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Abstract
Policymakers frequently voice concerns that carbon pricing could impair economic develop-
ment in the short run, especially in low-income countries such as Uganda. Using a consumer
demand system for energy and food items, we assess how households’ welfare, and demand
for food and energy, would respond to a carbon price ofUSD40/tCO2.We findwelfare losses
of 0.2–12 per cent of household expenditure on food and fuel, due to the carbon price. Aver-
age demand for electricity and kerosene decline by 11 and 20 per cent respectively, while
firewooddemand rises by 10 per cent on average.Weobserve shiftswithin food consumption
baskets, with declines in the demand formeat & fish, and vegetables, alongside an increase in
cereal consumption.Household nutrition is adversely impacted, with declines in protein and
micronutrient intake across the population. Complementary social protection policies such
as cash transfers are therefore required to ease adverse effects on economic development in
Uganda.

Keywords: carbon pricing; censored EASI demand system; distribution; household welfare

JEL classification: D12; Q41; Q56; R15

1. Introduction
Carbon pricing (by means of a carbon tax or a cap-and-trade system) is an efficient
instrument to reduce emissions (Somanathan et al., 2014) and avoid future lock-in into
carbon-intensive energy systems (Mattauch et al., 2015). The High-Level Commission
on Carbon Prices recommends global carbon prices between USD40–80/tCO2 by 2030
for efficient emissions reduction (Carbon Pricing Leadership Coalition, 2017). While
absolute emissions are arguably low, countries in Sub-Saharan Africa (SSA) carbonise
rapidly, with 8 of 10 of the world’s fastest carbonising countries located in the region
(Steckel et al., 2020). Some SSA countries, including South Africa, Senegal, and Côte
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d’Ivoire, have already implemented or are currently considering carbon prices (World
Bank Group, 2023).

Higher prices for fossil fuels resulting from a carbon price, however, impose greater
costs on households. Usually, those impacts are found to be progressive in low- and
middle-income countries (LMICs), mainly due to the relatively low energy expenditure
shares of poorer households in LMICs (Dorband et al., 2019; Ohlendorf et al., 2021).
Yet, in SSA, they could lead to unintended welfare outcomes, such as promoting a shift
toward traditional biomass like firewood and charcoal (Jewell et al., 2018; Greve and Lay,
2023). Biomass use could be problematic for the climate, e.g., because of increased defor-
estation resulting from the unsustainable use of forests (Masera et al., 2015). Increasing
the use of biomass could also affect socioeconomic development, such as health (through
indoor air pollution) (Pratiti et al., 2020), food consumption (due to commodity price
hikes) (Fuje, 2019), and female labour force participation (due to time spent gathering
firewood) (Köhlin et al., 2011).

In this study, we investigate the potential impacts of a carbon price on household
welfare in the context of a low-income country, Uganda. We examine the link between
energy use and food consumption, and account for substitution within households’ con-
sumption baskets, to comment on the distributive impacts of a carbonprice andpotential
revenue rebate policies.Understanding the impacts of carbonpricing inUganda presents
a unique and significant case study for several reasons. Despite having low per-capita
emissions, Uganda experienced robust economic growth, which was marked by a sig-
nificant rise in aggregate emissions, with annual emissions growth recorded at 10 per
cent over the preceding decade (World Bank Group, 2022). This combination of rapid
economic development and escalating emissions underscores the urgency of explor-
ing sustainable and low-carbon growth strategies, making Uganda an important case
to examine the implications of carbon pricing.

The Government of Uganda’s commitment to reducing its greenhouse gas emissions
by 22 per cent by 2030, as outlined in its Intended Nationally Determined Contribution
to the 2015 Paris Agreement, highlights the country’s proactive stance on climate change
mitigation (Ministry of Water and Environment, 2022). This commitment, particularly
focusing on decarbonizing key sectors such as energy, infrastructure, and transport,
offers a practical context for assessing the effectiveness of carbon pricing as a policy tool.

Moreover, the prevailing socioeconomic conditions in Uganda amplify the relevance
of this study.With a significant portion of the population living in povertywith deficits in
access to electricity and clean cooking technologies1 and facing food insecurity, along-
side a heavy reliance on biomass fuels like charcoal and firewood,2 there is a critical
need to understand how carbon pricing could impact household welfare, particularly in

1Uganda’s GDP per capita stood at USD858.1 in 2021. There has been significant progress in the provi-
sion of electricity to residents, with 42.1 per cent of the population connected to the electric grid as of 2020,
compared to only 18.5 per cent in 2015. Most of this improvement is attributable to rural electrification.
While about 70 per cent of the urban residents are currently connected to the electric grid (increasing from
52 per cent in 2015), only 32.8 per cent of the rural population has access to electricity, increasing from 9
per cent in 2015. However, only 0.5 per cent of the population has access to clean fuels and technologies for
cooking (World Bank Group, 2022).

2Approximately 41 per cent of the population lives in poverty (based on theWorld Bank’s benchmark of
USD1.90 per day) and 69 per cent of the population faces moderate or severe food insecurity (World Bank
Group, 2022). More than 90 per cent of households rely on charcoal or firewood as their primary cooking
fuel, which exacerbates the public health burden resulting from indoor air pollution in Uganda.
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terms of energy affordability and food security. Our study contributes to a better under-
standing of these relationships between climate change mitigation and socio-economic
development.

Carbon dioxide emissions in Uganda largely arise from fossil-based energy produc-
tion, oil consumption and industrial production of buildingmaterials such as cement. In
2022, 90 per cent of CO2 emissions were accounted for by the oil industry (see the Global
Carbon Budget 2023 (Friedlingstein et al., 2023)). Emissions from the petroleum sector
have been rising since the late 1990s (Ritchie et al., 2020).Domestic use of kerosene lamps
for lighting needs and transport further contribute to aggregate emissions in Uganda. In
addition, the agriculture, land use change and forestry (AFOLU) sectors are key drivers
of greenhouse gas (GHG) emissions and deforestation in Uganda. Emissions from the
AFOLU sector, in CO2-equivalents, stood at 43 million tonnes in 2020 (Climate Watch,
2023).

GHG emissions in terms of CO2-equivalents from the AFOLU sector significantly
exceeded emissions from energy use and industrial production (Climate Watch, 2023).
Deforestation from domestic fuelwood consumption is a key source of land use change
and emissions from forestry in Uganda and the broader East African region. Therefore,
examining the impacts of a carbon price on the biomass sector is crucial to understand-
ing the wider impacts on mitigation efforts in East Africa. Previous studies of energy
demand in SSA find mixed patterns of substitution among fuels in response to fossil
fuel price increases. For Tanzania, Olabisi et al. (2019)) find charcoal price increases to
raise kerosene demand, with heterogeneous effects across rural and urban areas. On the
contrary, fossil fuel price increases induce substitution toward traditional biomass in
Ghana (Greve and Lay, 2023). Similar analyses for South Africa and Ethiopia highlight
the role of energy access, availability of cook-stoves, and connections to the electric grid,
in determining energy demand (Guta, 2012; Franks et al., 2018).

The distributional welfare impacts of carbon pricing in advanced countries are typ-
ically regressive (Sterner, 2012). Cross-country analyses in LMICs, however, suggest a
high likelihood of progressive welfare outcomes, due to the relatively low energy expen-
diture shares of poorer households in LMICs (Dorband et al., 2019; Ohlendorf et al.,
2021). Country-specific evidence for Asian and Latin American economies further con-
firms progressive distributional effects of energy taxes, but also reveals large indirect
welfare consequences of food price increases (Irfan et al., 2018; Renner, 2018; Bhuvandas
and Gundimeda, 2020).

The Almost Ideal Demand System (AIDS) of Deaton and Muellbauer (1980), its
quadratic version, i.e., QUAIDS (Banks et al., 1997), and the more recently developed
Exact Affine Stone Index (EASI) demand system (Lewbel and Pendakur, 2009), have
been extensively applied to models of food and energy demand in advanced countries
(Reaños and Wölfing, 2018; Eisner et al., 2021). From estimated demand responses,
Douenne (2020) and Reaños andWölfing (2018) conclude that energy and carbon taxes
would have regressive impacts on household welfare in the contexts of France and
Germany, respectively.

In LMICs, the QUAIDS demand system has similarly been estimated for patterns of
food consumption, inter alia in Mexico (Attanasio et al., 2013), Uganda (Boysen, 2016)
and Malawi (Ecker and Qaim, 2011). Further, variations of the linear AIDS model have
been estimated to understand energy demand responses to energy price increases, in the
contexts of India (Bhuvandas and Gundimeda, 2020), Ethiopia (Guta, 2012), Tanzania
(Olabisi et al., 2019) and South Africa (Okonkwo, 2021), while there is limited evidence
on the potential impacts of carbon pricing on household welfare.
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Our study’s contributions to the existing literature are fourfold: first, we conduct
comprehensive analysis of the potential distributional impacts of introducing a carbon
price in the context of a low-income country, Uganda. This research presents results
which may be applied in other low-income countries which confront similar develop-
mental challenges while transitioning to a low-carbon economy. Second, our study offers
new insights into how households in Uganda adjust their fuel consumption and reshape
the consumption composition in response to carbon pricing, enhancing the understand-
ing of energy use behaviours in low-income countries. Third, our research explores the
broader socioeconomic effects of carbon pricing, especially regarding changes in dietary
habits and nutrient intake. This aspect of our research connects energy policy directly
with public health concerns. Finally, in terms of methodology, wemark an advancement
by applying the EASI demand system in the Ugandan context. The EASI demand system
has the advantage of explicitly accounting for individual unobserved preference hetero-
geneity within the modelling equations, through the error terms. Hence, our estimated
elasticities incorporate differences in consumer preferences across diverse regions. Our
approach also addresses the large mass of zero expenditures observed in household sur-
veys – a well-known problem in consumer demand estimation of data from LMICs
(Shonkwiler and Yen, 1999).

To analyse welfare impacts of carbon pricing, we utilize household-level expenditure
data from the Uganda National Household Survey, 2016–17, conducted by the Uganda
Bureau of Statistics, and commodity price data from the World Bank Group’s Living
Standards Measurement Study for 2015–16. We estimate the uncompensated and com-
pensated price elasticities of demand for 12 commodities, including electricity, kerosene,
traditional biomass (charcoal and firewood), and several food groups.We then combine
the estimated elasticities with product-level data on CO2 emissions from the Global
Trade Analysis Project, to examine the welfare impacts of a carbon pricing policy in
Uganda. We investigate the consequent shifts in the quantity demanded for energy and
food items, and nutrient intake (calories, protein andmicronutrients), across the income
distribution. Lastly, we analyse potential increases in biomass consumption due to car-
bon pricing and evaluate revenue redistribution schemes needed to mitigate trade-offs
between climate policy and economic development.

The results show clear patterns of substitution among fuels, with a 1 per cent increase
in electricity and kerosene prices raising firewood demand by 0.3–0.5 per cent. A carbon
price of USD40/tCO2 generates welfare losses in the range of 0.2–12 per cent of expen-
diture across the population. Related energy and food price increases significantly lower
nutrient intake, with average declines in protein and micronutrient intake of 20 and 27
per cent respectively. Carbon pricing induces a shift towards cereal consumption, sup-
planting consumption of nutrient-rich foods such as vegetables and meat & fish. Given
the prevalence of cooking in household patterns of energy use, we identify cooking fuels
as additional channels of policy impact. In conjunction with carbon pricing policies,
social welfare programmes such as lump-sum transfers, could therefore create impor-
tant pathways for long-term sustainable development in Uganda and the broader SSA
region.

This remainer of this paper is structured as follows. Section 2 outlines the method-
ology and econometric method, while section 3 discusses the data and presents descrip-
tive statistics. Section 4 presents the results, with a discussion in section 5. Section 6
concludes.

https://doi.org/10.1017/S1355770X24000214 Published online by Cambridge University Press

https://doi.org/10.1017/S1355770X24000214


Environment and Development Economics 5

2. The demand system
This section describes the EASI demand system, the econometric method and how
these can be used to evaluate welfare impacts and changes in consumption patterns as a
response to price changes.

2.1 Exact Affine Stone Index demand system
We estimate the approximate EASI implicit Marshallian demand system developed by
Lewbel and Pendakur (2009), which is derived from consumer theory and expresses bud-
get shares in linear forms. The EASI log of cost function C(.) for the exact model for J
goods, is expressed in terms of utility u, a J- vector of log prices p, a J- vector of utility
coefficients b1 and a J- vector of errors ε, as

C(p, u, ε) = u + p′(b0 + b1u + rz) + 1
2
p′Ap + p′ε, (1)

where A is a J × J matrix of parameters with elements [A]jk = ajk, and z is an r × J
matrix of control variables including household demographics and geographical iden-
tifiers. Applying Shephard’s Lemma to the cost function, we obtain Hicksian demands,
and via duality, the vector of Marshallian budget shares in implicit form:

w = b0 + b1y + rz + Ap + ε, (2)

where y is interpreted as ameasure of implicit utility and the log of real household expen-
diture. Engel curves are modelled as approximately linear, while the ε terms are random
utility parameters reflecting individual unobserved preference heterogeneity. Solving for
y by equating the cost function C(p, u, ε) to the log of nominal household expenditure x
and substituting for w yields the following expression, with p′w equal to the exact log of
the Stone price index (Stone, 1954):

y = x − p′w + 1
2
p′Ap. (3)

This expression, however, relies on thematrix of estimable parametersA, and is endoge-
nous due to its dependence on the budget shares w. We therefore estimate the approxi-
matemodel (Lewbel and Pendakur, 2009), with ỹ = x − p′w̄, and deflate the household’s
nominal expenditure on food and fuel3 x by the consumer price index,whose commodity
weights are derived from national household expenditure surveys (UBOS, 2018).

The compensated price elasticity of the budget share for good j in response to an
increase in the price of good k, is obtained from equation (2) as follows (Lewbel and
Pendakur, 2009):

ecwj,pk = ajk
wj

, (4)

where wj is the observed budget share of good j. In the empirical estimation, we use
the average observed budget share only of individuals that consume good j to compute
the elasticity. To obtain price elasticities of demand, we note that the cross-price budget

3We maintain the assumption of two-stage budgeting and weak separability over different commodity
groups modelled in the demand system.
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share elasticities equal the corresponding price elasticities of demand. The own-price
elasticities are related to the budget share elasticities as follows:4

ecj,k = ecwj,pk − 1, (5)

where ecj,k is the compensated price elasticity of demand for good j with respect to the
price of good k.

The expenditure elasticities of demand are derived as follows:

ej,x = b1j
wj

+ 1. (6)

We then derive the uncompensated (Marshallian) price elasticities of budget shares from
the Slutsky equation in budget share form, as follows:

euj,k = ecj,k − ej,xwk. (7)

2.2 Econometric method
We estimate the EASI demand system via the Tobit Type I model for each budget share
equation, with a lower limit of zero and an upper limit of one. A significant proportion
of households in our sample report zero consumption expenditure for individual items
(see table 1), which motivates the use of a corner solution response model (Wooldridge,
2010). The latent budget share equation for good j and household i, based on equation
(2), is

w∗
ij = b0j + b1jỹi +

J∑

k=1

ajkpkd +
L∑

l=1

rljzl + ε̃ij, (8)

where ε̃ij ∼ N(0, σ 2
ε ), with the corresponding Tobit Type I model

wij = max(0,w∗
ij),

where wij is the observed budget share, ỹi is the natural logarithm of household real
expenditure (nominal expenditure on food and fuel x, deflated by the consumer price
index), pkd are log prices for commodity k and district d, zl is an L-vector of controls
(these include the region of residence, rural/urban area and household size to capture
economies of scale within the household), and ε̃ij is a normally distributed error term.
We subsequently estimate average marginal effects to derive the elasticities. In online
appendix D, we discuss an alternative method to estimate the demand system, and
perform robustness checks.

4This can be obtained by differentiating the budget shares wi = pifi
x , where fi is the quantity of good i

demanded, with respect to prices. These formulae hold for both uncompensated and compensated demand.
The theory of duality shows that at consumers’ optimal bundles, Hicksian and Marshallian demands (and
budget shares) are equal.
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Table 1. Expenditure shares for the full sample (% of expenditure on food & fuel)

(3) (4)
(1) (2) Mean (%) % of households

Item Mean (%) Std. Dev. if exp.> 0 with exp.> 0

Electricity 0.90 2.78 5.67 15.82

Kerosene 0.21 0.44 0.64 33.22

Charcoal 0.69 1.49 2.55 26.87

Firewood 2.09 2.84 3.55 58.84

Cereals 17.76 15.70 21.07 84.30

Fruits 3.14 5.56 6.74 46.59

Vegetables 42.02 22.85 44.54 94.34

Meat & fish 10.75 11.93 16.41 65.51

Milk & eggs 2.92 5.45 7.42 39.36

Cheese, oils & fats 2.18 2.49 3.13 69.67

Alcohol & tobacco 3.25 7.35 10.03 32.36

Other food & drink 14.10 22.38 14.16 99.58

Annual expenditure on Food & Energy (UgX) 3,221,174 1,956,693 − −
N 15,356 15,356 − 15,356

Note: The sample sizes for items with positive reported expenditures in column 3 are distinct for each item and hence not
reported.

2.3 Welfare impacts
The first-order (FO) welfare effect of a price change is the additional expenditure
incurred by households for the original consumption bundle to be affordable. In budget
share form, the FO effect is expressed as

FO =
K∑

j=1
w0
j
�pj
p0j

, (9)

where w0
j and p0j are the initial budget share and price for good j, respectively, with

expenditures aggregated across the K goods that exhibit price increases. For goods
unaffected by carbon pricing (in this study, charcoal and firewood), the welfare effect
is zero.

To account for household demand changes in response to relative price hikes and
shifts within the consumption basket, we analyse the second-order (SO) welfare effects.
Because SO calculations account for substitution effects, they are typically smaller than
FO calculations, which overestimate welfare losses. Banks et al. (1996) derive SO approx-
imations to the welfare loss of an indirect tax on a single item in the consumption basket.
Renner et al. (2018) extend this framework to multiple simultaneous price changes
through a SO Taylor series expansion of the expenditure function. We follow their
approach to compute SOwelfare effects, or the compensating variation, whichmeasures
the amount of compensation households require to achieve their initial utility levels at
the new set of prices. As a proportion of household expenditure, the approximate SO
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welfare effect is

SO ≈
J∑

i=1
w0
i
�pi
p0i

+ 1
2

J∑

i=1

J∑

j=1
w0
i e

c
i,j

�pi
p0i

�pj
p0j

. (10)

The first term represents the FO effect, while the second termmeasures changes in con-
sumption due tomultiple price changes, captured by the compensated price elasticities of
demand (eci,j) and initial expenditure shares (w

0
i ). As the carbon pricing policy leaves the

prices of biomass (charcoal and firewood) unaffected, any cross-price effects involving
solid fuels will result in no additional welfare losses, despite non-zero demand changes.

2.4 Changes in final consumption
We compute the total change in quantity demanded for each item, in response to a car-
bon price, based on the estimated uncompensated price elasticities of demand. Consider
aMarshallian demand function fi for commodity i, as a function of the J-vector of prices
q,5 and total household expenditure x,

fi = fi(q1, q2, . . . qi, . . . qJ ; x).

The proportionate change in quantity demanded is then approximately equal to6

�fi
fi

≈
J∑

j=1
eufi ,qj

�qj
qj

. (11)

Estimates of the change in quantity demanded for each group i are thus linear approxi-
mations, particularly in the event of significant price increases, resulting in large values
for �qj

qj . Rather than modelling nonlinear price changes, we adopt a parsimonious
approach to obtain precise estimates of the price elasticities of demand.

We additionally compute the change in nutrient intake due to carbon pricing, across
the population. We first recalculate budget shares with respect to households’ total
food expenditure, and use these modified budget shares as weights for the demand
changes derived in equation (11) for the k food groups.7 We then calculate the percent-
age change in the consumption of calories, protein and micronutrients due to carbon
pricing. We follow Ecker and Qaim (2011) and analyse changes in the demand for five
micronutrients: iron, vitamin C, riboflavin, folate and vitamin B12, which we subse-
quently aggregate, for tractability in presenting results. Using a food composition table
for Uganda fromHarvestPlus (Hotz et al., 2012), we first individually calculate the aver-
age level of nutrients ni for calories (kcal), protein (grams) and micronutrients (grams)
in each food category i per kilogram, using food item-specific consumption shares as
weights for the broad food category. We then obtain the percentage change in total

5We distinguish prices q from the log of prices p, considered earlier.
6The derivation is presented in online appendix C.
7We exclude the category “Alcohol&Tobacco” from this calculation as households donot reportwhether

alcohol is consumed or used as a substitute fuel for transportation.
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nutrient intake �N
N due to the carbon price as follows:

�N
N

≈
∑k

i=1 niwfi
�fi
fi∑k

i=1 niwfi
, (12)

wherewfi is the modified expenditure share for food group i, for a total of k food groups.

3. Data and descriptive statistics
This section describes the expenditure, price and emission data used and presents
descriptive statistics.

3.1 Expenditure and price data
Household expenditure data are drawn from the Uganda National Household Survey
(UNHS), conducted by the Uganda Bureau of Statistics (UBOS), for the latest year avail-
able, 2016–17. The UNHS is nationally representative, with a sample size of 15,912
households for an estimated population of 43 million (UBOS, 2018). We exclude 2 per
cent of observations with missing data on total household expenditure (on food and
energy), resulting in a sample of 15,682 observations. The survey comprises detailed
consumption modules on expenditures incurred for food items and energy sources,
with respective weekly and monthly recall periods. Following Deaton and Zaidi (2002),
we scale expenditures to annual levels. For each item, we aggregate the expenditures
incurred on market purchases and the self-reported expenditure values of goods pro-
duced at home, collected fromvillages/forests or items received in-kind. This also applies
to charcoal and firewood. Households report the monetary value of the self-collected
biomass, and we utilise this information while evaluating the non-purchased charcoal
and biomass. Self-consumption is substantial inUgandanhouseholds, with 35 per cent of
food consumption from seasonal harvests by farmers, particularly for cereals and pulses
(UBOS, 2018). Similarly, over 90 per cent of firewood consumed as fuel within homes
is collected by household members from nearby forests and village plots (UBOS, 2018).
While over 60 per cent of households report using firewood for cooking, nearly 30 per
cent also use charcoal for cooking (UBOS, 2018), highlighting the strong dependence on
solid fuel use.

Individual food items are categorised into commodity groups based on likely com-
plementarities between items (for example cerealsmay complement vegetables, fruits, or
meat), in order to satisfy the assumption ofweak separability betweendifferent commod-
ity groups. We thus model demand for 12 consumption groups including four energy
sources – electricity, kerosene, charcoal, and firewood, and eight food categories – cere-
als; fruits; vegetables; meat & fish; milk & eggs; cheese, oils & fats; alcohol & tobacco; and
other food & drink. These food categories thus reflect the different broad food groups of
a standard diet as well as potential complementarities between food groups. They further
reflect broad consumption patterns in Uganda, where cereals and vegetables comprise a
significant proportion of the food basket (see table 1).

The demand system excludes other non-durable and durable goods due to lack of
commodity-level price data. However, the non-durable items considered in the present
analysis account for 65 per cent of households’ mean total spending. We further exclude
transportation from the demand system estimation due to inadequate expenditure and
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price data,8 as well as potential simultaneity of transport prices and other commod-
ity prices. However, the microsimulation of a carbon pricing policy also includes an
implicit tax on emissions generated from the transportation of fossil-based energy souces
(electricity and kerosene) and all food items in the country.9

To curtail the influence of outliers on the price elasticities of demand, we trim the top
and bottom 1 per cent of observations of the real expenditure distribution for estimat-
ing elasticities, resulting in a final sample of 15,324 households, covering 96 per cent of
the Ugandan population. Nevertheless, we utilise the full sample of households across
the expenditure distribution to compute changes in welfare, commodity demand and
nutrient intake.

Data on commodity prices are drawn from two sources. First, energy prices for
kerosene, biomass and food items are obtained from the Uganda National Panel Survey
(UNPS), conducted by the World Bank’s LSMS for the closest year available, 2015–16.
We rely on theWorld BankGroup’sUNPS survey for data on energy prices as theUNHS,
2016–17, does not contain price data for biomass (charcoal and firewood) and contains
sparse price data for kerosene, whereas the UNPS survey contains substantial data on
energy prices at the household level. Data on energy prices are essential to estimate
elasticities in our analysis.

We construct average annual prices for each of the 12 commodities in the demand
system, by taking simple averages of the item-specific market prices reported by house-
holds, at the district – rural/urban level. This ensures significant spatial heterogeneity in
prices, while annual averages helpmitigate seasonal influences on biomass prices. Aggre-
gating prices at the district level further helps control for potential endogeneity of prices
due to household production, and mitigates concerns of quality differentiation in unit
prices (Capéau and Dercon, 2006). For districts with missing price data in the UNPS, we
apply the corresponding national, annual average price for each commodity, to complete
the sample. We then inflate all commodity prices to 2016–17 levels using the consumer
price index for Uganda, to match prices to household expenditures.10

Second, we obtain national electricity tariffs for Uganda from the Electricity Regu-
latory Authority (ERA).11 These are available at a quarterly frequency, and the price
structure involves a two-block tariff, at a threshold consumption level of 15 kWh units
per month. While the UNHS 2016–17 does not contain data on the quantity of electric-
ity consumed, corresponding data from the UNPS, 2015–16, suggest that around 90 per
cent of households with reported expenditures for electricity consumed more than 15
units per month. Since we cannot assign the tariff based on the household’s electricity
consumption, we only apply the higher block tariff as a uniform price for electricity for
all households in Uganda.

3.2 CO2 emissions data
To analyse the distributional welfare impacts of a national carbon price, we combine the
household-level expenditure survey with the Global Trade Analysis Project (GTAP 10)

8Only 7 per cent of sample households report spending on motor fuels.
9This implies that we do not analyse the effect of a direct tax on the transport sector on the demand

for transportation services, other energy sources or food items. However, we do implicitly tax the emissions
generated from the transportation of food items and fossil fuel-based energy sources in themicrosimulation.

10Additional details of the commodity price data are provided in online appendix A.
11The Schedules of End-User Tariffs are available at https://www.era.go.ug/index.php/tariffs/tariff-

schedules.
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database for 2014, which provides carbon dioxide emissions levels for 65 sectors, based
on an environmentally-extended multiregional input-output table (Aguiar et al., 2019).
We map the 140 consumption items of the UNHS to 16 corresponding sectors in GTAP
10 (documented in the online appendix, table A8).

We rely on the GTAP database for information on indirect CO2 emissions entailed in
cultivation and transport of commodities, since alternative databases such as Exiobase
and World Input-Output Database (WIOD) do not provide sector-level data on CO2
emission intensities for Uganda. To the best of our knowledge, the GTAP is the only
database with country- and sector-specific data on emission intensities for a number
of low-income countries, including Uganda. The GTAP database covers emissions from
key polluting sectors such as the oil, cement, agriculture and forestry sectors, forUganda.
The Government of Uganda specifically targets reducing emissions from the petroleum,
energy and forestry sectors, in its updated Nationally Determined Contribution (NDC),
submitted to the UNFCCC in 2022 (Ministry of Water and Environment, 2022).

For our welfare analysis, we draw on sector-level emission intensity data for broad
food groups and energy sources such as kerosene and electricity. Data on CO2 emission
intensities for solid fuels (charcoal and firewood) are drawn from the forestry sector
of GTAP. GTAP 10 improves upon previous versions by specifically incorporating the
electricity mix in Uganda and other countries, which leads to more accurate emission
intensity data. The GTAP database has been applied to the Ugandan context (Ismail
et al., 2023), and to cross-country studies on carbon pricing (Steckel et al., 2021) and
poverty alleviation in LMICs (Bruckner et al., 2022).

The carbon intensity for a specific item can either be attributed to direct emissions
due to energy consumption (electricity and kerosene), or indirect emissions from the
transportation of commodities (Renner et al., 2018).We analyse both direct and indirect
emissions for all commodity groups modelled in the demand system. We first compute
the weighted carbon intensities for the 12 categories of the demand system based on
the mean consumption shares of individual items within each of the 12 categories from
the UNHS. This yields a household-level dataset with expenditures and budget shares
for various commodity groups, and corresponding weighted carbon intensities for each
category. Subsequently, we calculate percentage price changes for all commodities owing
to a carbon price of USD40/tCO2.

3.3 Descriptive statistics
Summary statistics for expenditure shares, annual household expenditure on food and
energy, and prices used in estimation of the EASI demand system are presented in table 1.
The mean budget shares (column 1) suggest that households’ consumption baskets for
food and fuel are largely composed of vegetable consumption, followed by cereals, meat
& fish, and other foods, while energy comprises less than 5 per cent of expenditure. A
substantial proportion of households further report zero expenditures for various items.
For instance, only around 16 per cent of households report positive expenditures on elec-
tricity (column 4), with 84 per cent of the sample reporting zero spending on electricity,
which is largely due to lack of widespread access to the electric grid (IEA, 2020).12 For

12The reporting of zero expenditures partly reflects lack of access to modern energy sources, and partly
differences in the patterns of fuel and food consumption across the population. Additionally, the 7-day recall
period used in the survey may lead to exclusion of certain food groups not consumed in the week preceding
the survey (Ecker and Qaim, 2011).
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Table 2. Summary statistics for item-specific prices

(1) (2) (3) (4)
Item (Unit) Mean Std. Dev. Min. Max.

Electricity (kWh) 657.46 3.63 623.60 696.90

Kerosene (L) 2, 699.37 367.92 105.68 4, 227.19

Charcoal (Kg) 466.35 205.87 147.95 5, 529.34

Firewood (Bundle) 2, 318.48 633.24 1, 056.80 11, 977.03

Cereals (Kg) 1, 865.19 399.45 528.40 3, 593.11

Fruits (Kg) 954.12 341.85 42.27 4, 720.36

Vegetables (Kg) 1, 287.60 414.48 211.36 2, 792.96

Meat & fish (Kg) 5, 911.70 1, 445.82 422.72 13, 209.96

Milk & eggs (Kg) 1, 161.59 320.31 369.88 2, 656.08

Cheese, oils & fats (Kg) 2, 142.63 1, 167.71 132.10 13, 611.54

Alcohol & tobacco (L) 2, 881.92 663.40 158.52 5, 748.21

Other food & drink (Kg/L) 1, 589.82 239.64 1, 044.12 3, 579.90

Note: Prices are in Ugandan shillings (UgX) per unit.

the sub-sample of electricity users (column 3), the average budget share is 5.7 per cent,
compared to mean budget shares of 0.6 per cent for kerosene, 2.6 per cent for charcoal
and 3.6 per cent for firewood, for the respective users.

Mean expenditure shares and standard deviations for all items by expenditure ter-
cile – rural/urban groups, are presented in the online appendix, table A1. Households’
budget shares for different energy items by terciles based on the household’s total expen-
diture, and rural/urban areas, are displayed in online appendix figure A1. The share of
biomass in households’ total energy expenditure declines with income, from 84 per cent
for the average rural household in the bottom tercile to 55 per cent for the average urban
household in the top third of the total expenditure distribution. Similarly, the average
budget share for kerosene declines from 15 to 3 per cent across expenditure terciles
and rural/urban areas. The share of electricity in households’ energy mix, however, rises
sharply from 1 per cent on average among rural households in the bottom tercile to 42
per cent on average among urban households in the top expenditure tercile.

Summary statistics for commodity prices are presented in table 2. We observe signif-
icant price variation for most items, in particular kerosene, charcoal, meat & fish, and
cheese, oils & fats, which ensures reliable econometric identification.

4. Results
This section presents the estimated price elasticities of demand, the welfare impacts of
carbon pricing and demand shifts in households’ consumption baskets due to energy and
food price increases. We assess all effects for a simulated carbon price of USD40/tCO2.
This price is the lower bound of the range of carbon prices recommended by the High-
Level Commission on Carbon Prices until 2030 (Carbon Pricing Leadership Coalition,
2017).
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4.1 Price elasticities of demand
The uncompensated price elasticities of demand for the full sample are presented in
table 2, while table 4 displays compensated elasticities for energy items for the rural and
urban sub-samples.13 Each cell (row i, column j) represents the percentage change in
demand for good i due to a 1 per cent increase in the price of good j. The expendi-
ture elasticities and compensated price elasticities of demand are presented in online
appendix tables A2 and A4, while the Tobit regression estimates are displayed in table
A5.14 Additional robustness checks for the demand system are presented in online
appendix D.

4.1.1 Energy items
The results show negative own-price compensated elasticities of demand for all items
across the sample, with several items like kerosene, charcoal and firewood being highly
price elastic in both rural and urban areas. The uncompensated own-price elasticities of
demand (table 3) are also negative for almost all items and smaller in absolute value than
the corresponding compensated elasticities for most items. A 1 per cent increase in the
price of kerosene lowers its demand by 1.2 per cent in rural areas (table 4), while a 1 per
cent increase in the price of charcoal reduces its demand by 1.2 per cent in rural areas
and by 1.7 per cent in urban areas.

The cross-price elasticities of demand reveal important substitution effects between
energy sources. Accounting for income effects, we find electricity use to be comple-
mentary to kerosene and charcoal consumption, while increases in electricity prices
increase the demand for firewood (table 3). Similarly, increases in kerosene prices raise
firewood demand, primarily in rural areas. Charcoal and firewood are net substitutes,
with percentage increases in charcoal prices increasing firewood demand by 0.2–0.3 per
cent across rural-urban regions. Uncompensated elasticities largely mirror the observed
patterns of substitution among fuels. The results broadly corroborate the energy lad-
der hypothesis, wherein households sequentially “step down the ladder” from modern
energy sources such as electricity and kerosene, to traditional biomass in the event of
fuel price hikes.

Our results corroborate those in the existing literature which finds that higher energy
prices raise biomass use in Sub-Saharan Africa (Olabisi et al., 2019; Greve and Lay,
2023). Fuel stacking, whereby households combine use of fossil-based and solid fuels
for cooking, remains highly prevalent in East Africa (Choumert-Nkolo et al., 2019).

4.1.2 Food items
Energy price hikes have implications for food demand due to complementary patterns
of cooking fuel use, and budgetary reallocations within consumption baskets.

A 1 per cent increase in kerosene prices simultaneously raises the demand for fire-
wood by 0.5 per cent, cereals by 4.5 per cent and cheese, oils & fats by 0.3 per cent
(table 3). However, the demand for fruits, vegetables, and meat & fish declines by 0.7–.5
per cent.

13The full matrices of compensated elasticities for rural and urban areas are presented in online appendix
tables A6 and A7, respectively.

14Elasticities for the full sample and the rural/urban sub-samples are estimated through nonlinear com-
binations of the sample-specific estimated regression coefficients, using the ‘nlcom’ command in statistical
software Stata.
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Table 3. Uncompensated price elasticities of demand (full sample)
E K C Fw Ce Fr V Me Mi Ch Al O

Electricity −1.065 0.005 −0.044 −0.005 −0.218 −0.065 −0.473 −0.179 −0.068 −0.039 −0.104 −0.145
(0.024) (0.04) (0.016) (0.009) (0.002) (0.003) (0.002) (0.002) (0.004) (0.005) (0.003) (0.005)

Kerosene −0.113 −1.119 −0.03 −0.03 −0.176 −0.051 −0.369 −0.134 −0.067 −0.023 −0.074 −0.127
(0.011) (0.015) (0.006) (0.004) (0.002) (0.001) (0.004) (0.002) (0.002) (0.002) (0.002) (0.002)

Charcoal −0.096 0.014 −1.316 0.033 −0.226 −0.067 −0.483 −0.186 −0.082 −0.042 −0.11 −0.157
(0.027) (0.054) (0.025) (0.011) (0.003) (0.003) (0.002) (0.002) (0.004) (0.005) (0.003) (0.005)

Firewood 0.264 0.488 0.332 −1.195 −0.173 −0.08 −0.314 −0.103 −0.097 0.014 −0.061 −0.1
(0.069) (0.16) (0.056) (0.03) (0.005) (0.006) (0.006) (0.004) (0.011) (0.012) (0.006) (0.011)

Cereals −0.353 4.506 −0.561 −1.021 −1.48 0.379 −0.321 −0.075 −0.182 −0.19 −0.788 0.898
(0.412) (0.911) (0.22) (0.182) (0.027) (0.044) (0.012) (0.024) (0.054) (0.071) (0.044) (0.068)

Fruits −0.291 −0.732 −0.096 −0.055 −0.243 −1.374 −0.546 −0.144 −0.107 −0.008 −0.008 −0.082
(0.132) (0.285) (0.07) (0.058) (0.009) (0.013) (0.006) (0.008) (0.02) (0.023) (0.016) (0.022)

Vegetables −1.227 −2.515 0.556 0.985 −0.003 −0.398 −1.39 −0.198 0.244 −0.114 0.529 −0.483
(0.585) (1.282) (0.256) (0.234) (0.037) (0.056) (0.015) (0.029) (0.08) (0.09) (0.058) (0.099)

Meat & fish −1.639 −1.746 −0.586 −0.548 −0.132 −0.095 −0.653 −1.3 0.066 −0.342 −0.214 −0.484
(0.319) (0.682) (0.196) (0.137) (0.022) (0.031) (0.009) (0.015) (0.049) (0.051) (0.029) (0.052)

Milk & eggs −0.646 0.342 −0.289 −0.243 −0.242 −0.022 −0.551 −0.168 −1.654 0.018 −0.194 −0.024
(0.126) (0.268) (0.069) (0.054) (0.009) (0.014) (0.005) (0.007) (0.02) (0.022) (0.013) (0.022)

Cheese, oils & fats −0.356 0.299 −0.148 0.044 −0.236 −0.043 −0.489 −0.178 −0.103 −1.169 −0.084 −0.12
(0.064) (0.13) (0.034) (0.028) (0.005) (0.007) (0.005) (0.004) (0.01) (0.01) (0.007) (0.012)

Alcohol & tobacco −0.858 0.54 −0.01 −0.092 −0.254 −0.064 −0.506 −0.174 −0.053 0.063 −1.303 −0.05
(0.172) (0.536) (0.099) (0.07) (0.011) (0.019) (0.006) (0.01) (0.025) (0.03) (0.013) (0.027)

Other food & drink 2.061 −0.821 0.494 0.356 −0.202 −0.056 −0.532 −0.211 −0.046 0.164 0.089 −1.68
(0.445) (0.808) (0.214) (0.136) (0.023) (0.037) (0.012) (0.015) (0.062) (0.051) (0.038) (0.073)

Note: The items are: Electricity (E), Kerosene (K), Charcoal (C), Firewood (Fw), Cereals (Ce), Fruits (Fr), Vegetables (V), Meat & Fish (Me), Milk & eggs (Mi), Cheese, oils & fats (Ch), Alcohol & tobacco
(Al) and Other food and drink (O). Robust standard errors in parentheses. The source Tobit regressions include dummy variables for region, rural-urban area and household size. N= 15,324.
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Table 4. Compensated price elasticities of demand for energy sources (rural vs. urban)

Electricity Kerosene Charcoal Firewood

Panel A: Rural

Electricity −1.026 −0.001 −0.008 0.024
(0.019) (0.002) (0.006) (0.005)

Kerosene −0.435 −1.16 0.08 −0.003
(0.118) (0.019) (0.033) (0.033)

Charcoal −0.102 −0.004 −1.17 0.114
(0.051) (0.009) (0.021) (0.014)

Firewood 0.927 0.146 0.346 −1.305
(0.138) (0.039) (0.062) (0.037)

Panel B: Urban

Electricity −1.211 0.03 0.009 0.082
(0.154) (0.056) (0.043) (0.038)

Kerosene −0.532 −1.059 −0.103 0.031
(0.133) (0.02) (0.036) (0.034)

Charcoal −0.249 0.027 −1.67 0.158
(0.184) (0.058) (0.054) (0.057)

Firewood 0.125 0.041 0.18 −1.018
(0.144) (0.024) (0.046) (0.033)

Note: Robust standard errors in parentheses. Rural sample: N = 10, 353.
Urban sample: N = 4,979.

Food price increases similarly have consequences for energy use and create additional
shifts in food baskets. Increases in vegetable prices reduce energy consumption on the
whole, while simultaneously reducing overall food intake (table 3), which suggests strong
and negative income effects of food price hikes.

The observed patterns of food and energy use in response to price increases suggest
dependencies of food items on specific cooking fuels (Treiber et al., 2015). Increases in
cereal consumption coupled with declines in consumption of nutrient-rich foods such
as vegetables or meat & fish reveal important trade-offs between food security and clean
fuel use for households in Uganda.

4.2 Welfare effects of carbon pricing
The percentage price increases in energy and food items resulting from a carbon price of
USD40/tCO2 are presented in table 5. Kerosene and electricity exhibit the largest price
hikes (16 and 10 per cent, respectively), while prices for food items rise by less than 1 per
cent (table 5).

The first- and second-order welfare losses due to a carbon price of USD40/tCO2 are
highlighted in figure 1. The average FOwelfare loss is estimated at 0.36 per cent of house-
holds’ total expenditure on food and fuel, with progressive distributional effects in the
range of 0.2 to 1.5 per cent, for the majority of the population. However, 1 per cent
of households in the sample exhibit large welfare losses of up to 16 per cent of house-
hold expenditure on food and fuel. For most of the population, the relatively low budget
shares for electricity and kerosene generate modest welfare effects, despite significant
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Table 5. Price and demand changes due to carbon pricing (USD40/tCO2)

(1) (2)
Category Price increase (%) Demand change (%)

Electricity 10.2 −11.15
Kerosene 16.4 −19.81
Charcoal 0 −1.09
Firewood 0 10.49

Cereals 0.25 69.90

Fruits 0.16 −15.51
Vegetables 0.19 −54.19
Meat & fish 0.39 −46.43
Milk & eggs 0.22 −1.67
Cheese, oils & fats 0.20 0.70

Alcohol & tobacco 0.40 −0.67
Other food & drink 0.25 6.98

Note: Demand changes (%) are based on the uncompensated price elasticities of demand estimated for the full sample
(table 3).

price increases for these fuels.15 The average SO welfare loss is estimated at 0.34 per
cent of households’ expenditure on food and fuel, rising steadily from 0.2 to 1.3 per cent
across the distribution for 99 per cent of households in the sample. However, 1 per cent
of households exhibit large welfare losses of up to 12 per cent of expenditure on food
and fuel.

The SO effects are thus smaller than the FO effects at each percentile of the total
expenditure distribution, with a sizeable drop at the upper tails, reflecting larger sub-
stitution possibilities in richer households’ consumption baskets.16 Decomposing the
welfare losses by consumption categories, shown in online appendix figure A4, high-
lights significant heterogeneity across and within expenditure quintiles for energy and
select food items.

4.3 Shifts in the consumption basket
Carbon pricing further creates shifts in the consumption basket, with average reductions
in electricity and kerosene consumption of 11 and 20 per cent respectively (table 5).

On the other hand, firewood demand exhibits a significant 10 per cent increase due
to a carbon price of USD40/tCO2, and underscores the substitution pattern from fossil-
based energy sources toward readily available and potentially low-grade biomass (Jagger
and Shively, 2014). The demand for several food items declines on average, including
vegetables (by 54 per cent), meat & fish (by 46 per cent), and fruits (by 15 per cent). On

15A scatterplot correlating item-wise expenditure shares and percentage increases in prices (online
appendix figure A3) reflects this insight.

16This is due to the combined effect of larger budget shares for fossil fuel-based energy sources among
richer households and sizeable compensated price elasticities of demand.

https://doi.org/10.1017/S1355770X24000214 Published online by Cambridge University Press

https://doi.org/10.1017/S1355770X24000214


Environment and Development Economics 17

Figure 1. First- and second-order welfare losses of a USD40/ton carbon price.

the other hand, cereal consumption rises by 70 per cent due to the carbon price, and
consumption of cheese, oils & fats, and other food and drink similarly rises.

We next analyse the change in average calorie and nutrient intake (protein and
micronutrients) due to carbon pricing, by expenditure tercile and rural/urban groups
(figure 2).

Calorie consumption declines on average by 2.5 per cent across the population,
while households in the bottom third of the distribution in urban areas exhibit a small
increase in calorie intake of 1 per cent. Similarly, protein and micronutrient intake
decline on average by 20 and 27 per cent respectively. Although cereal consumption
rises considerably in response to a carbon price, it largely compensates for the decline
in consumption of other food groups, in order to maintain calorie intake in most
households.

These results may be considered in a global context of rising food and energy prices
due to supply shortages, which are known to reduce nutritional intake and render healthy
diets unaffordable around the globe (Food and Agriculture Organization, 2023).

5. Discussion
Carbon pricing is considered an effective instrument for climate change mitigation and
long-term sustainable development. In the SSA context, it could stimulate investments
in renewable energy and reduce dependence on carbon-intensive energy infrastructure
in the long run. In Uganda alone, carbon pricing could provide revenues to cover one-
fifth of the financing requirement until 2030 for the UN’s Susutainable Development
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Figure 2. Change (%) in calorie consumption and nutrient intake (protein and micronutrients) due to carbon
pricing (USD40/ton) across the distribution.Note: The Y-axis measures the percentage change in household nutri-
tional intake due to carbon pricing, relative to the household’s baseline nutrient intake. The category “Alcohol &
Tobacco” is, however, excluded from this calculation as it remains unclear whether alcohol is consumed or used
as a substitute fuel for transportation.

Goals Agenda (Franks et al., 2018). However, when designing carbon pricing schemes,
potential trade-offs with economic development objectives – particularly in low-income
countries – need to be considered.

5.1 Welfare impacts
Our results show progressive yet significant welfare losses across the Ugandan distri-
bution, reinforcing the conclusions of the existing literature (see, e.g., Ohlendorf et al.,
2021). Applying a carbon price of USD40/ton CO2, which corresponds to our house-
hold survey year, 2016–17, our analysis suggests SO welfare losses are up to 12 per cent
of household expenditure on food and fuel. The High Commission on Carbon Prices
further recommends a range of prices between USD40–80/ton to be implemented until
2030 (Carbon Pricing Leadership Coalition, 2017).

We simulate the potential SO welfare impacts for the upper bound carbon price
of USD80/ton and an intermediate price (USD60/ton). At an intermediate price of
USD60/ton, SO welfare losses would reach a maximum of 16 per cent of household
expenditure. At the upper bound carbon price of USD80/ton, SO welfare losses would
reach a maximum of 17 per cent of household expenditure (on food and fuel). We
find that SO welfare effects increase less than proportionately with the carbon price.
Households thus respond to multiple price increases by simultaneously adjusting their
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consumption baskets and reducing the additional expenditure needed to maintain their
utility levels. This arises from the property that the expenditure function is concave in
prices.

Our results underscore the impacts of carbon pricing on multidimensional measures
of household welfare, including energy demand, biomass consumption, and conse-
quences for food and nutrient intake, revealing important interactions between climate
policies and economic development. These important considerations in the design of
socially just and efficient sustainable development have hitherto been neglected in the
literature.

Average welfare impacts across the distribution mask substantial heterogeneity of
effects within income groups, often referred to as horizontal effects (Cronin et al., 2019).
In Uganda, accounting for the direct and indirect effects of carbon pricing points to
some households being particularly affected by carbon pricing in all expenditure groups,
despite progressive results. Further research is necessary to investigate the factors that
determine specific patterns of energy use, consumption expenditures and demand shifts
along the distribution. Disaggregating demand responses to price changes by income
groups is further important to understand substitution behaviour across households
within specified income groups.

5.2 Revenue recycling
Potential adverse welfare effects can typically be ameliorated through compensation
payments and revenue recycling schemes (Klenert et al., 2018). The existing literature
finds that the implementation of cash transfer programmes in combination with carbon
pricing enhances the progressivity of welfare outcomes in middle-income countries like
Mexico and Ecuador (Greve and Lay, 2023; Schaffitzel et al., 2019).

We investigate a basic revenue recycling model for Uganda, assuming the total
revenue generated from a carbon price of USD40/ton is redistributed equally to all
households as a lump sum transfer. The total revenue generated amounts to around
UgX100 billion (USD26 million), taking into account reductions in consumer demand
due to higher energy and food prices. The annual lump sum transfer per household
is approximately UgX11,638 (USD3). Net welfare effects across the distribution are
presented in figure 3.

We find an equal per-capita rebate compensates close to three-quarters of the popula-
tion forwelfare losses of carbonpricing, and yields netwelfare gains formost households.
Households in the bottom expenditure quintile observe net average welfare gains of 0.7
per cent of expenditure on food and fuel, while households in the top quintile experi-
ence an average welfare loss of 0.2 per cent of expenditure on food and fuel, following a
carbon price and transfers (figure 3).

In addition to alleviating negative welfare effects, cash transfer programmes in SSA
countries can further have positive impacts such as stimulating agricultural households
to undertake productive activities, fostering arrangements for sharing of food and pro-
duction inputs within communities, and especially in reducing market failures typically
faced by low-income households in SSA (Daidone et al., 2019).

However, targeting cash transfers to the most affected households may be adminis-
tratively challenging, while providing lump-sum transfers to all households may impose
significant fiscal costs. Therefore, cash transfer programmes would need to be designed
to alleviate the maximum burden of a carbon price, and may be combined with existing
social protection schemes.
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Figure 3. Mean welfare effects of carbon pricing with lump-sum transfers by expenditure quintile, Note: The
graphdepicts averagewelfare effects for households by expenditure quintile,measured as the percentage change
in expenditure on food and fuel, due to carbon pricing. This differs from figure 1, which depicted welfare losses
on the positive Y-axis. In the second scenario, revenues from carbon pricing are redistributed to households
via lump-sum transfers, and the scheme generates net average welfare gains for the bottom 60 per cent of the
distribution.

Alternatively, providing subsidies for cleaner cooking fuels such as LPG (Irfan et al.,
2018), may prove beneficial in promoting a clean energy transition and reducing indoor
air pollution in LMICs, while ameliorating potential adverse effects on food consump-
tion. Evidence from Indonesia finds that LPG subsidies, along with quantity restrictions
on kerosene consumption within districts, can effectively stimulate large-scale fuel tran-
sitions. The LPG program lowered the demand for kerosene by 80 per cent over the
2007–2012 period and created positive spillovers on maternal and child health (Imelda,
2020). Although LPG use is less prominent in Uganda, expansions in access to fuel
efficient cook-stoves, for instance via the World Bank-led clean cooking supply chain
expansion project, could alleviate pressures on deforestation. The use of charcoal bri-
quettes for fuel, processed from agricultural residue, can similarly reduce the overall
demand for charcoal and promote efficient energy use (World Bank Group, 2021).

5.3 Substitution and complementary effects in energy use
Carbon pricing generates significant shifts in the composition of energy demand in
Uganda, with households substituting solid fuels like firewood for electricity. Account-
ing for aggregate demand changes, we estimate that a carbon price of USD40/tCO2
reduces emissions by 18 per cent. We conduct an additional sensitivity check intro-
ducing carbon pricing for the indirect emissions generated by solid fuels (e.g., through
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transportation), and find similar results along all dimensions, with the findings pre-
sented in online appendix D.

Fossil fuel subsidy removal and introduction of a carbon price thus has implications
for public health due to increased indoor air pollution from biomass burning,17 and
severe consequences for the environment through increased deforestation for fuelwood
collection and related emissions from land use change. Concerns pertaining to deforesta-
tion are especially pertinent given a sharp decline of 63 per cent in Uganda’s forest cover
between 1990 and 2015, with fuelwood collection and production of charcoal for cook-
ing and revenue generation, being leading causes of deforestation (Ministry of Water
and Environment, 2015).

5.4 Heterogeneous effects on food consumption
Energy prices have implications for food consumption and generate shifts in dietary
composition, with households substituting consumption from nutrient-rich foods such
as vegetables and meat & fish towards cereals, which are a relatively inexpensive source
of calories (online appendix table A3 displays the price per calorie for each food group).
The increase in cereal consumption helps maintain calorie intake in the event of food
price increases. Furthermore, consumption of other food groups such as vegetables or
meat & fish declines less than proportionately due to the carbon price, albeit resulting
in a significant decline in nutrition. Households in the top expenditure tercile in rural
areas exhibit a relatively larger decline in nutrient intake, which is similarly explained
by the reduction in demand for meat & fish in response to a carbon price, and the rela-
tively larger budget share for meat & fish in the food budget for these households (online
appendix, table A1).

While our analysis applies the price elasticities of demand estimated for the full sam-
ple to analyse nutritional differences across expenditure terciles, richer householdsmight
react differently than the average Ugandan household and exhibit smaller declines in
protein consumption than estimated. Hence, our estimates provide an upper bound
on the adverse nutritional consequences of carbon pricing in Uganda. Nevertheless,
given the large prevalence of undernutrition and food insecurity in Uganda, with 22
per cent of the population facing severe food insecurity (World Bank Group, 2022), the
results underscore the importance of designing revenue recycling and cash transfer pro-
grammes that counter the negative impacts of carbon pricing, while enabling cleaner
cooking fuel transitions.

5.5 Limitations
Our analysis is, first, limited by price data from the year preceding the household
expenditure survey, which could be subject to differential time trends across Ugandan
sub-regions. While we inflate energy and food prices by the consumer price index, we
do not control for region-specific time trends, which qualifies the results. Second, we do
not model the demand for transport, other non-durable and durable goods, which could
interact with energy and food demand, in response to carbon pricing. Higher transport
prices could significantly affect the use ofmotorised transport and could affect purchases
for vehicles or other types of cook-stoves, depending on cooking fuel prices.

We further do not consider how increases in transport prices could affect other
commodity prices, which could result in simultaneity bias. However, we conduct a

17In 2017, 400,000 deaths were recorded due to IAP across SSA (Roth et al., 2018).
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robustness check using an instrumental variable approach for commodity prices (see
online appendix, sectionD) and find broadly similar results. Lastly, we donot account for
use of renewable energy sources such as solar mini-grids or off-grid power generation,
due to lack of survey data on expenditures and related investment costs. The inclusion
of solar and hydropower in the demand systemwould likely yield increases in renewable
energy use in response to carbon prices imposed on fossil fuels.

6. Conclusion
This paper investigates the welfare effect on Ugandan households imposed by a carbon
price of USD40/tCO2. We estimate a consumer demand system to account for substitu-
tion effects between traditional biomass and modern energy, and the effects of energy
price changes on food consumption. We identify trade-offs between climate change
mitigation and economic development. Our results show substantial reductions in the
demand for electricity and kerosene by 11 and 20 per cent respectively, and an increase in
firewood consumption by 10 per cent for the average household, in response to a carbon
price of USD40 per ton. Welfare effects are progressive but rise sharply at the top of the
distribution, reaching a maximum of 12 per cent of household expenditure on food and
fuel, with heterogeneous impacts within and across expenditure quintiles for individual
items. The carbon price reduces annual emissions by 18 per cent in Uganda. However,
we do not account for the potential increase in emissions from deforestation and land
use change, due to increased biomass consumption from higher energy prices.

Fossil fuel price increases create large shifts in food consumption baskets, with sub-
stitution toward cereals, and declines in the consumption of meat & fish, vegetables and
other nutrient-rich food groups. Calorie intake declines slightly amongmost households,
while protein and micronutrient intake decline sharply across the population, by 20 and
27 per cent respectively on average. Commodity price increases therefore have a negative
impact on the dietary composition and nutritional intake of all Ugandan households,
and particularly those on the brink of poverty. Combinations of energy and develop-
ment policies are thus required to ameliorate these adverse effects, which could result in
multiple co-benefits for households.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/S1355770X24000214
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