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ABSTRACT

Low-carbon energy transition, which includes the replacement of fossil fuels with low-carbon
energy infrastructure, the removal of subsidies, and other measures, requires households to be
able to pay for low-carbon energy services. Economic shocks such as the coronavirus disease
pandemic and high inflation make paying for energy challenging for households. We use the
Kyrgyz Integrated Household Survey data (2019-2021) to study the impact of income decline on
energy consumption. We provide the following key results. First, the empirical results show that
the effects of income decline on household energy consumption vary (positive or negative)
according to income group. Second, the low-income group with income decline reduced energy

consumption, while the higher income group (second quartile) increased energy consumption.

Keywords: household energy consumption, coal consumption, fossil fuel consumption, income

decline, Central Asia, energy transition

JEL codes: Q41, Q31, Q48



1. INTRODUCTION

Household fuel combustion for cooking and heating contributes not only to global greenhouse
gas emissions and outdoor air pollution, but also to household indoor air pollution, with adverse
effects on health (Azhgaliyeva et al. 2021; Kapsalyamova et al. 2021; Azhgaliyeva, Kodama, and
Holzhacker 2025). The transition to clean fuels requires households to have sufficient financial
resources, including paying upfront costs to access new infrastructure and to change the house
heating system and appliances. From this standpoint, it is very important to have household
income stability and access to finance. The coronavirus disease (COVID-19) shock and economic
volatility following the pandemic raised inflation, which in turn led to a loss of income for most
households (Mendez Ramos and Lara 2022). An increase in poverty rates in developing countries
has posed challenges and encouraged discussion regarding the transition into clean energy.

Most of the academic studies examining the energy consumption of households during
pandemic-related lockdowns or restrictions note an increase in residential energy consumption,
whereas overall energy consumption decreased during the initial COVID-19 period (Ai, Zhong,
and Zhou 2022; Balest and Stawinoga 2022; Khalil and Fatmi 2022). Only a limited number of
studies empirically investigate clean energy consumption by households under pandemic
conditions. The existing literature focusing on energy consumption during the pandemic argues
that residential energy consumption increased includes Kawka and Cetin (2021); Surahman et al.
(2022); and Chen, Liao, and Zhang (2024). Recent studies highlight that mobility restrictions
during the pandemic led to increased energy consumption by households (Mustapa et al. 2021,
Rouleau and Gosselin 2021, Khalil and Fatmi 2022, Novianto et al. 2022, Surahman et al. 2022).
However, in addition to the mobility restrictions, the impact of continuing income decline is
important for understanding the energy consumption of households and the potential dynamics
of the transition to clean energy.

To the best of our knowledge, there is no empirical evidence to show how changes in income
during and after the pandemic restrictions affected the energy consumption of households in
developing countries. Some studies explore the relationship between energy consumption and
household income during the pandemic along with other factors in high-income countries (Zapata-
Webborn et al. 2023). Overall, studies indicate that, in the context of the economic fluctuation
following the pandemic, the socioeconomic dimensions of the transition to a low-carbon energy
system are important and remain inadequately explored (Henry, Bazilian, and Markuson 2020;
Tian et al. 2022). Income decline may result in the use of cheaper and solid fuels. However, this

effect may differ according to the availability of energy sources and household income levels.



Central Asia’s high energy consumption, reliance on air-polluting fuels, and old residential
buildings (Sulaimanova, Azhgaliyeva, and Holzhacker 2024) are a cause of great concern for
greenhouse gas emissions and air pollution. Many areas in Central Asia, including the Kyrgyz
Republic, suffer from poor air quality as a result of heat production in the wintertime, including
households’ use of solid fuels, which contribute to outdoor and indoor air pollution (Azhgaliyeva
et al. 2021, Kapsalyamova et al. 2021). The length of the heating season varies from 135 to 197
days, with the average temperature during said season ranging from +1.4°C to -6.9°C, with
around 2,240-4,905 heating degree days’' across the climatic zones? of the Kyrgyz Republic
(Balabanyan et al. 2015, Azhgaliyeva et al. 2021). Air pollution contributes over 4,500 premature
deaths in the Kyrgyz Republic per year (UNIDO 2019). At the same time, a sparse population is
dispersed across a vast landmass, raising issues for energy infrastructure access (such as
electrification and gas connectivity). Here, by energy infrastructure access we mean not only
access to the infrastructure but also the quality of access, such as electricity blackouts and gas
pressure (Azhgaliyeva et al. 2024).

This paper aims to examine the impact of the income decline in the post-COVID-19 period on
household energy consumption in the Kyrgyz Republic—a lower middle-income economy in
Central Asia. The Kyrgyz Republic experienced a rapid increase in the poverty level in 2021—up
to 33.3% from 20.1% in 2019. The energy system of the country relies heavily on hydropower. In
addition, there are large deposits of coal, whereas oil and gas resources are limited. Therefore,
residential energy consumption draws mainly on electricity and coal. Meanwhile, domestic
generation capacity is facing difficulties meeting growing demand for energy (IEA 2022). In
addition, climate conditions mean that hydropower electricity production is susceptible to droughts
and water supply fluctuations. This situation stresses the importance of the transition to alternative
energy sources for sustainable economic development. However, currently, the Kyrgyz Republic
faces widespread use of solid fuels by households, especially in rural areas (Kapsalyamova et al.
2021). These economic and energy conditions provide an interesting context to study the impact
of an income decline on the energy consumption of households.

This study uses a panel dataset for 2019—2021 constructed from the nationally representative
household survey, which enables us to analyze comparable households before and after the

income decline. This study makes the following contributions to the academic literature on

" The number of heating degree days is an indicator equal to the product of the difference between the internal air
temperature and the average outside air temperature for the heating period by the duration of the heating period
(Azhgaliyeva et al. 2021).

2 Balabanyan et al. (2015) divide the Kyrgyz Republic into three climatic zones, which are identified by

the number of heating degree days per year (135, 160 and 197 heating degree days).



household energy consumption. First, it contributes to the scarce literature on the income shock
and energy consumption nexus in a developing country context. Second, we study the impact of
the decline across four main energy sources (coal, electricity, biomass, and gas) and by income
quartile groups. This allows us to assess the heterogeneity of modern and solid fuel consumption
trends among income groups.

The remainder of the paper is structured as follows. Sections 2 and 3 present the methodology
and data. Section 4 discusses empirical results. Section 5 concludes with a summary of the results

and policy implications.

2. METHODOLOGY

2.1. The Empirical Model

We study energy consumption of households that experienced an income decline in the
aftermath of COVID-19. Energy consumption in 2020 and 2021 is compared with 2019 levels
across households that faced an income decline and those without a loss of income. We use the
Difference in Difference (DiD) method with household fixed effects (Shimizutani and Yamada
2021, Gupta and Kishore 2022). The DiD approach allows us to estimate the effect of treatment
(which in our case is the income decline) through the comparison of outcomes before and after
the treatment between those who experienced income decline (treatment group) and those who

were not affected (control group). The following model is estimated:

Yit = Bo + B1Pe + B2 lit + B3 (Pt = lit ) + BaXiet 1 + €t

where yj is the energy consumption of household j at year t. Energy consumption of a
household is measured by total energy consumption and by types of energy sources, both
converted into the unit of conventional fuel. P:shows the post-treatment period, which takes the
value of 1 if the year is 2020 and 2021, respectively. | represents the treatment status of
households measured as the dummy variable being equal to 1 if a household has a lower income
in 2020 and 2021 compared with the previous year. Therefore, it measures whether household
per capita income decreased during 2020 and 2021. Household income was deflated using the
regional consumer price index for the relevant year. y; refers to the household fixed effects to
consider unobservable and time-invariant heterogeneity. In all estimations, standard errors are

clustered at the household level.



In the model specification, the coefficient B+ measures the average difference in energy
consumption in overtime periods in the analysis. Analogously, 3. shows the difference in energy
consumption between households of the treatment and the control groups. As the coefficient of
the interaction term, Bz is a DiD indicator and represents the treatment effect of household income
decline on energy consumption of households in the treatment group compared with the control
group before (2019) and after (2020 and 2021) the income shock. X, is the set of household head
characteristics and, following the earlier empirical literature, includes sex, marital status, age, and
education of household head (Zheng et al. 2014; Andersen et al. 2021; Han and Wei 2021; Chen,
Liao, and Zhang 2024). Along with these, household characteristics include household size and
number of preschool children (under 6 years of age).

Energy consumption is heavily dependent on climate conditions and, as a consequence of
heating needs, use of coal and other solid fuels may be heightened during the winter. Therefore,
households may differ in their consumption of fuel types according to regional differences in
temperature (Filippin, Flores Larsen, and Mercado 2011; Li, Yang, and Lang 2012). To take into
account this potential factor for energy consumption, we include in the model the mean annual
temperature for regions of the Kyrgyz Republic (based on the National Aeronautics and Space
Administration’s MERRA-2 data®), among explanatory variables. Meanwhile, stable energy
supply is another potential factor in the energy consumption of households (Meles 2020, Hashemi
2022). Therefore, along with annual mean temperature in the relevant region, we include in the
set of explanatory variables the variable indicating how often households experience electricity

outage.

2.2. Estimation with Matching

The DiD approach is based on the assumption of parallel trends of outcome variables between
the treatment and the control groups. Comparison of mean values of energy consumption
measures does not indicate a statistically significant difference of treatment and control groups
(see Table A1 in the Appendix). Our data period is limited, with only one pre-intervention year,
which restricts parametric testing based on longer pre-treatment periods. Moreover, a potential
limitation in identification of the equation from the previous page is potential unobserved
household characteristics that have an impact on both energy consumption and income shock,
causing endogeneity. Although, the fixed effects included in the equation control for time-invariant

unobservable characteristics, those that are time-varying may still have an impact.

3 Modern-Era Retrospective analysis for Research and Applications, Version 2, available at
https://power.larc.nasa.gov/data-access-viewer/ (accessed 21 December 2022).
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Therefore, for robustness purposes, we estimate the DiD model on a matched sample of the
treatment and control groups based on Coarsened Exact Matching (CEM) (lacus, King, and Porro
2011; 2012). CEM is from the Monotonic Imbalance Bounding class of methods. It is designed to
balance the treatment and control groups by the selected parameters via the exact matching
algorithm. CEM reduces the level of imbalance between the two groups. Studies point out that
DiD with matching provides better estimation results, and the matching approach helps in
addressing endogeneity and selection bias (David, Rawley, and Polsky 2013; Sarkodie and Adom
2018; Do, Nguyen, and Grote 2019; Ryan et al. 2019).

For this matching, we use a set of variables consisting of sex, age, education, and marital
status of household head; household size; number of children up to age 6; rural-urban location
of household; and frequency of electricity outages experienced by the household. Construction of
the treatment and control groups through the matching was implemented based on the pre-
treatment values of 2019 data. The number of matched observations after the CEM is reduced to
2,376, of which 786 are in the treated group and 1,590 in the control group. Table A2 in the
Appendix reports the L1 statistics of the multivariate imbalance measure before and after the
application of the CEM. After matching, this decreased from 0.67 to 0.43. The values of these
statistics for almost all variables individually are almost zero. Based on these results, it can be
argued that, after the CEM procedure, control and treated samples became more comparable.

While the CEM is an efficient approach in matching and constructing comparable treatment
and control groups, this procedure is based only on observable characteristics of households.
Therefore, one potential limitation of this study is that it does not fully address potential

heterogeneity from unobservable differences.

2.3. Heterogeneous Effects

Income level is an important determinant of consumption behavior of households and energy
consumption in both total and disaggregated components, and may vary by income groups of
households (Hasan and Mozumder 2017, Ryan et al. 2019, Zou and Luo 2019). Therefore, to
account for this potential difference, empirical analysis is applied by subsamples of the income

quartile groups.



3. DATA

3.1. Source of Data

We use data from the Kyrgyz Integrated Household Survey (KIHS) conducted by the National
Statistical Committee of the Kyrgyz Republic. The survey is conducted quarterly and is nationally
representative, with the household head or a knowledgeable member the main respondent.
Modules in the survey cover multi-topic information such as household roster, income,
expenditure, consumption, employment, and household assets. For our research purposes,
quarterly data are aggregated into annual values and panel data constructed at the household
level using the survey data for 2019-2021. Data for 2019 are considered as providing pre-COVID-
19 information, and those from 2020 and 2021 as data during the COVID-19 period.

KIHS surveys about 5,000 households each year. A household identifier in all three waves of
the survey is used for the construction of the panel dataset. We have balanced panel data with

the sample size of 4,485 households each year, or a total of 13,455 observations in panel data.

3.2. Construction of Key Variables
Income

In the survey, the income of a household is recorded on a monthly basis, and all types of
incomes are aggregated into annual values. All income sources are taken into account, including
wage earnings, social transfers, sale of assets, rental income, remittances and other income
types. In order to determine if the income of a household has declined compared with the previous
year, annual nominal income of households is deflated based on the consumer price index for the
relevant regional location. Based on this information, we created a dummy variable indicating
income decline if, in both 2020 and 2021, a household experienced lower real income than in the
previous year. Out of a total sample of 4,485 observations, 1,213 households, or 27% of the total

sample, were identified with income decline status.

Energy Consumption (per capita)

Energy consumption in the data is identified in the section on housing and utility expenses,
under the question “What type of fuel did you purchase and how did you use it?” Answers include
the amount of fuel purchased, provided as aid, or prepared by themselves and reserved from the
previous period (by fuel type). Therefore, to focus on the consumed quantity of fuel types, all three
options are used: purchased, taken as aid, and reserved/prepared by themselves. This section is

specified for types of fuel such as coal, wood, gas, liquified petroleum gas (LPG), brush, corn bud,



and dung. The quantity of the electricity consumed is estimated from the expenditure records and
converted into the kilowatt hour (kWh) using the price per kWh.* The absolute quantity of each
energy source may not be relevant for the comparison across energy sources.

Following Zou and Luo (2019) and the methodology of the National Statistical Committee of
the Kyrgyz Republic (NSCKR 2021), the consumption amount of each energy source was
converted into the unit of fuel equivalent. Fuel equivalent is a unit of measurement of different
energy sources with respect to the calorific value of 1 kg of coal equivalent (kgce) being equal to
29.3 megajoules (MJ) or 7,000 kilocalories (kcal) (NSCKR 2021). Table 1 presents the coefficients
of conversion of energy types into the fuel equivalent. This approach allows us to focus on total
energy consumption by type of energy sources. Corn bud, wood, brush, and dung are grouped
under the heading of biomass. Gas and LPG are combined into a single category as gas.
Therefore, we focus on the following four types of energy: coal, electricity, biomass, and gas. All
energy types consumed are estimated in per capita terms. Energy consumption is divided by the
household size to calculate energy consumption per capita.

As we can see from Table 1, a major energy source for households is coal, accounting for
about 45%. The second major source is electricity. Together, these account for about 77% of total
energy consumed. Electricity, with more than 1,988 kWh per capita annually, represents more
than 31% of total energy consumption in total fuel equivalent estimations. Gas represents 7% of
total energy consumed by households in the Kyrgyz Republic, though liquid gas in cylinders has
a very low share. Biomass components have more than 16% share in total energy consumption.

Among them, dung represents the highest share; it is especially important for rural households.

Table 1: Energy Sources by Physical Amount and in Fuel Equivalent

Physical Amount  Coefficient of Fuel Fuel Equivalent Share in Total Fuel

(mean) Equivalent (mean kgce) Equivalent
Coal 2,280 kg 0.5 101 45.4
Electricity 1,988.5 kWh 0.3 685.0 31.1
Gas 112.7 m3 1.2 130.0 5.9
Liquid gas cylinders 13.0 kg 1.6 20.4 0.9
Wood 1.7 m3 0.3 0.4 0.0
Brush 210.6 kg 0.5 105.3 4.8
Corn bud 386.2 kg 0.3 127.4 5.8
Dung 375.3 kg 0.4 135.1 6.1

kg = kilogram, kgce = kilogram of coal equivalent, m3 = cubic meter, kWh = kilowatt hour.
Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

4 The standard price for electricity was 0.77 som per 1 kWh up to 700 kWh and 2.16 som per 1 kWh after 700 kWh.



3.3. Descriptive Statistics

Table 2 presents descriptive statistics of variables used in the estimations. Figure 1 shows
energy consumption of households by income decline status: 27% of all households in the sample
experienced an income decline in 2020 and 2021.

Total average energy consumption of households differs between the two groups of
households. Those with loss of income demonstrate lower total consumption and, interestingly,
slightly higher use of electricity and gas than those households that did not experience a reduction
of income. Energy consumption by survey years shows that households with income decline
significantly increased total energy consumption in the year of the COVID-19 outbreak, potentially
related to increased consumption of coal (see Figure 1). However, in 2021, this consumption
decreased again. Electricity consumption increased gradually throughout the observed period.
Households without income shock demonstrated an increase in total energy consumption not in
2020 but rather in 2021. During the second year of COVID-19, they showed an increase in
average coal and electricity consumption. Biomass and gas consumption patterns do not
demonstrate significant differences between the two groups of households. However, these visual

inspections of the descriptive statistics do not confirm the causal relationship.

Table 2: Descriptive Statistics

Full Sample I;Iouseholds vyith Households wi’Fh No
ncome Decline Income Decline
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Income decline (1=income decline) 0.27 0.44
Total household energy
consumption per capita (fuel
equivalent kgce) 1,432.33 8,566.11 1,354.36 5,623.71 1,461.24 9,426.47
Coal (kgce) 1,000.11 10,392.23 966.88 7,118.62 1,010.91 11,253.37
Electricity (kgce) 685.05 534.93 694.64 516.70 681.49 541.51
Biomass (kgce) 63.57 155.82 60.72 145.76 64.50 158.96
Gas (kgce) 99.01 197.49 103.43 179.59 97.42 203.57
Household head characteristics
Sex (1=female) 0.40 0.49 0.39 0.49 0.40 0.49
Age 56.05 13.42 57.99 13.82 55.33 13.20
Marital status (1=married) 0.62 0.48 0.623 0.485 0.625 0.484
Education level (%):
Primary education and below 2.96 3.35 2.81
Secondary general 53.71 52.46 54.18
Technical education 2517 23.85 25.66
Tertiary education 18.16 20.34 17.35
Household size 4.10 2.10 3.91 2.08 4.18 2.1
Number of children (0-5 years) 0.45 0.77 0.37 0.70 0.48 0.79
Electricity outage (1=never;
2=several times in a month or year; 1.9 0.38 1.9 0.38 1.9 0.39

3=several times in a week)

Continued on the next page



Households with Households with No

Full Sample Income Decline Income Decline

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Mean annual temperature (°C) 6.41 4.38 6.63 4.38 6.33 4.38
Urban (1=located in urban area) 0.57 0.50 0.58 0.49 0.57 0.50

kgce = kilogram of coal equivalent.
Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

A total of 40% of households in the sample were headed by women. Although there is no
large difference by income status, households with income decline had a slightly lower share of
female household heads, at 39%. On the other hand, 3.35% of household heads among
households with income decline had primary education and below, while in the total sample this
rate was lower, at 2.9%. Analogously, technical education of heads was lower among these
households. Families without income shock had higher household size and a relatively large
number of children. Electricity outages did not show significant difference between households
by income status. However, overall, the value of this was greater than 1, suggesting that most
households experienced electricity outages at least several times during a year or in a month.

Other household characteristics indicate that, on average, in households that saw income
decline, the household head is older and the household size is comparatively lower with a smaller
number of children under 6 years of age. Also, these households are more concentrated in urban

areas and the average annual temperature is slightly higher.

Figure 1: Household Energy Consumption per capita by Income Status

a) Households with Income Decline (kgce)

Total energy consumption

Coal

Electricity

Biomass

Gas

0 200 400 600 800 1,0001,2001,400 1,600

2019 m2020 =2021

Continued on the next page



b) Households with No Income Decline (kgce)

Total energy consumption
Coal

Electricity

Biomass
Gas

0 200 400 600 800 1,000 1,200 1,400 1,600

2019 m2020 m=2021

kgce = kilogram of coal equivalent.
Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

4. RESULTS AND DISCUSSION

4.1. Impact of Income Decline on Energy Consumption

Table 3 presents estimation results for the total sample by source of energy (coal, electricity,
biomass and gas). Our main variable of interest—interactions of years and the dummy variable
of income decline— reflects the average difference in the effect of income decline on energy
consumption between the treated and the control groups.

Empirical findings demonstrate that, after controlling for household characteristics, total
energy consumption does not show any difference. However, households with income decline
showed increased consumption of biomass in 2020. This result is in line with the general
expectation that, given the income decline, households may have been prone to use low-
price/free energy sources.

However, on the other hand, the dummy variable by years shows that, generally, households
(without considering income decline status) used less biomass in 2020, whereas in 2021 usage
increased. Consumption of electricity in both years indicates a growing trend. These effects can
be explained by the fact that lockdown measures during the pandemic increased general
residential electricity consumption. This is in line with studies that point to increased electricity
consumption during the pandemic related to the lifestyle of households under lockdown measures
(Abdeen et al. 2021, Khalil and Fatmi 2022, van Zoest et al. 2023). However, the general
economic downturn in the second year of the pandemic may have created more incentives for

households to focus on biomass.

10



Other explanatory variables are mainly as expected. Households with female heads are
inclined to use more electricity and less biomass. This result is consistent with existing literature
showing that women-headed households and women’s empowerment is positively associated
with modern energy use (Li et al. 2023; Chen, Liao, and Zhang 2024; Yan et al. 2024). This can
be explained by the fact that collection of biomass requires relatively greater physical effort,
whereas, given 100% available access to electricity in the Kyrgyz Republic, households with
female heads opt out of the time-consuming use of biomass. This evidence is consistent with the
existing literature showing that lower reliance on biomass may contribute to better outcomes for
women with time and health status (Heltberg 2005). Marital status increases both electricity and
biomass consumption, which is in line with previous studies that underline this factor as one of
the main characteristics of energy consumption behavior (Pelenur and Cruickshank 2012).

Education does not show a statistically significant (at 5% level of significance) effect on energy
consumption. These results are unexpected as the previous findings show that households with
better-educated household heads are more likely to use modern and convenient fuels due to a
greater awareness about the adverse impact of air polluting fuels (Alem et al. 2016) and greater
opportunity costs associated with using time-consuming traditional stoves (Azhgaliyeva, Kodama
and Holzhacker 2025).

Table 3: Effect of Income Decline on Energy Consumption

Total Energy Coal Electricity Biomass Gas
Consumption
2020*Income decline 465.800 707.242 3.617 10.717" 2.444
(363.941) (564.651) (7.940) (4.950) (5.421)
2021*Income decline -144.584 -233.250 7.154 -4.734 0.641
(294.805) (431.296) (9.969) (3.869) (5.146)
2020 -240.007 -512.102 67.967 -10.367" 1.705
(446.566) (721.979) (7.706) (3.322) (5.493)
2021 62.097 -7.317 66.470™ 10.517™ -1.639
(326.517) (442.797) (6.244) (2.399) (2.954)
Sex of household head (1=female) 87.358 28.358 45.979" -16.185" 24.084
(173.908) (247.590) (26.578) (7.930) (16.577)
Age of household head 3.660 5.464 -1.070 -0.228 -0.324
(7.163) (10.019) (1.233) (0.285) (0.502)
Marital status -126.440 2.010 -109.440™ -38.486™ -32.978™
(147.290) (208.481) (31.282) (11.557) (12.621)
Education of household head (base category=tertiary education)
Primary education and below -67.478 -16.940 -22.768 0.625 -7.762
(156.350) (226.271) (59.973) (13.688) (41.432)
Secondary general 181.094" 203.321 52.519 -2.227 30.421
(102.282) (138.575) (44.180) (9.577) (43.132)

Continued on the next page
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Total Energy Coal Electricity Biomass Gas
Consumption
Technical education 66.248 42.224 47.374 12.051 9.487
(99.937) (138.911) (50.360) (9.934) (43.551)
Household size (person) -340.123™ -212.185 -151.073™ -10.927™ -16.079™
(127.802) (155.736) (9.746) (2.347) (2.650)
Number of children (0-5 years) 198.117 212.543 35.628™ -4.542" 6.678"
(194.784) (242.197) (7.197) (2.670) (2.896)
Electricity outage 97.737 166.084 -8.085 -2.164 -6.238
(1=never to 5=several times in a week) (118.138) (178.040) (8.597) (3.367) (4.851)
-98.963 -315.593 29.559™ 35.887" 0.364
Mean annual temperature (262.427) (516.722) (6.247) (3.676) (3.429)
44.485 53.084 -5.189 5.847 -4.403
Urban (80.320) (73.520) (38.690) (13.757) (7.768)
-340.123™ -212.185 -151.073™ -10.927™ -16.079™
Household fixed effects + + + + +
Constant 2,919.500 3,368.595 1,142.857™ -84.627" 175.555™
(1,901.264) (3,857.275) (92.286) (33.162) (43.374)
Observations 13455 9063 13455 8628 4467
R-squared 0.001 0.001 0.171 0.101 0.020

Standard errors in parentheses. Robust standard errors. *p < 0.10, ** p < 0.05, *** p < 0.010. Standard
errors are clustered at the level of the household.
Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

Household size has a negative impact on consumption of energy per capita (total energy and
almost all energy sources with the exception of coal). This means that larger households consume
more coal per capita, but less of other energy sources. Although other empirical studies argue
that household size increases demand for energy (Ngui et al. 2011), our result with the negative
impact of household size on total energy consumption per capita does not contradict. On the other
hand, a higher number of children at home below 6 years of age has a strong positive impact on
electricity consumption per capita. Evidently, this is related to childcare activities and spending
more time at home.

Among other factors, rural-urban location and quality of electricity access (electricity outage)
do not show a statistically significant effect. The existing literature shows that the quality of
electricity access affects the fuel choice (Azhgaliyeva et al. (2021), but does not affect energy
consumption in the short term (according to our results over 2019-2021).

Table 4 reports the results of the main variables of interest of DiD from estimations based on
the coarsened exact matching. The results are mainly consistent with the unmatched full sample
estimations. Year dummies indicate analogous effect in electricity and biomass consumption.
However, the unmatched sample interaction of the 2020-year dummy and income decline does
not demonstrate a statistically significant effect in biomass consumption. This may be the result

of the lower sample size after the matching procedure.
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Table 4: Effect of Income Decline on Energy Consumption Using
Coarsened Exact Matching

Total Energy Coal Electricity Biomass Gas
Consumption
2020*Income decline 359.526 609.007 15.843 7.541 -0.026
(404.269) (687.385) (11.890) (6.792) (7.950)
2021*Income decline -542.066 -867.392 14.094 -4.313 3.764
(461.374) (695.616) (14.361) (5.051) (6.689)
2020 531.246 803.062 73.135™ -12.276" 0.412
(501.473) (876.852) (12.533) (5.136) (8.107)
2021 623.013 765.725 721377 9.683™ -7.963
(565.794) (785.135) (10.707) (3.601) (4.065)
Household fixed effects + + + + +
Observations 7128 4686 7128 4518 2370
R-squared 0.003 0.004 0.214 0.098 0.021

Standard errors in parentheses. Robust standard errors. *p < 0.10, ** p < 0.05, *** p < 0.010.
Note: Each regression includes household controls such as household size; number of children
(0-5 years); household head sex, age, marital status, and education level; electricity outage;
mean annual temperature; and urban—rural. Standard errors are clustered at the level of the
household.

Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

4.2. Effects by Income Group

The impact of income decline on energy consumption can vary by income group. The total
sample was classified into quartile income groups based on yearly per capita household income.
In order to understand the potential effect of income decline on energy consumption by income
level, estimations were applied to the sample of each quartile group. Table 5 presents the results.

The first quartile group refers to the lowest income; the fourth quartile is the highest income group.

Table 5: Effect of Income Decline on Energy Consumption by Income Group

Total Energy Coal Electricity Biomass Gas
Consumption
First quartile (low income)
2020*Income decline -609.458™ -739.640™ -3.110 -1.811 -5.940
(269.660) (331.237) (8.346) (6.881) (4.190)
2021*Income decline -481.804 -576.132 -9.581 3.216 2.077
(397.141) (487.543) (10.129) (5.600) (7.395)
2020 369.773 394.281 9.838 -3.767 8.436
(613.177) (724.503) (7.723) (5.512) (9.677)
2021 428.617" 477.520° 33.432™ 2.644 -0.712
(209.585) (257.297) (5.505) (2.930) (2.877)
Second quartile
2020*Income decline 1,085.900™ 1,547.724" -12.503 1.756 12.973
(445.882) (635.072) (10.811) (11.487) (8.579)
2021*Income decline 659.960" 873.939" -2.741 -10.567 12.602
(396.711) (522.863) (12.909) (12.495) (12.120)

Continued on the next page
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Total Energy Coal Electricity Biomass Gas

Consumption
2020 -786.976 -991.710 24,731 3.771 7.631
(605.827) (878.795) (12.651) (8.811) (9.144)
2021 -541.057 -750.419 38.584™ 15.331™ -4.177
(414.287) (520.492) (8.231) (5.235) (5.455)
Third quartile
2020*Income decline -715.731 -1324.800 9.034 12.721 -31.979
(463.836) (848.253) (15.312) (13.766) (21.926)
2021*Income decline -1,564.368™ -2810.467" 51.705™ 7.555 -9.675
(773.111) (1332.629) (17.288) (9.538) (10.321)
2020 664.699 465.283 99.153™ -11.356 17.490
(477.363) (1,246.220) (16.673) (8.510) (28.108)
2021 1,183.870" 1,621.899 73.276™ 3.764 0.429
(597.097) (859.505) (11.255) (5.356) (6.622)
Fourth quartile (high income)
2020*Income decline 1,383.179 2,514.368 17.064 38.640™ 16.895™
(909.707) (1,685.776) (17.557) (11.575) (7.813)
2021*Income decline -43.479 -204.882 14.568 -6.370 13.101
(998.157) (1,879.448) (22.115) (10.077) (7.909)
2020 -1318.611 -2799.977 103.884™  -26.439™ -0.881
(1,466.428) (2,850.001) (16.974) (8.105) (6.466)
2021 -482.121 -917.833 85.416™ 16.687" -7.590

(1,151.239) (1,860.718) (14.768) (7.726) (4.782)
Standard errors in parentheses. Robust standard errors. *p < 0.10, ** p < 0.05, *** p < 0.010.
Note: Each regression includes household controls such as household size; number of children (0-5 years);
household head sex, age, marital status, and education level; electricity outage; mean annual temperature;
and urban—rural. Standard errors are clustered at the level of the household.
Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

The results show that the poorest households with income decline reduced coal consumption
during the first year of the pandemic as a result of income shock, probably by heating/cooking
less and switching to free energy sources. Interestingly, income shock had a positive effect on
households in the second quartile by increasing coal consumption in both years, though the effect
in 2021 was statistically less significant. Households with income decline in the third quartile in
2021 reduced coal and, in exchange, increased electricity consumption, resulting in a reduction
in overall energy consumption. Income declines affected households in the highest income
quartile to increase consumption of biomass and gas during the first year of the pandemic,

probably in response to the need to spend more time at home and to cook more at home.
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Table 6: Effect of Income Decline on Energy Consumption by Income Group Using
Coarsened Exact Matching

Total Energy Coal Electricity Biomass Gas
Consumption
First quartile (low income)
2020*Income decline -796.353" -976.490" -12.619 2.479 -17.050
(351.028) (434.572) (14.408) (9.319) (14.688)
2021*Income decline -240.843 -342.956 -15.744 4.434 17.498
(414.218) (547.578) (15.708) (7.738) (19.918)
2020 733.414 822.763 24.632 -5.833 37.124
(610.272) (679.866) (19.488) (7.492) (33.530)
2021 431.458" 473.672 43.011™ -1.549 -5.670
(255.679) (314.026) (9.831) (4.472) (7.457)
Second quatrtile
2020*Income decline 782.026 1264.071° -18.019 -7.679 39.427
(447.543) (725.633) (17.058) (15.322) (31.285)
2021*Income decline 196.919 329.184 -13.448 -8.554 54.693
(149.249) (230.754) (19.958) (16.756) (43.912)
2020 100.065 280.938 34.709 -18.209 39.263
(362.445) (651.218) (24.729) (16.571) (27.586)
2021 -2.882 -51.975 49.764™ 17.971 -18.393
(131.357) (144.361) (13.838) (12.699) (18.148)
Third quartile
2020*Income decline -508.037 -837.322 6.572 -7.596 -44.579
(426.950) (785.078) (21.967) (17.027) (34.550)
2021*Income decline -896.745™ -1,634.353" 50.479 8.761 -15.438
(370.898) (672.998) (26.249) (11.799) (14.607)
2020 994.026 1,333.001 112.640™ 1.851 29.313
(5632.027) (1,171.704) (29.796) (14.434) (43.996)
2021 978.452™ 1,356.119™ 77.598™ 2.743 8.762
(323.670) (506.381) (21.145) (7.923) (27.185)
Fourth quartile
2020*Income decline 811.839 1,655.223 23.345 35.841" 7.944
(5672.579) (1,237.129) (23.952) (15.914) (9.774)
2021*Income decline -1,393.393 -2,944.780 39.491 -2.668 12.150
(1,334.954) (2,565.356) (30.530) (11.497) (8.774)
2020 440.839 745.994 99.441™ -27.488™ -7.745
(1,406.023) (2,901.534) (27.154) (9.377) (7.516)
2021 1,169.436 1,720.912 80.236™ 14.443 -15.468™
(1,686.025) (2,641.345) (25.620) (7.566) (5.960)

Standard errors in parentheses. Robust standard errors. *p < 0.10, ** p < 0.05, *** p < 0.010.

Note: Each regression includes household controls such as household size; number of children (0-5 years);
household head sex, age, marital status, and education level; electricity outage; mean annual temperature;
and urban—rural. Standard errors are clustered at the level of the household.

Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

Overall, taking into account status regarding income decline, households demonstrate growth
in electricity consumption. In particular, households in the third and fourth quartiles demonstrate

strong growth per capita in electricity consumption in both 2020 and 2021. A positive effect on
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biomass consumption is observed among households in the second and fourth quartiles.
However, the highest income group households showed decreasing biomass consumption during
the first year of the pandemic.

Estimation results of the same model based on the matched sample are similar to regression
results on the unmatched sample (see Table 6). However, the variable in the third income quartile
group does not show a statistically significant impact on electricity, whereas in the fourth group it
is not significant for gas consumption. Another difference is that households in the fourth quartile
in 2021 reduced gas consumption.

Thus, income decline during the pandemic had varying effects on energy consumption.
Households with income shocks during the first year of the pandemic increased biomass
consumption, though total energy consumption did not change. This is in line with the general
expectation that falling income may cause households to rely more heavily on less costly energy
sources, which are generally solid fuels which cause indoor air pollution (dirty fuels).
Nevertheless, empirical results are heterogeneous across income levels. Households in the
lowest income group reacted to an income decline by reducing total energy consumption and coal
consumption, whereas those in the second quartile increased coal consumption. Spending more
time at home during the pandemic, in the context of falling income, may have created more
incentives for switching to lower-price fuel. An analogous decline in total energy consumption is
observed among households with income shock in the third quartile. This effect is associated with
the decrease of coal and higher consumption of electricity. Interestingly, those households with
income shock in the highest income group increased biomass and gas consumption. This may
be associated with larger residential space and location characteristics, where access to heating
and cooking fuels is based mainly on traditional sources, with some having access to gas. This
particular finding stresses the importance of a supply of clean fuel types, the absence of which
leads to the use of dirty fuels even under the high-income conditions.

On the other hand, year dummies indicate that, if we do not focus on income decline status of
households, then we see a general tendency toward higher consumption of electricity, which is
strongly evident among higher income groups. This may be due to growing demand for energy
overall. But it may also suggest some movement toward cleaner energy among higher income
groups. However, there is not enough evidence on the sustainability of this movement, as it may
be related to households’ ability to afford electricity amid limited supply and to availability of gas
and coal. The findings for households with the lowest income quartile to some extent confirm this

statement. Under income decline conditions, these households decreased coal consumption,
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thus experiencing lower overall energy consumption per capita. Therefore, negative income

shocks cause lower energy consumption among poor households and intensify energy poverty.

4.3. Robustness Analysis: Income Decline Magnitude

In our baseline model estimations income shock is specified as the fact of lower income in
2020 and 2021 than income of the previous year. However, one may argue such approach for
measuring the income shock is general and does not ensure if results are sensitive to different
magnitude of income decline. Because household energy consumption behavior may vary by the
magnitude of income shock. Following, this potential source of heterogeneity alternative
specification of income decline is based on average percentile decline of income in consecutive
2020 and 2021 years. Distribution of households that experienced income shock presented in
Figure A1 in Appendix show that in two years most of the households saw decline by 20%, and
even higher intensity is observed by 10% magnitude. Therefore, we used three thresholds for our
further alternative model specifications: relatively small income declines by 10%, modest income
shock by 20% and severe income fall with more than 20%.

Results of estimations for the total sample are presented in Table 7. In general the results are
in line with baseline model estimations. Households with severe income reduction by more than
20% showed increased biomass consumption during the first year of shock. Though, this effect
demonstrated less statistical significance. Analogous findings can be noted for households with
income decline up to 10%. However, interestingly households with severe income fall showed a

statistically significant reduction of biomass consumption in 2021.

Table 7: Impact of Income Decline Magnitude on Energy Consumption

Total Energy Coal Electricity Biomass Gas
Consumption
2020*Income decline by 10% 932.908" 1657.744" 11.056 9.850 -1.408
(546.271) (991.194) (10.086) (7.544) (6.096)
2020*Income decline by 20% -134.124 -215.964 -5.551 7.529 16.964
(421.928) (608.037) (11.979) (7.321) (10.768)
2020*Income decline by more than 31.986 41.534 -3.498 15.011" -1.940
20% (331.207) (470.735)  (15.271) (7.824) (6.460)
2021*Income decline by 10% 9.481 32.920 11.259 -5.156 -2.728
(279.965) (414.006) (11.840) (5.185) (5.723)
2021*Income decline by 20% -476.082 -691.441 -14.831 4.586 6.706
(442.788) (635.615) (14.617) (5.864) (10.028)

Continued on the next page
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Total Energy Coal Electricity Biomass Gas

Consumption
2021*Income decline by more than -155.797 -229.027 19.901 -13.426" 2.876
20% (336.957) (476.896)  (23.543) (6.785) (9.401)
2020 -239.967 -521.286 68.070™ -10.482™ 1.569
(447.034) (723.099) (7.737) (3.318) (5.528)
2021 61.153 -11.402 66.446™ 10.532™ -1.726
(326.700) (442.985) (6.253) (2.400) (2.979)
Sex of household head (1=female) 96.485 31.971 46.072 -16.109" 24193
(175.899) (251.537) (26.540) (7.885) (16.601)
Age of household head 4,106 6.132 -1.028 -0.248 -0.304
(7.006) (9.936) (1.232) (0.287) (0.504)
Marital status -112.140 12.659 -108.628™ -38.958™ -32.557"
(150.473) (216.101) (31.201) (11.531) (12.743)
Basic education -51.631 -43.258 -23.643 1.449 -7.933
(152.589) (222.171) (59.835) (13.696) (41.518)
Secondary general 182.720° 171.730 51.726 -1.481 30.237
(98.340) (129.418) (44.106) (9.401) (43.179)
Technical education 49.403 -20.356 46.529 12.825 9.508
(96.433) (131.174) (50.269) (9.737) (43.591)
Household size (person) -338.220™ -206.288 -150.541™ -11.261™ -15.790™
(128.567) (155.311) (9.814) (2.343) (2.724)
Number of children (0-5 years) 200.348 213.748 35.496™ -4.406 6.361"
(195.136) (241.592) (7.170) (2.680) (2.930)
Electricity outage 108.334 187.344 -8.017 -2.226 -6.387
(1=never to 5=several times in a (118.877) (180.254) (8.594) (3.403) (4.833)
week)
Mean annual temperature -98.639 -324.768 29.679™ 35.752™ 0.237
(262.978) (518.163) (6.276) (3.671) (3.468)
Urban 73.025 103.626 -4.086 5.315 -4.416
(81.382) (83.333) (38.873) (13.915) (7.748)
Household fixed effects + + + + +
Constant 2837.693 3334.017 1136.953™ -81.084" 174.383™
(1889.17) (3853.12) (92.415) (33.136) (43.211)
Observations 13455 9063 13455 8628 4467
R-squared 0.001 0.001 0.171 0.102 0.021

Standard errors in parentheses. Robust standard errors. *p < 0.10, ** p < 0.05, *** p < 0.010. Standard
errors are clustered at the level of the household.
Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

Estimations results by income group presented in Table 8. Households in lowest income group
with 10% income fall demonstrated reduction in total energy and coal consumption. This finding

underlines the vulnerability of the lowest income group to energy consumption. But households
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with relatively small and severe income decline in the second quartile increased their total energy
and coal consumption in 2020. Increased electricity consumption is observed among households
in the third quartile who saw income reduction by 10 and more than 20%. Households with income
declined by 10% in highest income group increased biomass consumption during the first year,
whereas those with 20% reduction of income increased gas consumption in the same period.
However, these results did not reveal changes in energy consumption behavior among those with
severe income shock. These findings confirm previous results from the baseline model

estimations disaggregated by income level.

Table 8: Impact of Income Decline Magnitude on Energy Consumption by Income Group

Total Energy Coal Electricity Biomass Gas
Consumption
First quartile (low income)
2020*Income decline by 10% -757.887" -929.977™ -6.998 -2.759 -7.305
(251.309) (311.725) (9.776) (10.550) (3.971)
2020*Income decline by 20% -468.687 -530.656 11.353 -13.591 -3.538
(435.193) (568.479) (12.593) (10.353) (4.931)
2020*Income decline by more than 20% -257.465 -335.481 -5.475 9.355 -2.887
(429.508) (509.831) (19.796) (10.302) (6.162)
2021*Income decline by 10% -575.305 -697.281 -15.658 4.455 -3.942
(390.128) (487.168) (12.005) (6.516) (8.301)
2021*Income decline by 20% -771.444° -974.960" 23.972 -8.800 6.418
(414.558) (525.284) (17.544) (6.544) (7.385)
2021*Income decline by more than 20% 15.278 19.961 -18.947 11.358 10.309
(706.375) (829.824) (22.965) (14.430) (7.179)
Second quatrtile
2020*Income decline by 10% 1311.009” 2023.257" -7.918 3.389 13.788"
(535.189) (864.254) (11.866) (16.962) (8.202)
2020*Income decline by 20% 558.792 780.244 -14.043 -7.768 3.160
(400.022) (521.201) (20.822) (14.608) (11.968)
2020*Income decline by more than 20% 959.260" 1226.513" -15.108 11.871 34.872™
(505.128) (622.107) (25.754) (10.623) (13.402)
2021*Income decline by 10% 600.361 824.673 -10.970 -13.213 11.659
(390.260) (525.158) (13.987) (16.355) (13.345)
2021*Income decline by 20% 760.624 944.442 16.890 -1.723 11.073
(511.438) (625.447) (25.815) (15.120) (12.363)
2021*Income decline by more than 20% 767.260 930.788 34.874 -31.133 33.075"
(518.870) (674.023) (39.235) (23.000) (15.700)
Third quartile
2020*Income decline by 10% -17.946 89.526 4.554 3.874 -34.495
(285.908) (573.598) (18.023) (20.240) (23.907)
2020*Income decline by 20% -2389.697 -3761.238 -1.519 14.343 -22.220
(2002.979) (3053.338) (15.889) (17.167) (23.989)
2020*Income decline by more than 20% -1326.740 -2073.039" 30.328 28.662 -29.022

(855.810)  (1216.619)  (38.601)  (23.396)  (20.264)

Continued on the next page
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Total Energy Coal Electricity Biomass Gas

Consumption
2021*Income decline by 10% -988.347" -1630.935 40.890™ 8.959 -14.091
(557.878) (881.091) (18.399) (13.018) (11.705)
2021*Income decline by 20% -3482.474 -5436.059 -21.929 16.024 10.844
(2381.168) (3595.159) (20.555) (10.518) (18.407)
2021*Income decline by more than 20% -1845.673 -3322.351 221.125™ -21.958 -10.702

(1329.580) (2109.009) (67.079) (20.936) (20.686)
Fourth quartile (high income)

2020*Income decline by 10% 1700.959 3493.826 30.071 43.049™ 10.676
(1042.114) (2195.255) (22.802) (13.061) (8.041)
2020*Income decline by 20% 1093.836 1872.989 -15.350 30.365 34.951”
(872.002) (1516.411) (22.617) (16.213) (16.634)
2020*Income decline by more than 20% 897.561 1520.112 24.870 41.350 10.143
(843.089) (1533.163) (37.455) (25.666) (12.159)
2021*Income decline by 10% -208.879 -691.168 21.065 -15.697 7.421
(1093.886) (2274.282) (26.264) (10.438) (8.028)
2021*Income decline by 20% 198.911 357.666 -38.614 6.351 15.458
(929.658) (1591.491) (29.666) (16.317) (16.767)
2021*Income decline by more than 20% 484.829 788.868 80.350 2.146 33.094

(947.592) (1735.255)  (66.487) (20.359)  (21.739)
Standard errors in parentheses. Robust standard errors. *p < 0.10, ** p < 0.05, *** p < 0.010.
Note: Each regression includes year effects and household controls such as household size; number of
children (0-5 years); household head sex, age, marital status, and education level; electricity outage; mean
annual temperature; and urban—rural. Standard errors are clustered at the level of the household.
Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

Figure 2 summarizes the above results. The results are partly consistent with the energy
ladder hypothesis, which shows the hierarchical relationship between economic status of
households and energy sources: the higher the economic status or income, the greater the
preference for more expensive and cleaner fuels (Heltberg 2005). Our findings confirm this effect
in households that experienced income decline, though the higher income group increased
consumption of biomass, which is considered a dirty fuel. Also, households in the second quartile
group increased coal consumption. These findings suggest that income shock creates incentives
for households to use dirty fuel and may raise concerns regarding a reversal of the clean energy

transition process.
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Figure 2: Impact of Income Decline on Energy Consumption
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Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

5. CONCLUSION AND POLICY IMPLICATIONS

This paper has examined the impact of income decline in the post-COVID-19 period on
household energy consumption in the Kyrgyz Republic. The research was based on panel data
from the household survey for 2019-2022. For the empirical analysis, the DiD approach was
applied based on unmatched and matched samples.

Empirical findings in general showed that households with income decline during the first year
of the pandemic increased usage of biomass. This finding is in line with the general expectation
that falling income may cause households to rely more heavily on less costly fuels. Also, the
empirical results indicate heterogeneity by income group. Households in the lowest income group
that faced income declines reduced total energy consumption, which suggests a potential
challenge of energy poverty owing to income shock. The results confirm that higher income
corresponds with the adoption of cleaner fuels. However, higher-income households that
experienced income decline demonstrated increased use of dirty fuel too. These findings highlight
the potential challenge that income shock impacts energy consumption patterns even of
households with a higher income and may stagnate the transition to clean fuel.

The low-income group with income decline experiences a reduction in energy consumption.
Consuming less energy than is required to enhance welfare in the long term may have negative
consequences for health, human capital development and labor productivity. Special government
efforts to support low-income groups in their energy consumption during periods of high energy
needs, such as in the winter, are necessary to avoid the negative effects of energy poverty. This
direction is becoming more important in the context of the practice of increasing electricity prices

since 2023 in the Kyrgyz Republic.
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Though this study did not cover the topic of influence of electricity tariffs on energy
consumption, further studies on how these changes affect energy transition is important for
sustainable development policy discussions in the Kyrgyz Republic. We could not show the
significance of the quality of energy infrastructure (blackouts), which is most likely due to data
over a short period of time (three years). A potential limitation of this study is that it does not
address potential heterogeneity from unobservable differences. Although CEM is an efficient
approach in terms of the construction of the treatment and control groups, it is based only on
observable characteristics of households, whereas time-varying unobserved heterogeneous
characteristics may still impact results. However, the full solution of this issue is non-trivial in a

panel data setting.
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APPENDIX

Table A1: Difference of Mean Values of Outcome Variables Across Treated and Control

Groups
Control Treated Difference

Total energy consumption 1,472.98 1,228.37 24461
Coal 1,063.02 843.99 219.03
Electricity 648.48 640.38 8.10
Biomass 77.45 68.16 9.29
Gas 96.98 100.37 -3.40

N 3,272 1,213

*p <0.10, ** p < 0.05, *** p < 0.010.
Note: Values are for pre-treatment 2019 year.
Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.

Table A2: L1 Statistics Before and After Coarsened Exact Matching

Before CEM After CEM

L+ Mean L+ mean
Sex of household head 0.007 -0.007 0.000 0.000
Age of household head 0.094 2.655 0.059 0.029
Marital status of household head 0.002 -0.002 0.000 0.000
Education of household head
Primary and below 0.005 0.005 0.000 0.000
Secondary general 0.017 -0.017 0.000 0.000
Technical education 0.018 -0.018 0.000 0.000
Tertiary education 0.030 0.030 0.000 0.000
Household size 0.065 -0.268 0.011 0.004
Number of children (0-5 years) 0.057 -0.103 0.000 0.000
Electricity outage (1=never to 3=several times in a week) 0.007 -0.003 0.000 0.000
Urban 0.015 0.015 0.000 0.000
Multivariate L+ 0.632 0.395
N 4,485 2,376

CEM = Coarsened Exact Matching.
Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.
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Figure A1: Distribution of households by income decline magnitude
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Source: Authors’ calculations based on the Kyrgyz Integrated Household Survey data.
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Assessing the Impact of Income Decline on Household Clean Fuel Choice
Evidence from the Kyrgyz Republic

This paper analyzes the impact of income decline during the COVID-19 pandemic on energy consumption in
the Kyrgyz Republic. Using household survey data for the period 2019-2021, results show that households in
the lowest (first quartile) income group reacted to an income decline by consuming less coal, whereas those
in the second quartile income group increased coal consumption. Spending more time at home during the
pandemic in the context of a falling income may have created incentives to switch to a cheaper fuel.
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