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Abstract: Background: Water, sanitation, and hygiene (WASH) services and clean fuels are repre-
sentative factors of a clean and safe residential environment. Uzbekistan faces environmental issues
and ranks low among countries on the Environmental Performance Index. This study aimed to
identify regional disparities and wealth inequalities in WASH services and clean fuels in Uzbekistan.
Methods: We employed raw data from the 2021–2022 Uzbekistan Multiple Indicator Cluster Survey
(MICS) and the WASH and clean fuels coverage were analyzed. For each of the variables with
the lowest coverage within WASH services and clean fuels variables, we evaluated the disparities
between urban and rural areas and calculated the concentration index (CI). Results: Among WASH
services and clean fuels, basic handwashing and clean fuels for space heating demonstrated the
lowest coverage. In most regions, urban areas had higher coverage of basic handwashing and clean
fuels for space heating compared to rural areas. The CI of clean fuels for space heating was 0.2141
or higher in five areas. The CI was notably high in areas with low coverage of WASH services and
clean fuel for space heating. Conclusions: Basic handwashing and clean fuels for space heating
showed varied regional coverage patterns and wealth-related inequalities. The results of this study
can provide evidence for policy formulation, particularly in addressing disparities.
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1. Introduction

A clean residential environment improves quality of life and is directly or indirectly
related to achieving Sustainable Development Goals (SDGs), such as SDG 6 for clean water
and sanitation, and SDG 7 for affordable and clean energy. Water, sanitation, and hygiene
(WASH) services and clean air are important factors affecting public health. WASH services
are effective in preventing the transmission of infectious diseases [1], as demonstrated
during the COVID-19 pandemic [2,3]. The risk of stroke and ischemic heart disease increases
when breathing polluted air [4]. Using unclean fuels for cooking or space heating at home
causes indoor air pollution, affecting the health of women performing household chores
and older adults who spend a significant amount of time at home [5].

Uzbekistan faces many environmental issues, including inadequate WASH services
and high levels of air pollution [6]. In the 2022 Environmental Performance Index, Uzbek-
istan ranked 107th out of 180 countries, with a 10 year change of 1.90, which was below
the average [7]. Uzbekistan’s clean drinking water coverage is higher than that of sub-
Saharan African countries, but it is lower than that of Europe and Central Asia, excluding
high-income countries [8]. Moreover, Uzbekistan’s water and sanitation system was estab-
lished during the Soviet era and requires improvement because its quality has declined [9].
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There are regional disparities in the coverage and quality of drinking water services in
Uzbekistan [6].

In the case of air pollution in Uzbekistan, it has become a major environmental issue
and ranks among the top 10 risk factors for mortality [10]. The average PM 2.5 concentration
in Uzbekistan in 2022 was 6.7 times higher than the annual air quality guideline of the
World Health Organization [11]. The prevalence of dust storms, with dust particles from
dried parts in the Aral Sea, and the use of heating fuels, contribute to the high levels of air
pollution [6]. Heating buildings accounts for more than 50% of energy consumption, due
to the high proportion of low-rise buildings and large household sizes in Uzbekistan [12].
According to IQAir data in 2019, the PM 2.5 pollution level in Tashkent city was 36 µg/m³
in June and 75.5 µg/m³ in November. Given that pollution levels are twice as high in winter,
there is a possibility that air pollution results from using unclean fuels for heating [11]. The
air quality in rural areas is deteriorating due to the excessive use of agricultural chemicals,
but the regional capacity to enforce the legislation regarding air quality is limited [9].

Previous studies on the environment and health in Uzbekistan have focused on the
Republic of Karakalpakstan [13] and the Tashkent region [14]. Research on the psychosocial
health of residents in the Republic of Karakalpakstan demonstrated that the shrinking
of the Aral Sea was perceived to contribute to physical symptoms and negative health
effects [13]. According to a study in the Tashkent region, poor sanitation practices were
identified as significant predictors of waterborne disease [14]. Research has been conducted
on the influence of proximity to industrial areas on congenital diseases, infant mortality,
and lung cancer in certain regions. However, this research has limitations in that the
analysis is restricted to communities rather than regions [15]. Thus, there is no nationwide
comparative study on the environment and health in Uzbekistan.

Inequalities have been a significant issue in the health sector, with poorer individuals
tending to experience higher mortality and morbidity compared to their wealthier coun-
terparts. The concentration index (CI) is used to compare how socioeconomic inequalities
vary across health-related variables [16]. The growth of the gross domestic product in
Uzbekistan has played a role in reducing the poverty rate to 12.5% of the total population
in 2016 [5], but wealth inequality has remained unchanged since 1995 [17]. While there
are existing case studies of child and adult mortality by wealth in Uzbekistan [18] and
the economic determinants of child nutrition factors in Uzbekistan [19], no research has
been conducted on the impact of wealth inequality on clean and safe environments in
Uzbekistan. Therefore, there is a need to analyze regional disparities in coverage and
wealth inequality in Uzbekistan regarding WASH services and clean fuels for cooking,
lighting and space heating.

This study aimed to examine the coverage of WASH services and clean fuels in
Uzbekistan at a regional level using the most recent nationally representative survey. We
analyzed whether there are differences in coverage by area (urban/rural) and inequalities
by household wealth index for the variables with the lowest coverage among the WASH
and clean fuel variables. Analyzing the status of WASH services, as well as clean fuels,
and examining inequalities in access, can provide a comprehensive understanding of the
current situation in Uzbekistan and insights to inform evidence-based policy formulation.

2. Materials and Methods
2.1. Data Source and Sample Selection

We analyzed raw data from the 2021–2022 Uzbekistan Multiple Indicator Cluster
Survey (MICS). This is a nationwide household survey focusing on the well-being of
children and women, and MICS data is publicly available on their website. The 2021–2022
Uzbekistan MICS was conducted by the State Committee of the Republic of Uzbekistan on
Statistics, with technical support from the United Nations Children’s Fund.

The sampling strategy for the 2020–2021 Uzbekistan MICS was designed using a
stratified three-stage sample design. In the first stage, 726 mahallas, which are part of
autonomous districts, cities, or towns in Uzbekistan, were randomly selected as primary
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sampling units. Each mahalla was divided into segments of 80–120 households, with 20
households randomly sampled from each segment.

Owing to factors affecting survey quality, including the COVID-19 pandemic, the Uzbek-
istan MICS was conducted over two rounds, with the second round following the same
stratification and clustering procedure as the first round. For the second round, the sam-
pling design approach involved visiting the same clusters in which at least eight out of
20 households had completed the interview in the first round. The eight households that were
not selected in the first round were selected systematically [20]. As only the second round
included household information, this study was conducted on 4166 of the 4180 households
that completed the interview in the second round (unweighted count = 4161).

2.2. Definition of Variables

The variables of interest in this study are WASH services and clean fuels. WASH
services and clean fuels were defined and classified according to the standards set by the
JMP (Joint Monitoring Program) and the MICS, respectively. Owing to the presence of
missing values, the definition of limited services in the SDGs service ladder was applied
to drinking water services, and the definition of basic services was applied to sanitation
and handwashing. Improved drinking water services included piped water, tube well
or borehole, protected dug well, protected spring, rainwater, and packaged or delivered
water. Unprotected dug well, unprotected spring, surface water, and others were classified
as unimproved drinking water services. Improved sanitation facilities refer to using
improved facilities not shared with other households. Improved sanitation facilities include
flush or pour facilities connected to piped sewerage systems, septic tanks, pit latrines,
or unknown places; ventilated improved pit latrines; composting toilets; or pit latrines
with slabs. Flush/pour to an open drain, pit latrines without a slab/open pit, buckets,
hanging toilets/hanging latrines, and others were classified as unimproved. Handwashing
facilities with water and soap indicate the availability of handwashing facilities with soap
and water on the premises [21]. In the 2021–2022 Uzbekistan MICS, a handwashing facility
in a dwelling, yard, or plot is considered to be a handwashing facility on the premises,
serving as a valid proxy for water available at the handwashing facility [20].

Clean fuels and cooking technologies include electric stoves, solar cookers, liquefied
petroleum gas (LPG)/cooking gas stoves, piped natural gas stoves, biogas stoves, or
liquid fuel stoves that use alcohol/ethanol. Liquid fuel stoves not using alcohol/ethanol,
manufactured solid fuel stoves, traditional solid fuel stoves, three stone stoves/open fires,
or others were classified as other fuels for cooking. Households that used clean fuels for
lighting included those that used electricity, solar lanterns, rechargeable or battery-powered
flashlights, torches or lanterns, or biogas lamps. Polluting fuels used for lighting include
kerosene or paraffin lamps, candles, or others. Clean fuels for space heating refer to either
central heating in a household or specific energy sources for heaters, such as solar air
heaters, electricity, piped natural gas, LPG/cooking gas, biogas, or alcohol/ethanol. On
the contrary, using coal/lignite, charcoal, wood, crop residue/grass/straw/shrubs, animal
dung/waste, garbage/plastic, sawdust, or other materials is classified as using polluting
fuels for space heating.

2.3. Method of Inequality Analysis

The WASH services and clean fuels coverage were determined by calculating their
percentages. Uzbekistan was divided into one independent city (Tashkent City), 12 regions,
and one autonomous republic (Republic of Karakalpakstan) and compared by region.
Additional analyses were conducted for each variable with the lowest coverage among
WASH services and clean fuels to examine the differences between urban and rural areas.

This study measured wealth-based inequality in access to basic handwashing and
clean fuels for space heating, using both simple and complex measures of inequality. The
ratio of the richest to the poorest was used as a simple measure. The CI served as a com-plex
measure to assess the degree of wealth-based inequality. CI analysis for each variable with
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the lowest coverage among WASH services and clean fuels was conducted because high
coverage poses constraints in measuring regional differences in wealth inequality [22]. The
CI analysis applies the Lorentz curve and Gini coefficient calculation method to indicators
related to health status or access to health services. The formula for calculating the CI is
as follows:

CI = (p1L2 − p2L1) + (p2L3 − p3L2) + . . . + (pT −1 LT − pT LT − 1) (1)

where pt is the cumulative proportion of households ranked by wealth index in group t, Lt
is the cumulative proportion of handwashing facilities and clean fuels for space heating,
and T is the total number of groups by wealth index [16].

The maximum values of CI range from −1 to +1. Theoretically, if inequality does
not exist the value of CI is 0. A value of −1 indicates the concentration in economically
disadvantaged and low-income groups, whereas +1 denotes the opposite case. A value
between 0.2 and 0.3 is considered to indicate a high level of relative inequality [22].

This study utilizes a relative measure of the wealth index of the MICS. As a composite
indicator of wealth, the wealth index in the 2021–2022 Uzbekistan MICS was constructed
using principal component analysis of information on household assets, goods, and living
conditions such as water and sanitation facilities and housing construction. Households
were then divided into five equal groups ranging from the poorest to the richest.

Calculating the CI and visualizing the concentration curve were performed using Mi-
crosoft Excel [16]. Data were weighted using the sample weights applied to the Uzbekistan
MICS. All statistical analyses were performed using the IBM Statistical Package for Social
Sciences version 22.0. We used the ArcGIS software V.10.8. to visualize maps indicating
geographic variations.

3. Results
3.1. Regional Disparities in WASH and Clean Fuels Coverage

Figure 1 presents the geographical inequalities in WASH services and clean fuels
coverage at the regional level. Improved water quality had the highest coverage among
the WASH services variables. In all regions except for Khorezm, more than 86.6% of all
households had an access to the improved water service. Tashkent city, the Tashkent
region, and the southern regions (Kashkadarya and Surkhandarya) demonstrated the
highest percentages for all three WASH services variables. However, more than 73.2%
of households have access to basic sanitation facilities, excluding those in the Bukhara
region and the Republic of Karakalpakstan. Basic handwashing exhibited the lowest
coverage among the WASH services variables. Bukhara and Samarkand, belonging to the
central-eastern region, had the lowest coverage of basic handwashing.

Tashkent city, the Tashkent region, and the Navoi region demonstrated high percent-
ages of clean fuels. More than 86.6% of households in all regions used clean fuels for
cooking and lighting, except for Andijan in the case of cooking. Clean fuels for space
heating showed clear regional differences compared to the other two clean fuel variables. In
the southern regions (Kashkadarya and Surkhandarya) and Andijan, WASH services and
clean fuels coverage for cooking and lighting were high, but clean fuels for space heating
had the lowest coverage.

In Figure 2, we further explore urban–rural discrepancies in basic handwashing and
clean fuels for space heating, focusing on the variables with the lowest coverage among
WASH services and clean fuels. All households in the Tashkent city were located in urban
areas, so there were no rural residents. Compared to the national averages, coverage of
handwashing and clean fuels for space heating were generally higher in urban areas than
in rural areas. Regions with the largest urban–rural differences in basic handwashing
were Samarkand (38 percentage points (pp)), Navoi (29 pp), and Fergana (24 pp). The use
of clean fuels for space heating showed larger differences than basic handwashing. The
urban coverage was higher than the rural coverage in all regions except the Bukhara region.
In 10 of the 14 regions, the urban–rural gap was greater than 20 pp. Regions with wide
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gaps included Samarkand (48 pp), Surkhandarya (46 pp), Kashkadarya (40 pp), Khorezm
(40 pp), and the Republic of Karakalpakstan (40 pp).
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3.2. Measures of Inequality

The ratios and CIs for basic handwashing and clean fuels for space heating are pre-
sented in Table 1. The ratios of the national coverage for WASH services and clean fuels for
space heating were 1.5 and 7.8, respectively. While WASH services had only one region
with a ratio of five or higher, clean fuels for space heating had 10 regions. The mean CIs for
basic handwashing and clean fuels for space heating at the national level were 0.0804 and
0.1697, respectively. In the Tashkent city, only the 4th and 5th quintiles existed. Samarkand
(19.2) exhibited the greatest difference in ratios between the highest and lowest for basic
handwashing. The ratios for the remaining regions, except for Samarkand, were less than
three. Regarding clean fuels for space heating, the Republic of Karakalpakstan showed
the greatest difference, with a ratio of 27.0 between the highest and lowest values. For
basic handwashing, the area with a CI of 2.0 or higher was Bukhara (0.2061), whereas for
heating, it was 2.0 or higher in the following five areas: Andijan (0.318), Surkhandarya
(0.254), Fergana (0.243), Kashkadarya (0.220), and Namangan (0.218). Figure 3 illustrates
the regional distribution of the CI for basic handwashing and clean fuels.

As shown in Figure 3, many areas had a higher CI for clean fuel for space heating
than for basic handwashing. No area had a CI of 0.2141 or higher for basic handwashing,
whereas the CI for clean fuels for space heating was 0.2141 or higher in five areas. Most
regional patterns shown in Figures 2 and 3 were similar. Specifically, the CI was high in
areas where coverage of WASH services and clean fuels for space heating were low.
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Table 1. Wealth-based inequality in basic handwashing and clean fuels for space heating by region
(MICS 2021–2022).

Region

Basic Handwashing Clean Fuels for Space Heating

Average Lowest Highest
Ratio

(Highest/
Lowest)

CI ** Average Lowest Highest
Ratio

(Highest/
Lowest)

CI

National 82.0% 67.4% 99.4% 1.5 0.0804 59.9% 12.7% 99.4% 7.8 0.1697

Andijan 89.2% 79.8% 100% 1.3 0.0465 33.1% 12.5% 100% 8.0 0.3180

Bukhara 48.7% 35.0% 100% 2.9 0.2061 47.8% 18.0% 100% 5.5 0.1945

Jizzakh 71.5% 37.8% 100% 2.6 0.1304 57.6% 13.0% 100% 7.7 0.1624

Kashkadarya 91.0% 87.1% 100% 1.1 0.0308 37.6% 7.8% 100% 12.8 0.2197

Navoi 75.2% 37.5% 100% 2.7 0.1303 92.2% 50.0% 100% 2.0 0.0424

Namangan 86.5% 85.7% 93.9% 1.1 0.0070 48.9% 11.1% 100% 9.0 0.2179

Samarkand 54.6% 5.2% 100% 19.2 0.1644 59.9% 19.1% 98.9% 5.2 0.1802

Surkhandarya 92.3% 98.3% 92.9% 0.9 −0.0380 35.9% 8.4% 100% 11.9 0.2542

Syrdarya 99.0% 100% 100% 1.0 0.0009 81.3% 40.0% 100% 2.5 0.0955

Tashkent city * 100.0% 100% 100% 1.0 0.0010 100.0% 100% 100% 1.0 0.0000

Tashkent 93.1% 93.8% 98.7% 1.1 0.0294 92.8% 31.3% 98.7% 3.2 0.0319

Fergana 68.7% 42.2% 100% 2.4 0.1444 47.0% 6.7% 97.8% 14.7 0.2433

Khorezm 97.6% 100% 100% 1.0 0.0084 82.7% 20.0% 100% 5.0 0.0735

Republic of
Karakalpakstan 95.8% 92.6% 100% 1.1 0.0141 63.4% 3.7% 100% 27.0 0.1376

* The incomes of households belonging to the Tashkent city were in the 4th or 5th quintiles. Thus, the Tashkent
city’s ratio was calculated using the 4th quintile as the lowest value. ** CI—concentration index.
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4. Discussion

This study explored WASH services and clean fuels coverage and analyzed the in-
equalities in basic handwashing and clean fuels for space heating using a nationally repre-
sentative sample. The findings indicated that basic handwashing had the lowest coverage
among WASH services variables. The use of clean fuels for cooking and lighting was
high, whereas that for space heating was low. Compared to the national average, basic
handwashing and clean fuels coverage for space heating was generally higher in urban
areas than in rural areas. Regarding the CI, the use of clean fuels for space heating was
higher than that for basic handwashing.

Regarding the WASH services, drinking water coverage was high in most areas,
whereas basic sanitation and handwashing showed lower coverage than drinking wa-
ter. Previous studies have also indicated that drinking water had the highest coverage
among WASH-related variables [23,24]. In the case of basic handwashing facilities, most
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households (99.8%) had soap or detergent, but the lack of handwashing facilities (17.9%)
contributed to lower basic handwashing coverage [20]. One possible explanation is that
the majority of international cooperation in the WASH services sector is primarily focused
on water supply [25]. Unlike water or sanitation infrastructure, handwashing facilities
include mobile options such as buckets with taps, wash basins, or handwashing jugs,
providing individuals with the flexibility to install them according to their own capabilities
and willingness [20]. Therefore, it is necessary to investigate the reasons for the absence of
facilities and encourage the utilization of mobile facilities through hygiene education or
behavior change. As the first country in Central Asia to join the UNECE-WHO/Europe
Protocol on Water and Health, Uzbekistan needs to prioritize handwashing services in its
efforts to achieve access to clean and safe water, sanitation, hygiene, and health services for
all [26].

Basic sanitation was low in Bukhara, and basic handwashing was also lacking in both
Bukhara and Samarkand. Both regions face challenges related to the development of WASH
services. First, the water resources in Bukhara and Samarkand are deficient and remote [25].
Second, both regions are known for their cultural heritage and historical sites. Therefore,
the construction of WASH services infrastructure may be subject to restrictions because of
its potential impact on World Heritage Sites [27].

In particular, the population of the Bukhara region faces limitations in access to water
and sanitation services, and the number of patients treated for infectious diseases in the
Bukhara region ranks fourth out of the 13 regions in Uzbekistan [28]. To mitigate these
challenges in Bukhara and Samarkand, water supply projects by the World Bank were
conducted from 2002 to 2010, with the main objective of rehabilitating the existing water
supply system [25]. The Uzbekistan government has a strategy of developing these two
regions into tourist destinations [29], which involves a potential influx of domestic and
foreign tourists. Considering the increased risk of infection associated with travel [30,31], it
is necessary to prioritize sanitation and hygiene services in these two regions.

Regarding clean fuels, the cooking and lighting coverage was high, whereas space
heating coverage was low. Many public buildings in Uzbekistan were constructed during
the 1970s and 1980s, without much consideration for energy efficiency [32]. The Uzbekistan
government is striving to enhance energy efficiency through the implementation of a green
building strategy. This strategy involves utilizing insulation to minimize the ingress of
external cold air and incorporates heat recovery ventilation systems [33]. From a policy
perspective, it is important to note that the obligation to reduce emissions of pollutants into
the air and utilize energy-saving resources currently applies only to enterprises, institutions,
and organizations. [34]. Thus, measures to reduce indoor air pollution and promote the use
of clean fuels for heating need to be implemented at the household level as well.

Kashkadarya and Surkhandarya in the southern region, as well as Andijan, exhibited
the lowest usage of clean fuels for heating. Owing to the neglected functions of the district
heating sector, central heating services are regarded as unreliable, forcing households to
rely on alternative heating methods that are unclean and unsafe [5]. The Kashkadarya,
Surkhandarya, and Andijan regions have under 10% of households with central heating,
and Andijan has the second lowest central heating in the country [20]. In particular, Andijan
is a region where district heating services have been discontinued, and heaters or stoves
are used instead [5].

Overall, basic handwashing and clean fuels coverage for space heating was higher
in urban areas than in rural areas. According to the JMP, urban–rural discrepancies in
improved water and sanitation are declining, but they still exist in all countries [35]. This
result aligns with studies that highlight poor access to handwashing facilities in rural
areas [2,24]. In a study examining rural and urban water and sanitation access in countries
of the former Soviet Union, it was found that access to water and sanitation in rural areas
was lower than in urban areas [36]. Another study on drinking water and sanitation in
rural areas of Kazakhstan also indicated limited access to water and sanitation in rural
areas [37]. The low coverage of clean fuels for heating in rural areas may be attributed to
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the lower central heating utilization rates in rural areas [20], potentially leading to the use
of more polluting fuels for individual heating.

The Tashkent city and Tashkent regions were the only regions where all variables
demonstrated the highest percentages. As of the first half of 2022, the Tashkent city ac-
counted for the highest proportion of the gross regional product at 16.6%, followed by
the Tashkent region at 10.5% [38]. The city’s State Unitary Enterprise, SuvSoz, provides
water supply services to 99% of the population in Tashkent city [39]. Currently, the Asian
Development Bank is implementing the Tashkent Province Water Supply Development
Project [40]. Tashkent has the largest district heating system in the country and can pro-
vide heat to half the population [41]. Tashkent is the only region where a district heat
infrastructure can be operated and maintained [5].

The Republic of Karakalpakstan has achieved high levels of WASH services coverage
despite the environmental crisis in the Aral Sea and its low contribution to the gross
regional product of 3.4% [38]. Karakalpakstan has garnered considerable attention from
the international community because of the Aral Sea issue, resulting in the implementation
of WASH services projects under the Aral Sea Program [25]. One such project was the
Water Supply, Sanitation, and Health Project conducted from 1997 to 2008 by the World
Bank. Recently, in 2022, WASH services projects were implemented for health facilities and
schools in Karakalpakstan..

The CI for clean fuels was higher than that for WASH services. Although various
WASH services projects have been conducted in Uzbekistan [25], the recent focus on clean
energy may be a potential factor [42,43]. A study on economic inequalities in clean fuels for
cooking reported inequalities favoring high-income households in the use of clean cooking
fuels in Ghana [44]. Another study on household energy choices in Ghana found that price
and household income were factors influencing household choices of fuels, with higher
income households more likely to purchase modern fuels than traditional ones [45].

The southern and eastern regions demonstrated high CIs for clean fuels for space
heating, indicating low clean fuels coverage. In the Andijan region, which had the highest
CI, the district heating system has been inactive for more than eight years, forcing residents
to use heaters or stoves instead [5].

This study makes a novel contribution to the literature, as it is the first to present
WASH services and clean fuels coverage by region, utilizing the latest data from a na-
tionally representative sample in Uzbekistan. By analyzing the regional characteristics of
Uzbekistan, we present a basis for planning customized public health policies for each
region. Additionally, examining wealth-related inequalities within each region can serve as
a basis for improving coverage. Nevertheless, this study has some limitations. First, the
quality of WASH services was not analyzed because the survey primarily focused on infras-
tructure [9,28]. Further studies with a focus on WASH service quality are required. Second,
information on household members was omitted, as only overall household characteristics
were collected. Future surveys including household member information would make it
easier to identify the reasons for low coverage. Third, the survey is limited to demonstrate
causal relationships, due to its descriptive design.

5. Conclusions

This study has identified regional gaps in the coverage of WASH services and clean
fuels, as well as wealth-related inequalities in access to basic handwashing facilities and
clean fuels for space heating in Uzbekistan. To address regional disparities, it is essential
not only to implement nationwide policies but also to engage in policymaking at a regional
level. In particular, attention should be paid to minimizing the gaps between urban and
rural areas. In regions with a high CI, strategies to enhance coverage should prioritize
low-income population groups. We recommend that policymakers utilize the findings of
this study as evidence for allocating limited resources to high-priority regions and groups.
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