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Abstract. Critical infrastructure has a paramount role in
socio-economic development, and its disruption can have
dramatic consequences for human communities, including
cascading impacts. Assessing critical-infrastructure exposure
to multiple hazard is therefore of utmost importance for dis-
aster risk reduction purposes. However, past efforts in ex-
posure assessment have predominantly concentrated on res-
idential buildings, often overlooking the unique characteris-
tics of critical infrastructure. Knowing the location, type and
characteristics of critical infrastructure is particularly chal-
lenging due to the overall scarcity of data and difficulty of
interacting with local stakeholders. We propose a method to
assess exposure of selected critical infrastructure and demon-
strate it for Central Asia, a region prone to multiple hazards
(e.g., floods, earthquakes, landslides). We develop the first
regionally consistent exposure database for selected critical
infrastructure and asset types (namely, non-residential build-
ings, transportation and croplands), assembling the available
global and regional datasets together with country-based in-
formation provided by local authorities and research groups,
including reconstruction costs. The method addresses the
main known challenges related to exposure assessment of
critical infrastructure (i.e., data scarcity, difficulties in inter-
acting with local stakeholders) by collecting national-scale
data with the help of local research groups. The analysis
also includes country-based reconstruction costs, supporting

regional-scale disaster risk reduction strategies that include
the financial aspect.

1 Introduction

Exposure assessment is the process of collecting information
on the type, characteristics and spatial distribution of assets
potentially damageable by natural or human-made hazards.
Exposure layers are therefore paramount for disaster risk re-
duction (DRR) as they allow developing strategies to cope
with disasters (Nirandjan et al., 2022). Critical infrastructure
plays a paramount role in the risk management cycle, as its
failures can exacerbate the impact of disasters (Forzieri et al.,
2018; Koks et al., 2022).

Assessing exposure of critical infrastructure is particu-
larly challenging because of its inherent complexity and the
difficulty of modeling related mutual interactions (Pant et
al., 2018). Many existing global and regional disaster risk
models focus on residential buildings or populations, with
fewer examples for critical infrastructures, mainly focused
on transportation and supply networks (Koks et al., 2019;
Argyroudis et al., 2020; Karatzetzou et al., 2022; Mukher-
jee et al., 2023). Very few works (e.g., Crowley et al., 2020;
Yepes-Estrada et al., 2023) include commercial and indus-
trial buildings, despite their socio-economic relevance for na-

Published by Copernicus Publications on behalf of the European Geosciences Union.



356 C. Scaini et al.: A regional-scale approach to assessing non-residential buildings in Central Asia

tional and global economies and their role in the generation
of cascading impacts (e.g., Krausmann and Cruz, 2021). This
is partially justified by the incompleteness and inconsistency
of existing geospatial information related to critical infras-
tructure with respect to residential buildings and population
data (Batista e Silva et al., 2019). This is one of the reasons
why critical infrastructure is often modeled through assump-
tions about infrastructure density rather than by detailed as-
set mapping (Koks et al., 2019). Also, once collected, spatial
and non-spatial data must be combined to assess exposure
of critical infrastructures to single hazards, e.g., for floods
(e.g., Fekete et al., 2017; Pant et al., 2018). Such studies of-
ten happen at the local scale, but, in order to be combined
into regional- and global-scale assessments, there is a strong
need for harmonization (Batista e Silva et al., 2019).

The lack of data is not always fulfilled by remote sens-
ing due to the difficulty of identifying some infrastructures
(e.g., buried supply networks), as discussed by Taubenbock
and Geiß (2014). To tackle this, it is paramount to access data
from national authorities and research institutes who have ac-
cess to more detailed and reliable information. According to
Rathnayaka et al. (2022), establishing a dialogue between
stakeholders and the scientific community is a challenge in
the development of critical-infrastructure exposure databases
and is strongly connected with the difficulty of gathering
data, in particular in data-scarce regions. They also highlight
the need for establishing standardized exposure data collec-
tion, which is particularly relevant when assessing exposure
to multiple hazards. Multi-hazard exposure taxonomies have
been proposed to classify critical infrastructure based on its
characteristics (Murnane et al., 2019; Silva et al., 2022) and
are particularly relevant in the case of critical infrastructure
which is often exposed to multiple hazards that can poten-
tially overlap and interact in space and time (Tilloy et al.,
2019). Another limitation of exposure datasets is that they of-
ten do not include country-based reconstruction costs, which
are difficult to retrieve in particular for critical infrastructure,
limiting the reliability of financial risk assessment associated
with disasters. This is particularly relevant for cropland ex-
posure assessment, whose exposure to floods (Zhang et al.,
2023) and drought (Venkatappa et al., 2021) is increasing to-
gether with potential financial losses.

In this study, we present a novel approach to assessing ex-
posure of critical infrastructure and supporting multi-hazard
risk assessment. Our method tackles two interrelated chal-
lenges identified by the current literature: the difficulty of
gathering country-based data and the lack of dialogue be-
tween the scientific community and local stakeholders. Ex-
posure data collection was achieved by establishing a dia-
logue between stakeholders at the regional scale in collabo-
ration with local representatives in the five countries of Cen-
tral Asia, including through dedicated workshops (Peresan
et al., 2023). In particular, we gathered country-based re-
construction costs, which are commonly difficult to estimate
but are paramount to assessing the financial consequences

of disasters and increasing financial resilience. The method
is demonstrated by assembling the first regionally consis-
tent exposure database of critical infrastructure for Central
Asia based on regional-scale datasets and spatial and non-
spatial country-based data for selected critical infrastructure.
The exposure dataset inherently deals with multi-hazards as
it includes the characteristics that are deemed relevant for
floods, earthquakes and landslides, and it is potentially use-
ful to assess the impact of other phenomena and/or cascading
effects. It also includes assets such as commercial and indus-
trial buildings for which no information was available at the
time. Data are structured according to the GED4ALL multi-
hazard taxonomy (Silva et al., 2022), which is here used for
the first time in Central Asia to encompass multiple building
and infrastructure typologies in a multi-hazard context.

The paper describes the study area and all the steps of the
exposure assessment methodology including data collection,
the development of exposure layers and the estimation of the
reconstruction costs of each asset type considered. Finally,
we discuss the limitations of the method, its suggested usage
and potential improvements.

2 Study area

The Central Asian region (Fig. 1) includes five countries
(Kazakhstan, the Kyrgyz Republic, Tajikistan, Turkmenistan,
Uzbekistan) which are diverse in terms of language, currency
and socio-economic conditions. Central Asia encompasses a
wide variety of climatic areas and geological settings. It is
therefore prone to multiple hazards which can affect different
parts of the region, including trans-boundary areas (e.g., the
Fergana Valley, where many residential and agricultural ac-
tivities are located). In particular, floods are increasingly fre-
quent, and, in the past, their impacts have often been exacer-
bated by difficulties related to trans-boundary cooperation,
for example in water management (UNECE, 2011; Libert
and Trombitcaia, 2015). Central Asia is also prone to earth-
quakes as demonstrated by several regional-scale studies car-
ried out in the last few decades (Ulomov and the GSHAP
Region 7 Working Group, 1999; Bindi et al., 2012; Ullah et
al., 2015). Landslides, together with earthquakes and floods,
are very frequent in Central Asia, and, in the past, have of-
ten been triggered by natural events such as earthquakes,
floods, rainfall and snowmelt (Saponaro et al., 2014; Strom
and Abdrakhmatov, 2017). The type and spatial distribution
of floods and landslides are also expected to vary due to cli-
mate change, which is strongly affecting the region. Another
emerging hazard in Central Asia is drought (Zhang et al.,
2019), which might affect the region by disrupting produc-
tive activities and exacerbating water management conflicts.

Past exposure assessments in the region have mostly been
focused on residential buildings (Pittore et al., 2020). How-
ever, critical infrastructure is also relevant in the context
of Central Asia and should not be overlooked when per-
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Figure 1. Map of the five Central Asian countries – Kazakhstan (KAZ), the Kyrgyz Republic (KGZ), Tajikistan (TJK), Uzbekistan (UZB)
and Turkmenistan (TKM) – and the corresponding capitals (Astana, Bishkek, Dushanbe, Tashkent and Ashgabat, respectively). Map data
from OpenStreetMap are available from https://www.openstreetmap.org (last access: 20 November 2023) (© OpenStreetMap contributors
2023, distributed under the Open Data Commons Open Database License (ODbL) v1.0).

forming a comprehensive damage/risk assessment for the re-
gion. An effort is therefore required in order to assemble
national- and regional-scale exposure layers and integrate the
available data sources and knowledge, which are currently
scattered across different sources including global databases
(e.g., OpenStreetMap) and national-scale aggregated statis-
tics (e.g., national census).

The exposure dataset developed here includes three types
of critical infrastructure: non-residential buildings of dif-
ferent types (e.g., commercial, industrial), transportation
and croplands. Non-residential buildings comprise work-
places (e.g., industrial sites, commercial buildings), services
(e.g., public offices, schools) and other facilities that are
extremely relevant in emergencies (e.g., hospitals) and can
suffer both physical consequences (e.g., building structural
damage) and damage, such as production disruption due to
power blackouts and its related financial consequences. The
transportation system is a paramount asset as it enables both
the movement of people and the transportation of goods
across the Central Asian region. Due to its strategic regional
and global importance, it has undergone strong changes in
the last few decades, including in the context of the Silk Road
initiative (Shaikova et al., 2023). Croplands are extremely
relevant for the Central Asian economies as they guaran-
tee both food security and economic development. The pri-
mary sector (agriculture, forestry and fishing) accounts for
26 % and 24 % of Uzbekistan and Tajikistan GDP, respec-
tively (World Bank, 2020). The share of national GDP in the

Kyrgyz Republic and Turkmenistan is 14 % and 11 %, while
the lowest value is associated with Kazakhstan (5 %). Cotton
and cereals (in particular, wheat) are the dominating crop-
ping system in all Central Asian countries (Kienzler et al.,
2012). Cotton and wheat, in particular, account for a fraction
of cropland area that varies between 30 % in Turkmenistan
and 80 % in the Kyrgyz Republic (FAO, 2019). However,
they are threatened by a number of hazardous phenomena,
including floods and drought, often exacerbated by climate
change and water management issues (Punkari et al., 2014;
Li et al., 2020).

The Central Asian region is therefore characterized by the
presence of critical infrastructure exposed to multiple haz-
ards, which can cause multiple impacts that are yet to be as-
sessed. Despite the relevance of critical infrastructure for the
region socio-economic system and its importance for disas-
ter risk reduction, at the time of the analysis, regional-scale
exposure datasets were not available in Central Asia for non-
residential buildings, transportation and croplands, and in-
formation was scattered across multiple sources. Develop-
ing a regional-scale exposure model was therefore required
as a first step towards an assessment of the potential conse-
quences of floods, earthquakes and landslides that go beyond
national boundaries.
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3 Data collection

The available information on non-residential buildings,
transportation system and croplands was collected across
the five Central Asian countries. The data collection phase
was carried out in collaboration with representatives of
each country. Data were collected at two different spatial
scales, global/regional and national/sub-national, and com-
prised both official sources and personal communications
provided by the paper’s authors and their institutions. Most
interaction happened in virtual mode due to the travel restric-
tions during the COVID-19 pandemic. The first interactions
with participants were carried out via emails and allowed for
the identification of the type of data that they could provide
or gather to develop exposure assessment. After that, dedi-
cated online meetings were periodically organized for each
country to discuss specific issues and data requirements, and
data were collected through shared folders and tables where
each group of partners could contribute. For each country,
local partners provided one contact person responsible for
data collection who participated in one initial meeting with
all country representatives and one or two country-based
meetings, for a total of seven online meetings held between
February and May 2021. The process was also supported
by country-based workshops, whose organization involved
the exposure contact person participating in two additional
meetings per country, for a total of 10 meetings held be-
tween April and December 2021. Exposure workshops pro-
vided participants with an overview of the exposure assess-
ment methods to be applied (Peresan et al., 2023), covering
all the steps of assembling an exposure development layer for
selected study areas using data provided by local partners.
This facilitated both data collection and the demonstration
of the approaches in a context familiar to participants. More
details are provided by Peresan et al. (2023).

4 Methodology

The general method adopted to assemble regional-scale ex-
posure databases relies on two main procedures:

– Spatial disaggregation. Exposure information is often
available in an aggregated form (e.g., total value over
a region). In such cases, a common method is to spa-
tially distribute the total value using proxies such as
population or land use maps. This operation is called
spatial disaggregation and is usually performed using a
geographical information system (GIS) or spatial anal-
ysis library (e.g., GDAL; https://gdal.org/, last access:
1 February 2024).

– Definition of typologies for exposed assets. Exposure
assessment requires the definition of asset typologies
based on their characteristics (buildings are classified
by material, age, etc.). However, this information might

not be available for some exposed assets. In this case,
broad typologies can be defined based on information
available for parts of the study area and/or for countries
outside the study region with similar characteristics. Ty-
pologies are then described using the GED4ALL tax-
onomy (Silva et al., 2022), specifically developed for
multi-hazard and risk assessment purposes.

Following these two principles, we combined the informa-
tion collected for each exposed asset type (Table 1) to de-
velop exposure layers for non-residential buildings, trans-
portation and croplands. A strong harmonization effort was
performed in order to combine all collected exposure data
and support regionally consistent risk assessment activities.

4.1 Non-residential buildings

Exposure layers were developed separately for each non-
residential asset type considered (schools, healthcare facil-
ities, commercial and industrial) based on the data collected
in Table 1. For non-residential buildings, few exposure layers
were available and there was scarce information on building
typologies. The definition of typologies therefore aimed at
identifying the main characteristics of non-residential build-
ings based on two main assumptions:

– The main building typologies in Central Asia defined
in the EMCA project (Earthquake Model Central Asia;
Wieland et al., 2015; Pittore et al., 2020) are considered
valid for non-residential buildings. Note that these ty-
pologies were also adopted for the development of the
residential exposure layer (Scaini et al., 2023).

– In the absence of specific country-based information,
we used data sources from post-Soviet countries, as-
sumed to be similar in terms of their past socio-
economic context and technical background with re-
gards to construction methods. In particular, data from
the SERA non-residential buildings’ exposure layers
(Crowley et al., 2020) for the available post-Soviet
countries (Estonia, Latvia, Lithuania and Moldova)
were used, while for the others (Belarus, Ukraine and
Russia), data were not available.

Specific methods adopted for each non-residential asset type
are described in the following subsections.

4.1.1 Schools

School typologies were extracted from a previous UNICEF
project in the Kyrgyz Republic that collected the main expo-
sure characteristics for 1260 schools constituting 8380 build-
ing units surveyed separately. Statistics were performed on
the UNICEF layer assuming that each building block is a
separate school sample. According to the dataset, all sur-
veyed schools consist of load-bearing masonry or precast
concrete (80 % and 20 %, respectively), and the vast majority

Nat. Hazards Earth Syst. Sci., 24, 355–373, 2024 https://doi.org/10.5194/nhess-24-355-2024
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are found in rural areas (88 %). This is similar to the over-
all distribution of residential buildings in the Kyrgyz Repub-
lic, which, according to Pittore et al. (2020), has more than
90 % of load-bearing masonry buildings. We assumed that,
in the absence of specific data for schools in other countries,
all Central Asian schools have the same characteristics as
those surveyed in the Kyrgyz Republic. Construction mate-
rial was therefore defined as a weighted combination of the
most common school materials in the Kyrgyz Republic. Two
school typologies were defined (rural and urban) and asso-
ciated with the most frequent age, area and occupancy value
obtained from the UNICEF database for the Kyrgyz Repub-
lic.

– Urban schools. This typology is defined as fol-
lows: material, weighted combination of the most
common school typologies in the Kyrgyz Repub-
lic (59 % EMCA1 (masonry), 10 % EMCA3 (steel),
31 % EMCA4 (adobe)); year of construction, 1960–
1990; area, 500–1000 m2 (average: 750 m2); occupancy,
300 students; taxonomy, UNK (i.e., unknown)+ YBET
(i.e., year-of-construction range) – 1960, 1990.

– Rural schools. This typology is defined as follows:
material, weighted sum of the most common school
typologies in the Kyrgyz Republic (56 % EMCA1,
22 % EMCA3 and 22 % EMCA4); year of construction,
1960–1990; area, 50–500 m2 (average: 275 m2); occu-
pancy, 50–200 students (125); taxonomy, UNK (i.e., un-
known) + YBET (i.e., year-of-construction range) –
1960, 1990.

School structural costs were provided by local partners in
each country. The value of USD 550 per square meter was
adopted in agreement with most data provided, but high dis-
crepancies were found between the cost in Turkmenistan and
Kazakhstan (who provided the highest values, ranging be-
tween USD 2000 and 4500 per square meter) and the Kyrgyz
Republic (the lowest, USD 470 per square meter).

Digital maps of schools were available for the Kyrgyz Re-
public, Kazakhstan and Tajikistan (UNICEF, 2022; see Ta-
ble 1). Each point in the spatial dataset was associated with
urban or rural school typologies. Urban schools were identi-
fied by intersecting them with the urban polygons available
from the GRUMP dataset (CIESIN, 2021), while all other
schools were considered rural. The location of schools in
Uzbekistan and Turkmenistan was not available, but local
partners provided the total number of schools in each oblast,
which were distributed in the GRUMP urban areas (CIESIN,
2021); rural schools were associated with polygons with an
area smaller than 20 km2.

4.1.2 Healthcare facilities

The location of healthcare facilities by type (clinics, hos-
pitals, polyclinic, dentists, doctors, laboratories and phar-
macies), last updated in 2019, is available from the Global

Healthsites Mapping Project database (Weiss et al., 2020).
No information was available on the main characteristics
(age, material, floor area) of hospitals in Central Asia. Based
on the SERA (Seismology and Earthquake Engineering Re-
search Infrastructure Alliance for Europe) project (Crow-
ley et al., 2020), which provides non-residential-building ex-
posure data for European countries, we extracted the char-
acteristics of hospitals in post-Soviet countries for which
the information is available (Estonia, Latvia, Lithuania and
Moldova). The average hospital area is 10 000 m2, which
was assumed valid for all hospitals of Central Asia. Simi-
larly, for clinics, the average area from the SERA dataset of
post-Soviet countries was 1000 m2. As for the material, we
assume that the majority of hospitals are reinforced-concrete
buildings, which correspond to the EMCA2 (reinforced con-
crete) or EMCA3 typologies of the residential-building clas-
sification introduced by Pittore et al. (2020) and refined by
Scaini et al. (2023).

Clinics and other healthcare businesses (dentists, doctors,
pharmacies) were assumed to have a material similar to the
residential buildings in each country. Their typology was de-
fined as the weighted combination of the residential-building
typologies in each country, based on their fraction, discarding
those whose presence was lower than 5 %. Other healthcare
facilities (dentists, doctors and pharmacies) were assumed to
have the same building typologies and reconstruction costs as
retail commercial buildings. Their area was estimated as the
weighted sum of the areas of the most common residential-
building typologies in each country. In particular, the floor
area was considered for single-family building typologies,
while the dwelling area was used for multi-family build-
ing typologies, following the same approach as that used for
medium to small retail buildings.

Hospital structural reconstruction costs were estimated
based on the country-based costs (USD per square meter)
provided by local partners in each country: an average value
of USD 1500 per square meter was assumed. The replace-
ment cost of hospital contents is assumed to be 150 % of
the structural costs following the approach of Hazus (FEMA,
2021). The other healthcare facilities’ (clinics, dentists, doc-
tors and pharmacies) construction and content costs were as-
sumed to be equal to the construction and content cost of the
commercial retail building typologies most common in each
country.

4.1.3 Commercial buildings

Commercial and service buildings, named here as “commer-
cial”, are broadly distinguished into two categories:

– Wholesale and services. Given the lack of specific data
for commercial buildings in Central Asia, we assumed
that wholesale and service industrial buildings in Cen-
tral Asia are similar to the post-Soviet ones in European
countries, obtained from the SERA database (Crowley
et al., 2020). A single wholesale and service building
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typology was defined as the combination of the most
common EMCA typologies in the post-Soviet coun-
tries (namely, EMCA1, EMCA2 and EMCA5 (wood),
which represent 26 %, 37 % and 36 % of the commer-
cial building stock, respectively). The average area and
occupancy are calculated as the weighed combination
of the area and occupancy of the typologies present in
the SERA commercial-building dataset. The so-defined
wholesale and service building typology has an average
area of 476 m2, and the occupancy is 243 people. This
is consistent with existing statistics which estimate that
wholesale employers have between 10 and 249 employ-
ees, but large wholesale firms can employ up to 700 peo-
ple (OXIRM, 2014).

– Retail buildings. These are assumed to be distributed
along residential areas and to have characteristics sim-
ilar to residential buildings. A single commercial retail
typology was defined, in each country, as the combi-
nation of the most common residential-building typolo-
gies in the national building stock. The most common
residential-building typologies are EMCA1 (masonry)
and EMCA4 (adobe) for the Kyrgyz Republic, Tajik-
istan and Turkmenistan, with the additional presence of
EMCA5 (wood) and EMCA6 (steel) for Kazakhstan.
These typologies are low-rise to mid-rise and encom-
pass a wide range of construction decades, from the
1930s to today. Typologies which account for less than
5 % of the residential buildings were discarded. The av-
erage retail building area was estimated as the weighted
combination of the story/dwelling area for each building
typology. In particular, the floor area was considered for
single-family building typologies, while the dwelling
area was used for multi-family building typologies. As
for the occupancy, in Europe the large majority of retail
businesses are micro-businesses employing fewer than
10 people (but there are large retail companies that em-
ploy few thousand people; OXIRM, 2014). In this work,
we assumed that retail companies accommodate on av-
erage five people, and we did not account for large re-
tail companies. The structural cost for retail building ty-
pologies was computed as the average of structural costs
of each EMCA typology weighted by their relative pres-
ence in each country obtained from the residential expo-
sure layer developed in Scaini et al. (2023). The content
cost is assumed to be equal to the structural cost fol-
lowing the Hazus inventory technical manual (FEMA,
2021).

Given that no prior information was available on the number
of commercial buildings in Central Asia, their number was
estimated based on labor market data based on the following
indicators:

– the total number of employees in the commercial sector,
derived as a percentage of the total labor force for each
country (Table 1);

– total employees in the wholesale and retail
sector calculated as a percentage over the to-
tal employees in the commercial sector activ-
ities, using values for Europe (Eurostat, 1980,
https://ec.europa.eu/eurostat/databrowser/view/LFSQ_
EISN2__custom_1304651/default/table?lang=en, last
access: 15 December 2022);

– number of retail employees, calculated as a fraction of
the total employees in the wholesale and retail sector,
whereby, according to EuroCommerce (2017), the frac-
tion of employees in the retail sector in 2015 in Europe
was 72 %, while in post-Soviet countries that belong to
the EU (Estonia, Latvia, Lithuania) it was 75 % (Eu-
roCommerce, 2017), with the remaining fraction being
associated with wholesale and services;

– average occupancy of wholesale and service buildings,
obtained from the SERA dataset for post-Soviet coun-
tries, and for retail buildings inferred from European
statistics (EuroCommerce, 2017).

The number of commercial buildings was finally estimated
by dividing the total employees in the two categories
(services–wholesale and retail) by the average occupancy of
each category.

Wholesale and services and retail buildings were spatially
distributed in urbanized areas extracted from the GRUMP
dataset (CIESIN, 2021). In the absence of additional infor-
mation on their spatial distribution, they were disaggregated
based on population density so that a higher fraction of build-
ings was distributed in highly populated areas. This approach
is similar to the one adopted in the SERA project (Crowley
et al., 2020). Commercial areas identified in OpenStreetMap
(OSM) were also inspected, but their coverage was deemed
insufficient, so the OSM polygons were not used to locate
commercial buildings.

4.1.4 Industrial buildings

No prior information was available on the number of indus-
trial buildings in Central Asia (Table 1). The number of in-
dustrial buildings was thus estimated by dividing the em-
ployed workforce by the average building occupancy. The
total employed workforce and the percentage employed in
the industrial sector of each country were obtained from the
World Bank data portal (Table 1). In the absence of country-
based or regional-based information, the average occupancy
in industrial buildings was inferred from the SERA non-
residential buildings’ exposure layers (Crowley et al., 2020)
for post-Soviet EU countries.

Industrial buildings can belong to more than one EMCA
typology. According to the SERA dataset (Crowley et al.,
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2020), industrial buildings in post-Soviet countries are com-
posed of 31 % load-bearing masonry (EMCA1), 25 % rein-
forced concrete (EMCA2) and 33 % steel (EMCA6). Other
typologies are present in lower fractions (less than 10 %).
In the absence of specific information, one broad typology
was defined as a combination of the three EMCA typologies.
Characteristics such as the average area and the structural
cost were computed as the average value of the EMCA ty-
pologies weighted by their relative fraction in the building
stock. An average area of 2013 m2 and an occupancy of 35
were obtained. The structural cost for industrial buildings
was computed as the weighted average of the costs retrieved
for each EMCA typology considered (see Scaini et al., 2023).
As for the content, its value is estimated as 150 % of the con-
struction cost, following the Hazus inventory technical man-
ual (FEMA, 2021).

The location of industrial buildings was associated with
industrial areas extracted from the OSM database. Areas de-
voted to mining and other primary sector activities, available
from the Mineral Facilities of Northern and Central Eurasia
dataset (Baker et al., 2010), were removed from the indus-
trial areas. In order to account for the industrial built-up area
only, we assumed that half of the industrial area accommo-
dates buildings. The estimated number of buildings in each
country was distributed among the industrial areas identified
by OSM, in a number proportional to the polygons’ area. The
distribution was made so that there was at least one industrial
building for each industrial area.

4.2 Transportation assets

For each country, roads and railways were extracted from
OSM, which was found to be more reliable for the identi-
fication of the primary road network compared to the Global
Roads Inventory Project – GRIP (Meijer et al., 2018; GloBio,
2022). The total length of transportation networks (roads and
railway) obtained from OSM was compared with data avail-
able at the national scale for Uzbekistan and Turkmenistan,
showing some discrepancies. However, the spatial location
of the main transportation lines was also compared with
non-digital maps of railway lines provided by local partners
(e.g., for Turkmenistan), showing an overall good agreement.
Roads and railways were then extracted from OSM and clas-
sified based on the GED4ALL taxonomy (Silva et al., 2022)
which in its turn is based on the OSM classification. Roads
were classified into four classes: motorway and trunk, pri-
mary, secondary, and tertiary. Railways were distinguished
between high speed and conventional. Roads classified as
“residential”, “service” and “unclassified” as well as rail-
ways tagged as “subway”, “tram” and “unknown” were not
included in the analysis.

Bridges were extracted from the OSM layer, and addi-
tional ones were identified by intersecting the primary road
layer with other potential obstacles (rivers, motorways and
trunks, primary and secondary roads, and railways). The

bridge typologies were defined based on the data provided
by past projects in the region (e.g., “Measuring Seismic Risk
in the Kyrgyz Republic”, implemented by the World Bank)
and those provided by one of the Uzbekistan local partners
(Tashkent State Transport University), which has deep exper-
tise in the construction of railways and bridges in the region.
Since GED4ALL does not provide a taxonomy for bridges
but uses OSM taxonomy for roads, we classified bridges
based on a custom taxonomy. Two types of bridge were iden-
tified:

– Road bridges. In Uzbekistan, 86 % of bridges were con-
structed between 1960 and 1990. Information on bridge
material is not available from local partners, but the
project Measuring Seismic Risk in the Kyrgyz Republic
(World Bank project P149630) identified 150 bridges in
the Kyrgyz Republic, most of them made of reinforced
concrete and steel. We therefore assume that most road
bridges (> 80 %) were constructed between 1960 and
1990 in reinforced concrete or steel.

– Railway bridges. These are mostly made of reinforced
concrete (95 % of the total), and they are multi-span; the
average length of span ranges between 12 and 24 m, but
most bridges are less than 25 m long. We assume that
these characteristics are common to all railway bridges
in Central Asia.

As for costs, no prior official information on transportation
assets’ reconstruction costs was available. We defined the
costs based on country-based information provided by lo-
cal partners. Given the variability in costs collected, also due
to the different soil and construction conditions, we provide
both ranges and average values (Table 3 in the Results sec-
tion).

4.3 Croplands

The cotton area and yield in each Central Asian country and
each sub-national administrative unit (oblast) were provided
by local partners. Such values were used as a starting point
for the definition of the exposure layers. The spatial distribu-
tion of different croplands was inferred in two steps:

– First, the areas where cotton and wheat are cultivated
were inferred from the Global Food Security Support
Analysis Data (GFSAD) Crop Dominance dataset (Tel-
uguntla et al., 2015; NASA, 2021), available at 1 km
resolution. Cotton is associated with class 3 (“irrigated
mixed crops”), together with wheat, rice and orchards.
Wheat is also found in other classes (1, 2, 4, 5, 7), while
class 8 was not considered since the wheat fractions
is considered negligible with respect to the other crop
dominance classes.

– Second, the land cover cropland fraction (Table 1),
which has higher resolution (100 m), allowed for dis-
carding cells with a low fraction of cropland coverage.
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Having identified the areas where cotton and wheat crops
are present, the country-based information obtained for each
country and oblast was distributed spatially. The total culti-
vated area of cotton and wheat in each oblast was disaggre-
gated in each 100 m cell proportionally to the cropland frac-
tion. The taxonomy for croplands corresponds to the one pro-
posed by GED4ALL taxonomy (Silva et al., 2022). In order
to assess the expected exposed value, country-based values
of yield and price were used (Table 4 in the Results section).
Based on the collected information on production and cost,
we calculated the exposed value of cotton and wheat crop-
lands in each 100 m cell and the total values per oblast and
country.

5 Results

5.1 Non-residential buildings

Results of the exposure assessment provide the total number
of buildings and exposed value for each country and for the
non-residential-building types considered (Table 2).

Higher total non-residential-building reconstruction costs
are found in Kazakhstan and Uzbekistan. The larger recon-
struction costs are associated with commercial buildings, fol-
lowed by industrial buildings. Both are present in larger num-
ber compared to healthcare and school facilities but have a
lower reconstruction cost per building unit. On average, non-
residential buildings account for 40 % of the total building
reconstruction costs estimated in Central Asia, with larger
values (up to 50 %) in Turkmenistan and values lower than
30 % in Tajikistan.

Non-residential-building assets were collected in a
geospatial database. Figure 2 shows the distribution of edu-
cation and healthcare facilities in Central Asia. Similar maps
can be produced based on the geospatial database developed
for other non-residential-building types considered during
the project.

5.2 Transportation

Results of the analysis comprise a geospatial database of the
main transportation assets (roads, railways and bridges) in
Central Asia and the estimation of the associated reconstruc-
tion costs. Figure 3 shows a map of transportation assets in
Central Asia. Table 3 provides the total length of each type
of road in each country of Central Asia and for the entire re-
gion, together with the total estimated reconstruction costs.
Average unit costs for each road type are also provided in
the table. The larger reconstruction costs are associated with
Kazakhstan, followed by Uzbekistan, and are mostly asso-
ciated with motorways and highways which have the larger
unit cost and a wide coverage in the two aforementioned
countries, in particular in Kazakhstan (Fig. 3 and Table 3).

5.3 Croplands

Figure 4 shows the exposure maps produced at the regional
scale for cotton and wheat croplands at 100 m resolution. Ta-
ble 4 provides the total wheat and cotton production in each
Central Asian country and oblast, together with country-
based average yield and price. The total exposed value of cot-
ton and wheat croplands for the entire Central Asian region is
approximately USD 3000 million. The largest production of
cotton is found in Uzbekistan and Turkmenistan. The great-
est production of wheat is found in Kazakhstan, followed by
Uzbekistan.

6 Discussion

The work presented here develops the first regional-scale
exposure layers for selected critical-infrastructure assets
(namely, non-residential building, transportation and crop-
lands). The process of collecting the available information,
which is scattered across sources, is particularly challenging
for critical-infrastructure exposure layers, as also pointed out
by Batista e Silva et al. (2019). Here, we tackled this problem
by integrating country-based data into the global and regional
datasets used to develop critical-infrastructure exposure lay-
ers (e.g., OSM; Nirandjan et al., 2022), We collected country-
based data for each of the five Central Asian countries, thanks
to a strong interaction with national research groups and
stakeholders (Peresan et al., 2023). The developed approach
shows how relevant the contribution of local partners is in de-
veloping exposure datasets. It also highlights the importance
and difficulties of the data integration process and shows how
country-based data can provide added value to regional-scale
exposure datasets of this kind. Country-based data were ag-
gregated and harmonized at the regional scale using an ex-
isting multi-hazard taxonomy (GED4ALL). The method de-
veloped here, and exemplified for Central Asia, demonstrates
that the GED4ALL taxonomy is suitable for the development
of regional-scale exposure datasets for critical infrastructure.
A similar approach can be applied to other regions but needs
to be adapted to the specific conditions (e.g., degree of in-
volvement of national institutions, presence of mobility lim-
itations).

The work is based on several assumptions which are re-
quired in order to assemble the first regional-scale layers of
their kind. In particular, we relied on the socio-economic data
(e.g., percentage of employees in different sectors) to infer
the number of commercial and industrial buildings, as also
done by Crowley et al. (2020) for commercial buildings. In
our case, due to the absence of specific data on the commer-
cial, industrial and healthcare typologies, we used data from
Europe or post-Soviet countries assuming that they apply to
Central Asia. However, the relative importance of retail and
wholesale varies across EU member states and might vary
as well across Central Asia. Hence, further analysis might
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Figure 2. Map of healthcare facilities in the five Central Asian countries – Kazakhstan (KAZ), the Kyrgyz Republic (KGZ), Tajikistan (TJK),
Uzbekistan (UZB) and Turkmenistan (TKM) – classified into hospitals and clinics and other facilities (a). Map of education facilities clas-
sified into rural and urban (b). Map data from OpenStreetMap are available from https://www.openstreetmap.org (last access: 20 Novem-
ber 2023) (© OpenStreetMap contributors, 2023, distributed under the Open Data Commons Open Database License – OdbL v1.0).
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Table 2. Number of healthcare (hospitals and clinics), school, commercial and industrial buildings and their corresponding total reconstruc-
tion cost in each Central Asian country and for the entire region (in million USD).

Country Non-residential-building types Total reconstruction costs (million USD)

Hospitals Schools Commercial Industrial Hospitals Schools Commercial Industrial
and and

clinics clinics

Kazakhstan 768 7462 848 015 65 838 2045 2103 137 700 39 760
Kyrgyz Republic 316 1260 207 866 21 793 823 355 15 000 11 845
Tajikistan 180 858 138 868 13 309 503 242 9400 7502
Uzbekistan 804 10 287 1 105 651 118 704 2274 2900 204 100 64 517
Turkmenistan 176 1868 139 425 33 727 268 527 8100 12 220
Central Asia 2244 21 735 2 439 825 253 371 5913 6127 368 900 135 844

Figure 3. Map of the road and railway network in the five Central Asian countries – Kazakhstan (KAZ), the Kyrgyz Republic (KGZ),
Tajikistan (TJK), Uzbekistan (UZB) and Turkmenistan (TKM) – included in the exposure database, classified into different types (motor-
way, trunk, primary, secondary and tertiary). Map data from OpenStreetMap are available from https://www.openstreetmap.org (last access:
20 November 2023) (© OpenStreetMap contributors, 2023, distributed under the Open Data Commons Open Database License – OdbL v1.0).

be required in the future in order to achieve a higher accu-
racy. Also, we defined broad typologies that comprise mul-
tiple building types (e.g., EMCA typologies), as previously
done by other authors for buildings (e.g., Wieland et al.,
2015, and Pittore et al., 2020, for Central Asia; Calderón et
al., 2022, for Central America; Yepes-Estrada et al., 2017,
for South America; Yepes-Estrada et al., 2023, at the global
scale). These typologies can be associated with multiple vul-
nerability or fragility curves, combined under general as-
sumptions. For example, retail commercial buildings in Cen-
tral Asia were assumed to be similar to residential build-
ings, as also confirmed by local partners during the inter-
action with them. Hence, the characteristics of retail build-

ings were defined based on each country’s residential build-
ing stock. Different assumptions were performed by Crow-
ley et al. (2020), who developed the first exposure dataset
of non-residential buildings for Europe using multiple cat-
egories (e.g., classifying commercial buildings into whole-
sale, retail, offices, hotels and restaurants). The different ap-
proaches are mostly due to the larger amount of informa-
tion available in Europe (e.g., details on building typologies
and employment statistics by line of business). Finally, while
some non-residential buildings have been mapped by global
projects (e.g., schools), information on the spatial distribu-
tion of commercial and industrial buildings is usually scarce,
as underlined by Batista e Silva et al. (2019) for the Eu-
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Figure 4. Exposure maps produced for cotton (a) and wheat (b) croplands in the five Central Asian countries – Kazakhstan (KAZ), the Kyrgyz
Republic (KGZ), Tajikistan (TJK), Uzbekistan (UZB) and Turkmenistan (TKM) – at 100 m resolution. Map data from OpenStreetMap are
available from https://www.openstreetmap.org (last access: 20 November 2023) (© OpenStreetMap contributors, 2023, distributed under the
Open Data Commons Open Database License – OdbL v1.0).
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Table 3. Total length of road network types and total reconstruction costs estimated for each Central Asian country and for the entire region.
Average unit costs for each road type are also provided (first row under header).

Country Total reconstruction cost
Road network (billion USD)

km km km km Cost Cost Cost
motorway, primary secondary tertiary motorway, primary (all

highway, highway, road
trunk trunk types)

Average unit cost (USD per kilometer) 2000 850 500 240
Kazakhstan 17 430 8506 19 845 46 414 34.9 7.2 63.2
Kyrgyz Republic 2787 1996 1878 6578 5.6 1.7 9.8
Tajikistan 2645 1014 2856 5539 5.3 0.9 8.9
Uzbekistan 6297 4414 6539 16 743 12.6 3.8 23.6
Turkmenistan 6402 1240 1862 7762 12.8 1.1 16.7
Central Asia 35 561 17 170 32 980 83 036 71.2 14.7 122.2

Table 4. Total area, production and exposed value of cotton and wheat production in each country and for the entire Central Asian region.
Average price and yield are also provided for each country.

Country Cotton Wheat

Area Production Average Average Total Area Production Average Average Total
(kha) (thousand price yield exposed (kha) (thousand price yield exposed

tonnes) (USD per (t ha−1) value tonnes) (USD per (t ha−1) value
tonne) (million tonne) (million

USD) USD)

Kazakhstan 126 328 304 2.6 99 12 142 13 874 91 1.4 1166
Kyrgyz Republic 25 73 600 3.3 48 253 629 150 2.4 98
Tajikistan 146 272 421 0.7 43 234 1416 141 5.9 204
Uzbekistan 855 3094 300 3 757 2240 7453 93 6.2 1098
Turkmenistan 467 1841 482 2 449 802 1843 229 2.3 422
Central Asia 1619 5608 421.4 2.32 1396 15 671 25 215 141 3.6 2988

ropean context. Here, they were mapped using a simplified
approach based on proxies (e.g., population or land use), as
commonly done in data-scarce regions (De Bono and Mora,
2014; Gomez-Zapata et al., 2021).

Thanks to the high resolution of the population layer
adopted in the analysis (Scaini et al., 2023), the exposure
dataset for non-residential buildings and croplands was de-
veloped at a considerably high resolution (500 and 100 m,
respectively). This supports the assessment of risk related to
floods and potentially landslides, for which a much higher
resolution is needed in order to provide reliable results with
respect to earthquakes. Nonetheless, regional-scale datasets
such as the one presented here can only support simplified
damage/risk assessment that should be calibrated and val-
idated carefully based on past events, when possible, and
more specific information on the performance of building ty-
pologies considered. This is relevant not only for floods and
landslides but also for earthquakes (Wald, 2023 ) to prevent
over- or under-estimation of potential risks. For this reason,
the suggested usage of the exposure layers provided here
(non-residential buildings, transportation and croplands) is

limited to the regional or national scale. However, depend-
ing on the type, coverage and quality of data used as in-
put, we can associate them with different reliability levels. In
particular, the transportation database was developed based
on OSM, which is considered a reliable source in terms of
both the location and the classification of roads and rail-
ways and is consistent with the available country-based data.
Similarly, the cropland dataset is developed based on recog-
nized products which undergo specific validation processes
and on national-scale official data (e.g., wheat/cotton pro-
duction for each oblast). Both datasets are therefore con-
sidered reliable for regional-scale damage and risk assess-
ment purposes. Non-residential buildings were developed
under stronger assumptions and are therefore deemed less
reliable. The schools and hospitals layers, despite the avail-
ability of location and type for some countries (e.g., from
the Global Healthsites Mapping Project database, Table 1),
rely on scarce information on their characteristics. For this
reason, they are considered of medium reliability. Exposure
layers for commercial and industrial buildings are developed
based on strong assumptions on both the type and the dis-
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tribution of assets, and data integration is required in or-
der to validate the layer. For the time being, their use is
suggested as a starting point for further exposure develop-
ment efforts rather than proper damage/risk assessment. Fi-
nally, the dataset of bridges extracted from OSM and identi-
fied based on spatial analysis is likely to be incomplete and
should not be used to perform a specific risk assessment but
can act as a starting point for the collection of additional in-
formation based on complementary surveys and the analysis
of remote sensing images.

Future work might be required in order to resolve these
critical aspects using country-based specific information. In
particular, a strong effort should be devoted to validating the
dataset based on additional data that might be available to lo-
cal public and private stakeholders. This is particularly valid
in areas with low data coverage and/or undergoing land use
changes. The layers provided here are nonetheless a first step
towards disaster risk reduction (DRR) as they provide risk-
related information to a broad community of researchers,
stakeholders and practitioners, allowing the first-level assess-
ment of expected damage and risks in the region. However,
the selection of assets at stake is not limited to the ones
considered here, and others might be potentially relevant
(e.g., energy production sites and infrastructure). Also, clas-
sifications such as GED4ALL (Silva et al., 2022), adopted
here, and the one proposed by Murnane et al. (2019) allow
for cross-hazard comparisons of risk but do not account for
dynamics and feedback loops between the different compo-
nents of risk (Ward et al., 2022). Future work in this direction
might include the estimation of expected risk in the region
for one or multiple hazardous phenomena and accounting for
potential cascading effects (e.g., flood and drought impacts
on croplands and food industry disruption). The time cover-
age of critical-infrastructure exposure data is also dishomo-
geneous and often incomplete: further efforts should be made
in order to update the database in the future, for example us-
ing data provided by citizens, not only for buildings (Schor-
lemmer et al., 2020; Scaini et al., 2022) but also for other
assets such as croplands.

7 Conclusions

This work describes an exposure assessment methodology
to develop exposure layers for critical infrastructure. This
method circumvents the challenges related to the lack of
exposure data by collecting country-based information pro-
vided by local authorities and research groups that are suc-
cessfully engaged in fruitful interactions through meetings
and workshops. The method is employed to develop the first
high-resolution, regional-scale exposure layers for critical
infrastructure in Central Asia for non-residential buildings
(healthcare, educational, commercial and industrial), trans-
portation and croplands. The working team collected the
characteristics deemed relevant for multiple hazards (earth-

quakes, floods, landslides) by assembling the available global
and regional datasets made available to the scientific com-
munity. Reconstruction costs, which are particularly diffi-
cult to retrieve, were derived from country-based information
for the asset types considered. Results are geospatial layers
containing the exposed assets classified using a standardized
multi-hazard exposure taxonomy that supports future multi-
hazard and multi-risk assessment. The total exposed value
for the different asset types shows that the potential losses as-
sociated with non-residential buildings, croplands and trans-
portation are not negligible for financial risk assessment.
Exposure databases of this kind support further analysis to
integrate data from national and sub-national projects into
critical-infrastructure datasets and enrich risk-related knowl-
edge to inform regional-scale disaster risk reduction strate-
gies.

Data availability. The data used to develop the input layer are
available at the links provided in Table 1 and in the references.
In particular, the road and railway network was extracted from
the OpenStreetMap database (OpenStreetMap contributors,
2023) and from the Global Roads Inventory Project (Meijer
et al., 2018; https://www.globio.info/download-grip-dataset,
GloBio, 2022) and, for the Kyrgyz Republic, from the Cen-
tral Asian Institute for Applied Geosciences GeoNode-Based
Geodata Repository (https://geonode.caiag.kg/, CAIAG,
2022). The Mineral Facilities of Northern and Central Eura-
sia dataset is available at https://pubs.usgs.gov/of/2010/1255/
(Baker et al., 2010). Employee statistics and economic
indicators were retrieved from the World Bank data por-
tal (https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS,
World Bank, 2020) and the Eurostat database (https:
//ec.europa.eu/eurostat/databrowser/view/LFSQ_EISN2__custom_
1304651/default/table?lang=en, Eurostat, 1980). The global health-
care facility dataset can be downloaded from the Healthcare facility
database website (Weiss et al., 2020; https://www.healthsites.io/,
Global Healthsites Mapping Project, 2023). The global school
dataset was retrieved from the Unicef Project Connect website
(https://projectconnect.unicef.org/map/countries, UNICEF, 2022).
School maps for Tajikistan were retrieved from the Tajikistan
Geonode (2023, https://geonode.wfp.org/). The Global Food
Security Support Analysis Data (GFSAD) Crop Dominance
dataset (Teluguntla et al., 2015) was retrieved at the following
link: https://lpdaac.usgs.gov/products/gfsad1kcdv001/, NASA,
2021). The global land cover fraction was downloaded from
https://doi.org/10.5281/zenodo.3939050 (Buchhorn et al., 2020).
The exposure datasets for each of the five Central Asian countries
developed as part of the Strengthening Financial Resilience
and Accelerating Risk Reduction in Central Asia program
(https://www.gfdrr.org/en/program/SFRARR-Central-Asia,
GFDRR, 2024) are available at the World Bank data
portal under the Creative Commons Attribution 4.0 li-
cense. The non-residential-building datasets are available at
https://datacatalog.worldbank.org/search/dataset/0064288/Central-
Asia-exposure-dataset—Non-residential-buildings (World Bank,
2023a) and are titled “Central Asia exposure dataset – Non-
residential buildings (education, healthcare, industrial, com-
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mercial)” followed by the country abbreviation (KAZ for
Kazakhstan, KGZ for the Kyrgyz Republic, TJK for Tajikistan,
TKM for Turkmenistan, UZB for Uzbekistan). The transportation
datasets are available at https://datacatalog.worldbank.org/search/
dataset/0064252/Central-Asia-exposure-dataset---Transport
(World Bank, 2023b) and are titled “Central Asia expo-
sure dataset – Transport- Roads and rail” followed by the
country abbreviation (KAZ for Kazakhstan, KGZ for the Kyr-
gyz Republic, TJK for Tajikistan, TKM for Turkmenistan,
UZB for Uzbekistan). The croplands dataset is available
at https://datacatalog.worldbank.org/search/dataset/0064248/
Central-Asia-exposure-dataset---agricultural-crops (World Bank,
2023c) and is titled “Central Asia exposure layers – cotton and
wheat cropland” followed by the country abbreviation (KAZ for
Kazakhstan, KGZ for the Kyrgyz Republic, TJK for Tajikistan,
TKM for Turkmenistan, UZB for Uzbekistan).
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