement for anmual
safety assessments using the HSI smce 2012 and the m-
stitutionalization of assezsment in hospitals. The hospitals
tn Tehran had the lowest scores i developing a recov-
ery plan after a dizaster {38.3%) and performing hospital
performance anabysis after exercises or disasters (30.904).
The wealmeszs of hospitals in developing recovery plans
and analyzing performance has alse been mentioned i
other studies (Abbasabadi et al, 2021). Despite the im-
portance of dizaster preparedness and response, the hos-
pitals’ compliance with these standards werenotata good
tevel Dhisaster preparedness and response plarming isa
scientific process and requires trainmg and empowernmert
of dizaster risk managers and staff Dizaster planning be-
ginz with risk assessment and contines throughout the
dizaster risk management cycle (Ciottone et al | 2015}
In addition to planning based on risk aszessment all-
hazards planning is ameong the main disaster risk man-
agement programs in leading countries {Abbazabadi et
al., 2021). This approach does not mean that the hospital
must be prepared for all harards, but rather, it indicates

that in the event of any ncident hospitals will face a mass
of casnalties and must have a plan to control it A health
center can continue to provide services during disasters if
it can mcrease its capacity in three components: human
rezpurces, equipment/facilities, and physical stoctures!
spaces, bazed on a pre-developed and practiced plan (Ci-
ottone et al, 2015).

The affiliation of hospitals had signaficant association
with dizaster risk preparedness responze and recovery.
Newly established teaching hospitals, military hospitals,
and social securty hospitals had hisher average scores.
A stody that compared the earthoquake preparedness of
military and non-military hospitals in Tehran in 2020 also
showed that the average preparedness of military hospitals
was higher (Ghanizadeh et al. 2020). A stody of Tehran
hospitals during the COVID pandemic showed that the
highest preparedness (33.3%) was in mdlitary hospitals
and the lowest preparedness (28.3%) was in the Mindstry
of Health hospitals (Hetdaranlu et al., 2022). Also, the
results of a stdy that examined the disasters prepared-
nezs of hospitals 10 Mazandaran i 2017 showed that the
average scores of social security hospitals were higher
than those of teaching hospitals (Parsaet et al, 2017).

Table 6. Mean disaster preparedness score of hospitals affilisted to three medical wniversities

Year of Assessment
2018
2022

The extent of hozpital readiness improvemant

Hospitals in the Country Tehran Hospitals
as.82 53.08
B5.21 £9.35
33.57 30.65

Abbaszhadi-Arb, & 21 2007) Evahutics of Disaster Risk Maagemeet Stenderds i Taleen Province Fospitels, AR 1A(3), 364385
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These are consistent with our results. Military hospatals
should be prepared and increase their capacity for crizses.
On the other hand, social security hospitals hold docu-
metited traming programs for crisis management. which
are effective in the preparation of hospital personnel and
managers. The results of thiz stody showed that private
hospitals had lower scores than other hospitals in compli-
atice with dizaster risk management standards (prepared-
ness, response, and recovery). In a study that evaluated the
compeonents of crisiz management in private and public
hospitals in Tehran the results showed that the level of re-
silience to crizes in public hospitals was higher than i pri-
vate hospitals. and recommended that the preparedness of
these hospitals should be improved with a comprehensive
rizk mianagesment plan (Ghryasi et al | 2022). Improving
the preparedness of Tehran's hospitals requires a multifac-
eted approach and is not only about the improvement of
the mtemal environment of the hospital At a macro level,
we need to modify policies; laws, and guidelines (Abdol-
lahzadeh et al , 2022).

The most tmportant threat to hospitals in Tehran during
a crizis i3 their inappropriate geographical location. Near-
Iy half of Tehran’s hospitals are located in inappropriate
areas, which ifnot reinforeed, cannot be able to play their
vital role in event of a disaster (Kolivand et al | 20207
Therefore, in selecting the location of new hospitals, at-
tention should be paid to the geographical hazards of the
region and laws in this regard should be approved by the
Ministry of Health T ocation zelection, land use planning,
and equitable access to health services should be con-
gidered in pranfing permits and building new hospitals.
Alzo, attention ghould be paid to risle assezsment before
granting permits for building hospstals (Ghanbaran etal |
20193,

Anpther challenge iz the unfair distribution of hospital
beds in different regions of Tehran province. A study n
2016 on the equity of hospital bed distribution i Tehran
showed that there were 2.8 hospital beds per 1000 people
in Tehran which iz better than the average mumber of
hospital beds per population in the Eastern Mediterranesn
countries and the world. However, there i3 no equity in
the distribution of hospital beds among the urban areas
of Tehran District & in the cemter of Tehran accounts for
about 23% of the hospitals and 24% of the hospital beds
in Tehran, while it males up 2.9% of Tehran® population.
Dhstricts 19, 8, and 15 had the lowest number of hospital
beds per population (Mosadeghrad et al . 2021). The un-
fair distribution of hozpital beds across different areas of
Tehran will make it challencing to provide relief during
dizasters Mozt of Tehran’s public hospitals are located in
the central area making access to them difficult during
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dizasters. Alzo. in recent years, public hospitals have not
been built in Tehran, and private hospitals have been built
maore in the west of Tehran In the event of a dizaster in the
east of Tehran pecple’s access to medical zervices will be
limnited, and they will be forced to transfer the injured to
other areas, which will increase mortality due to the delay
1 providing medical services.

Appromimately three-quarters of hospitals in Tehran are
more than 20 years old. and about a quarter ars over 50
years old (Mosadeghrad et al., 2021). The age of hospi-
tals increases thewr volnerability in the event of a disaster,
A significant percentage of crisis management weakness-
ez it Iranian public hospitals are related to the inappropri-
ateness of hospital infrastructure and the adequacy of
the physical space. National and international studies have
emphasized the necessity of stroctural and non-structhral
safety of hospitals to increase their resilience to dizasters
{Ghanbaran et al. 2019; Zhong et al, 2014; Maher
et al . 2014). A systematic review study (Bazyar et al,
2020) showed that Iranian hospitals were at a poor level
of structural safety (49%) and at a moderate level of non-
structural zafety (57%). Therefore, planning to increase
hospital safety in bioth structural and nen-stractural areas
iz crocial and should be a priority for hosprtal managers.

About 69% of hospitals in Tehran are non-govemmental
hospitals, which mdicates that they bear most of the hos-
pital costs in Tehran. The trend of building hospitals in
Tehran indicates that, in most years, the construction of
private hospitals has been higher (Mosadeghrad et al,
2021). However, currently, there are no plans for using
the capacity of private hospitals in the country durmg
crizes (Abbasabadi et al | 2022). Developing gnidelines
and laws for using the capacity of private hospitals in eri-
zes and their parficipation can create appropriate capac-
ity for accepting the injured and providing services to the

Effective communication and information systems are
crucial for disaster response. A study conducted in 2022
on the preparednezs of hospitals m Teluan revealed that
the 1evel of preparedness was moderate, and a direct
correlation was found between the strensth of the com-
munication system and overall preparedness (Hossedn
2022). Strengthening the technical infrastructure of com-
munication systems and fostering a culture of their use
during unexpected events iz recommended. Upgrading
these systems can enhance coordination and respotise in
emergencies within hospitals.

Staff traming is a critical bot often overlocked area in
impr o ving hospital resilience. Hospital managers and
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staff require training in emergency response, triage, and
casualty management & 2016 study on the dizaster pre-
paredness of Italian hospital staff showed that staff did
ot have sufficient information about their responaibili-
ties and duties during disasters. and did not have comect
and acceptable performance when a disaster occumed (In-
grassialn et al, 2016}, Another study on traffic accident
preparedness found that hospitals were weak in training
and practice, scoring 48.46% (Yousefian et al | 2022). To
address these gaps systematic traming programs and sim-
ulated exercizes are eszential A restlience model with an
emphasis on human resource management and special-
ized traitdng can sipnificanthy improve hospital prepared-
ness and rezponse. Simnlated exercizes are more effective
in enhancing the disaster preparedness of hospitals and
itz staff because they put the individuals in a real sima-
tion (Jung, 2022}, Helding effective training courses for
managers and staff plays a crucial role in enhancing their
preparedness and hospitals’® ability to respond appropn-
ately to dizasters (Fahmati et al , 2018).

A dizaster-resilient hospital requires support fiom top-
down policies, laws, funding for hospital zafety, care-
ful planning and provision of equipment and facilities,
training and exercize, and financial resources. as well as
a2 strong management and leadership system to provide
quality and equitable services during disasters. Therefore,
improving the disaster risk management and prepared-
ness of hospitals in Tehran requires changes and reforms
at different levels.

Conclusion

Thizs study is the first study to evaluate the disaster rish
management and preparedness of hospitals i Tehran
provinee. Based on the findings, hospitals in Tehran prov-
ince has a moderate level of disaster risk management
Heospitals require fundamental measures to enhance their
management systerns and mitigate disaster risk within the
healtheare system. The greatest weaknesses of hospitals
i Tehrasn are related to planning for safety and accident
prevention the vulnerability of hospital infrastructure,
the scientific formulation of preparedness. response, and
recovery plans, the lack of training and practice; and the
post-dizaster performance analysis. Improving the disas-
ter preparedness of Tehran’s hospitals requires a mult-
faceted approach. This involves reviewing policies, laws,
and guidelines for hospital construction and vse, accurate-
Iy zelecting locations, ensuring fairness in the distribution
of hospital beds, monitoring hospital constraction, and
securing existing hospital infrastructure. In addition, pol:-
cymakers and managers of the Ministry of Health should
focus on strengthening communication and coordination

r’ Disaster Prevention and
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systemns, and improving traning and skill programs for
hospital managers and staff. Alzo, by learning from past
dizasters and implementing targeted strategies. hospitals
in Tehran can sncrease their ability to respond effectively
to natural and man-snade dizasters.
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Case Report 6 m
Impact of Digital Elevation Model Resolution on Flood Hazard Simulation: A

Case Study of the River Downstream of Khorramabad City, Iran
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ABSTRACT

: = Despite significant advancements in the development of hydraulic models,
the ac:umw of flood predictions i influenced by various factors, including toposraphy, the precision of
digital elevation models {DEMs), and roughness caefficients. This siudy aimed to evaluate the offect of
DEM resclution on the efficiency of the 2D HEC-RAS miodel in simulating flood hazard zones.

[TENEE Three DEM layers with resolutions of 0.5, 2, and 3 meters were used tor assess the efficiency of
the 20 HEC-RAS madel. Wiater flow simulations were conducted in 2 3-kilometer-long section of the river
downstream of Khorramabad Ciby, Lorestan Province, fran. Measured flow rates in April and Novermnber
2024 (34 and 15 m/fs, respectively) and the flow rate during a flood event in April 2019 {1000 m3fs) were
considered. The flow variables (including depth, velocity, and spread width) measured based onthe DEM
layers were compared with the values measured at four cross-sections within the studyarea for the spec-
fied Tiow rates. The evaluation metrics were the root mean square error (FLMS.E) and mean absolute
percentage error (MLARE).

IS Using the DEM with a resolution of 0.5 meters yielded simulation results for flaw and flood haz-
ard maps that were much doser to the real data compared to those obtzined from DEMS with lower
resolutions of 2 and 5 meters. The average prediction errors for flow depth and velocity using the 0.5-m
resciution DEM were 10% and 12% lower, respectively, than those of the 2-m and 5-m resolution DEMs.
Additionally, anabyses of hydraulic parameters, including fliow depth, velocity, and spread width, revealed
a significant correlation between DEM resolution and flood prediction accuracy.

[EFETERT The resolution of DEMs plays a crudal role in enhancing the performance of the 20 HEC-RAS
miodel i simulating flood hazard zones. With higher DEM resolution, better flood prediction results can
be obtained. Therefore, it should be considered as an effective strategy in flood risk management and

Arirle I reducing flood-related damages. The findings underscore the importance of hydraulic model precisian
Received: 10 jan 2025 and the necessity of utilizing high-resolution models in studies related to fiood risk management and
Arrepted: 31 May 2015 mitigaticn.

Businble Orfines 4 Ot 2025 [FEIE Digital elevation model (DEM), HEC-RAS, Sensitivity anabysis, Uncertzinty
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Introduction

loods are among the most common and

dangerous natural disasters worldwide. A

deeper understanding of the flood hazard

phenoimenon and 1ts potential consequenc-

es for society i considersd a fundamental
criterion for developing effective flood management poli-
cies, risk reduction projects, and other flood-related strat-
egies (Amrei & Britta, 2022). Over time, the need for
protection against floods and the ability to control them
led to a shift in perspective on flood control and manage-
ment Modern concepts of flood nsk management hegan
to emerge in the early 20th century. With the development
of research and the merease in losses cansed by floods, 2
need was felt for a new approach that applies the concept
of rizk 1 decision-making, not theoretically, but pract-
calty (Alexander & Mees, 2016). Flood risk is the result
of the mterplay between flood hazard (probability and
severityy and the vulnerability of pecple and their prop-
erty. Both hazard and vulnerability depend on the type of
flood and its determining processes (Yin et al | 20210
Flood risk studies indicate that the flood hazard maps,
along with economic assessments, are used as planning
and decision-making support tools (Dalledonne et al,
2019). Therefore, it is essential that methods and tools
for examming adverse flood outcomes are presented in a
comprehensive coherent and tnclusive manner to enable
competent authorities and experts to make decisions by
identifiring priovity solutions through a balance befwesn
economic/zocial’ environmental functions and social con-
fhicts.

Flood risk azzessment includes three components: Haz-
ard, volherability, and exposure analysis (Lin & Mer-
wade, 2014). Flood hazard mapping iz usually done os-
ing hydrological and hydranlic models and field surveys.
The process of preparing such maps, which ranges from
data collection to modeling, iz accompanied by a series
of uncertainties. Comventional hydranbic-hydrodynamic
modeling methods can lead to #naccurate results due to
neglect of sources of uncertainty (Alfonso et al., 20167,
Deszpite the development of maty hydraulic models, the
lack of understanding of flood processes and the spatial
and temnporal variations of key model mputs, as well as
variables such as topography and surface roughness, hin-
ders the better prediction of flood nisk: Measunng and
reducing uncertainty in flood medeling is an important is-
sue for improving the accuracy of flood forecasting (Teng
etal  2017).

r’ Disaster Prevention and
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The precizion of the models used in floed risk simula-
tion has a significant impact on the efficiency of flood nsk
management (Merwade et al.. 2008). Of courze, uncer-
tainty cannot be avoided in the uze of flood analysiz mod-
els, because theze models often capture ideals of reality
only and the valie of model inputs cannot be measured
with absolute resolution (Yeou-Kowong & Chi-Leong,
2016, Varicus sources of uncertainty in hydrological and
hydraulic modeling inclede: Natural (intrinsic) uncertam-
tv; uncertainties related to the model structure, parameters
and input data; and operational uncertainties (Teng et al_,
2017: Koo et at., 2020). Natural uncertainties are related
to niatural randorn processes such as precipitation. turbu-
lent river flow, and sediment fransport, model stachure
uncertainties stem from the mathematical struchure of the
processes and the inability of model equations to acco-
rately describe real systems; parameter uncertainties are
related to imprecision in determining parameter values, as
well a5 data and nformation uncertainties resulting from
measurement emors, data heterogeneity, and information
deficienicies; operational uncertatnties are related to mod-
el construction and development, as well as human fae-
tors (Dysarz et al., 2019 In this repard, preparing a digi-
tal elevation model (DEM) with appropriate precision as
large-seale topographic data is considered one of the most
sensitive fectors and inputs of hydrodynamic models.

Several studies have imvestipated the impact of the
resolution of DEMs on the sinulation of hydrological
proceszes and flood risk zoning. Among these studies,
we cat mention the study by Kavian and Mohammiadi
(2019) on the effect of spatial precision of DEMs on sim-
ulation of discharce and total nitrate in the Talsr water-
shed, Mazandaran province, Iran_uasing the SWAT model
and three different DEMz (ASTER. with a resolution of 30
meters, SETM with a resolution of 20 meters, and GTO-
PO30 with a resolution of 1000 meters). Their resulis
showed that the ASTER. model had higher accuracy and
provided the best simulation results. As the spatial pre-
cizion decreazed. the overestimation or underestimation
errof rate also increased. I a study by Parizi and Hes-
seimi 2023, the TanDEM-X model with a resolution of 12
meters was sed to zimulate the hydraulic characteristics
of floods in the Atrak River basin In their study, which
was conducted with the HEC-F.AS 21 model, the results
showed that TanDEM-X was able to model the flood
extent with an accuracy of over 83%. Comaparizon with
the ASTER and SETM models showed that TanDEM-X
was significantly more decorate and had a high ability to
dizplay topographic details. In a study by Fereshtehpour
et al. (2024, the effect of DEM type and resclution on
flocd prediction using one-dimensional convolutional
neural networls was investigated. Theyv used elevation
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Figure 1. Geographueal location of the study zres

data with accuracies of 15 and 30 m in the city of Carlisle,
England, and found that DTM-type DEMs with a preci-
sion of 30 m performed better in predicting flocd depths
compared to DSM-type DEMs. Increasing the precision
to 13 m increazed the root meat zquare estimation by
50%, indicating the sensifivity of the model to the preci-
gion of the DEM. Muthuzamy et al (2021 mvestigated
the impact of DEM resolition on urban flood modeling.
They showed that reducing the resohition of DEM from 1
m to 30 tn rezulted in a 3004 increaze in flood extent and
& 130% increase in flow depth, hapghlighting the impor-
tance of using high-accuracy DEMs m urban flood mod-
eling Ina study in southern Niger, Muench et al. (2022)
evaluated the accuracy of global DEMs such az SETM,
ASTER, ALOS, and MERIT in flood modeling. They
found that the AT OS-type DEM had the best similarity to
LiDAR data, and that in floods less than 3 m deep, higher-
accuracy DEM: showed a greater similarity in estimated
flood extent to measured values.

The review of the literatare showed that the effect of
the resolution of DEM: on the efficiency of the HEC-
RAS hydraulic model in simulating flood hazard zones
has received less attention, especially m Iran. Therefore,
thiz study aima to evaluate the impact of the resolution of
DEM: on the efficiency of the HEC-EAS model in map-
ping flood hazards it a 3-kilometer-long area of the river
downstreamn of Khorramabad Crty, Iran

Matenals and Methods
Study area

The study area 1s located 3 km downstream of Khos-
rarabad City, Lorestan province, iy an area called Cham-
Angir, which 15 actually the outlet of the Khormmamabad
river watershed. The stody area iz located between geo-
graphical coordinates of X: 2471287, ¥ 5704015.16 (in-
let of the area) and X: 2450847, ¥ 3704000 {outlet of the
area), as shown in Figure 1. The watershed of this river is
a sub-watershed of the Kashlkan Eiver The Khorramabad
Biver 15 formed by the confluence of the two headwaters
of the Karganeh and Robat in Khorramabad and joins the
Kashlan Fiver in Doah town, 40 km from Khorramabad.
The Cham-Anjir hydrometric station is located at the out-
let of the study area

Hydrodynamie model

Two-dimensional (2D hydrodynamic models are the
most useful models for flood mapping and flood nsk
assezsment (Foberts et al | 2015). In this study, the 2D
HEC-RAS 5.0.1 model, developed in February 2016,
was veed. In addition to one-dimensicnal modeling of
steady, unsteady, and quasi-steady flows, as wefl as n-
tersectional and lateral structures, thiz model also has
the capability for 2D flow modeling, ezpecially in flood-

Nyskearann, g 2 (20T [nspec: of Dzl Flecation Modal Rascistion on Flood Hazed Smociotion, DMWEF J2(3), 234510,
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Figure 2. Three DEM layers with resohrions of 0.5, 2 and 3 meters

plaine. One-dimensional models are efficient and capable
of reproducing proceszes within channels, but problems
begin when flood overflows the channel banks and enters
the floodplain (Pinos & Timbe, 2019; Costabile et al |
2020). This model is one of the most common flood mod-
eling software in hiydrodynamic simulation, developed by
the US Army Engineer Hydrologic Engmeering Center
(HEC). It can connect to online maps such as Google
Earth The HEC-RAS model uses the 2D Samnt-Venant
equations (with opticnal momentim additions for torbu-
letice and Coriolis effects) or 2D diffusion wave (DW)
equations to simulate the flow. In general. 2D D'W equa-
tions enable the model to run faster and achieve much
greater stability. In the 2D HEC-RAS model, it is possible
to choose one of these two equations based on the avail-

able data and the type of project (Brunner, 2018).

BO4T00

Topographic map and measurement of water flow
variables

To determine the effect of the resohution of the DEMz on
the HEC-F AR model results, three DEM lavers were pre-
pared with resclutions of 0.3, 2, and 5 meters. The layer
with 0.3-m resofution was generated from 2024 World-
view sterso imagery developed by DigitalGlobe Incg
validated using several control points with a field map-
ping camera (Fiureg 2 and 3). and the layers with 2- and
3-m resolotions were generated from 2023 drone maps,
prepared from the Begional Water Company m Lorestan
Province and verified using a mumber of control pomts
with a field mapping camera (Fiureg 3). Large-scale
topographic maps were converted to hdf format for load-
ing urto HEC-RAS software. After entening the geometric
data into the software and determming the boundaries, the
destred area was gndded using algebraic and computa-

Nepkearam, & al. (200, Impac: of Degrtal Flauation Modal Reschution oo Flood Famed Simalaron. DoF 157), 194415
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Figure 3. Position of measured eross sections on topographic map (DEM layer with $ 5-m resolution)

tional methods. The optimal grid dimensions were select-
ed baszed on the required accuracy and the time allocated
for the caleulations (Finreg 4). To evaluate the calibration
and accuracy of the model results, flow parameters (ve-
locity, depth, and spread width) were measured in four
of the mapped cross sections, with the greatest empha-
iz ofi consecubive river bends to examine the effects of
secondary flows and centrifingal forees on flow variables.
A Monlinet speedometer and computational mesh were
uzed to measure the flow velocity and depth (Fiuregs 4
and 3). The flow veloeity was measured using a spead-
ometer at depths of 0.2, 0.4, 0.6, and 0.8 meters below the
water surface (Alizadeh, 2010). Since in flood flows, the
velocity varies at different points of the river and at differ-
ent water depths and is accompanted by turbulence, the
average flow velocity in each crozs-section {considering

the width of each section) was measured at §-10 points
with egual distances from the water depth.

Tablez 1 and 2 show the values of flow velocity, flow
rate, and flow depth for different cross sections measnred
in Apnl and November 2024, respectively. The criteria for
field measurement of depth and width at the flood flow
{1000 m*/z) were based on the results of the overflow
water and flood extent determined by the Regional Wa-
ter Compatyy in Lorestan Province. In other words, based
om the flood extent and the heioht difference between the
overflow line and the elevation level at different poants of
a cross-section, the flood flow depth at different points of
a cross-section was obtained and used as a critenion for
maodel calibration and validation.

ﬂ LV Sy bh I B Ol

Figure 4. Computational mesh used for 2D simulation m HEC-RAS 507

Nyskearann, g 2 (20T [nspec: of Dzl Flecation Modal Rascistion on Flood Hazed Smociotion, DMWEF J2(3), 234510,
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Figure 5. Measuring flow velocity in the study area

Determining the ronghness coefficients

Understanding the factors affecting Manning’s rough-
ness coefficient is a good way to estimate this coefficient
wmore accurately: These factors melude: Roughness of the
riverbed or the type and prain size of riverbed materials,
roughness degree of the riverbed surface, presence of ob-
structions in the channel and changes in its cross sections,
type and density of v ion cover, shape and size of
the channel, and even hydraulic conditions such as flow
depth and discharge which, in addition to affecting the
longitudinat Ioss in the flow path, somehow have arole n
logzes due to flow deformation (local loszes). Among the
methods available for estimating Manning’s roushness
coefficient. Cowen’s method includes the role of all the
aforementioned factors in its caleulations (Arcement &
Schneider, 1989}, Manning’s roughness coefficient (n)
by this method is defined as (Equation 1):

1. o{n;n;a;n 70, 4
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Where, nb: Baze value of roughness coefficient accord-
ing to the bed material and grain size of the river bed ma-
terials in the case of a smooth and straight channel; n,:
value of ronghness coefficient related to the surface irrep-
ularittes; n.: value of roughness coefficient for vanations
in the channel cross section: n,- Value of roughness coef
ficient for obstructions; n: Valee of roughness coefficient
for vegetation; and m: Value of roughness coefficient for
meandering of the channel. The value and method of se-
lecting these coefficients are included in the tables and in-
structions in the open-channel hydranlics books (Trinh et
al, 2021} and alzo in the stody by Arcement and Schnei-
der {1939).

To determine the roughness coefficient n the study area
was first homogenized based on field visits to the rver
and obzervations of changes in effective parameters. con-
sidering morphological status and land wees. Then, the
roughness coefficient values were determined based on
the photopraphs and descriptions contamed m Chow's
open-channel hydraulics book and other sources, such a=

Tahble 1. The values of flow pearameters for different cross-sections (measured in Aprl 2024)

e Velodity at mﬁf Vebocity at wm&,&: Average Veloc-  Aversge Flow  How Rate
SO Dapth 0.2 (mfs) mjs) Depth 0.6 (m/fs) “""Im“fs' ) ity (mjs) Depth (m) (m/s)
A 24 18 1.2 0.85 158 =t
B 21 158 11 0.73 1325 082
34
c 285 2 1.2 1 162 105
] 187 116 088 0.63 13 0.8s

Verskaram, & el (2005, Impect of Digitel Flaation Moda] Reschrtion om Flood Fameed Simolaton. OA0ER (8(5), 384115
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Table 2. The values of flow parameters for different cross-sections (mezsured m November 2024)

Velodityat  Velodityat  Velocityat
Cross section Depth 0.2 Depth 0.4 Depth 0.6
[mfs) (myf]) {mys)
F 135 0.95 0s
B 12 0.82 0.74
C 14 1 0.77
D 11 0.82 0.64

the TTSGS reference. The values were determined for dif-
ferent crozs sections according to all effective parameters.

Determining boundary conditions

Boundary conditions inchide the mflow and outflow
conditions of the study area. Considening the steady or
unsteady state of the flow and the available information
(flow hydrograph, water surface level, and flow rate-wa-
ter surface level relations), they were considered as flow
boundary conditions. In this study, the boundary condi-
tions for sunulating wnsteady river flow were determined
based cn chservational statistics from the Cham-Aajir
hydrometric station for three events: The flood event in
Aprl 2019, the water flow discharge on 04/12/2024, and
the water flow discharge on 1171572024,

Model calibration

To zimulate river flow wsing the 2D HEC-EAS in the
stsdy area, the objective function needs to be optimized
by adjusting s ome parameters of the roughness coef-

De P‘l::;;t Avarage Average Flow  Flow Rate
Velocity (mfs)]  Depth (m] [m?/s)

{m/<)

072 a9 0.5
D68 09 oe2

is

0.7 105 074
057 02 oAz

ficient (Trinh et al., 2021). Also, the lack of access to
recorded data of large historical floods, such as the flood
event that ocenrred in April 2019 in the study area, poses
a serious problem for model calibration Therefore, for
this event. a simulation operation was performed based
on data ot the overflow water, flood depth, and the upper
flood level (Pinos & Tunbe, 2019). The model was cali-
brated by optimizing the Manning’s roughness coefficient
values for the flood event in April 2012 (daily pesk: flow
rate =1000 /%) based on the overflow level and flood
spread width, and also for the water flow hydrograph in
Apnl and November 2024 based on field measurements
of flow variables. including depth and veloeity, at four
cross sections of the study area

Sensitivity analysis of the HEC-RAS model

Changes in the resohution of the DEM lead to changes
i the geometry of the river channel and, consequently, to
changes in the pattern of water flow variables. One of the
maost important sources of uncertainty in the results of hy-

Table 3. Flow velocity predicted by the model at different roughness ranges uzing three DEM layers for flow rates 15 and 34 mYs

Flow Velocity Predictad by the Model [mjs)

HowRate/  Cross Huesage 0.5-m DEM 2-m DEM 5-m DEM
Event Section i ¥
M Ranga N Ra N Ra
il M Range {0.033- M Hance It Hanrs [u.u;f-e [u.m"f-e
(0.034-0.063) 0.052) {0.038-0.063) {0.033-0.052) 0.062) 0.052)
A 15 156 135 152 137 178 15
24 mfs- 8 125 129 111 141 114 155 143
April 2024 c 162 173 153 172 17 178 1.68
B 11 118 080 122 092 135 124
A 095 109 075 134 078 154 136
H]
15 m/s- B 0.9 102 0E 135 07 133 13
Nowvember
s C 1.05 114 081 133 085 1.46 14
o 0.2 074 068 1.05 0.7 118 115
= Roughness coefficient

o ob ol N, Toapect ot Dol P o Bork asokofiom oy P o Etieesd Siskofion, JASLF AT EL:
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Tahle 4. Flow depth predicted by the mode] at different roushness ranges using three DEM layers

Flow Depth Predicted by the Model [m)

event Section Width depth
ok n Range o P ol nRange nRange
B [0.033- (D024 {0.033-
0.034-0.063 0.034-0.063; 0.0:33-0.052]
{ ! 0.052) { J { 0.063) 0.052)
A 33 088 0.E2 068 1.02 1 112 1.06
34 mitfs - B 29 0a2 1.03 078 1.15 114 1.24 109
Aprit 2024 L8 22 105 091 0483 1.17 113 125 117
D 37 085 082 078 1.02 1 112 1
15 mtfs - A 24 0.5 0.56 033 0.7 0.67 0.8 (R =]
fiiariber B 21 062 05g 051 0.78 o7l 0.825 0.7a
3024 C 18 074 057 062 0.25 0.a 0aes ca
D .o 03 048 0.3% 0.58 0.53 D75 0,66
A 257 274 2585 31 3.2 31 34 32
1000 mfs- B a437 185 1.87 172 22 z.12 24 23
April 2019 C 598 i3 135 118 14 136 i6 1.48
3] 58 4.35 4.48 4.1 4.7 4.53 482 4.63
= Boughness coefficient

draulic models is related to related to the model parameters.
Therefore, m this shudy, an atternpt was made fo evaluate
the sensitivity of the 2D HEC-FAS model to the resohation
of DEMs:. In thiz regard, the simulation results, mcluding
the depth and velocity of water flow, based on the three
DEM layers with resclutions of 0.3, 2, and 3 meters, were
compared with the measured values in four cross sschions
of the study area for the aforementioned flow rates. The
analyses were performed along with measuning the root
mean square error (RS E) and mean absohite percent-
age error (WMLA PE) as follows (Equations 2, 3

wsc- e

iml

Where Qo 13 an observed value and Qe 1= the calculated
vahe of the model

3 MAPE=—3|¥: Y =100
noa| ¥,

Where yt is an observed value and ¥ s the calculated
vahoe of the model.

Resunlis

Calibration and sensitivity analysis of the 2D HEC-
BAS model

The results of the velocity, depth, and width of the flow
extent for three DEM layers compared to the results mea-

Table 5. Results of evaluation matrics for the acenracy of the modal in estirating flow veloaty and depth using three DEM:

Flow ratefevent Evaluation Metric
RMESE
g
34 m s - April 2024 MLAPE
RMSE
5
15 m*/s - Movember 2024 LA PE
g RMSE
1000 ms - April 2019 i

Flows \elocity Flow Depth
DEM DEM

0L.5-m 2-m 5-m 0.5-m 2-m E-m

0.035 0042 0.048 0075 0.086 0.0e3

0.027 0.033 0.035 0.04a7 0.052 0.058

0028 0.033 (ERNE 0054 0.062 0.066

0027 0028 0.031 0039 0.047 0.054

_ } 0028 012 013

0054 0.072 0.083
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S5-m resolution

Figmre 6. Image of flow depth with a flow rate of 34 m'/s (Apnl 2024 event) for three DEM layers

sured at different cross sections (A B, C, I)) are presented
in Tables 3 and 4 and Figures 6 and 7. As shown in Table
3 and Figure 6, for the flow rates measured in April and
Movember 2024, the predicted values closest to the obser-
vational values (velocity, depth, and spread width) of the
water flow in the four cross sections were related to the
DEM layer with 0.5-m resclution followed by the tayvers
with 2- and 5-m reschitions. and the roughness coefficient
was in the range of 0.033-0.063. At these flow rates, the
difference in the estimated values of water flow variables
was significant using the 3-m DEM layer compared to
when the layers with 0.3 and 2 meters of resolution were

psed. Thiz 1z dus to the variations in the geometry of the
full eross-section channel with the change in the dimen-
sions of the DEM layer. In particular, this change affected
the full cross-section channel width; as the dimensions of
the DEM layer increased, the full cross-section channel
width decreazed. Therefore, these changes in the channel
geometry have led to changes in the depth and velocity of
water flow in the firll cross-section channel.

Az shown i Table 4 and Figure 7, for the April 2010
event with a flow rate of 1000 m¥/s, similar to the flow
rates measured in April and November 2024, the predict-

Nyskearann, g 2 (20T [nspec: of Dzl Flecation Modal Rascistion on Flood Hazed Smociotion, DMWEF J2(3), 234510,
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S-m resolution

Figure 7. Image of flow depth with 2 flow rate of 1000 m®'s (April 2019 event) for three DEM layers

ed values closest to the observational valoes (depth and
spread width) of the water flow in the four eross sections
were related to the DEM layer with 0.5-m resclotion fol-
lowed by the layers with 2- and 5-m resolutions, and the
roughness coefficient was in the range of 0.033-0.083.
However, at the flow rate of 1000 m¥'s (for the April 2019
event), the difference in flood flow variables (flow depth
and velocity) among the three DEM lavers was not sig-
nificant Therefore, when the water flow rate imcreases to
the point where it moves out of the channel and enters the
floodplain. and the flood extent width becomes several
times more than the width of the water surface in the full

crozz-zection charmel, the effect of increasing the DEM
layer resolotion from 2 to 5 meters on the flood flow

depth and velocity iz not sigmficant

For a flow rate of 34 m's, the maximum flow depth
caused by the narrowing of the channel at several sections
and the centrifngal force in the concave curve was 2 me-
ters. Due to the high corvature in the arches of the study
area, maximum flow changes {increase in velocity) occur
in the second half of the arch (Figure 6). On the other
hand, as shown in Figure 7, for a flow rate of 1000 m¥/s
{April 2019 event), the maximum flow depth at the bridge

Nepkearam, & al. (200, Impac: of Degrtal Flauation Modal Reschution oo Flood Famed Simalaron. DoF 157), 194415
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Figure 8. Flood nsk map {depth * velocity) at a flow rate of 34 m*'s based on the DEM layer with 0.5-m resolution

location (section IV} was 5 meters. The entire territory of
the study area does not have the capacity to pass this
flood; therefore, the flood overflows 93% of the banis
and spreads to the flood plain. The lasgest flocd spread
width of about 600 meters occurred at section C, and the
emallest flood apread. due to the presence of a transverse
obstruction, was at the bridge location (section T Also,
for thiz event (April 2019), given that the flood spread
widely to the banks, the water velocity was affected by
flow tarbulence, trend, topography, and obstuctions m
the flocdplain. For these conditions, the flow velocity m
the study area lacks a stable pattern; with changes m the

flow rate, the flow velocity pattern changes throushout
the study area. For the April 2019 event. the highest water
flowr velocity due to the transverse obstructions was seen
at the bridge location (section D).

Az shown in Figures § and 9, for a flow rate of 34 m’/s
and the (0 3-m DEM layer, given that the stndy area had
the capacity to pass this flow, the quantitative values of
the flood hazard zone were less than the threshold limit
Therefore. the flood risk in these conditions 13 at a normal
level For the April 2019 event with a flow rate of 1000
m'/s, generally, the highest numerical flood risk level was

Figure 9. Flood risk map (depth » velocity) at a flow rate of 1000 m¥s based on the DEM layer with 0 5-m resolution

Nyskearann, g 2 (20T [nspec: of Dzl Flecation Modal Rascistion on Flood Hazed Smociotion, DMWEF J2(3), 234510,
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it the full cross-section channel of the study area, but spe-
cifically, the highest flood risk was in the third archbridge
location (zection II). On average, the transverse extent of
the flood, with a value greater than 10, was approximately
160 meters. In the arches of the studied area. the maxi-
muin flood hazard cccurs on the cuter side of the arches.

Table & shows the accuracy of the 2D HEC-FAS model
i estimating the parameters of flow velocity and depth
usitg three DEMs with resclutions of 0.3, 2, and 5 me-
ters and based on the RMSE. and M A PE. evaluation
metrics. A3 can be seen_ for the three events sdied. the
lowest evaluation metrics for predicted values (velocity
atud depth) compared to obzervational values were related
to the DEM with resolutions of 0.5 and 2 meters.

Discussion

The findings of this study, which demonstrated the supe-
ricrity of DEM with 0.3-m resolution in flood risk simu-
lation, are consistent with the results of Muthusamy et
al (2021} and Fereshtehpour et al (2024). who showed
that high-resolution DEMz (0.3-1 m) significantly reduce
flood rigk zoning errors. The study by Parizi and Hossein
{2023) also revealed that the TanDEM-X model with a
resolution of 12 meters had a sipnificant error in estimat-
ing flood depth compared to local DEMs with & resolution
of 1 meter, which confirms the importance of the spatial
accuracy of DEMs. This study’'s recommendation for the
use of high-resclutton DEMs mn flood management 1z in
line with the recommendations of Alfonso et al. (20146)
and Alexander and Mees (2016), who emphasized the
role of accurate data #n reducing flood sk

Conclosion

One of the most important sources of uncertainty in the
results of hydraulic models is the uncertainty refated to
the model parameters. On the other hand, the most sensi-
tive stage m this field iz the preparation of a DEM with
appropriate precizion and resolution. Therefore, i this
study, by preparing the maps of flow depth, flow veloe-
ity, and flood risle in 3 lon downstream of Khorramabad
City, an attempt was made to evaluate the sensitivity of
the 2D HEC-RAS model to the precision of DEMs with
resolutions of 0.5, 2, and 5 meters. The results of this
research show that the resolution of DEMs plays a key
role in improving the efficiency of the HEC-RAS model
for simulating the flood hazard zone. By wsing a DEM
with 0. 3-m resolution, we obtained simulation results that
were cloger to real (cheervational) data compared to the
other two DEMS with lower resolutions (2 and 5 meters).
Thesze findings emnphasize that high accuracy of elevation

r’ Disaster Prevention and
‘ Management Knowledge

data 13 an effective factor in reducing the uncertainty of
flood predictions:

The analyzes showed that the geometric changes caused
by the different resolutions of DEM: had a major unpact
on the flow depth, flow velocity. and flow spread width.
When the water flow rate ncreaszes o the point where the
water overflows the channel the impact of DEM resoln-
tion on flood predictions is significantly reduced. This 1=
wmportant becanze in flood conditions, channel geometry
and topography changes can lead to a decrease in the ac-
curacy of predictions. For a flow rate of 1000 mY/s, given
that the flood spreads widely to the banks, the water ve-
locity pattern iz affected by flow turbulence, flow direc-
tion, topography, and obstructions in the channel For
these conditions. the water flow velocity in the study area
lacks a stable pattern and with changes in the flow rate,
the flow velocity pattemn chances throughout the study
area.

The results of the mode] sensitivity analbyzis showed that
the 2D HEC-EAS model had high sensitivity to the equa-
tions used. The model’s performance m simulsting the
measured flow i April and November 2024, uzing the
DW equations, was much better. In contrast, for the April
2019 flocd event, the uze of dynamic wave eguations pro-
vided better results. Amoeng the vanous hydraulic proper-
ties, the water surface level showed the least sensitivity to
comptational equations.

The results of this study can help m the optimal planning
and management of water resources and reduce the dam-
ages cansed by floods. Policymakers and water resources
managers it Iran should pay special attention to the im-
portance of DEM resolution in decision-masking related to
flood risk management so that they can develop effective
programs to reduce damages and improve the resilience
of communities against foods.
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ABSTRACT

TEnee= Due to the importance of hazardology strategy in the formulation of national
aru:l mglnnal laws and guidelings, contemporany cognitive scientists spedalizing in hazards clarify the
complexities of scientific research in this field by developing and explaining the human and natural nature
of hazards through direct examination of hazardous events and sclentific action. Traditicnal mmothods
in disaster management are nd longer sufficient for the country’s needs. It ks essential to address Figk
reduction and disaster management strategically and fundamentalty, with the participation and
responsibility of all relevant sectors and organizations. This must be based on a thorough evaluation and
understanding of the roots and negative impacts of all hazards and inddents, considering social factors
suich as meaningful and impactful public parbicipation as a national prioritized using the guantitative
strategic planning matrix (QSPM) method,

[FENEE Data collection methods incude library and field research. The statistical population comprises
35 individuals, including disaster management experts, as well a5 professors and researchers who are
working on this topic. They were selected using judsmental sampling. To propose strategies, internal and
external factors were identified and evaluated. To analyze the data, the SWOT method and the QSPM
method was used.

(™M Based on the results of the internal factors evaluation matriy, the weaknesses in the system
outweigh its strengths. Similarty, based on the tesults of thie external factors evaluation matrix, the
threats to the system are greater than its opportunities. Consequently. the community-based disaster
management system of Ardabil City & in a defensive position,

[FTETE In order to strengthen the community-based approach; it s necessary to plan and take action
to reduce weaknesses and avoid threats. Based on the results obtained from the G5PM method, 13
strategies were ultimately obtained.

[FEmTLE Disaster management, Community-based approach, Strategy, SWIOT, Ouantitative strategic
planning matrix (QSPM)
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Introduction

cientific stratesies are widely used for

knowledge manapement and other fields,

nclnding risk management According to

the Oxford Dictionary, a strategy i3 a “plan

of acticn designed to achieve a long-term
or overall goal ™ A risk strategy expresses the etiological
foundations of nisks and thewr operational aspects in the
comtext of management m a natural environment (Tok-
pen, 2003, Keith et al.. 2006; Meoghim:, 2023). Given
the importance of risk strateoy i developing national
and regional laws and puidelines, comtemporary cogii-
tive scientists, by developing and explaining the human
and nateral aspects of risk, illuminate the complexities of
scientific research in the field of nsk through direct ex-
amination of hazardous events and scientific practice. A
rizk strategy considers prevention and management laws
rather than response laws, and prioritizes facilitating the
provision of the necessary infrastructure to reduce riskes
Having a sk management strategy clarifies the actions
and requirements. It also causes mew investments for
development to be recognized from a risk management
perspective and ensures that they are not risloy or waste-
ful. Having a risk strategy supports the adoption of new
technologies for nisk reduction: In other words, the main
goal of nsk strategy 15 to determine a vision for govern-
metits and people towards a risk-free or low-risk society
and environment (Moghimi 2022

Conventional crisis management methods in Iran that -
volve 2 main organization and several member and part-
ner organizations, each with duties and authorities within
2 hierarchical structure at the national and provincial lev-
els, will no longer mest the country’s needs; 1t is necessary
to consider risk reduction and crisis management as a na-
tional priority in a strategic and fundamental manner, with
the participation of all relevant sectors and organizations
in the country, based on adecuate assessment and recog-
nition of the roots and negative effects of all risks and in-
cidents, and also with regard to zocial factors, mcluding
effective public participation (Mohaghegh 2017). Given
the limitations of the physical approach to crisis man-
agement and its very high costs, it is necessary to adopt
measures that reduce the community’s vulnerability and
facilitate the crizis management cycle by empowermg lo-
cal comtmunities (Motahan & Rafeian 2016).

Although natural disasters occur worldwide, the Asian
region iz the most affected, accounting for 40% of all di-
sasters, 49% of all deaths, and 66% of all people affectad

r’ Disaster Prevention and
‘ Management Knowledge

(Centre for Research on the Epidemiology of Disasters,
2021). On the other hand, Iran’s ranking among the top 10
most disaster-prone countries in the world {Guha-Sapar,
2004) underscores the need to strengthen the community-
based approach to the crisis management system In Iran
most stratesies for risk management and mitigation op-
erate within a traditional and inefficient planning model,
which proceeds as follows: reporting the occurrence of 2
risk, estimating the amount of damage, compensating for
the damage through financial assistance; and waiting for
another event This approach treats risks as a static phe-
nomencn and views damage reduction (through financial
aszistance) as an upward, linear, and positive trend. How-
ever, there is still insufficient understanding that environ-
mental hazards are not linear issues and that the risk of
occurrence cannot be reduced sofely through financial
compensation and reporting, suggesting shortcomings
i risk management. To overcome these shortcomings, a
change in approach towards a “sustainable risk reduction”™
iz necessary. Thiz concept links the wise management of
exizting natural resources to local social and economie re-
silience (Moghimi, 2024).

Ardabil acify inIran iz located in a region with specific
conditions, including the existence of numerous fanlts,
a history of earthquakes, being on a flat plain and cold
weather, which increase the likelihood of various natural
hazards, including floods, earthquakes, storms, and snow
and ice. On the other hand, the recent developments n
Ardabil City as a result of the increase i the city’s popu-
lation have led to the creation and intensification of prob-
lems such as econcrnic, cultural and social problems,
unfair distribution of lands and facilities, marginalization
lack of public space, social harms, traffic problems, poor
infragtmueture. ete. Therefore, given the shortcomines
of the existing crisis management system in Iran which
leads to fatlure in dizaster prevention, preparedness, and
regponse, the importance of a community-centered ap-
proach, and the conditions of Ardahil City, proper strate-
giez should be developed to strengthen the community-
centered approach to risk manasement in the city, in order
to enable the success of crisis management programs and
plans in achieving predetermined goals. In this regard
the present study aims to develop strategies to strengthen
the community-based approach to crisis management in
Ardabil City. Therefore, to achieve the goal, the follow-
ing questions are raized: What are the components of the
community-centered approach to crisis management?
What are the strategies for strengthening the commumnity-
centered approach o crisis management in Ardabil City?
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Theoretical background

The support or logistics approach, as one of the sub-ap-
proaches of the modern approach, 1s based on first aid and
rescue, which was formed in parallel with the establish-
metit of international crganizations such az the Interna-
tional Federation of Red Cross and Red Crescent So-
cieties (IFRC). After World War IT and the dominance of
sctentific and technical discourzes and schools, to avoid
the destructive effects of disasters and prevent such risks,
scientific and engineering sclubions were prioritized as
ancother sub-approach i crisis management known as
the preventive approach This approach continued until
the 1980s. Since the early 1980s, with the intenzification
of problems and issues i most developing and under-
developed countries resulfing from the failure of unbal-
anced development plans that were not in line with local
conditions (such as rural migration to cities, increased
marginalization. increazed population density, illegal con-
struction, etc. ), the losses caused by crises have increased.
The accidents and disasters of the 1980z showed that the
preventive approach was not sufficient to deal with disas-
ters and that msufficient sttention was paid to the human
fartors and varighles of societies. As & result. a communi-
tv-based approach to crisis management was fonmed. the
main emphasis of which is on reducing the risk of human
societies (hMohaghegh, 2012). Due to the ineffectiveness
of the modern approach to crisis management which has
been mfluenced by the dominance of a top-down perspec-
tive, the community-centered approach is the principle
and accepted approach in this field (Ratnayake et al.,
20207, Some studies show that in human societies, risk-
reduction activities are usually not carried out voluntariby
by people, because most people believe that the govern-
ment’s preventive activities can make them safe (Noon
etal, 2018

Community-based rizk management i3 a management
approach used to reduce the sk of hazardous events in
at-risk communities. In this approach, people actively
participate in the identification asseszment, and resolu-
tion of problems arizing from crizses, i order to identify
hazards. reduce vulnerability, and increase existing ca-
pacities. This means that people participate in all practical
and executive activities related to the crisis management
process (Rabiei & Pourhosseini, 2014). In general in
the community-based approach to crisis management
emphasis iz placed on izsues such as capacity building
and zocial participation in which measures and activities
based on the mvolvement of local communities are pro-
pozed as a spitable alternative to the traditional approach
{(Rafeian et al . 2011}

Austuimn 2026 Vel 45, lsoue 3

Sub-approaches to community-based crisis managemerit
inclede two approaches: Structural and instibstional. The
structural approach places special emphasis on socio-eco-
notnic stroctares, and its planning model i3 supportive. The

‘institutional approach iz bazed on the concept of resilience,

and its planning model 13 cooperative (Nojavan et al,
2021). Community-based crisis management through the
application of participatory approaches, aims to increase
the capacity of communities, as a fandamental principle in
the instrintional approach, and focuses on rooting out the
main canzes of vulnerability, a5 a principle n the structural
approach; achieving sustainable development 3 cotsid-
ered az its ultimate goal (Firozpour et al, 2016).

According fo the structural sub-approach to commnn-
ty-based risk management environmental nisks do not
depend solely on natural physical and behavioral pro-
cesses; rather, the growth of poverty and deprivation
and consequently the increase in econotnic volnerability,
increases the nsks. According to this way of thinking, @
atyy emvirctiment where its stucture iz unstable and haz-
ardous events oceur in a sequential of combined manner,
the posaibility that residents can reduce rizks is very small,

‘imposing heavy costs on the community. Structure-bazed

thinking holds that communities and individoals exposed
to hazards lack sufficient Inowledoe and awareness of the
hazards in their environment because their educational
structure has not made any effort in this regard. According
to the structural sub-zpproach, development and sk re-
duction are achieved in conditions where we rely on local
knowledge rather than solely on imported technology. This
approach actually seeks a deep and rooted social transfbr-
mation The struchere-bazsed perspective tn the field of risk
reduction discnsses the relationship of nsls and disasters
of societies with the natural environment  social strocture,
underdevelopment the government system and state, eco-
nomic dependence, and ultimately educational and cultural
structure (Moghimi, 2014). The structural sub-approach
emphasizes evalnating the constraints that societies as
soctal, political, economic, medical environmentsl and
ofganizational institntions have created for themeelves or
have been imposed on them 2nd assessing their effects on
reducing gisks and vulnerabilty (Ferrer etal | 2003).

Based on the institutional sub-approach to community-
‘based risk management multiple stakeholders with dif-
ferent interests collaborate to develop a plan, without the
supervision of institutions that traditionally controlled the
planning process (Margerum, 2002), because the idea of
the collaborative planning model 13 unlimited exchange
of ideas bazed on democecracy in society (Sager, 2008).
MNowadays, in crizsis-affected societies, much attention i3
paid to existng institnfional capacities for returning to
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mitial conditions and rebuilding with minsmal reliance
on external assistance, underscoring the need for funda-
mental changes m the risk-reduction culture that prioritize
resilience over vulnerability (Mayunga 2007). While
traditional approaches to resilience emphasize the condi-
tions of retorning to the past modem approaches imply
the capacity of regions to create new paths for the srowth
and development of societies (Hedayatifard & Fosen-
blatt, 2019). Institutionalizm has emerged in recent years
as one of the most successful theories for local and re-
gional development Instiutionalism is an old idea whose
paradigmatic development dates back at least to the early
twentieth century and operates within a bottom-up frame-
work (Teitz, 2007).

In fact, the failure of top-down approaches led to a se-
ries of social and culiural issues, meluding trost, vahies
and nomms, social capital and mnan capacities, being
considered in the field of wrban, local, and regional plan-
ning and management (Hudzon, 20047, In the field of
mstitutional approach policy-maling, the mam attention
iz on reforming and unproving local institational proce-
dures and arrangements. In thiz approach, the mam em-
phasis iz not only on mobilizing povernmental instiibions
atthe local level, but alzo on the role of non-governmental
nstitufions (Amin 19087 Table 1 shows a summary of
known approaches in the field of crisis management and
their comparison.

Empirical backsround

Fafeian and Motahari (2012) in a study showed that the
cohesion and responsibility of neighborhood emerzency
response volumteers, as well as their management. had a
significant relationship with the cognitive and behavioral
factors of disaster risle management Pourmousavi et al
(2013}, in addition to conducting interpretive and histori-
cal research on the hyperactive strategy. addrezsed vani-
ous dimensions of community-based crisis management
and emphasized the need to implement scenarios that are
consistent with the situation, characteristics, and capaci-
ties of'urban neighborhoods to prepare for crizes and con-
trol their effects.

Mechabati-Zahan et al. (2020) classified the factors af-
fecting crizis management using the approach of build-
ing the capacity in local communities tnto four groups:
“prevention and mitigation of the criss™ “preparedness
for the crisis™, “coping with the ensis”, and “reconstroe-
tico and recovery after the criziz” Salehi Nodez et al
(20211 concluded that increasing the spint of cooperation
and motivating pecple to participate in crisis management
are among the best ways to reduce communities’ vulner-

r’ Disaster Prevention and
‘ Management Knowledge

abality. Ahadnejhad-Fosht et al. (2022) found that four
components, mncluding participation/social networks, so-
cial capital, knowledge/skills, and knowledge/awareness,
had the greatest impact on enhancing the community’s
rezilience to the COVID-19 pandemic.

Yeo et al (2017) emphasized the smpertance of 2 col-
tural approach to crisis management and suggested that
confitmous learming, commumication, and coordination
between diverse cultures can increase the resilience of
societies. Hostettler et al. (2019} stated that carefully
designed community-based approaches are necessary
to achieve sostainable and long-term transformational
change and reduce rizk. Some of the key factors mfluenc-
g thiz imclode: Locally adapted technology, empower-
ing local comnmnities by building selfconfidence and
increazing their senze of responsibility. and creating a
well-functioning local emergency committee.

Sarabia et al (2020} showed that implementing inter-
ventions in three important areas had a positive and sig-
nificant impact on the effectiveness of community-based
criziz management which are: knowledge and prepared-
tiezs, soctal coheston, and management of nateral aszets.
Sharma et al (2022) concluded that community partici-
pation 1% essential for implementing a disaster sitigation
program at the local level, and that this 1= possible when
the people themselves own the program and participate
contitmously i disaster mitigation activities and mea-
sures. Dejing (2023) emphasized the role of education,
increasing people’s knowledge and awareness of environ-
mental hazards, and mmproving the nformation system in
strengthening public participation in crisis managernent.

The review of international and national stodies on
community-based risk management showed that there are
momerous studies in this field, but there is hittle research
on providing risk stratepies tailored to the conditions and
situation of local communities. Table 2 shows the com-
ponents of a community-based approach to risk manage-
ment identified based on the review of the theoretical and
practical backoround of the rezearch topic.

Study area

The study area is the Ardabil City, the capital of Ardabil
provinee, which iz located in the northwest of Iran (477
48°E to 487 39°E and 37° 36" Nto 387 33" N). Itz average
altitnde above zea level iz 1345 meters. According to the
20146 National Population and Housing Census. the city’s
population was 529,374, The geographical location of Ar-
dabil City i the province and its five mumicipal districts
are shown in Figure 1.
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Table 1. Comparison of theoretical approaches to risk management

Approache Modemn Approach
Sub-approaches Support or logistics Preventive
Dealing with potential
Goal incidents by mobilizing Increased resistance
facifities and equipment
Dimensions Physical and environmenis! Built environment
Method Technological-guantitative Logical-rational
y Central command and ;
Planning model R Pl Risk-based
Arccepring the principle of  Pre-crisis planning, technical
Major solution “living with accidents" and kmowledge, constructon
planning to deal with them methods
. Preventing dangar/increas-
Centrality Responze/Rescue g i
Building architecturs; build-
Cresting warning, emer- T e
K i ing materials, and precise
on BETICY FESPONSE, rescue, 3n s ol Rt it
relief systems

ture

Austuimn 2026 Vel 45, lsoue 3

Community-based Approach

Structural

Deep =acial transforma-
tion

Matural emviron-
ment; soCio-economic
SLrUCture, EoVEMMment

system,/s@te

Socigl-gualitative

Support and participa-
ton

Gowernment based
on balance of wealth
and power, educa-
ticnal model based
on ecological balance,
adoption of foreign and
indigenous technology

Mzking the severity of
vulnerability clear, sup-
porting the poor, and
impraving communi-
ties’ knowledge about
risks

Redwcing poverty and
inequality, increasing
acoass to resources and
facilities, making long-
term 2nd medium-tarm

Institutional

Sysbem stabifity and
revarsibiliby

Multidimensional, inte-

grated

Quantitabive-guslitative

Collaborative and based
on democracy and public
participation

Imcreazed adaptability

Resilience |prevention,
preparedness, rasponss,
leadership, recovery)

Combined and compre-
hensive actions for sus-
tainahility and adaptation

Materials and Methods

This iz a survey and analytical study. The data were col-
lected through library method and field visits. The library
method was used to collect theoretical data and identify-
componetitz (n=13) by reviewing documents and reports
of community-bazed crizis manasement in orcanizations
responsible for crisis management i Ardabal Ciby. The
field method was used to collect data by administering a
questicnnaire. The participants were 35 key informants,
incloding experts. professors, and researchers in crisis
management, selected via purposive sampling. Their
characteristics are presented i Table 3.

The SWOT method was used to analyze the data for
providing stratepies fo strengthen the commumity-based
approach to risk management in Ardabil City. For this
purpose, first, through document review and environ-
mental mrvey technique, an inhial draft of mternal fac-

decsions, a radical and
fundamentsl approach

tors (strengths and wealmeszes) and external factors (op-
pertunities and threats) was prepared and then screened
using expert opmions. Then imternal and external factors
were mchided in a guestionnaire rated on a2 S-point Tik-
ert scale. The questionnzire was validated by experts and
had reliability asseszed using Cronbach’™s o (Table 4). A
score of 3 was considered as the threshold for selecting
the final variables; therefore, those with an average high-
er than 3 wefe selected as research vanables. Finally, 43
variables were identified for strensths, 38 for weaknesses,
40 for opportunities, and 38 for threats. Next, these fac-
tors were evaluated by weighting and ranking them In
the next step, four separate strategies were prezented for
ezch component, based on expert opitions and the four
domaing of the SWOT method. Finally, to select the su-
perior strategy from among the strategies presented for
each component the quanfitative strategic planning ma-
trix (QSPM) was used.
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Table 2. Components of community-based risk management

" Disaster Prevention and
‘ Management Knowledge

Sub-approach Component Code Related Studies
Planning for vulnerable groups A Azizpour st al. {2011); Motahari & Rafeian (2016)
A program specific to each hazard B W3uessan et al {2019}
Cafety measures C Khamar & Rakhshani (2015}
Strictural Srewlecpeismreness ol eamnmentsl o Riezaei et al. (2014); Blaikie =t 2l {2004)
hazards
A i o isi L8
H AR AN S (s e E Sajasi Omidari et al, (2014); Nekoudsri & Yaghoubi {2011}
methods
Ediucation, up?rn-l:latesn.u:tlesand increas- F Harris at al. (2017)
ing knowledge
Participation of local knowle bl |
anticipation of ol fmpdedeechispeaple. 1 Norouzi & Farhadi (2017)
in crisis management
Belief in participation and teamwork H Tokakiza et al (2019); Yeo et al. {2017}
Eocial responsibility | Dadpour{2012); Ashnama & Razavi (2012}
Participation in local community programs i hizshdiyeh {2020); Rokneddin Eftekhari (2007)
Institutional
Social trust K Monavarian et al. (2010}
Motivation for people to participate L Lazza (201R)
Financial partnership with loca! insttutions M Hostettler et al. (2019)
Table 3. Characteristics of participants
Characteristics Mo. (36}
Malz 32{85.62)
Sex
Female 13{15.37)
20-30 £{14.17)
30-45 4351
Age ) 181324
=45 11443.31)
University 12429.34)
Governorate Offica 2(8E5.22)
Organization
Municipafity 10457.28)
Red Crescent Society 5{22.14)
Bachelor's thesis 11443.31)
Master’s thesis 12{29.34)
Educational level
PhO 7iz20]
PhD studant 5(22.14)
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Table 4. Cronbach’s o values for the questionnaire

Variables Cronbach’s o

Strengths 0.965
Internal factors

Wieaknesses 0918

Opportunities 0830
External factors

Threats 0.856

Results The SWOT matrix of internal/external factors affect-

ing the community-based risk management in Ardahil
Internal and external factors affecting the commumi-
tv-based risk management in Ardahil Bazed on the total weighted scores of internal and exter-

nal factors, the status of the community-based niske man-

To present strategies, mternal and external factors were agement in Ardabil City was determined according to the

first identified and evaluated. Each factor was first as- four parts of the 3WOT analysiz. In Figure 2, the total
signed a weight between O and 1, such that ultimately scores for internal and external factors are plotted based
the sum of the weights was equal to 1. Each factor was om the X and Y axes of the SWOT matrix to show the
then aszsigned a number between 1 and 4 bazed on 1= comtnunity-bazed risk managetnent system’s strategy rel-
importance (1= fondamental wealmnmess, 1= weakness, ative to all factors. According o the results from internal
3= strength and 4= fundamental strmgtil] Finafly, the factors, the system’s wealmesses outweighed ifs strengths,
weight of each factor was multiplied by its current sta- and based on the results from external factors, the threats
tus score to obtain the weighted score for each factor A to the system outweighed its opportunities. Therefore, the
weighted total score of 1-1.99 indicates internal weakness community-based risk management system in Ardabil
of the rizk management system; 2-2.99. moderate status City uzes a defensive strategy. Thus, to strengthen this
of risk management; and 3-4. optimal statos of rizk man- strategy. it is necessary to plan and take action to address
agement {Tables 3 and §). The total weighted scores for weaknesses and avold threats.
internal and external factors were 238 and 2 36, respec-
tively.

) < N JEif=m=— T

Fignre 1. Geographucal location of Ardabil City in the province and its five rmumicipal districts
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Table 5. Matrix of mtemal factors affecting the commumity-based risk management m Ardabil

Current Weighted

Component Internal Factors |Strengths and Weaknesses) Code Weight Status Score Sie.
Aa:_l:as to information abGLf‘ta group of vulnerable penFiE n.:|n t.he list pr_a- 51 0021 a 0084
vided by the Rehef Committes and the Welfare Crganization in Ardabal
Creating a group of trained studants {named DADRAS) in schools to
A prepare for hazards by the Red Crescant Society of the province o v 3 000
Prowiding social ==curity servicas and health insurance to vulnerable <3 a.011 1 o043
groups
Flood control manewvers held at the Yamchi Dam 4 0011 3 0033
Organization of sections of tha Bal'lq.ﬁ {Chai River (a river flowing within e i % e
thie city)
B Hodding earthguake drills in schoots to improve students’ preparedness S8 0.003 3 0009
Existence of laws= and regulations related to the retrofitting of buildings 57 0024 4 0095
Hawving complete snow removal aq.uq:lmenttn improwe the -rrln.lnlmpaﬁty 5 a 5.h0d 3 OO
preparadness to deal with the heavy snowfall crisis
Training of relief workers, office staff, and people in mosques and schools 59 0011 4 0042
Defining and implementing resilience and retrofitting profects for gas
supply networks based on a passive detensa approach e bt : niee
Allocating appropriate funds_tn the Red Crescent Society of the province - s 3 -
C in recent years
Holding various maneuvers by the electricity distribution company and
the water and wasteswatar company with 2 passive defense approach Mz 0018 = a3
Equipping the city's crisis management organization with 2 dedicated
warehouse, light tower, mobile substations, and diesel generators, and 513 0.010 3 0031
increasing the number of emergency generators
Efforts to prepare a provincial hazard atlas by the Governorate Office 514 0017 3 0.052
n} Developing a comprehensive passive defenze plan for the province 515 0024 ! 0095
Continuous activity of numerous specialized working groups under the
supenvision of the Passive Defense Councii of the province =5 L 4 ol
Holding information technalogy maner.ma_rs ||:| crises by the city’s orisis 517 0,010 3 0.030
management organization
Holding training courses aimed aF reducing accidents and improving oc- 518 o.oot 3 o002
E cupational heaith
Institutionalization and culturalization of the passive defense in the S1g 0020 1 0083
gowernment officas
City's crisis management organization’s emphasis on public education 520 0.017 3 0051
Preparing the national crisis management strategy document by utlizing
scientific capacities and the participation of scholars and experts inthe 521 0024 4 01098
field of crisis management
F Implement knowia t structure in the national crisi
mplementing 3 dge managemen ki ure in the national crisis o33 Ao 4 o082
management organization
Developing & neighborhood-biased crisis management program by creat-
523 0.007 3 01022
ing 3 safe school in evary neighborhood
Planning to s=t up humanitarian aid car!'rps. by the national crisis manags- s34 0.007 3 0014
ment organizaton
High level of social cohesion in the _mty, bazed on the experience of past s3c f.040 4 0039
crises
G Implementation of the KHADEM project {dizaster readiness training of
families) by the Red Crescent Society of the province to attract pubfic 526 0.01e 4 0064
participation
Holding traini the role of charides, NGO d woluntes
olding training courses on ro B85, 5, @n u r 537 0005 3 001s

Zroups in crisis management by Ardabil University of Medical Sciences
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Current  Weighted

Component Intermal Factors (Strengths and Weaknesses) Code Weight 5 5 Score

Educational and training activities w promote the spirit of cooperation

by the Red Crascent Society of the province [such as “Rafaghat Mehr” 528 0,005 3 0,015
H compatitions)
Holding fihadi Camps by the S5tudent Basij Organizatbon of the province 529 0,007 3 o020
Haolding teamwark events by the lihad Daneshgzhi Center s30 0008 3 0019
Holding 2 conference to strengthen social responsibility in the city L3 0,006 3 0u1s
| . . . .
Developing a planto EI‘EEI!! neighborhood cem_ers in the underprivileged 537 a.007 3 0071
neighborhoods of the city
Educational, cultural, an::I s_ucml activities of the city mosgues’ cultural 233 a.014 3 o034
and artistic centers to attract people
Activities of numerous religicus groups in the city to help deprived 534 0,008 a 023
] people
Following up on popular demands of various neighborhoods by the
Iiozques & Meighborhoods Basij Organization to identify neighborhood 5L 0,012 d o7
problems and resoive them.
The existence of good mlauuaﬁs.hlps between neighborhood units inold 535 0.005 3 016
neighborhoods
¥ Relative cultural homageneity in differant neighborhoeds of the ciny 537 0012 3 0.036
High level of socizl capital faccording to the Governorate Office’s repaort,
Ardiabil province is among the top 10 provinces in lran in terms of socsl 538 0012 4 0049
capital)
Implementation of varicus projects to strengthen social participation by
the Weifare Organization {e.z. the “Mana” Project} w3 0004 3 ama
Implemanting the “Young City Helpers" project to create intermediate
L links between citizens and the municipality S0 0004 3 a0t
Implementing the "fSun:E_ssfu! Neghqunud_s _FEI:.F'-E| by the municipal- e 0.003 5 onon
ity to increase public partcipation
|I'I'I-;:I|.EI'I'I.F_'_I1!.'I ng.me. Kaﬁl_mat" project by the gmrr!nr_ufﬁne t_u utifize a2 oonz 3 ooy
i public participation in setting up small production units in deprived areas
NMunicipality s commitment to developmg =ports facifities to reduce social 543 a01s 3 00T
harms
Lack of a comprehensive database of vuinerable groups in the city Wi 0,009 1 0009
A - . . . .
Lack of  responsible, supenvisony unit for carrying out affairs related o W2 0.009 1 0.009
wulnersble groups
Lack of dredging and reopening of the Bat!q li Chai Riverbed and the fkeli- W3 a0z 1 0022
hood of flooding
Lack of financial resources and CFEI:II‘_IS‘DCI implermnent ficod prevantion i T - wirer
B operstions
Partial addressing of the earthquake preparednass issue W5 0.009 Z 0.017
Lack of dewiled planning to prevent ponding in the streets of the city Wa 0.002 2 0.004
Lack of appropriste measures to reduce the vulnemability of the centrsl
parts of the ity (due to factors such as rarrow street widths, high build- W7 0023 2 0.023
ing and population density, stc.)
Lack of financial resources to solve 1_!1& probtem of fiooded streets in the e i 5 e
C city
Poor condition of some buildings, having non-standard materials Wa 0.018 1 0:018
Weakness in water IIII'EIJI'I'I.FHDI.'I managen'.pent and increasing water ten- WD 0,002 3 Ao
sions in the province
Lack of up-to-date information in the field of urban crisiz managament Wil 0.022 1 0022
B Lack of dambazes of spatial-geographic information to identify disaster- Wiz o022 1 o033
prone areas
Failure of the povernment and private sectors to benefit from academic W13 0018 3 0.036

research in the field of passive defense

Vase st ol (I02%). Dirsloping Strategie to Serenrhen the Communty-based Approach 1o Rk Mamagament DMEE 2377/ 414461, 422
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Current Weighted

Component Internal Factors (Strengths and Weaknesses) Code  Waight 5 . 5
Lack of wuse of specialsts in urban crisis management Wld 0023 2 0045
E Lack of a specialized databases in organizations responsible for crisk WS 0020 1 o020
mansgement
Lack of coherent and flexible laws in the field of city crisis management Wile 0022 1 00z
Lack of a knowiedge management-bazed structure in some organizations. W17 0012 1 0.018
F
Weakness in utilizing experts in organizations responsiole for crisis Wis oo1s 3 0037
management
Unzystematic and emotional pEII"t'I.:EI-FIEIE'IDI'r imthe |:_n5|5 management Wig 0,001 3 0007
based on the sxperiences of past crises
G Lack of NGO participation in crisis m:‘.nagement{e:u:ept the Red Crescent W20 0019 1 0.019
Society]

Existence of between deci=i king institutions st mac d

ce of 2 g2p een decizion-making in ons st macro 2n W21 0.020 1 0.020
local levels
Men's lower tendency than women to engage in collaborative work W2z 0o 2 0002
. Daclining culture D‘FhE&piﬂ'lE.-l.l'l. todEy's soljet\_rdue to the gap between o e & T
tradition and maodernity
Prioridzing personal interests over collective interests in society W24 0.01s 1 0015
Lack of s=n=a of belonging in nemr.sb.c_!rhands and reduced social respon- WIS 0013 3 0.035
| sibvility

Harmiul sate of relatonships among ctizans due to lifestyle changes W2e 0.020 1 0020
Lack of pubfic awareness about the impor=nce of participation of local W27 0,008 1 0.00%

COMIMunites

; Increazed E!f—centered'ne-sﬁ_and the lal:.k u-ffnrmahnn of collective think- i i v e
ing and social life

Limiting mass ewents in city neighborhoods solely to religious mouming

W23 0.008 1 0008
days

Mistrust between the governing institutons and people as an important
factor in public non-pardcipation W30 0012 2 0.028
i Decrezsed trust among neigh hnrhau-l:.ls due to changes in neighborhood W3l 0013 3 0038

identity

Physical and social distance batwesn residents of neighborhoods due to

the influence of rapid developments and neighborhood changes over W32 0014 2 0027
time and peopie’s reduced attachment to each other

Existence of personalities and behaviors such as introversion, anomymity, Waa 014 3 f.038

and being reservad among Ir2nians as a barner to collectve actions

Ona-sided interaction betwean the government and peopiein Iran and
L the waiting and patiznce for the reafization and implementation of W3d 0.014 2 0028
trustes's actions

A zense of passivity amaong citizens W3s 0.015 2 0.:03a
Prioritizing persanal life for reasnns such as unfavorable economic condi- W35 0.0is 2 0030

tions

a N : Ly . .
M Failure to rezlize the formation of ovil sc:fcmqr due to Iranians’ tendency W37 0019 1 0019
to be self-refiant

Commitment to securing banefits and striving to provide the necessites W3s n0ia 1 o01a

of ife
Total i 238
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Table 6. Matrix of external factors affecting the commmity-based risk management in Ardabil

Current 5ta- Weighted

Oppartunities i 5 5
Component External Factors || and Threats] Code Weight =
Existence of laws .spenhﬂng the right= of vulnerable growps to enjoy o1 D020 a 0079
special benefits and govesrnment support.
Existence of internaticnzl comentions that specifically govern the rights
A of vulnershle groups {2.g. the comention on the elimination of all forms
of discrimination against womsan, the comvention on tha rights of the o2 0002 a4 0013
child, and the charter on the indusion of persons with disabilibes in
humanitarian action)
Devsloging 3 plan to organize the Aghlaghan River (for facilitating the
veater fiow entering the Yamchi Dam as the city’s main sourca of drinking o3 0006 3 0018
water]
Hddingn'aanlrgprmg?n'lslnﬂ\eﬁeﬁd of water I'E'SEI.II'CE |.'r|ar_|agema1tl::qr o .00 3 oo
the province's management and plamning organization
B Prmrdl:ghanhngiam'mffzrme mwm strengthening of o Gt it szt
diapidsted buildings
Proper use of the expenem.n.f earthguake-prone countries in the field ae 0035 a o100
of crisis manggement
Possahility of utiizing privete sector facilities and military units to deal
o7 0uo0s 4 0.0z1
with the crisis (based on the experiences of past crises)
Holding spedalized maetn'gsmd.an_!ms by the crisis management oz no0d 3 003
organization
Holding various exercises in the field of cyber-attacks for eveluatng
C equipment and manpower in dealing with potential risks and hazards 03 s 2 s
Launching of the Salam Headquarter by the national crisis mznagement
orgznizstion in order to utilize the cxpacities of the private sector in (BETL 0u005 3 0014
timas of criss
| ing the ber of h-proy in‘the field of emwi nial
nCreasing nem I'ESF.TEII‘E progectsin Erviranme o1 0025 4 0101
risk Swarenass
Development of a manwal for locating critical and sensithe centers with
o an emphasis on pessive defense requirements by the Road, Housing & o2 0u024 a o.oe7
Urban Development Ressarch Center
Requirement of development and economic plans by the government
and private sectors to obitain a passive defense annex and its inchusion in 013 0o 4 0082
thieir plans
Arcoess to relatvely stable and_up—m—date information and communica- 014 D024 3 oo7?
Bon systems
Thee crisis manzgement organization’s emphasis I:I.'!'I:Ifﬁ{iEﬂs-tl:! hava ois o020 & 0020
. knowledge and modem technologies
The crisis management organizabion's emphasis on the necessity of hav-
Ol 0.ois 3 0058
ing knowledg=-based resources
The crisis managemsnt u:rgan.u:amn = commitment to the smartization of 017 Do 3 e
crisis management
Adopting mult-hazard, mult-sectoral approaches to crisis management 0L 0019 i 0.oF7
Emphasis on a developmental attitude towards crisis management in the
F netional crisis management sy=tam i 0442 - {hish
Emphasis on ali crisis oycle considerations in the national criss manage- oz o 4 fnse
ment strategy documeant
Paying more sttention to the importance of participation in urban o nois 3 0040
management
Existence of 2 capacity in NG0s for community-based crisis management 022 0004 3 0.011
Existence of progressive regulations for the participation of NGDs in crise o3 D013 3 0039
G Management
(Capacity of religious bodies and institutions active at kocal levels 024 0013 3 0.038

Utdlization of the experiences of other cities such as Tehran, Hamedan,
and Urmiz, for e=mple, in the implementation of the DAVAM {Commu- 025 0uo19 3 0.075

nity Emergency Response Volunteers) Pian
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Comgponent Extermnal Factors (Opportunities and Threats) Code Weight s Score 5
Existence of a strong cuftural h_al:kgnt_\unu in the field of social supparts 0% noiz 3 0037
in society
H Existence of collectivizm throughout the history of Eastern societiss o7 0012 3 0.035
Possibiliy of promoting teamwork by utilizing religious teachings o023 ooiz 3 0.035
Useful experiences of other cities, including Tehran, in stangthaning
a sense of belonging and socal responsibility through the creation of o 0.019 3 0056
| neighborhood centers
Faying attention to the neighborhood-centered approach in new urban
management and reviving the traditional view of neighborboods while 0320 0011 4 0.o45
accepting modern urban developments
Efforts to ]I'I'IFﬂ-EmEfﬂ'[ﬂ‘iE Istamic Nagh_l.:lmhnu!j F‘I_an by the Mosgues & oad ooaa 3 om0
i Medghborhoods Basij Organization
Activities of neghborhood Basij bazes in the dty 032 0.003 3 0.003
Gnuann!nt‘saﬂprmsandattermw.m !F:reamngﬁ'tesanse of sacusity o Gl 3 i
and parbicipation
Efforts to imcres=e people’s social trust in institutions through trenspar-
K 034 0003 4 0.010
ency and the law on the publication and free access to information
Institutionalization of co-living influanced by the growsh of Iving in apart- o3 o002 3 0007
ments
Emghasis of country’s general poficies on the social particpstion of youth 036 0.018 4 0.073
Emphaszs of country’s generzl polices on strengthening pubdic participe-
tion mechanisms, especizlly traditionsl and religious methods, for 037 ooz 3 0.0085
& adwancing programs and sohving problems
Liilizing the capacity of middlemen (a group of individuals with an
independent collective identity without financiz! dependence an the 032 0.002 3 0.005
govermment) in neighborhood regeneration projects
Adn-ptu’g new methods ufﬁnaruflng_ municipalities in cities tll'ﬂ'.!'F_: cour- 039 onoL 4 0005
o try's banking system throwgh equipping resources. by public participation.
Developing special prnglar_ns in fine with the :i‘tgﬁnanclnglrmement‘ o0 oool 3 0003
1o coflectively finance wban projects
Lack of laws regarding the rights of vulnerable groups in crises L 001 1 0.1
Lack of attention to the fate of deprived people during cnses in the
) couritry's legal it & T2 0.0L0 1 0.010
Lack of a comprehensive definition of vulnershle groups in the country’s
i ] = 0oi7 1 0.m7
Existence of functional dhvisions in the organizations responisibla for crisis Ta oniE 4 anis
managemsent
g Lack of careful supension and low qu?rtyu‘fmmmn in some parts 15 oois 1 o.ois
of the city
Lack of aid from neighboring p-lﬂ‘.-f-lnEE-ll'l.cl'-EE {e.g. the 2021 wintar e o010 1 anio
storm in Ardabil)
Lack of aid from international organizations to prevent natural disasters 7 0010 £l 0.o1a
& Rejecting intermational aid andﬂ:ffreils?snf Iranizns fving abroad in times = o017 1 ooty
Imcreasing number chy'hera'r.taclis |n.m|:h.|strEand SOME Zovernmeant Te o009 1 000
institutions
Existence of barmiars o implementing passive defense polides in govern-
ment organizstions (iredequste organzational structure, weskness in Ti0 0uo0e F.5 0.8
threat analkysis, stc.}
] Changing shape of risks and threats due toincrassing wchnologicsl T11 0017 ol o7
developmenits
Lack of regulations for m-url:llnanng[:e'meen legislative, gavernmenial, T13 f.008 1 o009
S e ie Boces
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CurrentSta-  Weighted

Componeant External Factors (Opportunities and Threats Code Weight
] { _a i ) ) tus Score Score
Mot defining the scope of the dubies of executive bodies intimes of crisis T13 0,008 1 0008
and paraliel work
Emphasis of the country’s |:r|5|_s management on traditional and central- Tid D0E 3 onas
g ized models
Weakness in defining operstional strecheres in tha countny's crisis T 0,008 2 0018
management
Lack of transparency in plans and programs related to the cowntry's crizis TiE 0016 2 0032
manzgement
Weakness in documenting experiences and leaming from them in crisis 17 o0 3 00E
mansgemant
F Weaknass of crisis managers in priortzng necessany measwras for imple-
menEtion and cost management cue to lack of expertise and necessany Ti8. 0ua7 2 0.015
training
Managers' reluctance to involve otizens due to its tme-consuming Ti9 noza 3 0047
process
Dhestnoctive conseguences of unorganized partnerships in times of crisis
c {eciusion of Ioca! confidants and the crestion of conflict between oid T20 L 2 0.02a
and new reference groups)
Existence of numerous obstacles to the formation or operation of NG0s
in the country [iRcluding jegal shortcomings, external and internal struc- T21 0uoay 2 0.oid
tural problems)
Lack of tangible measwres in 'H‘E_E!Jhu!ﬂﬁeﬁ and in attracting public i i = G
participation
H Failure to promote 3 cultures of sp?naﬁ%amn and fimited social accep- 123 Doz2 1 o022
tance of indniduals
Distancing from tearmwork: cutture in the country due to increased use of
il
cyberspacs and getting far from real space L7 D= 3 e
Decreasing local participation and citizens’ desire o remain anamymous T25 0u05 1 0.0L5
| T, y =
Lack of a local institution to mzanage affairs and sohve problems in neigh- e 023 3 obaE
borhoods
Fesidents’ lack of active participation in the planning processdus toa
lack of senze of balonging resulting from not taking the history of place T27 0.007 ¥ 0007
into account.
i Eﬁappea!am:enfﬁ‘?e namhmdmm?ﬂ_d, as a result, the elimina- Tan .00 1 o.00E
tion of somse areas of participation.
Neglecting the influential role of eduationsl institutions in spreading the
concept of public participation - s = L
Feelings of uncertainty, confusion, and despair among citizens due to
disagreements between responshle institutions and residents’ ignorance T30 0uo21 2 0.042
zboart the future of their neighborhood.
K Increasing public distrust due to the gap between the words and acthions
T31 D015 1 0015
of officats
Addition of new households 1o neighborivoods due to the construction =2 0000 2 o001
of apartments
Lack of two-w=y communication I:Etwieen the government and the 133 e 1 e,
people over tima
L Neglecting the culturzal dimensaunaf societies in dewsloping planning and 24 003 1 oo
scentific models
Ambiguity of the concept of paampai:u-n ﬁ-:ll' citizens due to the lack of & Tar e 5 e
collective identity
Lack of attention to the role of people, ar the decision-making indepen- .
dence of the responsible imstitutions LE 0.1 3 Gt
Lack of knowiedge of the role of answring personal interests in mesting
M the siteyests of saciety 137 Doz2 1 0022
Lack of transparency in the-cullacu!:l_n and spending of taxes collectsd i i 5 iR
from citizens

Total 1 36/2
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Tahle 7. The provided strategies for each study component
Component 50 [Aggressive) ST [Competitive) WO [Conservative) WT [Defensive)
E=stablishing explicit laws i = Establishing an instituon re-  Providing a specific defini-
to provide social security Fibnning and approwing sponsible for supervising and  tion of vulnerable groups in
£ tzws for vulnerzble people 5 s ARV

services and health insur-

ance to vulnerable groups

in order to increase their
rezilience {53, 02}

Using banking facilites to

retrofit dilapidated build-

Ings according to regula-
tions {57, O5)

Leweraging private sector

apacity to provide more

equipmant for crisis man-
agement {513, D10}

Incraasing tha number of
research projects to r@ise
awareness of emdronmen-
tal risks in order to prepare
an stizs of environments|
risks for the province (514,
o1}
Conducting information
technology exsrcises o
increase readiness through
relatively stable and up-
to-date information and
COMMunication systems
(514, D14)
Presence of multple
stakeholders, espacially
cosmimunity members, and
ihe provision of neceszary
puhbfic educaton through
the establishment of safe
schoolsin each neighbor-
hood {523, 018}

Utilizing the capacity of
refigious bodies and institu-
tions active at loczal kevels
to increase social capital
(525, 024)

Uilizing religious t=achings
inthe field of social pardci-
pation in order to increase
Jihadi activities {529,028}

Benefiting from the useful

experiances of other cities

in creating neighborhood
centers {532, 020)

fisted by the Relief Commit-
tee and Welfare Organiza-
tion (51, T1)

Holding multiple ficod
oantrol maneuvers with
the aim of establizhing
coordination between
orEanizations in charge of
crisis management {54, T4}

Strengthening network
security systems to imple-
ment gas network retrofit-

ting projects (510, T49)

Removing barriers to
implementing passive
defense palicies in govern-
ment organizations by
specialized working groups
(518, T10)

Creating and strengthen-
ing operational decision-
making structures that an
be implemented in the
country based on a passive
defense approach in gov-
emment offices {519, T15}
Implemanting nowladze
managament in crisis man-
agement arganizations to
eliminate the weaknesses.
of crisis managers In pri-
oritizing necessary actons
and cost managemsnt
[522, T18)

Sething up humanitarian

C2MpE 1 ENCOUT3EE Man-

agers to invohie citizens in

urban management (S24,
T19)

Hoiding event= relsted to
teamwork practice by the
lahad Daneshghahi Devel-

opment Center (530 T24)

Haolding warious meetings
to increase local participa-
tion and reduce the desire

to remain anomymous in

the naighborhood (531,

T25)

coordinating the affairs of
wulnerable groups by utlizing
lzws specifying the rights of
vulrerable groups (W2, 01}

Developing continuous (Rot
Intermitient) training pro-
grams by the management
and planning crganizaton of
the province (W5, 04}

Improving water consump-
ton management and creat-
ing an appropriate culture
throwgh holding specialized
CTizis management meetings
(Wil O8)

Preparing databases to
identify dizaster-prons
areas using the guidefinas of
locsting critical and sensitve
centers (W12, 013}

Benefiting from crisis man-

sgement experts in Ardabil

City by equipping them with
mzrdern knowledze and
technology (W14, O15)

Creating an appropriate
structure based on knowl-
edge managsment for crisis
management in all organiza-
tions, utilizing the principles
mentioned in the national
Crisis management strategy
document (W17,.020)
Bridging the gap between
gecision-making institutions
at the macro and loca! levels
by taking adwvantage of pro-
gressive laws and regulations
(w21, 023)
Strengthening the collec-
tivist approach in society
and efiminating the idea of
prioritizing personal interests
owver collective interests
(W24, 0Z7)

Revival of the traditicnal
view aon neighborhoods
while embracing maodarn
developments in crder o
create a sense of balonging
in residents (W25, 030)

the national documents and

laws to create 3 comprehen-

sive database of vulnerable
groups (Wil T2)

Incressing funding for fiood
rEsponse operations to
reduce the need for foreign
aid (W4, TE)

Receiving assistance from
international communities
to increase the resilience of
wvulnerable parts of the city

(W7, T7)

Identifying new risks created
by technological develop-
ments in order to have
up-bo-date information
(Wil T11)

Determining the scope of
duties of executive bodies
and creating 3 comprehan-

sive specialized database for
the responsible organiza-
tions (W15, T13)

Documenting past experi-
ences and learning from
them in order to eliminate
the wezkness of the expart
body in the fisld of ap-
propriate decision-making
(W18, T17}

Removing chstacies to the
formation of MGOs for crisis
management in the city
(W20, T21}

Increasing cultural activitias
in the city to increase the
cufture of helping and intar-
acting (W23, T22)

Establishing local institutions
to sohee existing problems
and improve relations be-
tween citizens {W2E, T2E6)
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Component 50 |Aggressive) 5T [Competitive] WO [Conservative) WT |Defensive)
Following up on popular Efforts to implement the
i ol ot Activifiesof culturalcen-  |slamic Meighborhood Plan Increzsing the use of aduca-

demands for identifying

ters 1o reduce participation

by the Maosgues & Neighbor-

tional institutions in under-

nEdgm?Drhm H r: I;ms guoidance and increass hood Basij Organization in standing and disseminating
a;h WI;gthe‘E;'r;‘ E:n residents’ support and order to reduca the spirit ot the conoept of participation
'T_:JE‘ " n-: P e active participation in the self-centeredness and form in order to promote public
neighborfiood Basijbeses b ning process (S13,127)  coliective thinking (W28, awareness (W27, T29)
{535, 032)
a31)
Increasing government isdung warm In=mitutionalizing communal
Iztionships betwea I ing residents” awa
sttention to factors that rE e E. : fiving to reduce the distanc- Lol i rE
=i SR neighbarhoods to increase . | s B ness of the future of their
= : i ”_1 recognition and trust B HE'_E o 2 neighborhood to build trest
order to improve the social ; and increass residents' sense 3 5l
4 ek betwesn residents and ; 7 in the responsible insttu-
capital amiong citizens (538, of belonging to the neizhbor-

o33)

new households living in
apartments {536, T32}

hood (W32, 035)

tions (W30, T20)

Fromoting 3 culture and
spirit of social responsibiity
L through events such as the
"Suecessful Meighborhoods

Estzhiishing 3 connection

betwean the municipality

and citizens through plans
such as the “Young City

Eliminating ocne-sided
interaction between the
government and people and
reducing the sense of pas-
sivity among citizens by the

Strengthening tha infra-
structure of demaocratic fife
to reduce the passive stance
of citizens (W35, T35)

Fastival” (541, D36) Helpers” (540, T33) formuiation of middle cycles
(W34, 038)

Municipality’s use of the Adopting new methods of - =

private sector in the con- Dielegating matters to the financing muricipalites by a::::;%jﬁrmjgi_
M struction and development  residents to increase atten-  the country’s bgnlﬁ'ng system e L

of urbian projects for col- tion totha roleof people  through mobilizing rescurces iy it o Shis srcbeSss of

lertively securing projects (542, T34) using public participation ]

{543, 040) (w37, 039) society [W3E, T37)

Providing strategies to improve the community-based
risk management in Ardabil

In Table 7, four types nfsirategies are presented for each

study component. based on expert opinions and the four
parts of the SWOT matrix

Choosing the best sirategy using the QSPM

To select the best strategy from among the strategies
presenited for each component, the QSPM method was
uzed. Each factor was assigned a number between 1 and
4. depending on itz attractiveness. By multiplying each

factor’s weighted score by its attractiveness score (AS),
the total AS (TAS) of each factor was obtamed. Finally,
the strategy that achieved the highest TAS was selected
as the superior strategy (Table 2). As can be zeen the
best strategy for the component of “planning for vulner
able groups™ was the 50 strategy (TAS=3153); for the
comnponent of “A program specific to each hazard”, the
S0 strategy (TAS=2 810); for the component of “Bafety
measures”, the 8T strategy (TAS=1192); for the compo-
nent of “Knowledge/awareness of envirommental haz-
ards”, the WT strategy (TAS=21.718); for the component
of “Applying modem crisiz management methods™, the
WO strategy (TAS=2.341Y; for the component of “Edu-

Timpreniid savimaisael
ioidifiods tamg sepe b bives

e i

Uming repatsltirs b abr wdbmmmge

nf g s

50

Redaring weskoressos aud
Fvoliing TRreses

W

|
lupeomung immmal srragrhs by
iy sdvmEnge ol opporTLis

1 4

| Tootal soone if e sxtwmal Gactirs ssaswmmom madris

Fatal score of v biterns [achor pasessment mairn

Figure 2. 5WOT matrix of internal ‘external factors
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Table 8. Prioritizing the strategies using the QSPM

Eomgrier Internal fExtamnal Wopnray  otasmessve] ST {Cpeniue] WO {Cancervrtive) :nmﬁm:
Fmiigt i AS  TAS AS TAS AS TAs A5  TAS
51 0.164 4 0655 4 D655 2 0327 2 0327
52 0018 1 ople 1 noi8 1 0018 1 ompe
=3 0.109 4 043 2 DaiE z 0118 2 ozs
w1 0.038 2 ooz 3 0.109 3 0.109 4 014s
w2 0127 3 pa 2 0.255 1 0509 2 gass
A o1 0122 4 o714 0727 4 0727 1 0Os4s
oz 0.091 4 03es 3 0.273 4 0364 3 0273
T1 0.055 3 o164 4 D218 2 0.109 2 0am
T2 0.145 2 gzt 3 D435 2 0291 2 0w
T3 0.073 2 o5 2 0.145 z 0.145 4 020
Total 1 3355 3.055 2818 2473
51 0.072 1 ooz 4 n288 1 0072 4 gzes
55 p.052 2  ois 3 0157 2 0.105 4 029
56 0.013 2 opie 1 0.013 4 0.052 1 oms3
7 0111 4 0448 2 0222 3 0333 1 61
=g 0.007 1 ool 2 o.m3 2 0013 2 am3
w3 0.0s9 2 ous 4 0235 4 0235 a 023
wa 0072 2 0157 4 0314 1 0314 4 0312
ws 0.065 3 g1 1 0.065 4 0261 1 00es
We 0.026 1 ook 3 0078 1 D.026 1 00

: 02 0.039 1 ool 1 0029 3 0118 4 0157
o4 0.033 1 gp:E 4 0131 4 0131 2 ooss
0s 0.092 4 0366 2 083 z 0.183 2z 0183
o8 0.105 a4  paz 3 0314 3 0318 3 o3
o7 0.046 2 o137 3 0137 3 017 3 0137
T4 o.085 3 g:mE 4 0340 2 0.170 2 oi7o
TS 0098 4 03w 1 0098 £ 0.092 1 o0pes
6 0.020 1 oo 1 0.020 1 0.020 4 oo7s
Total 1 2810 3647 2583 2477
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comporns el ﬂsm“ o e SO(Ageressive] ST (Competitive) WO (Conservativel &gmi
AL TAS AS TAS AS TAS AS TAS
o] 0125 2 0.250 1 0,125 2 10.250 1 0125
510 0137 2 0233 4 04567 1 0117 3 0350
511 0L.oE3 3 0.250 2 0167 2 0.167 1 0083
512 0,108 2 0217 2 0217 2 0217 2 0217
513 0.075 4 0300 2 0150 2 0150 2 0.150
W7 0.0s7 s 0.067 i 0067 1 0.067 4 0267
WE 0008 . 0.017 i 0.00s 3 0.025 2 0.017
W 0.053 1 0.058 i 0058 1 0.053 3 0175
C
Wio D025 1 0.025 i 0025 4 0100 1 0.025
08 000 2 0.200 3 0300 4 D400 1 0.100
09 D092 1 0.082 3 0275 2 0183 1 0092
010 o042 a Q.167 2 0.0E3 2 0083 2 0.023
T7 D050 1 0.050 2 C.100 1 0.050 1 0.050
T8 0017 1 0.017 1 0017 1 0oLy 1 0.017
T3 0033 : B 0.033 4 0133 1 01033 1 0.033
Total 1 1975 2.152 15317 1783
514 141 d 0564 4 0252 3 0.423 2 0564
515 0.154 i 0.308 2 0.615 1 0154 ] 03208
Els .64 - | [.054 2 0256 1 D064 4 0128
Wil 0128 2 0.256 4 256 2 0256 2 0513
Wiz 0115 3 0346 3 0231 4 0462 2 0,345
Wiz 0303 & 0.308 3 0,205 3 0.308 2 0308
D 011 0020 d 0,355 1 0are 1 0.oa0 2 0.080
D12 DO0E3 1 o0i3 2 ] 0026 a4 0051 2 0013
013 0.026 F oLize 2 0051 3 0.077 2 0.051
T10 0038 - 0038 1 154 1 0028 4 0038
Ti1 0077 F 0LO7T 4 K154 2 0.077 2 0208
Tiz o5l 1 0.051 b § 0051 1 0051 1 0051
Totzl 2 5 2410 2462 2051 2718
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o Im";:ﬂm“ i wegnes SO (Rggressive) ST (Competitive] WO (Canservative) IMWLM
AL TAS AL TAS AS TAS AL TAS

517 0017 4 0.067 1 DOol6 1 Q.01 2 0.033

518 0008 I 0002 1 0,008 1 0003 1 0008

519 0082 2 0183 4 0.366 1 0.0e1 1 0.oe2

s20 0.025 2 0.050 2 0.050 2 0050 2 0.050

wid 0.033 1 0.033 2 0.066 4 0133 2 0.067

Wis o023 2 0167 2 0.166 1 0.083 | 0333

Wik 0075 x 0.075 3 0.225 1 0.075 2 0150

o014 0100 3 0.200 1 0.100 2 0,200 1 0.100

E

15 0.125 2 0.250 1 0125 4 0500 1 0125

18 0117 1 0117 1 0116 4 0ABE 1 0117

017 0108 I 0.ipa 1 0108 i | 433 1 0108

Ti3 0058 ] 0.052 3 0.175 1 0.058 4 0233

Ti4 0Los7 2 0.133 3 0200 2 0133 1 0.067

Ti5 0.050 1 0.050 4 0200 1 CLOSC 1 0.050

Tig oo4q2 1 o042 1 0041 1 0041 1 0.042

Total 1 1542 1366 2.341 1575

521 182 3 G545 2 0364 3 [.545 2 0.3264

522 0164 1 D164 4 B.655 4 {.e55 2 0.327

523 0018 4 0.073 1 D018 1 0LOLE 1 0.018

W17 0.073 1 L0773 4 0291 4 0L291 2 0.145

W18 0127 i 0127 4 0.508 4 0.509 3 0382

F o1 0145 4 0.582 2 0291 2 0291 4 0.582
ol 0109 3 0327 2 0.218 2 0218 2 0.218

ﬂztl 0091 i 0.0a1 2 0182 2 L1882 2 0182

Ti7 0036 i oo3e 1 0.036 1 0.038 2 Qo073

TiE 0055 2 C.109 4 0:218 Z 0109 4 0218

Total 1 2127 2. TE2 2B55 2509
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comporns el ﬂsm“ o e SO(Ageressive] ST (Competitive) WO (Conservativel &gmi
AL TAS AS TAS AS TAS AS TAS
524 o.oi7 2 0.033 4 CLDe? 3 0.050 2 0032
525 0025 2 0.050 3 0.075 1 0.025 2 0.050
5248 0Loa2 1 0.04a2 2 0.0&E3 1 0.0482 2 0083
527 0.o23 3 0100 2 0067 2 0067 2 0.067
wia 0.050 1 0.050 1 0050 2 0,100 2 0,100
W 0.108 El 0325 3 0.325 3 0325 3 0.325
W2l 017 . 0233 2 0233 3 0.350 3 0.350
021 0100 1 0.100 4 0400 2 0,200 3 0.300
]
02z 0052 2 0117 i 00528 2 0117 3 0.175
023 o.0e2 1 0.092 2 0183 4 0.367 4 0.367
024 D.0=E3 4 0333 3 § 0083 1 0.083 1 0.083
025 0057 1 Q.067 1 0067 1 Q.07 2 0133
T13 01325 1 0125 4 0500 2 0.250 1 0.125
T20 0002 1 0.008 2 0017 1 0.008 1 0.008
T21 D075 : B 0.075 i 0075 1 0.075 4 0.300
Total 1 1750 2.283 2125 2.500
528 0026 2 0.051 i 0026 3 0077 4 0.in03
529 0064 2 0128 2 0128 3 0152 2 0.128
530 051 - | 0.051 4 0.205 3 0154 2 0103
W22 D43 1 ooi3 X 0013 ik o013 2 0.028
w23 oorF 2 0154 ¥ 0077 2 0154 4 0308
W2d D115 1 0.115 3 0346 a4 0452 1 0115
H 025 0.103 3 0.308 2 0.205 3 0.308 4 0410
027 D020 2 0175 2 0179 3 0.26% 3 0262
028 0.038 4 0.154 1 0,038 2 0.077 2 0.077
T22 0154 2 0308 2 0302 3 0452 4 0615
T23 0141 F 0141 2 0282 2 0141 1 0141
T24 0128 2 0.256 4 0513 1 0128 2 03255
Totzl 2 5 1.859 2321 2436 2551

Vase st ol (I02%). Dirsloping Strategie to Serenrhen the Communty-based Approach 1o Rk Mamagament DMEE 2377/ 414461, 432
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o Im";:ﬁ‘:m i wegnes SO (Agzressive) ST (Competitive] WO [Conservative) ID!H‘ew;i!rel
AL TAS AL TAS AS TAS AL TAS

531 0028 ] 0.028 4 0111 2 0.05& 1 0.028

532 0056 | 0222 1 0056 2 0iil 4 0222

W25 0222 3 0867 3 0.667 3 0667 2 0444

W2E 0139 4 0.55& 1 0.139 4 QLEEE 4 0.555

] o232 0154 3 0.583 2 0.359 2 03B 2 0.385
030 0167 1 0167 3 0.500 4 0Le67 1 0167

T25 0111 1 011 4 04244 3 0333 1 0111

T26 0.083 1 0.083 1 0083 3 250 .| 0.333

Total 1 2417 2359 J.028 2250

£33 0045 2 D.0al 4 0132 i ooel 2 0.081

534 0030 T 0.030 3 o830 1 030 1 0.030

535 0Do7E 3 G227 E 0227 3 0,227 1 0.076

W27 0121 1 G121 2 0242 2 0,242 4 0485

WS 0136 X 0136 1 0136 4 0545 3 0408

W 0106 X 0.10& 1 0106 1 L1006 1 0.105

’ 031 0091 3 0273 2 01282 a 0364 1 Qo9
032 0051 g 0242 1 0051 1 0.061 1 O.0el

T27 0167 2 0333 o | 0.167 1 CLLET 2 0.333

T28 0152 2z 0.303 2 0.303 1 0L152 3 0.455

T22 0015 1 0.015 1 0015 1 0Lo1s 4 0061

Total 1 1879 1652 2000 2,197

536 0013 1 0.013 4 0051 1 c.oiz 1 0.013

537 D06l 2 0128 3 0.192 1 0.064 1 0.064

S38 0,077 4 0.3D8 4 0.308 1 0.077 1 0.077

W30 L1228 2 0.25& 1 0.128 1 0128 3 0.28%

W3l 0102 1 0.103 E 0308 3 0308 1 0.103

W32 0051 1 0.051 E 0.154 3 0,154 1 0.051

K 033 0050 4 0.359 1 0.090 1 0.ca0 4 0.353
034 0026 4 0.103 1 0.026 1 0.C2E 4 0.103

o35 0038 1 o.ozg 3 0115 i | 0154 1 Q038

T30 0.154 3 0462 1 0.154 1 0154 4 0515

T3L 0.141 3 0423 1 0.141 1 0141 4 0.564

T32 0.115 1 0115 3 0.346 3 0346 1, Q.115

Total 1 2.359 2013 1E54 2487
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— | m:l ﬂsm“ i “ ﬂ 4 SOlAgaressivel ST(Competitie] WO (Consenstive) &ﬂmi
AL TAS AS TAS AS TAS AL TAS

533 0013 2 0028 i 0ois 1 0013 2 0026

540 0.026 3 Q077 4 0,103 2 0051 3 0077

S41 0038 4 0.154 2 0.077 1 0038 3 0.115

Wwas 0.051 1 0.051 2 0103 2 0.103 3 0103

L VE 0.154 1 0.154 1 0154 4 05615 4 0615

W3as 0.064 1 0.064 z2 0128 3 0,192 a4 0.256

L 036 0128 d 0513 3 0385 2 0,255 x 0255
o037 0.141 3 0423 2 0282 2 0,282 2 0.282

038 0.077 2 0.154 E 0231 4 0.308 3 0231

T33 0.020 1 0.080 2 0179 4 0.259 4 0.35%

T34 0.115 2 0231 1 0115 2 0,231 2 0231

T35 0.103 2 0205 i 0.103 2 0.205 3 0308

Total 1 2.141 1.872 2,654 2855

542 0036 1 ﬂfI}EE 4 0145 1 0038 3 0.10%

543 0.018 d 0073 2 0,036 2 0.036 1 0.018

W3k 0181 1 0.182 i 0182 1 0,182 3 0.545

War 0,109 1 0109 3 0327 4 043 2 0218

wW3s 0127 F OL127 1 0127 1 0.127 3 0382

] 03% 0090 =, 0273 2 0182 L 0364 1 0.091
040 oos4 4 0L2iB 2 0,109 3 0164 1 0.055

T36 0.163 2 0L3Z7 4 0.655 3 0491 2 0.327

T37 0.145 1 0145 3 0436 2 0,291 & 0582

T2 o072 3 0218 4 0291 2 0.145 1 0.073

Total 1 1.70% 2491 2273 2.400

cation, up-to-date studies and increasing Imowledge”, the
WO strategy (TAS=2_855); for the component of “Partici-
pation of local knowledgeable people 1n crisiz manage-
ment”, the WT strategy (TAS=2.500); for the component
of “Belief in participation and teamworl’”, the WT strat-
egy (TAS=213551); for the component of “Social respon-
sibility”, the WO strategy (TAS=3.025); for the compo-
nent of “Participation in local community programs, the
WT strateoy {TAS=2.197); for the component of “Social
trust”, the WT strategy (TAS=248T); for the component
of “Motivation for people to participate”, the WT strat-

egy (TAS=2839%: and for the component of “Finan-
cial partnership with local institutions”™, the 8T strategzy
(TAS=2.401).

Conclusion

Accordmng to the results, it can be said that despite the
Ardabdl City being at high risk of various disasters and the
recurrence of numercus disasters, city officials unfortu-
nately have not been able to realize the mamn defictency of
the urban crisis management system, ie. the lack of pub-

ol cb a8 IR Doy Brcepann i Shveegfhm o S et o] Appromch oy il W porict PRV Tk 1481




Aurbignn 2025, Vol 16, losue 3

lic participation, which has causzed the urban system to
continue to be disrupted and confused by envircnmental
hazards, despite spending larpe expenditures on the crisis

management system.

Given the importance of strategic planning and itz abil-
ity to help orpanizations and cormmunities respond effee-
tively to the changing conditions and circumstances, this
study aimed to provide strategies to strengthen the com-
ounity-based approach to crisis management in Ardabil
City, using the SWOT analysis. First, considering the cur-
rent situation, internal and external factors were identified
and then these factors were evaloated. Finally, using the
Q3PN 13 strategies were propozed as follows:

- Eztablishing explicit laws to provide social security
services and health insurance to vulnerable groups n or-
der to increasze their resilience;

- Using banking facilities to retrofit dilapidated build-
ings according to regulations;

- Strengthening network security systems to implement
gas network retrofitting projects;

- Identifying new riskes created by technological devel-
opments in order to have up-to-date information;

- Benefiting from crisis management experts in Ardabil
City by equippmg them with modemn knowledge and
technology:

- Creating an appropriate structure based on knowledge
management for crisis management in all organizations,
utilizing the principles mentioned in the national crisis
mattagernent strategy document;

- Bemoving obatacles to the formation of NGOs for cre-
siz management in the cify;

- Increasing culhiral activities in the eity to increase the
culture of helping and interacting;

- Bevival of the traditional view on neighborhoods
while embracing modern developments in order to create
a zenze of belonging in residents;

- Increasing the use of educational mstitutions in under-
standing and disseminating the concept of participation in
order to promote public swareness;

- Increazing residents’ awareness of the future of their
aeighborhood to build trust it the responsible institotions;

r’ Disaster Prevention and
‘ Management Knowledge

- Strengthening the infrastrocture of democratic life to
reduce the passive stance of citizens;

- Delegating matters to the residents to mcrease the at-
tenition to the role of people.
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Aims and Scope:

Promotion and expansion of disaster management knowledge in the specialized fields of risk
prevention, preparedness, response, and recovery;

Promotion and expansion of passive defense knowledge
Promotion and expansion of Health, Safety and Environment [H5E) knowledge;

Publishing the latest research results and creating an environment for constructive criticism and
exchange of ideas;

Establishing cooperation and scientific interaction between scholars at the national and international
levels;

Creating a suitable platform for identifying and providing selutions related to crisis management
issues at local, regional, national, and international levels;

Transferring knowledge and innovations in disaster management with an emphasis on the role of
urban management;

Helping to create a scientific communication network between scholars, policymakers, and disaster
management planners of the country;

Creating a suitable platform to use the experiences of other countries for localizing the international
experiences of crisis management.

Topics include but are not limited to:

1. Safety and risk prevention and reduction
1.1. Risk prevention

1.2, Safety

1.3. Risk reduction planning

2. Risk assessment

2.1. Risk identification

2.2. Risk assessment

3. Preparation and planning

3.1. incident command system

3.2. planning response in emergency situations




3.3. operational plan in emergency situations

3.4. Bvacuation and emergency accommaodation

3.5. Help and rescue

4. Reconstruction and rehabilitation in disaster

4.1. Demolition and debris management

4.2. Restoration of infrastructure, transportation system, housing system, environment
4.3. Physical, psychological, social, and econamic rehabilitation

4.4. Peoplewith special needs in crisis (elderly, children, women, people with disabilities, special patients,
etc.)

5. Natural and man-made hazards

5.1. Ground-related hazards (earthquake and landslide, subsidence and collapse of the ground, voleane,
etc.)

5.2. Meteorological hazards (climate changes, flood, soil erasion, desertification, fires, drought, storms,
atc.)

5.3. Chemical hazards (environmental pollution, industrial buildings’ fire, chemical waste, etc.)

5.4. Transportation hazards (road accidents, railway accidents, airway accidents, subway accidents,
crowd crushes, etc.)

5.5. Biological hazards (epidemics, biological threats, etc.)
6. Future studies of the disaster

6.1. Quantitative and qgualitative analyses of trends

6.2. Identification of future risks and hazards

6.3. Designing the desired, possible and probable future
6.4. Politicizing and planning changes for the desired future
7. Disaster knowledge management

7.1. Documentation

7.2. Lessons Learned Register

7.3. Root cause analysis of accidents




8. Intelligence and new technologies

8.1. Knowledge-based achievernents

8.2. Technologies based on data analysis

8.3. Information systems management

9. Social and cultural

9.1. Local communities and community-based participation in disaster management
9.2. 5ocial responsibility (individual, corporate and organizational) in disaster management
9.3. Social capital and disaster

9.4. Disaster culture

9.5. Empowerment, safety training, and disaster management

10. Economy of disaster and insurance

11. Laws, regulations, standards and legal requirements of disaster management
12. Information and media in disaster management

13. Passive defense

14. Health, Safety and Environment (HSE)
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