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1-Introduction

Yazd City (Iran) is located in the Central Iran tectonic zone. Therefore, it has a high seismic potential
due to the existence of ancient and large fault structures (Berberian, 1979). One of the most critical active
faults with relatively high seismicity around this city is the Taft fault. This fault has a length of 30 km and
is located 11 km south of the city. At its most critical state, the fault can potentially cause a 6.2 Richter
earthquake (Ambraseys and Melville, 1982). The history of past earthquakes has shown that a moderate
earthquake in cities with low resilience leads to significant damage, loss, and urban problems. In the
resilience assessment of cities against natural disasters, human interaction (behaviors and social
interactions) and physical factors (i.e., structures, buildings, and natural urban spaces) are significant. By
measuring the resilience of citizens, we can identify the extent of their participatory approach in increasing
multilateral cooperation and social innovation in the face of crises such as earthquakes and enhancing the
resilience capacity of the city and citizens of the urban system (Mahajan et al., 2022). The present study
aligns with the objectives of the UN MCR2030 project, which explores the resilience of the world's cities
to natural disasters by 2030. To achieve this objective, we measure the Yazd citizens' resilience concerning
the Taft fault's seismic activity. As a result, the resilience degree of the city was evaluated in Yazd city's
spatial dimension, the residents' social dimension, and the infrastructure (buildings) dimension. In addition
to using the usual components in measuring resilience, it is tried to advance the resilience assessment based
on geotechnical information such as damage intensity (structural and non-structural components) and
earthquake losses. Also, we extend these measurements from qualitative to quantitative, especially in the
dimensions of civil society, to expand to a broader range of non-considered components.

2-Material and methods

This research was conducted in two parts. In the first part, the losses and damages caused by the Taft fault
were estimated for a 6.2-Richter seismic event. In the second part, the resilience of the Yazd citizens was
investigated in the event of this possible earthquake.

The first phase was done in the following three steps. In the first step, the seismic parameters caused by
a 6.2 earthquake in the eastern part of the Taft fault for Yazd were simulated. In the second step, by
measuring the behavior of the buildings against earthquakes, the possible damage caused by the earthquake
to the main buildings and lifelines of Yazd city was estimated. In the third step, the modeling method
calculated the possible losses due to the earthquake.

In the second part, the resilience of Yazd citizens was determined using statistical analyses based on
the existing capacities of the city. The collected data were analyzed by a statistical questionnaire and
mapped in a spatial information system. Finally, the maps obtained from the first and second parts were
prepared as an integrated map with the ability to update.
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To evaluate the urban system as a whole and its components in both qualitative and quantitative cases,
we should consider that the qualitative approach relies on the judgment and perception of the individual.
On the other hand, the quantitative approach, with an objective comparison between different components
of the urban system, presents a general numerical comparison of the global community (Rus et al., 2018).
Based on this perspective, we quantified the information collected for numerical analysis. It is of note that
some of the information collected was not available or available quantitatively and numerically. Therefore,
all qualitative information was classified using a Likert scale into five qualitative categories (very bad to
very good) and then converted into five quantitative categories (with a score range of 1 to 5). To integrate
the scale based on expert opinions, previous studies, and the software classification, we converted all
(qualitative and quantitative) information into a numerical range from 1 to 5 with the same scale.

3-Results and discussions

Earthquake damage and losses were estimated in Yazd city in 3 stages: calculating ground peak acceleration
(GPA), earthquake damage estimation to critical buildings and lifelines, and earthquake damage estimation.
The casualty and potential damage maps were combined and classified according to a five-level Likert scale
(Fig. a5). Then, losses and damage were determined by summing the area of the pixels in the area of each
homogeneous neighborhood and averaging the final incidence of each neighborhood. As shown in Fig. 1b,
the map was also classified into five categories based on the Likert scale: very good (5) to very bad (1).

Fig. 6a presents the map of the Yazd city resilience zoning using geotechnical information integrated by
the natural hazard management system (NHMS) and geographical information system (GIS). As can be
seen, the Yazd Municipality building is in the bad resiliency category. According to Fig. b6, the
neighborhoods of categories E, A, D, C, and B have very good to very bad resilience (scored 5 to 1,
respectively) respectively.
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Fig. 1. (a) Yazd city resilience zoning map using geotechnical information integrated by the natural hazard
management system (NHMS) and geographical information system (GIS) and (b) Yazd city resilience zoning map
using geotechnical information integrated by the NHMS and GIS in five homogeneous neighborhoods of Yazd

In the second part, the resilience of citizens (households) in Yazd against earthquakes was assessed by
analyzing the citizenship questionnaire and converting it into an updatable map. First, separable and
surveyable areas required for research were identified. These 41 neighborhoods were identified as five
homogeneous neighborhoods with very good to very bad neighborhood conditions. Then, the layers and
substrates were investigated using Simple additive weighting (SAW) based on the measured average
weights. At this stage, using Cochran's formula and based on the population of Yazd, 384 household
questionnaires were distributed as a sample number in the statistical community in homogeneous
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neighborhoods as clusters. The information layers were surveyed through the household citizenship
questionnaire in the following three dimensions:

Human-social dimensions (including awareness, knowledge, skills, attitudes, social capital (comfort and
satisfaction) (sense of cooperation) and trust)

Economic (financial capacity for compensation and families' financial ability to return to pre-crisis
conditions the family (GDP) and the severity of damage to family properties (employment and family
economic well-being)

Managerial-institutional (institutional context, institutional relationships, and institutional performance)
dimensions

All information obtained was quantified through a five-point Likert spectrum classification.

Table 4 shows the average resilience of the five homogeneous neighborhoods of Yazd in terms of the
three dimensions of human social, economic, and managerial-institutional.

Table 4. Average resiliency of five homogeneous neighborhoods in Yazd
Average Average

Number Average resilience of resilience of Average
Neighborhood of resilience of the . . resilience of the
. the economic managerial- .
respondents  human-social layer 1 e neighborhood
ayer institutional layer

A 34 3.19 2.76 2.92 2.96
B 81 3.14 2.60 2.48 2.74
C 154 3.14 2.70 2.66 2.83
D 61 2.92 2.61 2.03 2.52
E 54 2.85 2.53 2.02 2.47
Average 384 3.08 2.64 2.42 2.7

According to the table above, the highest productivity was in A, C, B, D, and E neighborhoods. Category
E neighborhood was the lowest. The final average resilience of Yazd City identified through the citizenship
questionnaire (household) was 2.7, which was lower than the average (3). As a result, the resilience of Yazd
is in the middle of the bad category in terms of citizenship. Fig. 2 shows the map of the resilient behavior
of the citizens of Yazd City based on five homogeneous areas.

In the last stage of preparing the map of the first part of the research, the resiliency zoning map of Yazd
city is produced using Geotechnical information and the urban system of integrated NHMS to estimate
losses and percentage of structural and non-structural damage due to seismic activity of 6.2-Richter Taft
fault. In the second part, the map of the resiliency behavior of Yazd citizens in the event of a probable
earthquake is prepared based on five homogeneous neighborhoods (in social-human, economic, and
managerial-institutional dimensions) in the spatial information system based on the percentage of pixels in
homogeneous neighborhoods. In the final map, the resilience of the city and the citizens of Yazd was
determined for each homogeneous neighborhood based on the Likert scale from very good (5) to very bad

(1) (Fig. 3).

According to the final map for the resilience assessment of the city and the citizens of Yazd (Fig. 11), in
the 6.2 Richter seismic activity of the Taft fault, the neighborhoods E, A, C, D, and B of this city are
categorized from very high to very low resilience, in the order of their appearance. The resilience number
of E, A, and C neighborhoods exceeded 3. In other words, according to the Likert scale classification in the
five categories from very good to very bad (score 5 to 1), neighborhoods E, A, C, D, and B are in very good
to very bad condition, in the order of their appearance.
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Fig. 2. Map of resiliency behavior of Yazd citizens based on homogeneous neighborhoods
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4-Conclusion

According to the final map for the resilience assessment of the city and its citizens (Fig. 12), in the 6.2
Richter seismic activity of the Taft fault, the neighborhoods E, A, C, D, and B of this city are categorized
from very high to very low resilience, in the order of their appearance. The resilience number of E, A, and
C neighborhoods exceeded 3.
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Fig. 1. Peak Ground Acceleration (PGA) zoning map of Yazd city in the event of an earthquake with a magnitude of 6.2
Richter Taft fault (NHMS system).

PGA(32.5)%g
5D{3.17)cm

Sa(51.07)g%

o LEELTTL

- Sl . e R 1 e v S St S e
S JouS (B A 50 i, FIY (S a0 )imes pln 5o me slogleiSle (e (L8, Y IS
Fig. 2. Behavior measurement of important buildings against earthquakes with a magnitude of 6.2 in the eastern part of
Taft fault. (NHMS system).
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Fig. 3. Zoning map of damage estimation of buildings in Yazd city in the event of an earthquake with a magnitude of 6.2

in the eastern part of Taft fault
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Table 1. Average of human-social resilience of five homogeneous neighborhoods of Yazd

The average resﬂience of Trust Soc%al Attit  Knowl Skill  Awareness ng;ﬁzerzgi d neighb
the human-social layer capita ude edge orhood
respondents

3.19 3.46 3.07 3.83  3.08 2.67 3.05 34 A

3.14 3.89 3.20 3.84 282 2.40 2.68 81 B

3.14 3.69 3.26 3.68 287 2.59 2.75 154 C

2.92 3.85 3.32 332 252 222 2.27 61 D

2.85 3.81 3.51 320 245 1.96 2.13 54 E

3.08 3.74 3.27 3.57 2.5 2.37 2.58 384 All
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Table 2 - The average economic affordability of the five homogeneous neighborhoods of Yazd

Average Ability Financial Severity of Number of .
economic layer . neighborhood neighborhood
- to return capacity damage

resilience respondents

2.76 2.62 2.63 3.04 34 A
2.60 2.39 2.41 2.99 81 B
2.70 2.49 2.56 3.06 154 C
2.61 2.15 2.37 3.31 61 D
2.53 2.05 2.22 3.32 54 E
2.64 2.34 2.44 3.14 384 All
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Table 3. Average managerial-institutional resilience of the five homogeneous neighborhoods of Yazd
The average

resilience of the institutional institutional institutional Number of .
. . neighborhood  neighborhood
management- context relationships performance respondents
institutional layer P
2.92 2.52 3.04 3.21 34 A
2.48 2.12 2.76 2.56 81 B
2.66 2.31 2.85 2.82 154 C
2.03 1.56 2.70 1.82 61 D
2.02 1.66 2.65 1.76 54 E
2.42 2.03 2.80 243 384 All
Si et Al O Slle 6)51%‘5 ok —F Jga
Table 4. Average resiliency of five homogeneous neighborhoods in Yazd
Number of Average Average Average resilience of Average
Neighborhood " resilience of the resilience of the managerial-institutional resilience of the
respondents . . .
human-social layer economic layer layer neighborhood
A 34 3.19 2.76 2.92 2.96
B 81 3.14 2.60 2.48 2.74
C 154 3.14 2.70 2.66 2.83
D 61 2.92 2.61 2.03 2.52
E 54 2.85 2.53 2.02 2.47
Average 384 3.08 2.64 242 2.7
*}_‘ resiliency behavior of Yazd citizens based on homogeneous neighborhoods
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Fig. 10. Map of resiliency behavior of Yazd citizens based on homogeneous neighborhoods
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