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Abstract

Nearly 41% of the global populace depends on unclean fuels for cooking. As a result, about 4 million premature deaths
connected to household air pollution are registered annually. Worryingly, over 2.1 billion people are estimated to continue
using unclean fuels by 2030 if no strong policy actions are taken to alter the status quo. Climate parameters including;
temperature, solar radiation, wind, and moisture have been widely touted as having an impact on multidimensional
energy poverty, their effect on household energy consumption and subsequent transition to cleaner fuels is seldom
investigated in Uganda. The purpose of this study is to investigate the effect of climate shocks, and adaptation mecha-
nisms on household energy transition in Uganda. The study adopted a panel data methodology employing an ordered
logit model with random effects to estimate the effect of climate shocks and adaptation mechanisms on household fuel
transition from high to low-pollutant cooking fuels in Uganda. The findings revealed that climate shocks, adaptation
mechanisms significantly affect household energy transition in Uganda. The study recommended that policies aimed
at enhancing detection and report of early warning signs should be emphasized. Furthermore, investing in an insur-
ance scheme especially for people living in climate shock prone areas can help households to cope up with shocks are
eventually transition to clean cooking fuels.

Keywords Climate shocks (JEL Q54) - Traditional fuels (JEL Q42) - Transitional fuels (JEL Q42) - Modern fuels (JEL Q42) -
Adaptation mechanisms (JEL Q54)

1 Introduction
1.1 Background of the study

The adverse consequences of climate shocks such as drought, floods, and severe weather events are felt with greater fre-
quency and intensity, particularly in low-developing economies [1, 2]. The global temperature has already jumped more
than 1.1 °C beyond the preindustrial average [2]. This has led to extreme heat and severe storms causing serious harm to
the lives, and livelihoods [2]. Sub-Saharan African countries are among the most hit by climatic deviations [1, 3]. Climate
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shocks have a negative effect on economic growth. While the impact of temperature shocks have a lasting reduction
on real gross domestic product (GDP), droughts and storms are even more explosive [2]. Moreover, high temperatures
have greater damage and subsequent reduction on economic growth in developing countries [4]. Climate shocks affect
and lower agricultural productivity which has serious effect on food prices. The destruction of infrastructure such as
connecting roads to the markets by floods prove detrimental to economic growth [2]. Climate shock (floods, drought
and storms) are a threat to fragile global ecosystems [5]. In some regions, more than 2/3 of water capacity is lost due to
extreme and prolonged drought [5].

Nearly 41% of the global populace depends on unclean fuels for cooking. As a result, about 4 million premature deaths
connected to household air pollution are registered annually [6]. Worryingly, over 2.1 billion people are estimated to
continue using unclean fuels by 2030 if no strong policy actions are taken to alter the status quo [7]. Climate parameters
including; temperature, solar radiation, wind, and moisture have been widely touted as having an impact on multidi-
mensional energy poverty [8]. In numerous studies [9-11], temperature and rainfall are reported to influence residential
energy consumption. What is not reported in the literature is whether the same weather parameters can influence house-
hold decisions to switch from unclean to clean fuels. Similarly, little has been explored on the effectiveness of different
adaptation mechanisms that households employ when such shocks occur. Households respond to climate shocks differ-
ently but most commonly, households consider income diversification, agroforestry and taking new employment [12].

According to Kang and Reiner and Blazquez et al. temperature hurts a household’s electricity consumption, meaning
that household electricity consumption decreases as temperatures rise [13, 14]. Kang and Reiner further reported that
rainfall was positively associated with household electricity consumption [13]. Whereas this is empirically tested, we note
that those studies depict the situation in the developed economies away from sub-Saharan Africa where the weather
conditions are different. As in other sub-Saharan Africa (SSA) countries, both the frequency and intensity of climate
shocks are increasing in Uganda [15].

Since 1960s, the average temperatures in Uganda are estimated to have increased by 1.3 °C. The minimum tempera-
tures and maximum temperatures have increased by 0.5-1.2 °C and 0.6-0.9 °C respectively. Significant reduction in rainfall
is also reported [15]. Ugandan government has prioritized transitioning households to using clean fuel alternatives for
cooking [16]. The focus areas as stipulated in National Development Plan-NDPIII-2020/21-2024/25 are; reducing the share
of biomass fuel for cooking from 88% in 2018 to 50% and increasing the share of clean fuels for cooking from 15 to 50%
by 2025. Secondly, increase the uptake of Liquefied Petroleum Gas (LPG) from 1% in 2018 to 8%. In recent developments,
the government plans to implement the parish development model, and the switch to clean fuels is one of the key issues
that the model is meant to address [17]. This, in a way, contributes greatly to the reduced greenhouse gas emissions.

Although several studies have been conducted to determine the drivers of household energy transition in Uganda, the
effect of climate shocks and adaptation mechanisms on transition is one area that remains unexploited. Studies investi-
gating the effect of the weather parameters (climate shocks) on household fuel transition are sparse, anecdotal, and at
best speculative. Using a panel data from Uganda Bureau of statistics, this study intended to fill this knowledge gap by
modelling the effect of different climate parameters (floods, drought, landslides among others) adaptation mechanisms
on household energy transition in Uganda.

2 Literature review
2.1 Theoretical review

The transition from traditional to modern cooking fuel in literature is conceptualized as a 3-stage straight forward
process. Stage one presents firewood as the dominant source of cooking fuels for households, step two is marked
with the emergence of transitional fuels such as kerosene and charcoal [18]. Lastly, the third step is characterized by
the developed markets in which there are rising incomes thus facilitating the switching to LPG and Electricity [19,
20]. Household energy transition studies are often anchored on energy ladder hypothesis [20]. The theory posits
that with the rise in the household income, households abandon traditional cooking fuels and adopt modern fuels.
Unfortunately, this approach has been criticized for being economic-centric because it over looks other factors that
influence cooking fuel decisions. The role of resilience in determining whether households can switch to and sustain
the use of modern fuels after suffering from different shocks such as climate shocks and economic shocks can based
be explained using resilience theory. In this study, we attempt to integrate energy ladder and resilience theories to
explain the connection between economic aspects and resilience in household energy transition.
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2.1.1 Energy ladder theory

The energy ladder theory emerged in 1970s and was later developed by Hosier and Dowds in 1987 [21]. The energy
ladder was developed based on the relationship between income and the use of modern fuels for cooking [19]. It
ranks fuels into inferior and superior categories. Electricity and LPG are considered superior while firewood, plant
wastes and animal wastes are categorized as inferior fuels. The energy ladder has since been used in explaining
household fuel use in developing countries [22]. The theory assumes that all forms of fuels are available and that,
there is a universal set of fuel preferences by the households. The theory further assumes that households will choose
to move up the ladder as soon as they can afford to do so [23, 24] while simultaneously dropping inferior fuels. The
theory assumes linear progression such as the household socioeconomic status improves, the household abandons
inferior cooking fuels and adopts modern ones for cooking.

Primarily, three steps are documented in the energy ladder theory. First is the collective and or widespread depend-
ence on traditional biomass and other solid fuels. These are normally defined as wood and other plant and animal
wastes [21]. The poor households burn wood and other wastes to provide energy for cooking. The second step is
characterized by households switching to transitional fuels (mostly kerosene and coal. The final step involves house-
holds switching to cleaner (modern) fuels such as electricity and liquified petroleum gas, biogas and natural gas [20,
25]. The main strength of this theory is the ability to explain the relationship between fuel consumption and income.

However, the energy ladder theory has met with several criticisms. For example, Heltberg and Masera et al. disagree
with the assumption of linear progression [23, 25]. They argue that households will not automatically drop traditional
fuels as soon as their socioeconomic status improve. Masera et al. argue that switching is not a unidirectional process
since some households tend to switch back to traditional fuels [23]. Thus, the energy ladder theory can only provide
a limited view of reality. Households are faced with a multitude of factors beyond income that influence consump-
tion decisions that can be explained by theories other than the energy ladder.

2.1.2 Resilience theory

Resilience first emerged as a theory in 1970s when child psychologists identified that some children showed good
responses despite facing childhood trauma and adversity [26, 27]. Later Holling’s article laid the groundwork for
what became known as resilience theory [28]. The central focus of resilience theory is the notion of the ability of the
system to bounce back from the negative effect of a shock [27]. It is not the nature of the adversity or stressors that
is most important but rather how to deal or cope with it [27].

Resilience encompasses the capacity to adapt to stressors that impede the normal functioning of any unit or
organization [27]. Adversities such as shocks create damage and losses that destabilize the normal functioning of
the household and therefore households need to learn to be resilient through adaptation. Resilience enables house-
holds to maintain normal functioning when life stressors such as weather shocks, death of the main breadwinner,
and so forth occur [29].

It should be noted that resilience is about a system being able to return to its original state in terms of consumption
levels, health, and investment after experiencing shocks such as natural disasters and, the death of breadwinners among
others. In summary, resilience involves the extent to which the original impact of the shock is dampened so that the
household does not experience the shock in its fullness [30]. Despite the benefits proposed by resilience theory, some
scholars argue that not all forms of adversities or stressors need resistance. Drawing from the definition of resistance by
UNISDR, includes “the ability of a system, community or society exposed to hazards to resist, absorb, accommodate to
and recover from the effects of a hazard in a timely and efficient manner, including through the preservation and res-
toration of its essential basic structures and functions’, its rather important to develop mitigation strategies rather than
struggling to absorb, accommodate the hazard [31]. Furthermore, in the context of poverty, loss of job among others
resilience may not be the solution but rather think of ways of getting out of poverty through seeking employment and
investment opportunities.
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2.2 Empirical literature review
2.2.1 Shocks and adaptation mechanisms

Weather-related shocks due to climate change have become predominant over the past few decades. The impact is alarm-
ing especially in those low-developing economies located in sub-Saharan Africa [32]. Climate projections especially for
African regions show an average temperature upsurge of 3 to 4 °C by the end of the twenty-first century [32]. This calls for
adaptation/coping mechanisms to enable households to cope with challenges caused by weather shocks [33]. Adapta-
tion mechanisms or coping strategies are needed to help households respond to such an upsurge in temperatures that
normally result in unfavorable conditions [34]. Unfortunately, in many cases households have not been well equipped
to respond adequately to the shocks caused by abrupt changes in climate. While there are a range of adaptation mecha-
nisms households can rely on to respond to climate shocks, a majority of them are informal. For instance, dependence on
social local networks have proved to be less reliable due to recurrent nature of climate shocks in some regions [35]. The
continued dependence of households on informal adaptation mechanisms to mitigate shocks if left un attended could
lead to significant socioeconomic costs [35]. Skoufias noted that the use of informal adaptation mechanisms more so
reliance on support from family members and friends, sale of assets, sending children to live with relatives is ineffective
because climate shocks affect households simultaneously [36]. He further advances that the recurrent nature of climate
shocks should a matter of policy rather than individual household coping mechanisms because in the end, households
become vulnerable and can no longer cope with the impact of climate change.

Households have a variety of ex-ante and post coping mechanisms and hence it is import for households to know
which strategy provides greater resilience during and after the calamity. For instance, Barrett and Constas believe that
building human capital through education tends to be associated with better resilience [37]. Boka advances that access
to climate information, more so, early warning and access to climate change coping mechanisms helps to boost house-
hold resilience across the areas prone to climate related calamities [38]. There is therefore need to evaluate different
adaptation and coping mechanisms to identify which ones can be emphasized for households to mitigate the impact
of climate shocks.

Shocks are unpredictable events that can have dramatic effects on the performance of the economy, industry, or even
households [1]. Vulnerability to, for example, climate shocks and economic shocks can exacerbate poverty, food insecurity,
and incidences of disease among others [39]. Over time, researchers have further reported that once households are
trapped in a poverty trap without any chance of Aid, they can no longer escape from it thus remaining poor and unable
to resist climate and economic shocks [40].

Similarly, Que et al. noted that frequent heat shocks lower agricultural revenues thus exacerbating energy poverty
among the households [41]. Relatedly, Paudel found forest fires are negatively associated with clean energy consumption
among households [42]. He also noted that an increase in forest fires led to the decline in energy expenditures among
households. Feeny et al. after investigating the connection between shocks (temperature) and energy poverty noted
that beyond reducing agricultural output, temperature shocks also caused multidimensional poverty among households
in Vietnam [43]. Earlier studies by Barreca et al. linked shocks (high temperatures) to energy poverty [44]. They noted
extreme temperatures can raise the demand for electricity appliances hence leading to high prices beyond the reach
of poor households. Although this is not directly connected to income, the fact that the demand for such appliances,
increases, their price is forced to go higher making it impossible for households with low income to afford them [44]

In related studies, Wang et al. investigated the consequence of health shocks on households in China [45]. They found
out that unexpected health shocks induce a large and long-lasting deterioration of an individual’s physical and mental
health. The study findings further revealed that shocks reduce household incomes and net assets thus raising the likeli-
hood of poverty among households. The fact that shocks reduce incomes and force households to fall into poverty, shows
why eventually such households will rely on unclean fuels for cooking. As stated in the energy ladder hypothesis, the
choice of cleaner sources of fuel is highly correlated with income growth. Where there is a fall in income due to uncer-
tainties, the likelihood of picking cleaner fuels for cooking diminishes. A similar study titled “Quantifying vulnerability to
poverty in the drought-prone lowlands of Ethiopia” by [46]. The findings revealed that shocks plunge households into
poverty. Recently, Wang et al. also noted that shocks play a role in plugging households into poverty thus reducing the
households ability to afford cleaner fuels for cooking [45]. Shibia also noted that review of institutional frameworks to
manage uncertainties, use of market-based measures such as financial instruments are necessary to reduce the effect
of shocks [35].
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In summary, most scholarly work has focused primarily on the effect of economic factors while paying less attention
to non-economic factors such as climate shocks and adaptation mechanisms. Similarly, the focus on linear progression
as proposed by the energy ladder theory does not reflect the dynamic nature of household energy transition especially
under conditions of uncertainties such as climate, economic and other shocks. In this study, we also note that households
face a myriad of challenges including shocks but the role of resilience in promoting the much-needed household energy
transition from high to low polluting fuels has not been extensively explored in literature. Finally, reviewed studies mostly
relied on cross-section data. Owning to the continuous nature of climate shocks, longitudinal data provides a better
option for analysis of climate shocks and household energy transition.

3 Materials and methods
3.1 Data and variables

This study adopted mixed methods approach combining qualitative and quantitative data. For qualitative data, three
rounds of Uganda National Panel Surveys, 2015/16, 2018/19, and 2019/20 data collected by Uganda Bureau of Statistics
were used to model the effect of climate shocks and adaptation mechanisms on household energy transition in Uganda.
In 2009, The Uganda National Panel Survey set out to track and interview 3123 households. These households were
distributed in 322 Enumeration Areas (EAs) selected out of the 783 EAs that had been visited by the National Household
Survey (UNHS) in 2005/06. The distribution of the EAs covered by the 2009/10 UNPS was such that it was it included all 34
EAs within Kampala and 72 EAs (58 rural and 14 urbans) in all the four regions (Northern, Central but excluding Kampala,
Western and Eastern). This panel dataset contains an assortment of the socioeconomic variables and energy consump-
tion at household level. The socioeconomic variables collected include; housing information, age, marital status, income,
water and sanitation. Information on energy use included; types of fuels used for cooking, cooking technologies, cost
of fuels, kitchen space and the time of stove used.

Information on shocks such as; drought, floods, soil erosion, landslides, loss of employment by the principal income
earner, injuries and deaths caused by accidents, increased crop pests and coping mechanisms were also collected. Just
like many other panel datasets, the problem of attrition exists where some households dropped off the panel study. To
manage the challenges that might arise due to attrition, the analysis was restricted to only the households that were
visited in all three waves used in this study. The study considered data collected between, 2016-2020. This period was
chosen because the data collected within this period was inspected and found to contain the key variables that inform
decisions for energy use among households and it is a nationally representative (i.e., covering all four regions—Northern,
Eastern, Central, and Western) sample. Primary qualitative data was collected and the responses were used to validate
the findings from the secondary quantitative data.

3.2 Theoretical model

Utility maximization problem theorem [47] is used to derive the theoretical model to explain household demand for
cooking fuels. Household utility is maximized subject to a set of socioeconomic and non-socioeconomic constrains.
Households are assumed to have preferences which can be described by means of a utility function [48]. According
Varian, a rational consumer (household) will choose the most preferred bundle from a set of feasible alternatives [49].
Consider a household faced consumption bundles in set M where M refer to cooking fuel alternatives. The household is
assumed to have preferences on the consumption of alternatives in bundle M i.e., households rank the alternatives in
bundle based on their desirability. In this study, we assume that households have characteristics to order the bundle a
in m in M. This ranking gives rise to a utility function that the household wishes to maximize as presented in Eq. 1:

Uim)=U(m1,...mn) (1)

Households are faced with budget constraint. Therefore, from the consumption of items mi,i = 1, ... n, households
are required to choose values of m1, ... mn that satisfy the budget constraint and give larger values of U(m1, ..., mn)
than other values of m1, ...mn from the consumption possibilities. The budget constraint specifies the expenditure X
based on the prevailing market price P. With P1, ....pn being the prices of n commodities, the utility maximization can
be expressed as in Eq. 2.
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MaxU(m)subject to pimi = X (2)

A household cooking fuel utility function can be derived from the constrained utility function in Eq. 2 above by extend-
ing to capture non-economic factors. This approach was used by Browning et al. and Waweru and Mose [48, 50]. The set of
non-economic factors included in this study include, climate shocks, marital status, level of education, household size and
the age of the household head. Beyond price and the level of income, cooking fuel type is chosen by household based on
its attributes such as convenience, food taste, level of emission and access. The theoretical model that incorporates both
economic and non-economic factors in this study follows Pundo and Fraser [51] approach and can be expressed in Eq. 3:

U* = U|Mw(Pw, Pa, Y, QMa(Pw, Pa, Y, Q) 3)

where U*(Pw, Pa, Y, Q) is the maximum attainable utility, Mw is the units of cooking fuel type purchased, Pw is the price
of cooking fuel type chosen, Pa is the price of alternative cooking fuels, Y is the household income, Q is the set of other
factors that influence household fuel choice, Ma is the Units of alternative cooking fuels purchased by the household.

Therefore, Eq. 3 presents the theoretical model that incorporates the non-socioeconomic factors that influence house-
hold decisions on the type of fuel to be used for cooking.

3.3 Study variables

The cooking fuels were grouped based on the energy ladder theory [52, 53]. Fuels are grouped as traditional (firewood,
dung, and plant wastes), transitional (Kerosene and charcoal) and modern (Electricity, LPG, and biogas). The independ-
ent variables are climate shocks and household characteristics while the dependent variable is the type fuel used for
cooking. Transition takes place when households choose to shift from traditional fuels to modern cooking fuels. Table 1
shows the definition of the study variables and the measurement scale.

3.4 Empirical model and estimation strategy

To study and model household energy transition, it was necessary to provide a method for categorizing different fuels
used by households for cooking into categories. To do this task, an energy ladder framework was adopted and used to
group the fuels into 3 distinct categories. The multiple ordinal levels for cooking fuel in households (i.e., j“0, 1 and 2")
where 0 is traditional fuels, 1 is transitional fuels and 2 is modern fuels which were obtained from the energy ladder. This
classification necessitated the application of the ordered logit model for analysis.

Y, ,'T = ﬂ/Xir + & (4)

where y,.*t is the latent energy transition level for household (i =0, 1, 2, ... n); X, is the vector of the observed explanatory
variables for household i (shocks and adaptation mechanisms) that affect household energy transition; 3 is the cor-
responding matrix of the coefficients of the regression to be estimated (i.e,, §,, f, ... .8,) and €, denotes the error terms
which must be independently and identically standard for logistic distribution.

The latent propensity y;is mapped to observed energy transition level y; through the threshold (4o =— o0 and y,=c0)
as shownin Eq. 5.

0 if — oo <y: < uy(Traditional fuel)
Yie =4 1ifuy <y < up(Traditional fuels) (5)
2 if uy <y; < co(Modern fuels)

where p; and p, were the threshold values to be estimated together with . The following probabilities were then
predicted;
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P”Ob()’1 = 1|Xir) = F(ﬂ1 _Xirﬁ)
Prob(y, = 2IX;) = F(fi, = Xy B) — F (i — Xicf) (6)
Prob(y; = 31X;) = 1= F(ji, — X )

where F(.) is the cumulative function using the following mathematical formula

£7) = _&XPD)
@= 1+ exp(2)

The empirical models were presented based on the study hypothesis as follows:

a. Household energy transition=f (shocks, household income, household size, age of the household head, marital
status, and education level of the household head).

HET,, = %, +p;climate;; + f,economic;
+ psothers;, + f,INCOM;
+ p;HSIZE; + fsAge;;
+ f;Mstatus;, + GgEDLEV; + ¢;;.

b. Household energy transition =f (adaptation, household income, household size, age of the household head, marital
status, and education level of the household head).

HET, =x, +p,adaptation;, + f,INCOM;, + p;HSIZE; + f,Age;, + psMstatus; + fEDLEV;, + ¢ 9)

where P(Y;,= ) is the probability of choosing fuel in any of the two fuel categories other than the base category and i
is the individual household. INCOM is the household income, HSIZE is the household size, Mstatuss is the marital status
of the household head while EDLELV and ¢ are the education level of the household head and error terms respectively.

4 Findings
4.1 Descriptive statistics

This study sought to determine the effect of shocks and adaptation mechanisms on household energy transition in
Uganda.

4.1.1 Shocks and coping mechanisms

The number of households that experienced climatic, economic, and other shocks as shown in Table 2. The findings show
that only 805 households out of 2975 experienced climate shocks in 2016. This number increased to 1106 in 2018 but
later dropped to 1003 in 2020. The findings also indicate that overall 326 and 1090 households experienced economic
and other shocks respectively.

The findings also show that only 2.11% of the households that experienced shocks were able to cope with the situ-
ation in 2016. In 2018 and 2020, the number of households that managed to cope with the shocks reduced to 1.92%
and 1.86% respectively. This finding reveals that a majority of the households that experienced shocks both climate and
other shocks did not apply any mitigation strategy against the effect of the shocks. Households’ inability to cope with
the effects of shocks could dent household’s efforts to transition to modern fuels for cooking.

4.1.2 Energy fuels used for cooking in Uganda
The cooking energy mix in Uganda is dominated by traditional and unprocessed biomass as shown in Fig. 1. In 2016,

about 2189 households used traditional/primitive fuels such as firewood, sawdust, dung, and plant wastes for cooking.
While about 516 households used transition fuels like charcoal and kerosene, only 11 households used modern fuels such
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Table2 Shocks & coping 2016 2019 2020 Total
ability (adaptation
mechanisms) Shocks
Climate shocks 805 1106 1003 2914
Economic shocks 69 113 69 326
Other shocks 236 428 426 1090
Ability to cope
Able to cope, % 2.11 1.81 1.86 1.92
Unable to cope, % 97.89 98.19 98.14 98.08

Source: Authors own computation based on the UNPS data—2016, 2018 & 2020

as electricity and liquified petroleum gas for cooking in 2016. There was a slight increase in the number of households
using traditional fuels for cooking from 2189 in 2016 to 2268 in 2019.

There was no significant change in the number of households using transition and modern fuels for cooking in 2020.
In Uganda, over 80.9% of the population lives in rural areas with limited access to cleaner cooking alternatives [57]. This
could explain why there is a high dominance of firewood as cooking fuel among households. Generally, of the 94% of
households that predominantly use biomass for cooking, about 73% use firewood while about 21% use charcoal. Only
about 5.3% use electricity, LPG, and biofuels for cooking [57, 58]. The availability of biomass as a monetary-cost-free
alternative cooking fuel is one of the key factors driving over dominance of traditional fuels for cooking. This has conse-
quences on household energy transition among Ugandan households especially to households with low income levels.

4.2 Pre-estimation diagnostics
4.2.1 Multicollinearity test

To determine whether or not the regressors are highly correlated, the study conducted a multicollinearity test. There
are several techniques used to detect multicollinearity. In this study Variance Inflation Factor (VIF) was used to check for
multicollinearity [59]. The purpose was to detect how much the independent variable are correlated. Hair et al. empha-
sized that when VIF is below 5, there is no threat of multicollinearity among the regressors [60]. The VIF is calculated as
indicated in Eq. 10.

1 1

VIF = =
1—R2 Tolerance (10

where tolerance is the inverse of the VIF. The lower the tolerance, the more likely that multicollinearity exists among the
independent variables [59]. VIF =1 is an indication that the independent variables are moderately related to each other.
The VIF value between 5 and 10 (VIF = 5 to 10) shows high correlation [60]. Multicollinearity occurs in multiple regression
models when two or more predictor variables are highly correlated, meaning they contain similar information about
the variance within the dependent variable. This can make it difficult to ascertain the individual effect of each predictor
on the dependent variable.

Fig. 1 Energy fuels used for 2500
cooking in Uganda
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2
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=
< 500
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Table 3 Multicollinearity test

Independent variables Variance inflation factor 1/VIF
results

Climate shocks 1.10 0.905971
Economic shocks 1.01 0.992531
Other shocks 1.02 0.982982
Coping strategy 1.06 0.943870
Household income 1.49 0.671326
Household size 1.28 0.780650
Age of household head 1.11 0.900303
Location (urban) 1.24 0.808434
Region 1.07 0.934029
Marital status 1.17 0.851815
Education level 1.27 0.787134
Mean VIF 1.17

Source: Authors’ computations using the UNPS 2016/2017; 2017/2018 and 2019/2020

Table 4 Pearson correlation matrix

m ) @) (4) 5) (6) @ (8) ) (10) (1 (12)

Energy1 1

Climate -0.1975 1

Economic -0.0077 0.0060 1

Others —-0.0353 0.0182 0.0280 1

Cope —-0.0473 0.2126 0.0372 0.1009 1

Income 0.2576 —0.0905 0.0402 0.0054 -0.0114 1

Size —-0.2379 0.0884 0.0010 0.0119 0.0248 0.3160 1

Age -0.1194 0.0101 —0.0016 0.0462 0.0223 0.1247 0.0574 1

LOC 0.5791 —-0.1847 0.0017 —0.0401 -0.0462 0.2839 -0.1311 -0.0311 1

REG —-0.2301 0.1307 —-0.0134 -0.0432 0.0213 —0.1228 0.0391 —-0.0532 -0.1459 1

MS 0.1121 —-0.0521 0.0474 0.0129 0.0042 -0.1287 —-0.2335 0.2088 0.0826 -0.1568 1
EDUC 0.3293 —-0.0988 -0.0062 -0.0398 -0.0287 0.3362 —-0.0954 -0.1229 0.2901 -0.0514 -0.0956 1

“Correlation is significant at a 5% significant level

Source: Author’s computation using UNPS data—2016, 2018 & 2020

Source: Authors’ computations using the UNPS 2016/2017; 2017/2018 and 2019/2020
EF Energy fuel, LOC location, REG region, MS marital status, EDUC education

The findings for both VIF and correlation analysis are presented in Table 3. The test results show a mean VIF of
1.17 with all the VIF values for the independent variables ranging between 1.02 to 1.49. The general rule of thumb is
that the VIF values exceeding 5 are signs of serious multicollinearity among the regressors. Since the test results in
Table 3 show a mean VIF of 1.17 which is far below 5 as recommended by Hair et al. it implies an absence of multicol-
linearity among the regressors [60].

To confirm the results obtained using the VIF, a correlation matrix was used, and the results are presented in Table 4.
The correlation results indicated that the correlation values for each independent variable were less than 0.58 Or
(0.0 <|r|=0.58), implying a weak correlation between the regressors. This therefore indicates that the regressors used
in the estimation showed no multicollinearity.
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4.2.2 Normality test

The normality assumption means that the collected data follows a normal distribution, which is vital for the parametric
assumption. To check whether the data used in this study follows a normal distribution, a Shapiro-Wilks test was adopted
and used to test for normality [61]. Shapiro-Wilks test is specified as in Eq. 11.

n 2
(XL, @ixg)

n —\ 2
X (6 —X)
where W is the test statistic while x; and X are the ordered sample values and the sample mean respectively. The refer-
ence point is the W test statistic. The rule is that the closer the W statistic to 1, the more evidence there is, that the sample

comes from a normally distributed population. The results of the Shapiro-Wilk W test for normal data show that most of
the variables show a normal distribution of the data. Table 5 shows the normality test results.

W = (1

4.3 Post-estimation tests
4.3.1 Hausman test

To decide between fixed or random effects models, a Hausman test [62, 63] was run to determine which model is
appropriate for estimating the effect of shocks and adaptation mechanisms (coping strategies) on household energy
transition in Uganda.

Hausman test evaluates whether the model uses appropriate estimators (random effect estimator and the fixed effect
estimator). It compares the two estimators to determine whether the difference between them is statistically significant.
The test statistic follows a chi-squared distribution under the null hypothesis [64, 65]. The Hausman test can be expressed
mathematically as below:

Given that fixed effects and random models can be defined as:

Vi = a; + BXie + pye
Vi =a+ Xy + (ﬂi + ﬂit)

Table 5 Shapiro-Wilk W test

Independent variables Obs W Vv z Prob >z
for normal data results
Energy fuel 8,399 0.99575 18.187 7.728 0.00000
Climate shocks 8,639 0.99933 2935 2.871 0.00205
Economic shocks 8,639 0.99391 26.724 8.761 0.00000
Other shocks 8,639 0.99846 6.750 5.092 0.00000
Coping strategy 8,639 0.98956 45.800 10.197 0.00000
Household income 8,589 0.99249 32.780 9.304 0.00000
Household size 8,601 0.97448 111.516 12.568 0.00000
Age of household head 8,623 0.97181 123.463 12.841 0.00000
Location (urban) 8,617 0.99946 2.360 2.290 0.01102
Region 8,617 0.99725 12.052 6.637 0.00000
Marital status 8,621 0.97538 107.788 12.478 0.00000
Education level 7,135 0.96995 111.517 12.502 0.00000

Source: Authors’ computations using the UNPS 2016/2017; 2017/2018 and 2019/2020
Source: Authors’ computations using the UNPS 2016/2017; 2017/2018 and 2019/2020

Obs denotes observations, W denotes Wilk statistic, V denotes variance- covariance matrix, Z Denotes vec-
tor of difference between the two estimators
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where a; and a are the individual specific effect and the common intercept respectively. B is the vector of coefficients.
u; is the individual-specific random effect and u; is the error term. Hausman test statistic computed by estimating the
parameters from both fixed and random models as shown in equation two (13):

d = Pre — Bre (13)
where d is the difference between the estimators. The variance of the difference is computed as shown in Eq. 14.
\7(3) =V (Bre) =V (Pre) (14)
where V is the variance of the difference. Therefore, the Hausman test statistic is given as in Eq. 15:
H=a,(v(a)) (15)

Table 6 presents the results of the Hausman test. The chi-squared test is statistically significant at a 0.05% signifi-
cance level (Prob > chi2 =0.0000). This implies that the null hypothesis is rejected in favor of the alternate.

Table 6 Hausman test results

Coefficients
(b) (B) (b-B)
FE-results RE-results Difference Std. Err
Shocks and coping strategy
Climate shocks —0.0131558 —0.0359047 0.0227489 0.0022168
Economic shocks —-0.0106391 —0.0355006 0.0248615 0.0038714
Other shocks —0.0041798 —0.0103449 0.0061651 0.0022187
Coping strategy —0.008316 —0.0063487 —0.0019673 0.0032355
Household characteristics
Household income 0.0146369 0.0849129 —-0.070276 0.0051447
Household size —0.0095828 —0.0260286 0.0164458 0.0017488
Age of household head —0.0000705 —-0.0031222 0.0030518 0.0009944
Location (urban) 0.0511825 0.2904406 —0.2392581 0.0079339
Region —0.1079966 —-0.0572309 —0.0507657 0.0358068
Marital status
Married polygamously 0.0019061 —0.0000443 0.0019503 0.0107625
Divorced/separated —0.0092169 0.0356038 —0.0448208 0.0143177
Widow/widower 0.0326144 0.0453548 —-0.0127405 0.0212212
Never married 0.018706 0.1728432 —-0.1541373 0.0226748
Education level
Primary —0.0481094 0.0423663 —0.0904756 0.0400278
Secondary —0.0498786 0.1144511 —-0.1643297 0.0429319
Post-secondary —0.0454569 0.1676885 —-0.2131454 0.0449975
University —0.0789741 0.2800369 —-0.359011 0.0529646

b =Consistent under HO and Ha; obtained from regression
B=Inconsistent under Ha, efficient under HO; obtained from regression
Test of HO: Difference in coefficients not systematic
chi2(13)=(b—-B)'[(V, —Vg)A(—=1)](b—B)=1074.13

Prob > chi2=0.0000

FE Fixed effect, RE Random effects
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4.3.2 Specification: Ramsey RESET Test

To ascertain whether the model was properly specified, the Ramsey RESET specification test was conducted. The
findings from the Ramsey RESET specification test indicate that the coefficients on all powers of the predicted values
are jointly significant at a 5% level of significance. This implies that the functional form of the estimated model is
properly specified and has no omitted variables.

4.4 The marginal estimated effects and the qualitative responses.

To estimate the effect of shocks and adaptation mechanisms on household energy transition in Uganda, an ordered logit
model was used. The marginal effects generated from the ordered logit regression are presented in Table 7. These findings
were validated using the responses from the primary qualitative data. The results show the effect of shocks and adapta-
tion mechanisms on household energy transition after controlling household head and other household characteristics.

The results show that climate shocks have a positive effect on the use of traditional fuels for cooking but a negative
effect on the use of transitional and modern fuels for cooking. Specifically, the findings indicate that a unit increase in
the occurrence of climate shocks leads to a 5.81% increase in the use of traditional fuels for cooking while reducing the
probability of households switching to transitional and modern fuels by — 5.56% and —0.25%, respectively. This implies
that the increased occurrence of climate shocks such as floods, landslides, and drought, a is a hindrance to household
energy transition. Modern fuels have a cost implication due to the attached price. Households that experience climate
shocks find it difficult to transition to cleaner fuels, especially after the property damage and economic disruptions aris-
ing from extreme weather events. As a result, poorer households revert to using traditional fuels that typically have no

Table 7 Estimated marginal

Traditional fuel Transition fuel Modern fuel
effects of shocks on
household energy transition dy/dx SE dy/dx SE dy/dx SE
Shocks
Climate shocks 0.0581%*** (0.012) —0.0556*** (0.011) —0.0025%** (0.000)
Economic shocks 0.0392*** (0.019) —0.0375%** (0.018) —-0.0017 (0.000)
Other shocks 0.0118 (0.011) -0.01139 (0.010) —0.0005 (0.000)
Household characteristics
Household income —0.0779***  (0.007)  0.0746*** (0.006) 0.0033*** (0.000)
Household size 0.0290%** (0.002)  —0.0278***  (0.002) —0.0012***  (0.000)
Age of household head ~ 0.0029*** (0.000)  —0.0028***  (0.000) —0.0001***  (0.000)
Location (urban) —0.2039***  (0.008)  0.1952*** (0.008) 0.0087*** (0.001)
Region 0.0423*** (0.004)  —0.0405***  (0.004) —0.0018***  (0.000)
Marital status
Married polygamously —0.0053 (0.012) 0.0051 (0.011) 0.0002 (0.000)
Divorced/separated —0.0252 (0.014) 0.0242 (0.0143) 0.0009 (0.000)
Widow/widower —0.0503***  (0.017)  0.0482*** (0.016) 0.0021%** (0.000)
Never married —0.1362***  (0.034)  0.1288*** (0.032) 0.0074%** (0.002)
Education level
Primary —-0.0275 (0.055)  0.0368 (0.054) 0.0007 (0.000)
Secondary —0.0993 (0.056)  0.0969 (0.055) 0.0025%** (0.001)
Post-secondary —0.1389***  (0.057)  0.1348*** (0.056) 0.0040%** (0.001)
University —0.1973***  (0.064)  0.1903*** (0.063) 0.0070%** (0.002)
Observations 6951 6951 6951
No. of households 2676 2676 2676

Robust standard errors in brackets

Marginal effect coefficients in parentheses

" p<0.01,** p<0.05, * p<0.1

The reference category for education is no schooling and for marital status is monogamous marriage
Source: Authors’ computations using the UNPS 2016/2017; 2017/2018 and 2019/2020
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monetary cost. Additionally, extreme weather conditions can disrupt the power grid, forcing even households that rely
on grid power for cooking to practice energy stacking, a practice associated with partial transition.

The study findings show that economic shocks have a significantly positive effect on the use of traditional fuel but
negatively affect the use of transitional fuels. For modern fuels, the findings indicate a non-significant effect. Specifically,
the result reveal that a unit increase in the occurrence of economic shocks increases the likelihood of a household relying
on traditional fuels for cooking by 3.95% while reducing the likelihood of switching to transitional fuel for cooking by
3.7%. Economic shocks, including loss of income and sudden rises in commodity price, have implications for household
energy transition. This means that with an increase in household economic shocks, households with limited income will
not be able to afford cleaner cooking fuels. Consequently, these households will continue relying on freely collected
firewood from forests for cooking.

These results were further elaborated by the following qualitative responses;

“..when mudslides happened in our area, all was destroyed. We had to run to the nearby camps. In the camps only, food
items were given which were not even enough. Everybody had to look for firewood around for cooking because the little
help given could not be split to buy charcoal for cooking”.

.......... The problem here is the constant increase in price of LPG. | used to use LPG to cook soft food like preparing tea
and warming food when it was UGX45,000/=. Recently the price has short to UGX 62,500/=. | stopped using it".

The study findings are supported by earlier scholars. For instance, Genoni reported that when shocks occur, households
are often compelled to limit their expenditure to only key consumption items [66]. In extreme circumstances, however,
even such critical expenditure is either postponed or suspended altogether. This leaves households with the only option
of collecting firewood and other traditional forms of energy sources to meet cooking energy needs. Amondo et al.
reported that extreme weather conditions can affect agriculture output [67]. Thus, households that entirely depend on
depleted agriculture will languish in poverty and therefore unable to afford cleaner cooking options.

Similarly, Nchofoung in his recent study on oil price shocks and energy transition in Africa, noted that an increase in
price shocks is associated with trade deficits, currency value loss, an increase in inflation, and subsequently a fall in eco-
nomic activity [68]. Thus, an increase in inflation leads to an increase in modern energy prices, causing a fall in demand
for modern cooking fuels. An increase in the price of modern fuels would therefore lead to an increase in the demand
for non-clean (traditional fuels) which are almost free in most parts of Uganda.

Among the control variables, the marginal effects show that a 1% increase in household income is associated with a
-7.79% decrease in the use of traditional fuels but increases the likelihood of using transitional fuels and modern fuels
by 7.46% and 0.33% respectively. For household size, the marginal effects show that an increase in the household size
by one (1) member is likely to increase the likelihood of relying on traditional fuels for cooking by 2.9% but reduces the
likelihood of using transitional fuels by —0.28% and —0.01% respectively.

Location-wise, the findings show that relative to rural location, a household being located in an urban area reduces the
likelihood of relying on traditional fuels for cooking but increases the likelihood of using transitional fuels and modern
fuels by 19.5% and 0.87% respectively. The marginal effects on marital status showed that widow/widower and single
status had a significant effect on household energy transition. Specifically, households headed by widower/widow rela-
tive to other status, had -5.03% reduced chances of relying on traditional fuels for cooking but had increased likelihood
of transition to transitional and modern fuels by 4.82% and 0.021% respectively. Households being headed by unmarried
heads reduced the probability of using traditional fuels for cooking by —13.2% but increased the probability of using
transition and modern fuels by 12.9% and 0.74% respectively.

Regarding the education status of the household head, the results revealed that the likelihood of using modern fuels
for cooking increased by 0.25% if the household head attained a secondary level of education. Compared with house-
holds’ heads without formal education, attainment of post-secondary education reduced the likelihood of relying on
traditional fuels by — 13.89% but increased the likelihood of transitioning to transition and modern fuels by 13.48% and
0.4% respectively. University education reduces the probability of the household using traditional fuels by —19.73% and
increases the likelihood of using transitional and modern fuels by 19% and 0.7% respectively.

Overall, the results suggest that climatic and economic shocks have a significant effect on household energy transi-
tion in Uganda. Table 8 presents the marginal estimates of the effect of the adaptation mechanism on household energy
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Table 8 Estimated marginal
effects of adaptation

mechanisms on household dy/dx SE dy/dx SE dy/dx SE
energy transition

Traditional fuel Transition fuel Modern fuel

Shocks and adaptation

Adaptation mechanism 0.0575%** (0.028) —0.0556*** (0.028) —0.0019%** (0.001)
Household characteristics
Household income —0.1126*** (0.007) 0.1089*** (0.007) 0.0037*** (0.000)
Household size 0.0340%** (0.002) —0.0329*** (0.002) —0.0071*** (0.000)
Age of household head 0.00371*** (0.000) —0.0030%*** (0.000) —0.0007*** (0.000)
Marital status
Married polygamously —0.0048 (0.012) 0.0047 (0.012) 0.0001 (0.000)
Divorced/separated —0.0638*** (0.017) 0.0616*** (0.016) 0.0021%** (0.000)
Widow/widower —0.0854*** (0.019) 0.0824*** (0.018) 0.0030%*** (0.000)
Never married —0.1832%** (0.039) 0. 1744%** (0.037) 0.0087*** (0.002)
Education level
Primary —0.0547 (0.048) 0.0541 (0.047) 0.0007 (0.000)
Secondary —0.1623%** (0.048) 0.1592%** (0.049) 0.0030%** (0.000)
Post-secondary —0.2085*** (0.049) 0.2038%*** (0.050) 0.0047%*** (0.000)
University —0.2943%** (0.062) 0.2852%** (0.060) 0.0097%*** (0.002)
Observations 6951 6951 6951
No. of households 2676 2676 2676

Robust standard errors in brackets

Marginal effect coefficients in parentheses

" p<0.01,** p<0.05,* p<0.1

The reference category for education is no schooling and for marital status is monogamous marriage
Source: Authors’ computations using the UNPS 2016/2017; 2017/2018 and 2019/2020

transition in Uganda. The findings show that the adaptation mechanism has a significant effect on household energy
transition in Uganda. Specifically, relative to households without adaptation mechanisms, the likelihood of using tra-
ditional fuels increased by 11.26% for households that applied adaptation mechanisms but reduced the likelihood of
using transitional and modern fuels by — 5.56% and — 0.19% respectively. These findings were further supplemented by
qualitative responses as below:

“.... Here in Sironko, there was a time when we had terrible mudslides. We received help in terms of posho and blankets for
some time. But at that time even people who had some money, they also used that money for medication and buying other
necessary household utensils since what we had was destroyed. So, what the government and other agencies give is not
enough. In fact, when we get it, the little money we have can now be diverted to other things other than clean cooking fuels”

This finding implies that the more households continue to apply the adaptation mechanisms available to them, the more
they continue consuming traditional fuels rather than cleaner fuels. This could be because the nature and type of the avail-
able adaption mechanisms are insufficient to propel households to transition to cleaner cooking fuels in Uganda. These
findings are in line with the assertion of the resilience theory. Resilience theory recognizes that adversities such as shocks
create damage and losses that destabilize the normal functioning of the household and therefore households need to learn
and adapt accordingly [29].

It is expected that households should have mechanisms to cope with disasters (shocks) such as climate and economic
shocks. In this case, households are expected to have the capacity to anticipate and prepare to be able to lessen the effect
of shocks and continue thriving [69]. There is therefore need to encourage households to build capacity to absorb, accom-
modate, and lessen the effect of the shocks. They should build capacity to bounce back to the original position after suffering
from the shock.

The study findings also agree with what earlier scholars reported. For instance, Arthur et al. noted that adaptation mecha-
nisms play a key role in mitigating the effects of energy insecurity among small and medium enterprises in Ghana [70]. It
suffices therefore to note that adaptation leads to resilience. Lama et al. reported that the occurrence of shocks increases
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vulnerability among households. This explains why households must learn to not only adapt but instead build capacity to
reduce the effect of the shocks [71].

5 Conclusion and policy recommendations

This paper assessed the effect of shocks (climate and economic) and adaptation mechanisms on household energy transi-
tion in Ugandan households. The study findings established that shocks significantly affect household energy transition
in Uganda. Specifically, climate shocks and economic shocks significantly affect household energy transition in Uganda.
The occurrence of shocks increased the likelihood of households relying on traditional fuels for cooking but reduced the
likelihood of switching to modern or cleaner of modern fuels for cooking. Similarly, the occurrence of economic shocks
such as loss of income, and sudden increases in fuel prices in the market reduce the likelihood of switching to modern
fuels but instead confine households to using traditional fuels that are presumed to be free of cost.

This study adopted a theoretical pluralism approach, combining energy ladder and resilience theories to explain the
impact of climate shocks and adaptation mechanisms on household energy transition in Uganda. The combination of the
two theories gave a better understanding of climate shocks, adaptation mechanisms and household energy transition.
From the resilience theory perspective, households need to build resilience to respond and cope up with the climate
shocks. The analysis from the data used in this study indeed confirm that coping mechanisms have an effect on house-
hold energy transition. Our findings add climate shocks and adaptation on to the existing literature on the antecedents
of household energy transition in Uganda.

The findings show a significant association between climate shocks, adaptation mechanisms and household energy
transition in Uganda. Climate shocks such as floods and landslides normally cause sudden power blackouts especially
when the floods and landslides cause a collapse in the electric poles of the grid. This means that when the grid house-
holds use the grid electricity for cooking will not have access to electricity thus looking for the available alternatives of
which one of them is traditional fuels. Secondly, floods and landslides normally cause a collapse of bridges and other
road networks thus leading cut-off of the supply of cleaner alternatives like liquified petroleum gas.

This finding offers policy direction. Policies aimed at improving coping mechanisms will go a long way in helping
households'transition to clean energy fuels for cooking. Policies aimed at enhancing the ability to detect and report warn-
ing sign s by investing in early warning signs are critical in enabling households prepare and deal with climate shocks.

Secondly, policies aimed at investing in an insurance scheme especially for people living in climate sock prone areas
rather than on off response by government may be more sustainable and can help households to cope up with shocks
are eventually transition to clean cooking fuels.
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