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Abstract. This research focuses on assessing the potential damage to residential buildings in the
Fergana Valley region under a scenario-based strong earthquake. Using the
SeismicRiskAssessment v3.0 software, earthquake parameters were modeled to identify the
distribution of seismic intensities, damage levels, and expected losses across Andijan, Fergana,
and Namangan regions. The study highlights the vulnerability of existing housing stocks and
proposes mitigation strategies. The innovative aspect of this research lies in the integration of
regional cadastral data with scenario-based seismic modeling, which provides a more realistic
assessment of potential structural losses

Keywords: seismic safety, seismic hazard, seismic impact, seismic risk, seismic activity, strong
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1. Introduction

Uzbekistan is located in one of the most seismically active regions of Central Asia. Among its
territories, the Fergana Valley is particularly vulnerable to strong earthquakes, historically
experiencing seismic intensities reaching 8-9 on the MSK-64 scale. A notable event, the Andijan
earthquake (1902, M = 6.5, I° = 9), caused catastrophic damage and loss of life. Despite
significant progress in seismic monitoring, a systematic assessment of regional housing
vulnerability remains insufficient [1].

Therefore, this research aims to develop a scenario-based model to evaluate the extent of
potential earthquake damage to residential buildings in the Fergana Valley. The study aligns with
current global efforts to quantify seismic risk through probabilistic and deterministic modeling
and provides local insights into the spatial distribution of expected damage. Unlike previous
studies that primarily focused on seismic hazard zoning, this paper integrates cadastral housing
data with digital seismic scenario modeling, offering a region-specific framework for disaster risk
reduction [1-5].

2. Methodology

The scientific, methodological, and practical aspects of seismic risk assessment — including
seismic hazard, seismic impact, and the vulnerability levels of buildings — have been widely
discussed in previous studies [9-13]. This research combines scenario-based seismic risk modeling
in the “Extremum” software with local data for five main building types in the region.

Selection of the Seismic Scenario. A historically confirmed earthquake — the 1902 Andijan
event (M = 6.5, depth =9 km, I° = 9 MSK) — was selected as the representative seismic scenario.
As aresult, a realistic spatial distribution of macroseismic intensity across the Fergana Valley was
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obtained, serving as the foundation for subsequent seismic risk assessments.

Building Database and Typological Classification. Based on cadastral data provided by the
State Committee on Land Resources of the Republic of Uzbekistan, a total of 1,760,410 residential
buildings were identified across the Andijan, Fergana, and Namangan regions.

Each building was classified into one of the five main structural types reflecting the region’s
construction practices and materials: raw brick, baked brick, panel, wood, metal.

For each typology, a vulnerability class (A-E) was assigned according to the European
Macroseismic Scale (EMS-98) and calibrated using local data on actual seismic performance from
historical earthquakes.

Ground Motion Modeling and Soil Classification. Ground motion fields were simulated using
the “Extremum” software, incorporating soil amplification factors derived from engineering —
geological studies.

The area was divided into three soil types (I-III) according to their stiffness and damping
characteristics. Consequently, peak ground accelerations (PGA) were adjusted to obtain realistic
shaking intensity distributions, resulting in seismic zoning maps within the 7-9 MSK range.

Innovation and Distinctiveness of the Study. The novelty of this research lies in its integration
of analytical modeling and scenario-based seismic risk assessment specifically calibrated for the
Fergana Valley — a densely populated and seismically active region. Also, the study:

— Introduces a five-category typological classification reflecting local construction practices.

— Develops, for the first time, probabilistic damage and loss maps for the Fergana Valley.

This integrated approach improves the accuracy of seismic loss estimation and provides an
essential decision-support tool for regional risk mitigation and urban planning.

3. Results

According to information provided by the Cadastral Agency as of March 1, 2025, a total of
1,760,410 residential units were listed in the Andijan, Fergana, and Namangan regions (Table 1).

Table 1. Housing stock in the Fergana Valley regions

Provinces Number of residential buildings
Andijan region 582,830
Fergana region 670 051
Namangan region 507 529
Total: 1760 410

Fig. 1. Earthquake isoseist map with scenario Fig. 2. Map of existing residential buildings in the
y =40.80; x =72.30; H=20km; M = 6.4. Fergana Valley regions. Source: Database of the
Source: Database of the Institute of Seismology Institute of Seismology

Using the SeismicRiskAssessment v3.0 software, an assessment was conducted to estimate the
damage to existing residential buildings in the Fergana Valley regions under the impact of a
potential strong earthquake. The scenario earthquake was modeled with the following parameters:
latitude y = 40.80, longitude x = 72.30, depth H = 20 km, and magnitude M = 6.4. The results
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of the simulation are presented in Figs. 1 and 2.

According to the results of the analysis, out of the 1,760,410 existing residential buildings, a
total of 574,017 are located in seismic zones with intensities of 7, 8, and 9 points on the MSK-64
scale. Specifically, 196,205 buildings fall within the 7-point zone, 215,735 buildings in the 8-point
zone, and 162,077 buildings in the 9-point zone. Regionally, the distribution is as follows: Andijan
region — 534,308 buildings; Fergana region — 23,876 buildings; and Namangan region — 15,833
buildings.

Table 2. Number of residential buildings in the Fergana Valley regions under various seismic effects

Provinces Seismic intensity | Raw brick | Baked brick | Panel | Wood | Metal
9 points 100245 45916 13843 | 2042 31
Andijan region 8 points 192342 14346 3001 3333 92
7 points 145566 9554 617 3336 44
9 points - - - - -
Fergana region 8 points 2481 103 7 27 3
7 points 16384 3470 670 624 107
9 points - - - - -
Namangan region 8 points - - - - -
7 points 13952 1876 4 1 -

A total of 352,346 residential buildings are expected to sustain Grade IV and V damage levels
based on the criteria of the MSK-64 International Macroseismic Scale (see Table 2). The damage
to the housing stock is classified into five degrees of severity: Degree 1, Degree 2, Degree 3,
Degree 4, and Degree 5 (refer to Fig. 3).

300000

250000

@
oo
[
T 200000
5
o
% 150000
3
£ 100000 - y Total:
3 ~
z - 14 -— 7 point 5
50000 — Py -y 8 point f o
-— — 4 9 point § §'
N
I-degree  II-degree IIl-degree IV-degree V-degree &%

Degree of damage: B9 point W8 point =7 point  Total:
Fig. 3. Degrees of damage to the housing stock

4. Discussion

The Fergana Valley is one of the most seismically active regions of Uzbekistan and is at
significant risk of strong earthquakes. Historical records indicate that the region has experienced
multiple earthquakes with intensities reaching 8 to 9 on the MSK-64 scale. Notable seismic events
include the Fergana earthquake (838), Namangan (1494), Andijan (1907), Aim (1903), Namangan
(1908, 1912, 1927), Yartepa (1942), Isfara-Batken (1977), Khaidarkan (1977), and Pop (1984)
earthquakes [4-7, 11-18].

Among these, the most devastating was the Andijan earthquake of December 15, 1902, which
had a magnitude of M = 6.4. This event resulted in the destruction of over 40,000 houses and
claimed the lives of more than 4,500 people (see Fig. 4) [8].

According to the earthquake recurrence hypothesis, often referred to as the seismic gap theory,
there is significant concern about the potential for future large earthquakes in the Fergana Valley.
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This potential poses significant risks, including substantial economic losses, social disruption, and
increased environmental challenges in the region [12, 18-23].

To mitigate these risks, it is essential to strictly adhere to seismic stability standards in
construction practices, regularly educate the population on earthquake safety measures, and
implement key strategies such as the development and deployment of early warning systems
[6, 20, 23-27].

Fig. 4. Isoseismal map of the 1902 Andijan earthquake (based on data from the Institute of Seismology,
Academy of Sciences of the Republic of Uzbekistan)

5. Conclusions

The potential damage to buildings and structures resulting from strong earthquakes in the
Fergana Valley — a densely populated and highly seismically active region of the Republic — was
assessed using the SeismicRiskAssessment v3.0 software.

Based on a scenario earthquake with parameters y = 40.80, x = 72.30, H = 20 km, and
M = 6.4, atotal of 574,017 residential buildings (out of 1,760,410) were identified within seismic
impact zones of 7, 8, and 9 points on the MSK-64 scale. The projected damage levels to these
buildings are as follows: Level V damage — 100,245 buildings, Level IV damage — 252,101
buildings, Level III damage — 195,432 buildings, Level II damage — 19,646 buildings, Level I
damage — 4,112 buildings

These findings highlight the significant seismic vulnerability of the region's housing stock and
underscore the importance of proactive risk mitigation measures.
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