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Abstract 

Saudi Arabia is a leading oil and gas producer and one of the largest energy 

consumers in the Middle East. Its energy demand and carbon dioxide emissions 

have risen sharply over the past decades, with population growth, economic 

development, and energy subsidies being key drivers. Such growth in energy 

demand is not sustainable. Energy subsidy reform is a tool that policymakers can 

use to encourage resource, fiscal, and environmental sustainability. Saudi Arabia 

recently implemented two waves of energy subsidy reform, and it appears to have 

plans for further reforms. However, such reforms can be difficult to implement. 

Policymakers need an in-depth understanding of the impacts of energy subsidy 

reform to move forward with implementation. They also need an understanding of 

the factors that lead to successful or unsuccessful reform outcomes.  

This thesis models the impacts of energy subsidy reform in Saudi Arabia. I start by 

quantifying the consumer response to changes in the prices of energy products. I 

use the structural time series model to econometrically model energy demand across 

five sectors and 15 energy products in Saudi Arabia. I then employ the estimated 

price elasticities in microeconomic analyses to measure the fiscal, economic, 

environmental, and welfare impacts of past and future reforms.  

This thesis also examines the factors that determine reform outcomes through a 

global review of past attempts at reform. I define a successful energy subsidy reform 

as one that does not lead to social unrest or is not reversed. I build a global dataset 

capturing countries’ experiences with reform, on which I draw lessons and run 

logistic regressions. Qualitative and quantitative analyses are thus combined to 

understand how factors like the size of the energy price increase, economic 

performance, or the quality of governance influence the odds of a successful reform 

outcome. 
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efforts towards a goal of 1.5 °C. A portfolio of climate change policies will likely be 

needed to achieve the objectives of the Paris Agreement. Energy subsidy reform 

(also referred to as fossil fuel subsidy reform) is widely seen as a critical policy 

instrument for combatting climate change.  

However, many countries face challenges in measuring the impacts of energy 

subsidy reform and achieving successful implementation. This thesis yields insights 

for policymakers seeking to reform energy subsidies, focusing on Saudi Arabia, a 

Group of Twenty (G20) economy with large energy subsidies according to 

organizations like the International Energy Agency and the International Monetary 

Fund. The insights from this thesis can inform policymakers in Saudi Arabia and 

beyond, enabling more effective public policy design and delivery. 

Within academia, this thesis yields several benefits. It highlights gaps in energy 

subsidy reform research, answers important questions to tackle those gaps, and 

presents new methods for answering those questions. With regard to research 

methodologies, this thesis uses the Structural Time Series Model (STSM), a method 

that has seen relatively limited use in applied research compared to other 

econometric methods. I demonstrate the importance of using the STSM to obtain 

unbiased price and income elasticities. My price and income elasticities for Saudi 

Arabia are essential inputs needed to conduct many impact analyses. These 

elasticities can also be used to parameterize energy models for Saudi Arabia, which 

can answer further research questions. This thesis also provides a novel approach to 

measuring the fiscal impacts of energy subsidy reform. 
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policymaking. For example, my work on the climate mitigation impacts of energy 

subsidy reform in Saudi Arabia has been used in advisory work at KAPSARC to 

inform the country’s development of its climate mitigation targets and its selection of 

climate policy instruments for achieving those targets. My work on the lessons 

learned from past energy subsidy reforms and the determinants of successful 
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outcomes has also been used to inform the government’s potential plans for future 

reforms.  

While the insights from this thesis have already impacted energy policymaking in 

Saudi Arabia, they can also benefit policymakers in other countries with energy 

subsidies. The insights can also inform the effective implementation of other price-

based policy instruments, such as a carbon tax, which will be necessary for 

combatting climate change and meeting national and global climate goals. 
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Chapter 1: General Introduction 

Energy subsidy reform (also referred to as energy price reform or fossil fuel subsidy 

reform) is a policy tool that can promote fiscal, resource, and environmental 

sustainability. Studies have shown that the reduction or removal of energy subsidies 

can generate large fiscal, economic, health, and environmental benefits for a country 

(Black et al., 2023). The International Monetary Fund (IMF) estimated the global 

fiscal cost of energy subsidies in 2022 at 1.3 trillion United States Dollars (USD), 

which represents roughly 1.3% of global gross domestic product (GDP) in that year 

(Black et al., 2023). 

Given the high fiscal costs that energy subsidies can impose on an economy, it is not 

surprising that fiscal pressures have historically been the primary drivers of energy 

subsidy reforms (Vagliasindi, 2013; Rentschler and Bazilian, 2017a, 2017b). These 

fiscal pressures often fluctuate depending on global and national circumstances. For 

example, in many oil-exporting countries, the collapse in international oil prices in 

late 2014 and the subsequent decrease in oil revenue for those governments 

triggered the implementation of energy subsidy reforms to improve the fiscal balance 

(Fattouh et al., 2016). In many oil-importing countries, reforms were undertaken 

when the fiscal burden from fuel subsidies became too large, generally during 

periods of high international oil prices, such as between late 2009 and early 2014 

(Vagliasindi, 2013; Kojima, 2016). 

Moving forward, climate change is expected to become an increasingly prominent 

driver for further energy subsidy reforms. Climate change is one of the defining 

issues currently facing our world. In 2015, 196 countries ratified the Paris Agreement 

(2015), agreeing to limit the global average temperature increase to below two 

degrees Celsius (°C) above pre-industrial levels while pursuing efforts towards a 

more ambitious goal of 1.5 °C above pre-industrial levels. A portfolio of climate 

change policies will likely be needed to achieve the objectives of the Paris 

Agreement, and energy subsidy reform is widely seen as a critical policy instrument 

for doing so. At the 26th Conference of the Parties (COP26), which took place in 

Glasgow in 2021, countries mentioned fossil fuel subsidy reform in the outcome 

agreement for the first time in the 26 years of the United Nations Framework 

Convention on Climate Change (UNFCCC) (UN Climate Change Conference, 2021). 
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The Glasgow Climate Pact stated the need to “phase-out of inefficient fossil fuel 

subsidies, while providing targeted support to the poorest and most vulnerable in line 

with national circumstances.” 

Saudi Arabia is often found to have among the highest levels of energy subsidies 

globally, which has implications for the country’s economy, hydrocarbon resources, 

greenhouse gas (GHG) emissions, and fiscal balance. The IMF estimated Saudi 

Arabia’s energy subsidies in 2022 to be around 129 billion USD, roughly 10% of their 

global estimate (Black et al., 2023). According to the Energy Information 

Administration (EIA, 2023), Saudi Arabia was the world’s third-largest oil producer in 

2022 and the world’s top oil exporter. It is also among the Middle East's largest 

energy consumers and GHG emitters. According to the Energy Institute (EI, 2024), 

Saudi Arabia’s primary energy consumption grew from 23 to 271 million tonnes of oil 

equivalent (Mtoe) between 1970 and 2022, while energy-related carbon dioxide 

emissions (CO2) grew from 67 to 609 million tonnes (Mt) over the same period. Such 

rapid growth in domestic energy demand is not sustainable – whether looked at from 

a resource or environmental perspective. Lahn and Stevens (2011) examined Saudi 

Arabia’s growing domestic energy consumption and ran simulations that showed 

that, on its trajectory at the time, Saudi Arabia could “become a net importer of oil by 

2038”, which would cause the country to lose one of its primary sources of fiscal 

revenue.  

The concerns over resource and fiscal sustainability prompted two waves of partial 

energy price reform in Saudi Arabia, the first in 2016 and the second in 2018 (Fiscal 

Balance Program, 2016-2019). Energy price reform is arguably one of the most 

important initiatives under Saudi Vision 2030, an overarching strategy launched in 

2016 to transform the country economically and socially (Saudi Vision 2030, 2016). 

Further waves of energy price reform could bring Saudi Arabia closer to achieving its 

economic, fiscal, and environmental sustainability goals. 

However, implementing further energy subsidy reforms in Saudi Arabia is 

challenging. While some countries have successfully reformed energy subsidies, 

others that attempted to do so were forced to ‘backtrack’ and reverse their reforms, 

sometimes in response to widespread protests and rioting. For example, in only 

2022, energy subsidy reforms were implemented by countries as varied as 
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Bangladesh (Paul, 2022), Haiti (CE Noticias Financieras English, 2022a), Indonesia 

(Associated Press Financial Wire, 2022), Kazakhstan (Eurasianet, 2022), Sri Lanka 

(Agence France Presse, 2022), and Tunisia (The Financial Express, 2022b). Most of 

these episodes triggered social unrest (Al Arabiya, 2022; CE Noticias Financieras 

English, 2022b; IANS-English, 2022; Widianto, 2022; World Socialist Web Site, 

2022), while in Kazakhstan, the reform led to widespread protests, its reversal, the 

resignation of the government, and a state of emergency (Al Arabiya, 2022; Sullivan, 

2022). These examples underscore how policymakers worldwide continue to face 

challenges in implementing energy subsidy reforms successfully. 

Policymakers in Saudi Arabia and around the world that deal with energy subsidies 

need to understand the costs of energy subsidies, the impacts of energy subsidy 

reform, and how to design and implement such reforms effectively, given each 

country’s political context and national circumstances. Guidance on these different 

facets of energy subsidy reform is needed to support policymakers in implementing 

energy subsidy reforms successfully, which could unlock massive economic, health, 

and environmental benefits globally.  

This thesis is divided into four parts, each focusing on a different facet of energy 

subsidy reform, with the overarching goal of informing policymakers to help them 

deliver successful and durable energy subsidy reforms. Although this thesis focuses 

on Saudi Arabia, many of the insights are relevant for a much broader group of 

countries, given the prevalence of energy subsidies globally and growing drivers for 

their reform, particularly climate change mitigation.  

The first part of this thesis seeks to understand how changes in energy prices affect 

energy demand, focusing on Saudi Arabia. Energy subsidy reform is an intervention 

that mainly causes consumers to reduce their energy use in response to higher 

domestic energy prices. To measure the impacts of energy subsidy reform, 

policymakers first need to understand this price response. Economists generally 

measure this price response by estimating a price elasticity, a metric that reflects 

how a marginal change in an energy price changes energy consumption. While 

some published price elasticity estimates exist for Saudi Arabia, there is a striking 

absence of estimates for many energy products. Moreover, the few existing 

estimates were primarily based on models that excluded time trends, which can lead 
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to biased price elasticity estimates. Although a few of the existing price elasticity 

estimates for Saudi Arabia were based on models that did include deterministic time 

trends, Hunt et al. (2003) have demonstrated that this can still lead to “seriously 

biased” elasticity estimates if the trends in energy demand are stochastic. Therefore, 

this thesis employs Harvey’s (1989) Structural Time Series Model (STSM) to obtain 

price elasticity estimates while allowing for potentially stochastic trends in energy 

demand. I estimate price elasticities across five end-use sectors and 15 energy 

products, including gasoline, diesel, natural gas, kerosene, liquefied petroleum gas 

(LPG), fuel oil, and electricity. 

The second part of this thesis leverages the estimated price elasticities to model the 

economic, environmental, and fiscal impacts of energy subsidy reform in Saudi 

Arabia. Both partial and general equilibrium approaches have been used to measure 

these impacts (Ellis, 2010). For the economic and environmental impacts, this thesis 

adopts a partial equilibrium approach that rests on the estimated price elasticities. 

On the fiscal side, this thesis assesses both the fiscal cost of energy subsidies and 

the fiscal impacts of their reform. The magnitude of energy subsidies reflects their 

cost, which may be incurred entirely by the government, but it can also be incurred 

by other actors in the economy (Gooptu, 2018). This thesis focuses primarily on 

measuring the costs of subsidies to the Saudi government and the fiscal gains from 

partially or completely reforming them. In other words, this thesis seeks to measure 

how much revenue the Saudi government is foregoing due to energy subsidies and 

how much revenue can be gained from partial or complete energy subsidy reform. 

The fiscal costs of energy subsidies are generally measured using the price-gap 

method (Koplow, 2009), but this thesis goes further by developing a more 

generalized approach that better captures the revenue uplift by accounting for how 

energy subsidy reform in Saudi Arabia could influence international oil prices.  

Having established the economic, environmental, and fiscal benefits of energy 

subsidy reform in Saudi Arabia, the third part of this thesis explores the question of 

how policymakers in the Kingdom and beyond can implement an energy subsidy 

reform successfully, avoiding undesirable outcomes like social unrest, which can 

often force policymakers to reverse the reform (Clements et al., 2013, 2014). This 

thesis reviews studies that drew lessons from past attempts at reform, synthesizing a 

set of recurrent lessons from the literature. It then expounds on these lessons and 
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draws further insights by constructing and reviewing an original dataset that 

comprises over 3000 news articles that capture the context, details, and outcomes of 

over 400 episodes of energy subsidy reform implemented worldwide in over 40 

countries between 1995 and 2022. This dataset is rich with information on the 

decisions and circumstances across different countries that contributed to producing 

positive or negative outcomes following an attempt at energy subsidy reform.  

The fourth part of this thesis continues with its global focus, leveraging the newly 

constructed dataset to conduct a quantitative analysis that measures the effects of 

different variables and national circumstances on the probability of achieving a 

successful reform outcome. In line with the literature (Chelminski, 2018), this thesis 

adopts a two-pronged definition of success, in which a subsidy reform is deemed 

successful if it does not lead to social unrest or it is not reversed. Despite the vast 

potential and challenges associated with further energy subsidy reform globally, 

there is surprisingly very little quantitative research on this topic (McCulloch et al., 

2022). This thesis builds on the few existing studies by applying logistic regression 

analysis to the rich dataset that was constructed, which allows for quantifying the 

effects of a wide range of variables on the odds of social unrest or a reversal 

occurring following energy subsidy reform. 

The remainder of this chapter provides a general literature review that discusses 

how energy subsidies are defined, the rationale for countries’ introduction of energy 

subsidies, and the consequences and drivers of energy subsidy reform. This chapter 

then contextualizes Saudi Arabia’s energy economy and energy subsidy reform 

efforts. Finally, it outlines the primary research questions and lays out the structure 

of the thesis.  

1.1 Energy Subsidies: Definitions and Issues  

The definition of a subsidy varies from one source to another. According to the 

Oxford English Dictionary (2024), a subsidy is “money or a sum of money granted by 

the state or a public body to help keep down the price of a commodity or service, or 

to support something held to be in the public interest.” Merriam-Webster (2024) 

defines a subsidy as a “grant by a government to a private person or company to 

assist an enterprise deemed advantageous to the public.” While both definitions 

include the word grant, which suggests some financial transfer, they differ in several 



37 

 

ways. Most importantly, the former emphasizes the transfer of money to keep the 

price of a commodity low, while the latter is more general and emphasizes a transfer 

to give an advantage to the public.1 

Economics textbooks can also be used to look for definitions of subsidies, given that 

they are economic instruments. For example, Bhattacharyya (2019) defines 

subsidies as “the difference between the price that would exist in a market in 

absence of any distortion or market failures and the price faced by consumers at a 

given time.” Mankiw (2023) defines a subsidy as “the opposite of a tax,” stating that it 

is “a payment to buyers and sellers to supplement income or reduce costs of 

production to provide an advantage to the recipient of the subsidy.”  

The System of National Accounts (SNA, 2008), which guides governments to 

compile measures of economic activity, presents its definition of subsidies for 

inclusion in national accounts. The SNA defines subsidies as “current unrequited 

payments that government units … make to enterprises on the basis of the levels of 

their production activities.” In contrast to the previously described definitions, the 

SNA’s definition is relatively narrow, capturing only subsidies that are given to 

producers. As stated in the SNA (2008), “subsidies are not payable to final 

consumers; current transfers that governments make directly to households as 

consumers are treated as social benefits.” 

When defining subsidies, it can be helpful to distinguish between producer (or 

production) and consumer (or consumption) subsidies. Consumer subsidies 

generally exist when the price of a good or service for consumers is below some 

reference price, thereby benefitting consumers. On the other hand, producer 

subsidies generally exist when governments raise prices or lower production costs to 

benefit producers.  

Steenblik (2003) provides a broad categorization of subsidies, where he classifies 

them around several dimensions: 1) the target of the subsidy, which could be 

consumers or producers; 2) the instrument used to provide support, whether it be 

budgetary expenditure or the foregoing of revenue; 3) the pathway of benefit, which 

could be direct or indirect; and 4) the purpose, which could be, for example, 

 

1 Both dictionaries also provide alternative definitions for the word subsidy. The Oxford English 
Dictionary provides seven definitions while Merriam-Webster provides three definitions. 
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providing households with better energy access, reducing energy poverty, or 

protecting domestic industries.  

The World Trade Organization (WTO) offers one of the broadest definitions of 

subsidies. With 164 members (WTO, 2024), the WTO’s definition is arguably the 

most widely accepted. WTO Members agree to the definition listed in Article 1 of the 

WTO’s (1994) Agreement on Subsidies and Countervailing Measures (ASCM). This 

definition states that “a subsidy shall be deemed to exist if: 

(a)(1) there is a financial contribution by a government or any public body within the 

territory of a Member (referred to in this Agreement as "government"), i.e. where: 

(i) a government practice involves a direct transfer of funds (e.g. grants, loans, 

and equity infusion), potential direct transfers of funds or liabilities (e.g. loan 

guarantees); 

(ii) government revenue that is otherwise due is foregone or not collected (e.g. 

fiscal incentives such as tax credits); 

(iii) a government provides goods or services other than general 

infrastructure, or purchases goods; 

(iv) a government makes payments to a funding mechanism, or entrusts or 

directs a private body to carry out one or more of the type of functions 

illustrated in (i) to (iii) above which would normally be vested in the 

government and the practice, in no real sense, differs from practices normally 

followed by governments; 

or 

(a)(2) there is any form of income or price support in the sense of Article XVI of 

GATT 1994; 

and 

(b) a benefit is thereby conferred.” 

The definitions presented so far underscore the considerable variation in the scope 

of what constitutes a subsidy. Some definitions are broad, incorporating subsidies 

that result from budgetary expenditures or foregone revenue, while other definitions 

are much narrower, capturing only budgetary expenditures. Some definitions include 
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both producer and consumer subsidies, while other definitions focus on one or the 

other. Despite providing its own definition in the ASCM, the WTO (2006) noted in a 

separate report the difficulty of defining subsidies: “Subsidies defy easy definition. 

The narrowest definition would not extend beyond budgetary outlays and the 

broadest might incorporate virtually any government policy resulting in a change in 

conditions in the market place.” 

Given the focus of this dissertation on energy subsidies, I also explore the definitions 

of energy (or fossil fuel) subsidies specifically. Many of these definitions are provided 

by intergovernmental organizations (IGOs). The Organisation for Economic Co-

operation and Development (OECD, 2013) defines fossil fuel subsidies around 

budgetary expenditures, excluding subsidies that are provided through foregone 

government revenues. The Organization of the Petroleum Exporting Countries 

(OPEC) defines energy subsidies by comparing the domestic price to the production 

cost only, not international market prices, thereby excluding subsidies based on 

foregone revenues (IEA et al., 2010). The International Energy Agency (IEA, 2006) 

provides a comprehensive definition of energy subsidies as “any government action 

that … lowers the cost of energy production, raises the price received by energy 

producers or lowers the price paid by energy consumers.” The World Bank’s Energy 

Subsidy Reform Assessment Framework (ESRAF) provides a similar definition of 

energy subsidies as any “deliberate policy action by the government that specifically 

targets electricity, fuels, or district heating and that results in one or more of the 

following effects: A | It reduces the net cost of energy purchased. B | It reduces the 

cost of energy production or delivery. C | It increases the revenues retained by those 

engaged in energy production and delivery (energy suppliers)” (Kojima, 2017). The 

IEA’s (2006) and World Bank’s three-pronged definitions of energy subsidies are 

almost identical, with the World Bank emphasizing the term “deliberate” to exclude 

broader government actions that are not deliberately targeting the energy sector. 

In contrast to some of the other IGOs, the IMF provides several definitions of 

subsidies, distinguishing between producer and consumer subsidies (Clements et 

al., 2013). The IMF states that “consumer subsidies arise when the prices paid by 

consumers, including both firms (intermediate consumption) and households (final 

consumption), are below supply costs” and that “producer subsidies arise when 

prices are above this level.” For the former, the IMF distinguishes between pre-tax 
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and post-tax consumer energy subsidies. According to the IMF, “pre-tax consumer 

subsidies exist when energy consumers pay prices that are below the costs incurred 

to supply them with this energy,” while they define post-tax subsidies to encompass 

both pre-tax subsidies and the absence of taxation to reflect the externalities 

associated with energy use. Since 2021, the IMF has renamed “pre-tax” subsidies as 

“explicit” subsidies and “post-tax” subsidies as “implicit” subsidies (Fossil Fuel 

Subsidy Tracker, 2024). However, this renaming may exacerbate the confusion 

around subsidy definitions, as others have also used the terms explicit and implicit to 

distinguish between energy subsidies that require direct expenditure (referred to by 

others as explicit subsidies) and those that arise because of foregone revenue 

(referred to by others as implicit subsidies), as discussed by Krane et al. (2020). To 

avoid confusion, from this point onwards, the terms implicit and explicit are only used 

to differentiate between subsidies that require direct expenditure and those that 

result in foregone revenue. For IMF-related subsidy estimates and analyses, the 

previous terminology of pre-tax and post-tax is retained.  

Governments also disagree on which definition of energy subsidies to use.  Since 

the leaders of the Group of 20 (G20) first committed to phasing out inefficient fossil 

fuel subsidies in 2009 (G20, 2009), their governments have discussed and disagreed 

on subsidy definitions, as noted in joint reports prepared by the IEA, OECD, and 

OPEC (IEA et al., 2010; IEA et al., 2011). Koplow (2012) underscored this lack of 

agreement by synthesizing the definitions chosen by each country. Koplow (2012) 

noted that the G20 Members “continue to select definitions for what counts as a 

fossil-fuel subsidy.” For example, the Saudi government stated at the time that “while 

domestic fossil fuel prices in Saudi Arabia could be below international prices, these 

prices reflect the country’s comparative advantage in oil production and are above 

the production costs. Indeed, the Government is not paying any fossil fuels-related 

subsidy from the treasury. Therefore, Saudi Arabia is not implementing any 

measures that fit the criteria for inefficient fossil fuel subsidies” (Koplow, 2012). 

South Korea and Turkey also selected a similar definition of subsidies (Koplow, 

2012). Other countries used a broader definition of subsidies instead. Italy, for 

example, adopted the IEA’s definition, stating that it “considers favorably the 

International Energy Agency’s (IEA) definition of fossil fuel subsidies” (Koplow, 

2012). Other countries, such as Mexico, did not adopt a definition. Instead, Mexico 
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noted that “it would be necessary for all countries to agree on a uniform methodology 

for calculating subsidies” (Koplow, 2012). 

To conclude, this thesis focuses on the reform of consumer energy subsidies and 

adopts a definition like that used by the IEA and World Bank, which also makes it 

similar to the IMF’s pre-tax (now known as explicit) definition. The definition used in 

this thesis thus states that consumer energy subsidies exist if there is some 

deliberate government intervention that lowers the price of fuels or electricity paid by 

consumers, thereby conferring to them an advantage. This thesis thus encompasses 

consumer energy subsidies (or fossil fuel subsidies) that arise from direct budgetary 

expenditures and those that represent foregone government revenue. However, it 

excludes clean energy subsidies that are given to renewable sources of energy.  

1.2 The Rationale for Introducing Energy Subsidies 

Energy subsidies are economic instruments that are introduced by governments to 

achieve a certain policy objective, usually some kind of socioeconomic goal. 

Examining countries in the Arab world, Fattouh and El-Katiri (2017) observed several 

common policy objectives, including 1) expanding access to energy, 2) protecting the 

poor, 3) fostering industrial development, 4) consumption smoothing, 5) avoiding 

inflationary pressures, and 6) other political reasons. These objectives can be 

broadly classified into those that support households and those that support industry. 

Among these policy objectives, most studies highlight the protection of lower-income 

households as the key policy goal for most energy subsidies (Inchauste and Victor, 

2017; Rentschler and Bazilian, 2017a). 

For households, fuels and electricity provide essential energy services such as 

lighting, heating, cooling, and mobility, and consumer energy subsidies help make 

these essential services affordable, effectively acting as a social safety net 

(Moerenhout, 2022). As noted by Fattouh and El-Katiri (2017), energy poverty, 

defined as the lack of household access to modern fuels and electricity, remains a 

significant challenge in many developing countries. Energy subsidies are a tool that 

policymakers can use to reduce energy poverty. For example, Hosan et al. (2023) 

found that energy subsidies in Bangladesh had a significant impact on reducing the 

level of energy poverty in the country. 
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Because energy subsidies support households, they have been considered a 

“cornerstone” of the social contract between citizens and their governments, 

especially in resource-rich Middle Eastern countries (Hertog, 2017; Moerenhout et 

al., 2017). Subsidies on fuel and electricity are used to distribute the rents from oil 

and gas exports to citizens. As noted by Fattouh and El-Katiri (2017), “many citizens 

in oil and gas producing countries consider low-priced energy as a guaranteed 

birthright.”  

For industry, energy subsidies have traditionally been used to promote the 

development of nascent industries, particularly energy-intensive ones (Rentschler 

and Bazilian, 2017a). Moerenhout (2022) has discussed how resource-rich countries 

have traditionally used their resource endowments to support the growth of energy-

intensive industries. For example, in Saudi Arabia, low-cost fuels and feedstocks 

helped turn Saudi Arabia’s nascent petrochemical sector into a global leader (Matar 

et al., 2015).  

While there may be alternative policy instruments for reducing energy poverty or 

promoting industrial development, those alternative instruments may not have been 

considered when the energy subsidies were introduced or may not have been 

feasible or available (Inchauste and Victor, 2017). Furthermore, policymakers at the 

time may not have been aware of the fiscal, economic, resource, and environmental 

costs associated with energy subsidies.  

1.3 The Consequences of Energy Subsidies and Drivers of 

Their Reform 

Although energy subsidies can help governments achieve key policy objectives, 

such as protecting lower-income households, research suggests that they are 

inefficient due to their high costs (Commander, 2012). This inefficiency has been 

demonstrated by multiple studies that found that most energy subsidies get captured 

by higher-income households (Clements et al., 2013). Arze del Granado et al. (2010) 

found that, on average, the top income quintile of households in developing countries 

captures six times more fuel subsidies than the bottom quintile. In Saudi Arabia’s 

Fiscal Balance Program (2016), which introduced the government’s energy price 

reform initiative, it was noted that “lower income households (approx. ~40% of the 

population) benefit from only around 30% of energy subsidies.” 
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The primary costs of energy subsidies can broadly be categorized into fiscal, 

economic, and environmental costs (Rentschler and Bazilian, 2017a). Estimates of 

the size or magnitude of energy subsidies provide an indication of the fiscal costs, as 

energy subsidies are generally defined as transfers from governments to consumers 

or producers. Clements et al. (2014) estimated pretax subsidies for petroleum 

products for 176 countries at 492 billion USD in 2009, roughly 0.7% of global GDP 

and over two percent of total government revenues. Most of this estimate was made 

up of consumer energy subsidies, with producer subsidies accounting for less than 

five percent. Clements et al. (2014) also found that Middle Eastern countries 

accounted for almost half of global energy subsidies. Coady et al. (2017) estimated 

pre-tax global energy subsidies between 2011 and 2015 to range between roughly 

300 and 500 billion USD, with year-to-year variations driven mainly by changes in 

international fuel prices. The IEA (2023) has also been tracking energy subsidies for 

years, and its most recent estimate puts global energy subsidies in 2022 at over 1 

trillion USD, which they described as “by far the largest annual value ever seen.” 

When borne by the government, the size or magnitude of the subsidy is equal to the 

fiscal cost (Davis, 2017). However, the costs of subsidies are not always borne by 

the government, as other actors in the economy can subsidize each other, such as 

producers subsidizing consumers (Gooptu, 2019). Nevertheless, even if producers 

absorb some of the costs, there remains a fiscal cost on the government through 

lower net profits for producers and thus lower tax revenue from those producers 

(Davis, 2017).  

Historically, high fiscal costs have been the primary drivers of energy subsidy reform 

(Vagliasindi, 2013; Rentschler and Bazilian, 2017a). For example, in many oil-

exporting countries, the collapse in international oil prices in late 2014 and the 

subsequent decrease in oil revenue for those governments triggered the 

implementation of energy subsidy reforms to improve the fiscal balance (Fattouh et 

al., 2016). In many oil-importing countries, reforms were undertaken when the fiscal 

burden from fuel subsidies became too large, generally during periods of high 

international oil prices, such as between late 2009 and early 2014 (Vagliasindi, 2013; 

Kojima, 2016). 

The economic costs of energy subsidies have also been found to be very high. 

Fiscal deficits and public debt, which can arise due to the provision of energy 
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subsidies, have been shown to depress economic growth. Kumar and Woo (2010) 

found that “on average, a 10 percentage point increase in the initial debt-to-GDP 

ratio is associated with a slowdown in annual real per capita GDP growth of around 

0.2 percentage points per year.” Plante (2013) studied the macroeconomic effects of 

providing energy subsidies in oil-importing and oil-exporting countries. For both types 

of countries, Plante (2013) demonstrated that a subsidy results in welfare losses that 

increase substantially as the magnitude of the subsidy increases, adding that the 

“distortion in relative prices is the main reason that aggregate welfare is lower” 

(Plante, 2013). Furthermore, Plante (2013) elaborated on how providing an energy 

subsidy “leads households and firms to over-consume oil products, drives up wages 

in the economy, and increases production in the traded sector. The subsidy also 

distorts the relative price of non-tradables to tradable goods.” Since the provision of 

subsidies can strain fiscal budgets, energy subsidies can also crowd out public 

spending in other essential areas, such as health and education (Rentschler and 

Bazilian, 2017a). Such an inefficient allocation of public expenditure can further 

depress economic growth (Clements et al., 2014).    

The environmental costs of energy subsidies encompass the damages caused by 

various environmental externalities associated with fossil fuel consumption. These 

environmental externalities include CO2 emissions and air pollution, among other 

externalities. Davis (2017) estimated the total external damages from gasoline and 

diesel subsidies globally in 2014 to be 44 billion USD, including 8 billion USD from 

CO2 emissions and 7 billion USD from local air pollutants. (The remaining 29 billion 

USD were due to traffic congestion and road damages, which Davis (2017) also 

grouped under the umbrella of environmental costs.) Davis (2017) also found that 

Saudi Arabia, Venezuela, and Iran had the highest external costs from fuel subsidies 

in 2014. Looking at global energy subsidies, Coady et al. (2017) estimated that 

removing post-tax energy subsidies in all countries in 2013 could have reduced CO2 

emissions by 21 percent, which “would represent a major step towards the de-

carbonization ultimately needed to stabilize the global climate system.” As for air 

pollution, Coady et al. (2015) found an even more dramatic effect, estimating that 

removing energy subsidies globally in 2013 could have resulted in a 55% reduction 

in premature air pollution deaths worldwide.  
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Although environmental concerns have not historically been a key driver of energy 

subsidy reform, this is expected to change as countries take more ambitious actions 

to mitigate climate change. To meet the goals of the Paris Agreement (2015), 

countries will need to implement a portfolio of climate change policies, including 

energy subsidy reform, which was emphasized by the Glasgow Climate Pact at 

COP26 (UN Climate Change Conference, 2021). 

There have been several other multilateral initiatives that aimed to get countries to 

reduce or eliminate their energy subsidies. In 2009, G20 leaders committed to 

“rationalize and phase out over the medium term inefficient fossil fuel subsidies that 

encourage wasteful consumption” (G20, 2009). However, a recent report by the 

OECD/IEA (2021), which was prepared for the 2021 G20 summit, highlighted how 

“G20 country support levels remain unchanged [since 2009] in nominal terms to 

those of a decade ago, at USD 159.3 billion in 2020 compared to USD 161.8 billion 

in 2010” despite consistent reaffirmations by G20 countries.  

Finally, as with energy subsidies, it is also important to define the term energy 

subsidy reform. This thesis defines energy subsidy reform as the reduction or 

removal of energy subsidies. Looked at from another perspective, energy subsidy 

reform can be defined as an increase in a country’s regulated energy prices that 

brings them closer to the level they would have been at if those prices were 

deregulated. Therefore, the terms energy subsidy reform and energy price reform 

are often used interchangeably (Clements et al., 2013; Coady et al., 2018), as the 

under-pricing of energy is frequently looked at through the lens of energy subsidies 

(Kojima, 2016; Coady et al., 2018). 

1.4 The Challenges to Implementing Energy Subsidy 

Reforms 

Despite the mounting drivers to implement energy subsidy reform, countries face 

political challenges in successfully reforming their energy subsidies. As noted by 

Danise et al. (2010) in their study on China, India, and Russia, “politicians in all three 

countries have been wary of provoking social unrest by imposing unpopular energy 

price hikes,” adding that this concern was shared between democratic and non-

democratic countries, and between energy exporters and energy importers. Social 

unrest is not only a politically unwelcome outcome for government leaders, but it can 
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also entail high private and social costs for economies “due to the destruction of 

assets and infrastructure, disruption to markets, increases in the risk of investment 

and the loss of trust between social groups and between citizens and state 

institutions” (McCulloch et al., 2022).  

Attempts at energy subsidy reform continue to be publicly opposed worldwide. In 

2022, various governments faced public opposition following their implementation of 

energy subsidy reforms. Different groups of stakeholders can drive public opposition. 

Danise et al. (2010) highlighted some examples of key stakeholders, including 

“farmers and the urban middle class in India; truckers, farmers, fishermen and car 

owners in China; energy-intensive industries and domestic consumers of gas and 

district heating in Russia.” 

Energy subsidy reform is often opposed because of the harm it causes to the welfare 

of households in the absence of compensation or mitigation measures. Although 

energy subsidies are a costly policy instrument for supporting lower-income 

households, raising energy prices without offering any compensation will have a 

deleterious effect on households, who will have to contend with higher energy prices 

and higher prices for other essential goods that use energy as an intermediate input 

(Fattouh and El-Katiri, 2017). Even alongside a compensation scheme, energy 

subsidy reform can trigger social unrest, possibly due to lower-income consumers 

falling through the social safety net (Schaffitzel et al., 2020). It is also possible that 

compensation schemes are poorly designed. There may also be a lack of trust 

between citizens and their governments or a lack of public understanding of energy 

subsidies. In fact, the public's lack of understanding of the costs and inefficiencies of 

energy subsidies has been highlighted as a principal barrier to energy subsidy 

reform (Beaton and Lontoh, 2010). 

Industry can also oppose energy subsidy reforms. Higher domestic energy prices 

can adversely affect the profit margins of firms. As noted by Fattouh and El-Katiri 

(2017), “the industries that are likely to be affected the most are those with high 

energy intensity, and those that face high competition (such as petrochemicals) 

and/or price controls (such as electricity) that prevent them from passing on rising 

costs to final consumers.” Even if policymakers were not worried about industrial 

opposition, they may be concerned about the negative economic impacts of energy 
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subsidy reform, which could damage economic output in some countries with export-

dependent industries, while also damaging foreign exchange revenues for the 

government (Sayadi et al., 2023). 

In summary, governments would need to overcome political, social, and economic 

barriers to implement energy subsidy reforms successfully, avoiding negative 

outcomes like social unrest and being forced to reverse the reform. 

1.5 A Focus on Saudi Arabia: Background and Context of 

Energy Subsidies and Their Reform 

Saudi Arabia is a leading player in the global economy and energy markets, as 

demonstrated by several metrics. Its GDP in 2022 was 1.11 trillion USD, roughly 

one-fourth of the GDP for the entire Middle East and North Africa (MENA) region 

(World Bank, 2024a). Saudi Arabia is also a member of G20, an intergovernmental 

forum for leading developed and developing economies. Moreover, Saudi Arabia is a 

leading oil and natural gas producer and was the world’s top crude oil exporter in 

2022 (OEC, 2024). According to OPEC (2024), Saudi Arabia possesses roughly 

17% of the world’s proven petroleum reserves, which, alongside its production 

capacity, has made Saudi Arabia a leading player within OPEC (Al-Moneef, 2020). 

On the consumption side, Saudi Arabia had one of the highest levels of primary 

energy consumption in the Middle East in 2022, at 271 Mtoe, representing over one-

fourth of primary energy consumption for the region (EI, 2024). According to EDGAR 

(2023), Saudi Arabia’s GHG emissions in 2022 totalled 810.5 million tonnes of CO2 

equivalent (MtCO2eq), making it the tenth largest emitter globally. Finally, and most 

importantly for this thesis, Saudi Arabia is often found to have some of the highest 

energy subsidies globally. The IEA (2023) listed Saudi Arabia as having the fourth 

largest energy subsidies in 2022, at almost 80 billion USD, putting the country 

behind Russia, Iran, and China. Similarly, the IMF (2024) estimated Saudi Arabia’s 

pre-tax energy subsidies to be 129.3 billion USD in 2022, listing it as the second 

highest behind only China.  

Saudi Arabia’s large energy subsidies have arisen because of the government’s 

regulation of domestic energy prices for decades. The Saudi government noted 

during its accession to the WTO in 2005 that it was regulating the prices of essential 

goods, including fuel and electricity, to “secure the needs and welfare of consumers 
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and preserve important social interests of the Kingdom” (WTO, 2005). For example, 

gasoline and diesel subsidies supported the mobility of vehicle users across the 

Kingdom, which is the 14th largest country in the world with an area of over two 

million square kilometres (OPEC, 2024). Oil and natural gas subsidies allowed the 

national electricity company to deliver electricity to consumers at relatively lower 

prices, which has supported consumer needs for cooling given Saudi Arabia’s hot 

climate (KAPSARC, 2020). Furthermore, methane and ethane subsidies have 

helped Saudi Arabia develop its nascent petrochemical sector into a global leader 

(Matar et al., 2015). 

Nevertheless, energy subsidies have negatively affected Saudi Arabia’s hydrocarbon 

resources, economy, GHG emissions, and fiscal balance. Between 1972 and 2022, 

Saudi Arabia’s primary energy consumption grew elevenfold, while its energy-related 

CO2 emissions grew almost ninefold (EI, 2024).2 Such rapid growth is not 

sustainable – whether from the perspective of resource or environmental 

sustainability. Lahn and Stevens (2011) examined Saudi Arabia’s growing domestic 

energy consumption and ran simulations that showed that, on its trajectory at the 

time, Saudi Arabia could “become a net importer of oil by 2038”, which would cause 

the country to lose one of its primary sources of fiscal revenue, with potentially 

severely damaging consequences on its economy. With regards to its fiscal balance, 

the provision of energy subsidies combined with rising domestic energy consumption 

and falling international oil prices in 2015 contributed to the largest recorded budget 

deficit in Saudi Arabia’s history – around 100 billion USD in that year (Jadwa 

Investment, 2015). 

The concerns over resource and fiscal sustainability prompted efforts to reform 

energy subsidies in Saudi Arabia. The first major episode, which occurred at the start 

of 2016, resulted in substantial increases in fuel, electricity, and water prices for 

households and industries. The second major episode, which occurred two years 

later at the start of 2018, targeted a subset of fuels and included vast increases in 

residential electricity tariffs. Before these two episodes, domestic energy prices in 

 

2 These growth rates are much larger than the less-than-threefold growth observed in energy 
consumption and emissions for the world over the same period (EI, 2024). 
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Saudi Arabia had remained largely fixed in nominal terms for at least the previous 

decade, if not more, as discussed in more detail in Chapter 3.  

Saudi Arabia’s efforts to reform its energy subsidies fall under Saudi Vision 2030, a 

long-term strategy for economic and social transformation that was first launched in 

2016 (Saudi Vision 2030, 2016). Saudi Vision 2030 includes around a dozen “Vision 

Realization Programs,” including the Human Capability Development Program, the 

Privatization Program, the Quality of Life Program, and the Fiscal Sustainability 

Program, which was formerly called the Fiscal Balance Program (Saudi Vision 2030, 

2024). Energy price reform in Saudi Arabia was an initiative that was first launched 

under the Fiscal Balance Program (2016-2019), reinforcing the widespread 

perception that fiscal reasons are the primary drivers of energy subsidy reform 

implementation.  

Environmental concerns and Saudi Arabia’s public commitments to climate change 

mitigation are expected to be significant drivers of further energy subsidy reforms in 

the future. In 2015, Saudi Arabia ratified the Paris Agreement (2015) and submitted 

its first Nationally Determined Contribution (NDC). NDCs are climate action plans 

that lie at the heart of the Paris Agreement and capture each country’s efforts to 

reduce GHG emissions and adapt to the impacts of climate change (Kingdom of 

Saudi Arabia, 2015). In 2021, the Saudi government updated its first NDC and 

submitted a more ambitious emissions reduction target (Kingdom of Saudi Arabia, 

2021). It also committed to achieving net zero GHG emissions by 2060 (Saudi Green 

Initiative, 2025). 

At first glance, it may appear surprising that energy price reform has not been 

explicitly mentioned even once in Saudi Arabia’s current NDC submissions. Studies 

have demonstrated that energy price reform can deliver crucial GHG emission 

reductions for the Saudi economy. For example, Durand-Lasserve et al. (2020) 

showed that full energy price deregulation in Saudi Arabia could reduce carbon 

dioxide emissions by one-third by 2030 relative to a baseline. Similarly, Gasim et al. 

(2023) demonstrated that further energy price reforms (beyond those implemented 

up to 2018) could contribute to achieving one-third of Saudi Arabia’s updated NDC 

emissions target. Given the significant contributions that further energy price reforms 

would have in helping Saudi Arabia achieve its NDC and net zero targets, the 
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government will likely need to implement such reforms to meet its climate 

commitments.  

However, the government’s apparent averseness to publicly commit to energy price 

reforms in its NDCs may be driven by the political economy sensitivities associated 

with energy price reform implementation. The absence of energy price reform in the 

Saudi NDCs also likely reflects the government’s need for flexibility to implement 

energy price reforms at a time and in a way that aligns best with Saudi Arabia’s 

evolving national circumstances and priorities. 

Since energy price reform can contribute to resource, fiscal, and environmental 

sustainability, thereby helping various policymakers in Saudi Arabia meet their 

respective policy objectives, the government recently established a cross-cutting 

high-level committee known as the Energy and Water Price Reforms Executive 

Committee (Government of the Kingdom of Saudi Arabia, 2025). Although there is 

limited public information on this committee, it appears to be responsible for 

overseeing the implementation of energy price reforms, ensuring coordination 

between relevant ministries and agencies, and ensuring that the reforms are 

implemented successfully to meet national objectives. It is difficult to gauge how 

important meeting national climate targets is as a driver of energy subsidy reform 

implementation for Saudi Arabia and this committee, but it will almost surely grow in 

importance as Saudi Arabia approaches the target dates for its climate 

commitments.   

In 2022, the Saudi government announced new plans for further energy subsidy 

reforms (Arab News, 2022). However, Saudi Arabia, like many other countries, faces 

challenges in implementing those reforms, which led the government to postpone 

some of its announced plans. Nevertheless, gradual energy subsidy reforms have 

continued in Saudi Arabia in 2024 and 2025 (Riyad Capital, 2024; Arab News, 2025), 

and there remains significant scope for further energy subsidy reform (Aljazira 

Capital, 2025).  

1.6 Thesis Research Questions and Structure 

This thesis seeks to inform policymakers in Saudi Arabia and support their efforts to 

reform energy subsidies successfully by answering four crucial research questions. It 

is structured as follows. Chapter 2 answers the first research question, which asks 
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how consumers in Saudi Arabia respond to the changes in energy prices that result 

from energy subsidy reform. An understanding of how energy price changes affect 

energy consumption is a necessary input for measuring the impacts of subsidy 

reform. Chapter 3 then answers the second research question, which asks how large 

the economic, fiscal, and environmental impacts of energy subsidy reform in Saudi 

Arabia are. Quantifying these impacts and highlighting the benefits is needed to 

support policymakers in launching such reforms. Quantification also allows 

policymakers to weigh the benefits of reform against the costs. Chapter 4 answers 

the third research question, which asks about the lessons that policymakers in Saudi 

Arabia can learn from the experiences of other countries that have attempted energy 

subsidy reforms under varying conditions. Chapter 4 thus expands the scope to 

other countries, taking a qualitative approach. Building on the insights from Chapter 

4, Chapter 5 answers the final research question, which asks about how much 

different national circumstances influence the outcomes of energy subsidy reform. 

The quantitative analysis in Chapter 5 complements and builds on the qualitative 

analysis from Chapter 4. Finally, Chapter 6 summarizes all the key insights and 

concludes. 

  



52 

 

Chapter 2: Modelling Energy Demand in Saudi 

Arabia and Measuring the Price Response 

2.1. Introduction 

As energy subsidy reform is a price-based policy instrument, this chapter seeks to 

understand the consumer response to changes in energy prices in Saudi Arabia. An 

understanding of the price response is a prerequisite for measuring the impacts of 

energy subsidy reform, which are discussed in Chapter 3. Chapter 3 also 

demonstrates how the size of the price response has important implications on the 

size of some of the impacts of energy subsidy reform.  

Economists generally measure the price response by estimating a demand elasticity, 

which is a metric that measures how much the demand for a good or service would 

change in response to a change in a determining variable, which in most economic 

analyses is either the price or income (Bhattacharyya, 2019). An energy demand 

price elasticity thus measures how much energy demand changes in response to a 

change in the energy price. Given that this thesis centers on energy subsidy reform, 

which operates through price signals, this chapter focuses mainly on estimating 

energy price elasticities for Saudi Arabia, which are needed in Chapter 3 to measure 

the impacts of energy subsidy reform.3  

There are different approaches to estimating energy demand elasticities, and the 

econometric modelling of energy demand is arguably the most widely used 

(Bhattacharyya, 2019). Econometric demand modelling is often done with the 

primary goal of estimating unbiased price and income elasticities (Jones, 1994; 

Cuddington and Dagher, 2015). The term “unbiased” is often mentioned because 

there can be different sources of bias that could cause an estimated price elasticity 

to not be a good reflection of its true value (Wooldridge, 2013), sources of bias that 

energy demand modelers generally seek to avoid.  

 
3 It is important to note that price and income elasticities of energy demand do find use in a wide 
range of applications and are not solely used to analyze policy interventions like energy subsidy 
reform or energy taxation (Dahl, 2012). 

 



53 

 

Even within the field of econometrics, a wide range of methods have been used to 

model energy demand and estimate price and income elasticities (Kouris, 1983; 

Jones, 1994; Agnolucci, 2010; Dilaver, 2012; Agnolucci et al., 2017), and there 

appears to be a lack of consensus on the best approach to do so (Welsch, 1989; 

Jones, 1994; Dimitropoulos, 2005). As noted by Welsch (1989), “an issue of 

particular importance is the treatment of technical progress.” Dimitropolous (2005) 

reiterated the need to account for technical progress given that energy demand is a 

derived demand that is “not demanded for its own sake but for the services it gives in 

conjunction with energy using appliances and capital stock”. Furthermore, in addition 

to technical progress, there may be other unobservable factors, such as changes in 

consumer preferences, that could influence energy demand. As noted by Hunt and 

Ninomiya (2003), these unobservable factors had been “either (i) ignored or (ii) 

approximated by a simple linear deterministic trend” in past energy demand studies. 

Hunt et al. (2003) argued that including a simple linear deterministic time trend when 

the unobservable factors may be non-linear could lead to “seriously biased” 

estimates of price and income elasticities. Hunt et al. (2003) argued for the inclusion 

of stochastic trends in energy demand models to obtain unbiased price and income 

elasticities, specifically by using Harvey’s (1989) Structural Time Series Model 

(STSM), which allows users to incorporate stochastic trends in their energy demand 

equations. Agnolucci (2010) supported Hunt et al.’s (2003) recommendation after 

comparing several econometric methods, adding that: “as STSMs have not been 

applied very often in the literature, future studies would benefit from implementing 

these models.” Given how the STSM can capture the influence of unobservable 

factors, it is also referred to as the unobserved components model (Harvey et al., 

2004; Harvey, 2006). 

This chapter employs the STSM to econometrically model energy demand in Saudi 

Arabia, with the goal of controlling for unobservable exogenous factors and obtaining 

unbiased price and income elasticities at the most disaggregated level possible. This 

chapter is structured as follows. Section 2.2 provides background on final energy 

demand in Saudi Arabia. Section 2.3 summarizes existing studies on energy 

demand elasticities. Section 2.4 details the STSM methodology, while Section 2.5 

presents and discusses the results of the econometric modelling, along with a 

multitude of econometric tests. Finally, Section 2.6 concludes. 



54 

 

2.2. Background on Saudi Final Energy Demand 

Final energy consumption in Saudi Arabia has grown rapidly, rising from 30.7 Mtoe in 

1986 to 148.0 Mtoe in 2018 (IEA, 2021), as shown in Figure 1, which breaks down 

final consumption by end-use sector and energy product. Consumption grew rapidly 

up to 2015 before decreasing between 2015 and 2018, a decline likely driven by the 

energy efficiency regulations launched in the 2010s, reduced government spending 

caused by the collapse in international oil prices in late 2014, and energy price reforms 

(Aldubyan and Gasim, 2021). In 2018, the industrial and transport sectors accounted 

for the largest shares of final energy consumption, around 33% and 31%, respectively. 

They were followed by the non-energy use (20%), residential (9%), and commercial 

and governmental (7%) sectors.4 

There are differences in the total energy consumption levels of the end-use sectors, 

each consuming a different set of energy products (IEA, 2021). The Saudi industrial 

sector consumes natural gas, fuel oil, diesel, crude oil, and electricity to manufacture 

a wide range of goods, with petrochemicals, cement, and iron and steel manufacturing 

accounting for the lion's share of the sector's consumption (SEEC, 2021a). The Saudi 

transport sector consumes three fuels: gasoline, which is used in passenger cars; 

diesel, which is primarily used in trucks to move freight; and kerosene, which is used 

for domestic aviation. The non-energy use sector's consumption consists almost 

entirely of feedstocks such as natural gas (i.e., methane), ethane, LPG, and naphtha, 

all of which are used by the petrochemical subsector. The petrochemical subsector 

uses methane to produce fertilizers, while it uses ethane, LPG, and naphtha to 

produce petrochemicals such as ethylene, propylene, butadiene, and benzene, which 

are then used to produce chemical, plastic, and rubber products (IHS Markit, 2021). 

The Saudi residential sector consumes mainly electricity, with small amounts of LPG 

for cooking, in addition to tiny amounts of kerosene, charcoal, and primary solid 

biofuels. In contrast to the other sectors, the commercial and governmental sector 

consumes only electricity. 

 

4 I also refer to the non-energy use sector as the feedstock sector. 
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Figure 1 Breakdown of final energy consumption in Saudi Arabia. 

Source: IEA (2021). 

2.3. Related Literature 

There exists an extensive array of econometric studies on energy demand. Given the 

large range of estimated values for price and income elasticities in the literature, 

several attempts have been made to summarize them into a single value through 

meta-analysis (Dahl, 1986; Dahl and Sterner, 1991; Epsey, 1998; Epsey and Epsey, 

2004; Brons et al., 2008; Havranek et al., 2012; Labandeira et al., 2017). Most of these 

meta-analyses focused on gasoline or electricity demand. However, Labandeira et al. 

(2017) extended their meta-analysis to cover most major energy products, estimating 

the average energy price elasticity in the literature to be around -0.21 in the short run 

and -0.59 in the long run. This review does not attempt to cover the entire literature on 

energy demand elasticities but focuses on published studies that estimated price and 

income elasticities for Saudi Arabia.  
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In the case of Saudi Arabia, published elasticity estimates exist for some energy 

products like gasoline and residential electricity, but for many other energy products 

and sectors there appear to be limited estimates in the literature. Furthermore, many 

of these limited estimates are outdated, having been obtained using data that only 

runs up to the 1990s. Table 1 summarizes the results from published studies that found 

statistically significant price or income elasticities for Saudi Arabia. It shows that 

gasoline demand in Saudi Arabia is generally both price and income inelastic. 

Gasoline demand models have been estimated for a range of time horizons using 

various methods, from simple partial adjustment models estimated by ordinary least 

squares to cointegration-based error-correction models to STSMs. Electricity demand 

has also been analyzed with some depth, but existing studies are scattered in terms 

of sectoral focus, with recent studies focusing on residential electricity demand, which 

is found to be both price and income inelastic. For all other energy products in Saudi 

Arabia, there are still many gaps in terms of empirical evidence, so it is difficult to draw 

conclusions regarding demand responses. In this chapter, I aim to fill these gaps by 

providing a comprehensive estimation of price and income elasticities for all energy 

products across all five end-use sectors in Saudi Arabia. 
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Table 1 Price and income elasticities from studies that modelled energy demand in Saudi Arabia using econometric methods. 

Study Energy 
Product 

Estimation 
Period 

Estimation 
Method 

Price 
Elasticities 

Income 
Elasticities 

Notes 

    SR LR SR LR  

Al-Sahlawi (1988) Gasoline 1970-1985  OLS/PAM -0.08 -0.67 0.11 0.92 
Given the end of the estimation period, the 

estimated coefficients may not reflect current 
demand responses. 

Al-Sahlawi (1990) 
Total 

electricity 
1970-1985 OLS/PAM N/A N/A 0.37 1.21 

May not reflect current demand responses. 
No price variable included. 

Al-Faris (1992) Gasoline 1970-1990  OLS/PAM -0.08 -0.30 0.02 0.07 May not reflect current demand responses. 

Al-Faris (1997) 

Gasoline 1970-1991 OLS/PAM -0.09 -0.32 0.03 0.11 

Monetary variables expressed in nominal 
rather than real terms. No trend included. 

May not reflect current demand responses. 

LPG 1970-1991 OLS/PAM -0.22 -0.85 0.12 0.46 

Jet fuel 1970-1991 OLS/PAM -0.20 -0.43 0.26 0.57 

Diesel 1970-1991 OLS/PAM -0.37 -2.47 0.18 1.20 

Fuel oil 1970-1991 OLS/PAM -0.26 -0.68 0.09 0.24 

Al-Sahlawi (1997) 

Gasoline 1971–1995 OLS/PAM -0.16 -0.80 0.30 1.50 

No trend included. May not reflect current 
demand responses. 

Diesel 1971–1995 OLS/PAM -0.09 -0.26 0.29 0.83 

Jet fuel 1971–1995 OLS/PAM -0.51 -1.00 0.45 0.88 

Total 1971–1995 OLS/PAM -0.27 -3.00 0.18 2.00 

Al-Sahlawi (1999) 

Average 
electricity 

1975-1996 OLS/PAM -0.06 -0.46 0.21 1.62 

One of the few studies that includes a 
deterministic linear time trend. May not 

reflect current demand responses. 

Residential 
electricity 

1975-1996 OLS/PAM -0.10 -0.50 0.13 0.65 

Industrial 
electricity 

1975-1996 OLS/PAM N/A N/A 0.08 0.67 

Chakravorty et al. 
(2000) 

Gasoline 1972-1992 OLS/PAM -0.08n -0.52n 0.10n 0.66n 

No trend included. Many of the coefficients 
with unexpected signs or not statistically 

significant. May not reflect current demand 
responses. 

LPG 1972-1992 OLS/PAM -0.24 -0.55 -0.44n -1.01n 

Jet fuel 1972-1992 OLS/PAM 0.36 0.71 0.37 0.74 

Diesel 1972-1992 OLS/PAM -0.39 -2.63 0.01n 0.06n 

Fuel oil 1972-1992 OLS/PAM -0.12n -0.35n 0.50n 1.48n 
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Study Energy 
Product 

Estimation 
Period 

Estimation 
Method 

Price 
Elasticities 

Income 
Elasticities 

Notes 

    SR LR SR LR  

Al-Faris (2002) 
Total 

electricity 
1970-1997 Cointegration ECM -0.04 -1.24 0.05 1.65 

One of the few studies to include a cross-
price variable (the price of LPG). May not 

reflect current demand responses. 

Al Yousef (2013) 

Gasoline 1980-2007 DOLS cointegration N/A -0.28 N/A 0.55 
Short-run elasticity estimates were not 

presented. Price coefficient for diesel was 
not statistically significant. May not reflect 

current demand responses. 

Diesel 1980-2007 DOLS cointegration N/A 0.13n N/A 0.35 

Kerosene 1980-2007 DOLS cointegration N/A -0.96 N/A 1.54 

Total 1980-2007 DOLS cointegration N/A N/A N/A 0.58 

Atalla and Hunt 
(2016) 

Residential 
electricity 

1985-2012 STSM -0.16 -0.16 N/A 0.48 
The final model for Saudi Arabia does not 

pass serial correlation test. 

Atalla et al. (2018) Gasoline  1981-2015 STSM -0.10 -0.15 N/A 0.15 
Their results using real GDP per capita as 
the income variable are presented here. 

Mikayilov et al. 
(2020a) 

Gasoline 1980-2017 TVC -0.13 
-0.05 to -

0.31 
N/A 

smaller 
than 0.15 

Elasticities grew larger towards the end of 
the period, during which price reforms were 

implemented.  

Alarenan et al. 
(2020) 

Industrial 
total energy 

1986-2016 STSM -0.18 -0.34 0.60 0.60 
Estimation period incorporates only one 

wave of price reform. 

Mikayilov et al. 
(2020b) 

Regional 
total 

electricity 
1990-2016 

Cointegration 
techniques 

-0.01 to -
0.27 

-0.06 to -
0.63 

0.05 to 
0.47 

0.10 to 
0.93 

Models estimated for four regions of KSA. 

Mikayilov et al. 
(2020c) 

Regional 
residential 
electricity 

1990-2018 STSM 
-0.10 to  

-0.15 
-0.20 to  

-0.46 
0.14 to 
0.43 

0.27 to 
1.02 

Models estimated for four regions of KSA. 

Aldubyan and 
Gasim (2021) 

Gasoline 1981-2018 STSM -0.09 -0.13 0.10 0.15 
Estimation period incorporates both waves 

of price reform. Residential 
electricity 

1985-2018 STSM -0.09 -0.09 0.22 0.22 

Notes: The superscript n is used to denote estimated elasticities that were not statistically significant. Abbreviations: DOLS = Dynamic Ordinary 

Least Squares; ECM = Error-Correction Model; LPG = Liquified Petroleum Gases; LR = Long Run; OLS = Ordinary Least Squares; PAM = 

Partial Adjustment Model; SR = Short Run; STSM = Structural Time Series Model; TVC = Time-Varying Coefficient
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2.4 Methods and Data 

2.4.1 Econometric method 

The STSM, also known as the unobserved components model, is a state space model 

that allows users to model a dependent variable as the sum of multiple components. 

This thesis focuses on modelling energy demand as the dependent variable. Energy 

demand, denoted by 𝐸𝑡 or a lower-case 𝑒𝑡 if taking the natural log, where the subscript 

𝑡 denotes the year, can be modelled using either a univariate or multivariate STSM 

approach (Harvey, 1989). 

With the univariate approach, energy demand can be modelled as follows: 

𝑒𝑡 = 𝜇𝑡 + 𝜀𝑡  ,   𝜀𝑡 ∼ 𝑁𝐼𝐷(0, 𝜎𝜀
2) [1] 

Where 𝜇𝑡 is the trend and 𝜀𝑡 the irregular component, representing random 

disturbances with a zero mean and a variance of 𝜎𝜀
2.  

If the trend in Equation [1] were assumed to be deterministic, then it could be 

expressed as follows: 

𝜇𝑡 = 𝜅 + 𝜌𝑡  ,   𝑡 = 1,2, … , 𝑇 [2] 

Where 𝜅 is a fixed level and 𝜌 a fixed slope. As noted by Harvey (1989), this 

deterministic trend could be converted into a stochastic one by allowing both the 

level and slope to follow a random walk, but doing so would result in “a somewhat 

discontinuous pattern for 𝜇𝑡”; instead, Harvey (1989) proposed formulating the 

stochastic trend as follows when introducing the STSM: 

𝜇𝑡 = 𝜇𝑡−1 + 𝜌𝑡−1 + 𝜂𝑡   , 𝜂𝑡 ∼ 𝑁𝐼𝐷(0, 𝜎𝜂
2) [3] 

𝜌𝑡 = 𝜌𝑡−1 + 𝜁𝑡   ,   𝜁𝑡  ∼ 𝑁𝐼𝐷(0, 𝜎𝜁
2) [4] 

Where 𝜂𝑡 and 𝜁𝑡 are white-noise disturbance terms with zero means and variances 

𝜎𝜂
2  and 𝜎𝜁

2 . These variances are also referred to as hyper-parameters. If both 

variances are found to be zero, the stochastic trend collapses into a deterministic linear 

trend.  
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The univariate approach can be extended to include an autoregressive component 

by adding lags of the energy demand variable to the equation (Harvey, 1989). For 

example, with two lags, the equation becomes: 

𝑒𝑡 = 𝛼1𝑒𝑡−1 + 𝛼2𝑒𝑡−2 + 𝜇𝑡 + 𝜀𝑡 [5] 

Interventions, or dummy variables, can also be added to the univariate equation to 

improve its fit and ensure that it passes all diagnostic tests. These interventions help 

to maintain the normality of the auxiliary residuals, as they can explain data breaks 

and major events, trends, or structural changes that influenced energy demand 

during the estimation period (Harvey and Koopman, 1992). There are different types 

of interventions that can be added: The irregular intervention has a transient effect 

on the trend, while the level and slope interventions have permanent effects on the 

level and slope components of the trend, respectively. Interventions can thus alter 

the shape of the stochastic trend. Hunt et al. (2003) and Dilaver and Hunt (2011) 

refer to the stochastic trend in an energy demand equation as the underlying energy 

demand trend (UEDT), which they define as follows when interventions are added. 

𝑈𝐸𝐷𝑇𝑡 = 𝜇𝑡 + irregular interventions + level interventions + slope interventions [6] 

When no interventions are added, the UEDT is given by 𝜇𝑡, which is the level 

component.  

With a multivariate approach, the energy demand equation can be extended to 

include explanatory variables like energy prices and income. Using the STSM, I 

model the demand for each energy product in each end-use sector, or total sectoral 

energy demand, as a function of the energy price, income, the stochastic trend, and 

interventions. Furthermore, for certain energy products, I add additional explanatory 

variables to the models. 

I begin with a general unrestricted model (GUM) that is based on the autoregressive 

distributed lag specification:5 

 

5 Like Atalla and Hunt (2016), Atalla et al. (2018), and Aldubyan and Gasim (2021), I use two lags in 
the GUM given the roughly three-decade time horizon for the energy demand models. 
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𝑒𝑡
𝑗,𝑘 =  𝛼1

𝑗,𝑘𝑒𝑡−1
𝑗,𝑘 + 𝛼2

𝑗,𝑘𝑒𝑡−2
𝑗,𝑘 + 𝛽0

𝑗,𝑘𝑝𝑡
𝑗,𝑘 + 𝛽1

𝑗,𝑘𝑝𝑡−1
𝑗,𝑘 + 𝛽2

𝑗,𝑘𝑝𝑡−2
𝑗,𝑘 + 𝛾0

𝑗,𝑘𝑦𝑡
𝑗,𝑘 +

𝛾1
𝑗,𝑘𝑦𝑡−1

𝑗,𝑘 + 𝛾2
𝑗,𝑘𝑦𝑡−2

𝑗,𝑘 + 𝜃0
𝑗,𝑘𝑧𝑡

𝑗,𝑘 + 𝜃1
𝑗,𝑘𝑧𝑡−1

𝑗,𝑘 + 𝜃2
𝑗,𝑘𝑧𝑡−2

𝑗,𝑘 + 𝑈𝐸𝐷𝑇𝑡
𝑗,𝑘 + 𝜀𝑡

𝑗,𝑘 [7] 

The variables 𝑝𝑡 and 𝑦𝑡 in Equation [7] denote the natural logarithms of an energy 

product’s real energy price and real income, respectively. 𝑧𝑡 denotes a sector-

specific variable, which is included in some models. The superscript 𝑗 denotes the 

energy product, while the superscript 𝑘 denotes the end-use sector. The coefficients 

𝛽0 and 𝛾0 in Equation [7] are respectively the short-run price and income elasticities. 

The long-run price (Β) and income (Γ) elasticities are calculated as Β =
𝛽𝑜+𝛽1+𝛽2

1−𝛼1−𝛼2
 and 

Γ =
𝛾𝑜+𝛾1+𝛾2

1−𝛼1−𝛼2
, and the long-run coefficient for the sector-specific variable (Θ) is also 

calculated in the same manner. 

The additional sector-specific variables include cooling degree days, which capture 

the impact of warm weather on cooling requirements and electricity use in buildings 

(EIA, 2025a). This variable was constructed using 18 °C as the base temperature. 

With this base temperature, cooling degree days reflect the number of degrees that a 

day’s temperature is above 18 °C. For example, if on a certain day the average 

temperature was 38 °C, then that would produce 20 cooling degree days. This was 

done for each day of the year to obtain an annual estimate of cooling degree days.  

Another important sector-specific variable is the structural factor, which captures the 

energy intensity (or structure) of manufacturing in Saudi Arabia. The structural factor 

is measured as the ratio of energy-intensive manufacturing exports (in monetary 

terms) to total exports (also in monetary terms). It is a ratio that aims to capture how 

specialized Saudi Arabia is in energy-intensive manufacturing, following the 

approach used by Alarenan et al. (2020). Alarenan et al. (2020) developed the 

structural factor by “taking the share of chemical, plastic and rubber, metal, and non-

metallic mineral exports in total exports (excluding crude oil).” Since these products 

are energy intensive, growth in the structural factor should reflect a shift towards 

energy-intensive exports (and thus energy-intensive manufacturing). Crude oil was 

excluded from exports to remove the volatility from fluctuations in oil prices. Table 2 

lists the variables that were included in each energy demand equation. 

I use the general-to-specific approach to obtain final energy demand models, starting 

from the GUM given by Equation (7). I then test down from the GUM by dropping 
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insignificant right-hand side variables and adding significant interventions. 

Interventions are added based on an analysis of the time series data, residual 

diagnostic testing, and visual inspection of the residuals. I run this general-to-specific 

testing down process while monitoring an array of summary statistics and diagnostic 

tests until a final parsimonious model is found that passes all the tests. When 

multiple final models are found that pass the tests, the information criterion and 

prediction error variance are used to select the ‘best’ model, also referred to as the 

‘preferred’ or ‘final’ model.  

An array of statistics and diagnostic tests are monitored during the general-to-

specific testing down procedure. The statistics include the coefficient of 

determination, the coefficient of determination based on differences, the prediction 

error variance, and the Akaike information criterion. The diagnostic tests include the 

heteroscedasticity test, the normality tests for the residuals and auxiliary residuals, 

and the residual autocorrelation coefficients at multiple lags. The residual diagnostic 

tests also include the Durbin-Watson statistic, which is relevant for models without a 

lagged dependent variable, and the Box-Ljung statistic, which is relevant for all 

models. The diagnostic tests also include the predictive failure test for the last eight 

years of the estimation period, which checks for model stability and forecasting 

ability. This thesis sets 10% as the maximum significance level for rejecting the null 

hypothesis for interventions, diagnostic tests, and estimated coefficients. 

I use STAMP 8.3 (Koopman et al., 2007), a package in OxMetrics, to estimate the 

equations using the Kalman filter and maximum likelihood. As discussed previously, I 

follow the general-to-specific procedure within STAMP 8.3 until a final parsimonious 

energy demand model that passes all diagnostic tests is obtained.  

2.4.2 Time series data 

The annual time series data needed for the econometric modelling were obtained 

from a multitude of sources. Most time series were obtained for the 1986-2018 

period, although data limitations restricted a few time series to the 1990-2018, 1992-

2018, or 1994-2018 periods. I obtained the energy demand data from the IEA 

(2021), real GDP and manufacturing value added data from SAMA (2020), and 

consumer price index (CPI) data from SAMA (2020), which was used to deflate 

nominal values. Cooling degree days were constructed using data from the Climate 
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Change Knowledge Portal (CCKP, 2023), following the approach used by Aldubyan 

and Gasim (2021). The structural factor was constructed using data from CEIC 

(2021), following the approach in Alarenan et al. (2020). For certain feedstock sector 

models, SABIC fertilizer production and real chemical and plastic exports, obtained 

from CEIC (2021), were used as the economic activity variable.  

There is no single public source of historical domestic energy price data for Saudi 

Arabia. Therefore, I constructed a complete annual energy price dataset by 

combining a wide range of sources: Aleqt (2015), AlRiyadh (2015), Akhbaar24 

(2015), ECRA (2008-2018), ECRA (2013b), ECRA (2019), Matar et al. (2015), Saudi 

Aramco (2018), SPA (2017), and WTO (2005). As noted in Saudi Arabia’s accession 

to the WTO (2005), the country had been regulating domestic energy prices for 

decades. In general, energy prices in Saudi Arabia remain fixed in nominal terms, 

often for years or even decades, until a royal decree is issued to increase or 

decrease a certain energy price (or a set of energy prices). By reviewing Saudi 

energy price changes before and after each royal decree, a complete annual time 

series of energy prices was constructed for the 1986-2018 period. 

Table 3 provides the summary statistics for all the model variables. 
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Table 2 Independent variables in the GUM for each energy demand equation.  

End-use sector:  
   Energy product 

Price variable (𝑝𝑡) 
Income or economic activity 

variable (𝑦𝑡) 
Additional 

variable (𝑧𝑡) 
Estimation 

period 

Transport:     

   Gasoline Real gasoline price Real GDP  1986-2018 

   Diesel Real diesel for transport price Real GDP  1986-2018 

   Kerosene Real kerosene price Real GDP  1986-2018 

Residential:     

   LPG Real LPG price Real GDP  1986-2018 

   Electricity Real residential electricity price Real GDP CDD 1986-2018 

   Other    1986-2018 

   Total Real weighted average price Real GDP CDD 1986-2018 

Commercial & 
governmental: 

    

   Electricity Real weighted average price Real GDP CDD 1986-2018 

Industrial:     

   Natural gas Real methane price Real MVA Structural factor 1992-2018 

   Fuel oil Real fuel oil price Real MVA Structural factor 1992-2018 

   Crude oil Real crude oil price Real MVA Structural factor 1992-2018 

   Diesel Real diesel for industry price Real MVA Structural factor 1992-2018 

   Electricity Real industrial electricity price Real MVA Structural factor 1992-2018 

   Other     

   Total Real weighted average price  Real MVA Structural factor 1986-2018 

Feedstock / non-
energy use: 

    

   Methane Real methane price SABIC fertilizer production  1990-2018 

   Ethane Real ethane price Real chemical & plastic exports  1992-2018 

   LPG and naphtha Real weighted average price Real chemical & plastic exports  1993-2018 

   Other     

   Total Real weighted average price Real MVA  1994-2018 

Notes: For certain energy products, the required data was not available, so estimation was 

not possible. Abbreviations: CDD = cooling degree days; LPG = liquified petroleum gas; 

MVA= manufacturing value added; GDP = gross domestic product. Since natural gas is 

mostly made up of methane, the price of methane is the price of natural gas. The use of the 

word methane helps distinguish it from ethane, which is extracted from natural gas and sold 

separately as a feedstock at its own separate price. 
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Table 3 Summary statistics for all the model variables.  

Model variable Mean Median Minimum Maximum 
Standard 
deviation 

Energy demand variables (ktoe):      

   Transport gasoline 13,709 11,267 6,170 26,092 6,469 

   Transport diesel 12,286 9,827 6,161 22,529 4,961 

   Transport kerosene 655 633 485 948 119 

   Residential LPG 962 1,025 363 1,542 321 

   Residential electricity 6,096 5,274 1,454 12,426 3,519 

   Residential total 7,360 6,525 2,039 14,135 3,881 

   Commercial & governmental electricity 3,907 2,665 698 10,973 3,076 

   Industrial natural gas 14,248 11,662 4,908 28,371 7,322 

   Industrial fuel oil 7,115 5,692 2,421 21,563 4,866 

   Industrial diesel 2,562 2,325 1,545 4,302 829 

   Industrial crude oil 1,832 1,420 252 6,146 1,408 

   Industrial electricity 1,840 1,263 713 3,992 1,120 

   Industrial total 24,441 20,155 4,452 49,326 14,918 

   Feedstock methane 3,462 3,142 1,053 9,576 2,053 

   Feedstock ethane  9,247 8,990 5,096 15,759 3,286 

   Feedstock LPG and naphtha 4,564 4,915 1,227 9,097 1,688 

   Feedstock total 19,833 20,665 10,002 31,148 6,918 

Energy price variables (units):      

   Transport gasoline (2010 SR per L) 0.69 0.68 0.40 1.24 0.26 

   Transport diesel (2010 SR per L) 0.30 0.26 0.13 0.46 0.12 

   Transport kerosene (2010 SR per L) 0.45 0.45 0.33 0.54 0.08 

   Residential LPG (2010 SR per L) 0.58 0.72 0.24 0.75 0.21 

   Residential electricity (2010 SR per kWh) 0.09 0.09 0.07 0.16 0.02 

   Residential total average (2010 SR per kWh) 0.09 0.09 0.06 0.15 0.02 

   Commercial & governmental electricity  
   (2010 SR per kWh) 

0.15 0.14 0.09 0.24 0.03 

   Industrial natural gas (2010 USD per mmBtu) 0.80 0.77 0.59 1.09 0.17 

   Industrial fuel oil (2010 USD per mmBtu) 0.85 0.54 0.30 1.56 0.48 

   Industrial diesel (2010 USD per mmBtu) 2.04 2.06 0.93 3.01 0.76 

   Industrial crude oil (2010 USD per mmBtu) 0.86 0.92 0.65 0.97 0.11 

   Industrial electricity (2010 USD per mmBtu) 9.49 9.77 4.59 12.24 2.41 

   Industrial total average (2010 USD per mmBtu) 1.49 1.51 1.04 1.97 0.26 

   Feedstock methane (2010 USD per mmBtu) 0.79 0.75 0.59 1.09 0.16 

   Feedstock ethane (2010 USD per mmBtu) 0.84 0.77 0.59 1.52 0.27 

   Feedstock LPG and naphtha (2010 USD per mmBtu) 7.02 6.28 2.54 13.38 3.62 

   Feedstock total average (2010 USD per mmBtu) 2.44 2.58 0.87 3.82 0.91 

Activity / Income variables (units):      

   Gross domestic product (million 2010 SR) 1,612,937 1,404,870 778,227 2,631,091 548,665 

   Manufacturing value added (million 2010 SR) 94,395 64,539 27,677 224,153 67,952 

   Real chemical exports (million 2010 SR) 52,867 38,270 9,805 127,299 40,029 

   Fertilizer production (thousand tonnes) 5,229 5,297 908 8,411 1,920 

Other (units):      

   Cooling degree days (degree days) 2,832.27 2,844.87 2,460.12 3,194.55 171.01 

   Specialization factor (%) 33 32 11 49 9 

Notes: Abbreviations: L = Liter; ktoe = kilotonnes of oil equivalent; kWh = kilowatt-hour; 

mmBtu = million British thermal units; SR = Saudi Riyals; USD = United States Dollars. 
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2.5 Econometric Results 

2.5.1 Overview of results 

Final models were obtained using the general-to-specific approach and are shown in 

Table 4 through Table 8. The tables list the estimated coefficients (i.e., the elasticities), 

the hyper-parameters that describe the estimated trends, and all the statistically 

significant interventions that were added to each model. The tables also list all the 

summary statistics and diagnostic test results that were previously described, 

demonstrating that all the final models passed all the tests. 

The hyper-parameters (or variances of the disturbance terms) are very important 

because they determine the stochasticity of the components of the STSMs. In each 

STSM, there are three critical hyper-parameters associated with three key 

components: the variance of the disturbance for the level component of the trend, the 

variance of the disturbance for the slope component of the trend, and the variance of 

the disturbance for the irregular component. These variances can either be positive 

(therefore introducing stochasticity into each corresponding component) or zero 

(thereby causing each component to become fixed or deterministic). 

The added interventions can be explained in many cases. For some interventions, 

finding a local, regional, or global event that offers an explanation is relatively 

straightforward. For example, interventions around 1990-1991 probably capture the 

impacts of the Gulf War. Interventions around 2007-2009 probably reflect the global 

financial crisis and its aftermath. Interventions from 2016 onward are probably 

capturing some of the wider economic and social reforms that were implemented in 

Saudi Arabia as part of Saudi Vision 2030. A few interventions did not have a clear 

explanation, but they were likely caused either by smaller local events or breaks in the 

time series data. 

A few interventions were unambiguously connected to breaks in the energy demand 

time series data that were noted by the IEA (2020). For example, according to the IEA 

(2020), electricity time series data for Saudi Arabia “were revised from 2012 onwards 

due to newly available information … [which] might lead to breaks in time series 

between 2011 and 2012.” Indeed, I find a level break in 2012 for the commercial and 

governmental electricity demand model. Similarly, the IEA (2020) states that “new data 

became available, modifying the estimation of natural gas consumption as feedstock 
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… [which] may lead to breaks in the time series between 2004 and 2005.” Once again, 

I find a level break in 2005 for the methane feedstock model. There is a similar 

explanation for the level break in 1990 in the industrial natural gas demand model, as 

new data became available, leading to “breaks in time series [that] may occur between 

1989 and 1990 for this reason” (IEA, 2020). My review of the IEA’s (2020) metadata 

notes, along with a thorough inspection of the auxiliary residuals, helped inform my 

selection of interventions in the general-to-specific process. 

The results in Table 4 through Table 8, and the discussions in the subsequent 

subsections, are organized by end-use sector. For sectors such as transport, in which 

final models were obtained for each energy product consumed, no total (or aggregate) 

sectoral energy demand model was estimated. However, for sectors such as industry 

with missing models for at least one energy product, a total sectoral energy demand 

model was estimated and discussed.  

With the STSM approach, stationarity and cointegration tests are not needed and are 

generally not performed (Hunt et al., 2003). There have also been criticisms of unit 

root tests and cointegration methods because of their poor statistical properties 

(Harvey, 1997; Hunt et al., 2003). Nevertheless, stationarity and cointegration tests 

were conducted for this analysis and can be found in Appendix A, which demonstrates 

cointegration for all the energy demand equations, with only the industrial diesel 

equation having an indeterminate result. 

Table 9 summarizes the estimated elasticities and trends from all the final models, 

revealing that the demand for almost all energy products in Saudi Arabia is price and 

income inelastic, with only industrial natural gas and electricity having income 

elasticities larger than one. Table 9 also highlights the extensive variation in elasticities 

across sectors and energy products within Saudi Arabia. This heterogeneity 

underscores the importance of using sector- and product-specific elasticity values and 

not assuming that elasticities are similar across energy products in the same country. 

My estimated long-run price elasticities vary between -0.05 and -0.60, while the long-

run income elasticities vary between 0.14 and 1.27. Since Labandeira et al. (2017) 

estimated the average long-run energy price elasticity globally using meta-analysis to 

be -0.596, my results suggest that energy demand in Saudi Arabia is generally more 

price inelastic than the global average. 
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Table 9 also reveals the nature of the trends estimated using the STSM, demonstrating 

that the trends are stochastic in most cases, supporting Hunt et al.'s (2003) 

recommendation to use STSMs to obtain unbiased elasticity estimates. Industrial 

natural gas and total feedstock are the only two energy demand models for which I 

found deterministic linear trends, although there are a few energy products where the 

trends exhibited weak stochasticity, so the use of a deterministic trend in their 

modelling may be an adequate approximation. 
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Table 4 Final models estimated for the transport sector.  

The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. 

Transport sector demand 
models: 

Transport gasoline 
demand 

Transport diesel 
demand 

Transport 
kerosene demand 

Estimated Coefficients 
(Standard errors in 

parentheses) 
(Standard errors in 

parentheses) 
(Standard errors in 

parentheses) 

𝛼1 (demand lag 1) 0.264** (0.096)   

𝛼2 (demand lag 2)  -0.410*** (0.095)  

𝛽0 (contemporaneous price) 
-0.120*** (0.013) 

 
-0.269*** (0.026) -0.189** (0.091) 

𝛽1 (price lag 1)    

𝛽2 (price lag 2)  -0.138*** (0.032)  

𝛾0 (contemporaneous activity) 0.174*** (0.061) 0.500*** (0.153) 0.379** (0.150) 

𝛾1 (activity lag 1) 0.185** (0.068)   

𝛾2 (activity lag 2)    

Derived Long-Run 
Coefficients 

   

Price -0.163 -0.289 -0.189 

Income 0.488 0.355 0.379 

Hyper-Parameters    

Level variance 0.000171228 0.000730446 0.00102849 

Slope variance 0.00000923 0.000000 0.000000 

Irregular variance 0.000000 4.01464e-05 0.000359638 

Interventions 
 
   IRR = Irregular 
   LVL = Level 
   SLP = Slope 

IRR1987** 
IRR1988*** 
SLP1989*** 
IRR1990*** 

IRR1987*** 
SLP1989* 

LVL1991*** 
IRR2002** 
LVL2016*** 
LVL2017*** 

IRR1995* 
LVL2015*** 

Goodness-of-Fit    

Prediction error variance PEV 0.00015045 0.00051478 0.001367 

Akaike information criterion AIC -8.1352 -6.7839 -6.1709 

R-squared 𝑅2 0.99949 0.99765 0.95984 

Adjusted R-squared 𝑅𝑑𝑖𝑓𝑓
2 0.94809 0.94786 0.57174 

Residual Diagnostics    

Standard Error 0.01227 0.02269 0.03697 

Normality 0.34707 1.0207 2.4175 

Heteroskedasticity H(h) H(7) = 1.6 H(7) = 0.88384 H(9) = 2.1992 

Autocorrelation r(1) -0.03562 -0.043712 -0.093739 

Autocorrelation r(2) -0.20569 -0.11466 0.10355 

Autocorrelation r(3) -0.074176 0.033184 -0.024939 

Durbin-Watson DW 1.7946 1.8129 1.8587 

Box-Ljung Q(p, d) 𝜒3
2 = 1.5859 𝜒3

2 = 0.83163 𝜒4
2 = 1.8486 

Autocorrelation r(p) r(5) = -0.079522 𝑟(5) = -0.01806 𝑟(6)= -0.10324 

Auxiliary Residual 
Diagnostics 

   

Normality Test – Irregular 0.71115 0.53692 0.001449 

Normality Test – Level 1.1529 0.32616 2.1885 

Normality Test – Slope 1.2099 1.917 1.5049 

Prediction Failure 𝜒8
2 = 10.33179 𝜒6

2 = 6.62478  𝜒7
2 = 10.22364 
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Table 5 Final models estimated for the residential sector.  

The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. 

Residential sector demand 
models: 

Residential 
electricity demand 

Residential LPG 
demand 

Total residential 
energy demand 

Estimated coefficients 
(Standard errors in 

parentheses) 
(Standard errors in 

parentheses) 
(Standard errors in 

parentheses) 

𝛼1 (demand lag 1)  0.532*** (0.083)  

𝛼2 (demand lag 2)    

𝛽0 (contemporaneous price) -0.149*** (0.022)  -0.165*** (0.018) 

𝛽1 (price lag 1)    

𝛽2 (price lag 2)    

𝛾0 (contemporaneous activity) 0.142* (0.070) 0.365*** (0.102) 0.375** (0.068) 

𝛾1 (activity lag 1) 0.115* (0.061)   

𝛾2 (activity lag 2)    

𝛿0 (contemporaneous CDD) 0.447*** (0.060) N/A 0.398*** (0.073) 

𝛿1 (CDD lag 1)  N/A  

𝛿2 (CDD lag 2)  N/A  

Derived Long-Run 
Coefficients 

   

Price -0.149 0.000 -0.165 

Income 0.257 0.780 0.375 

Hyper-Parameters    

Level 0.000193131 0.000646886 1.52872e-05 

Slope 4.50501e-05 2.59019e-05 1.28450e-05 

Irregular 0.000000 4.01654e-05 0.000112423 

Interventions 
 
   IRR = Irregular 
   LVL = Level 
   SLP = Slope 

LVL1987*** 
IRR1991*** 
IRR1995*** 

IRR1990*** 
LVL1992*** 
IRR2006*** 
IRR2011*** 
LVL2015*** 
IRR2017** 

LVL1987** 
IRR1995*** 
SLP2003** 

Goodness-of-Fit    

Prediction error variance PEV 0.00022663 0.00061581 0.00021119 

Akaike information criterion AIC -7.7861 -6.7259 -7.9173 

R-squared 𝑅2 0.99953 0.99671 0.99944 

Adjusted R-squared 𝑅𝑑𝑖𝑓𝑓
2 0.9152 0.93914 0.88989 

Residual Diagnostics    

Standard Error 0.01505 0.02482 0.01453 

Normality 2.1676 0.29827 1.2143 

Heteroskedasticity H(h) H(8) = 2.3235 H(7) = 1.1294 H(8) = 1.7947 

Autocorrelation r(1) 0.092871 -0.13218 0.15673 

Autocorrelation r(2) -0.079143 0.025201 -0.05731 

Autocorrelation r(3) 0.029468 -0.15194 0.044227 

Durbin-Watson DW 1.7352 2.2223 1.6599 

Box-Ljung Q(p, d) 𝜒3
2 = 2.3959 𝜒3

2 = 2.7441 𝜒4
2 = 1.4879 

Autocorrelation r(p) r(5) = -0.065127 𝑟(5) = -0.068708 r(6) = 0.12683 

Auxiliary Residual 
Diagnostics 

   

Normality Test – Irregular 0.44957 0.72239 0.10314 

Normality Test – Level 1.167 2.1828 2.8472 

Normality Test – Slope 2.9299 1.3208 1.7444 

Prediction Failure 𝜒8
2 = 10.81202 𝜒5

2 = 7.32779 𝜒8
2 = 5.61675 
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Table 6 Final model estimated for the commercial & governmental sector. 

The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. 

Commercial & governmental electricity demand 
model 

Estimated coefficients 
(Standard errors in 

parentheses) 

𝛼1 (demand lag 1) -0.140*** (0.042) 

𝛼2 (demand lag 2) -0.290*** (0.030) 

𝛽0 (contemporaneous price)  

𝛽1 (price lag 1) -0.112*** (0.026) 

𝛽2 (price lag 2)  

𝛾0 (contemporaneous activity) 0.381*** (0.074) 

𝛾1 (activity lag 1) 0.238*** (0.072) 

𝛾2 (activity lag 2)  

𝛿0 (contemporaneous CDD) 0.326**** (0.058) 

𝛿1 (CDD lag 1)  

𝛿2 (CDD lag 2)  

Derived Long-Run 
Coefficients 

 

Price -0.078 

Income 0.433 

Hyper-Parameters  

Level 0.000000 

Slope 0.000229903 

Irregular 1.27186e-05 

Interventions 
 
   IRR = Irregular 
   LVL = Level 
   SLP = Slope 

IRR1991*** 
IRR2001*** 
IRR2003*** 
IRR2007**** 
LVL2012*** 
LVL2014*** 

Goodness-of-Fit  

Prediction error variance PEV 0.00017139 

Akaike information criterion AIC -7.7625 

R-squared 𝑅2 0.9998 

Adjusted R-squared 𝑅𝑑𝑖𝑓𝑓
2 0.97798 

Residual Diagnostics  

Standard Error 0.01309 

Normality 0.091103 

Heteroskedasticity H(h) H(6) = 0.7939 

Autocorrelation r(1) 0.21429 

Autocorrelation r(2) 0.1796 

Autocorrelation r(3) -0.10262 

Durbin-Watson DW 1.422 

Box-Ljung Q(p, d) 𝜒3
2 = 2.4144 

Autocorrelation r(p) r(5)= -0.028342 

Auxiliary Residual 
Diagnostics 

 

Normality Test – Irregular 1.0125 

Normality Test – Level 0.27226 

Normality Test – Slope 0.0060263 

Prediction Failure 𝜒6
2 = 6.91755 
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Table 7 Final models estimated for the industrial sector.  

The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. 

Industrial sector demand 
models: 

Industrial natural 
gas demand 

Industrial diesel 
demand 

Industrial electricity 
demand 

Total industrial 
energy demand 

Estimated coefficients 
(Standard errors in 

parentheses) 
(Standard errors in 

parentheses) 
(Standard errors in 

parentheses) 
(Standard errors in 

parentheses) 

𝛼1 (demand lag 1) -0.272*** (0.058)    

𝛼2 (demand lag 2)     

𝛽0 (contemporaneous price) -0.768*** (0.070) -0.138*** (0.009) -0.152** (0.071) -0.144** (0.068) 

𝛽1 (price lag 1)     

𝛽2 (price lag 2)    -0.159*** (0.054) 

𝛾0 (contemporaneous activity) 1.309*** (0.130)   0.332* (0.168) 

𝛾1 (activity lag 1)  0.139** (0.064)   

𝛾2 (activity lag 2)   1.268*** (0.270)  

𝛿0 (contemporaneous 
structure) 

   1.020*** (0.248) 

𝛿1 (structure lag 1)     

𝛿2 (structure lag 2)     

Derived Long-Run 
Coefficients 

    

Price -0.604 -0.138 -0.152 -0.303 

Income 1.029 0.139 1.268 0.332 

Hyper-Parameters     

Level 0.000000 1.13280e-05 0.000543088 0.00108129 

Slope 0.000000 0.000000 7.83709e-05 4.37312e-06 

Irregular 0.000498521 0.000189297 0.00128812 0.000285921 

Interventions 
 
   IRR = Irregular 
   LVL = Level 
   SLP = Slope 

IRR1994*** 
IRR1997*** 
LVL1998*** 
IRR2001*** 
IRR2013*** 
IRR2016*** 

IRR2011*** 
SLP2016*** 
SLP2017*** 

LVL1998*** 
IRR2003*** 
LVL2006*** 
LVL2015*** 

LVL1990*** 
IRR1996** 
IRR2001*** 
IRR2012*** 
IRR2013*** 

Goodness-of-Fit     

Prediction error variance PEV 0.0002957 0.00017902 0.0023429 0.0011374 

Akaike info. criterion AIC -7.2373 -8.0354 -5.3897 -6.0518 

R-squared 𝑅2 0.99929 0.99855 0.99479 0.99849 

Adjusted R-squared 𝑅𝑑𝑖𝑓𝑓
2 0.98905 0.98269 0.81109 0.95569 

Residual Diagnostics     

Standard Error 0.01720 0.0133798 0.048403 0.033725 

Normality 0.94323 2.1144 2.2273 1.5924 

Heteroskedasticity H(h) H(5) = 2.5471 H(6) = 0.61066 H(6) = 1.5976 H(7) = 0.68612 

Autocorrelation r(1) -0.1588 -0.20034 -0.058133 -0.10903 

Autocorrelation r(2) 0.017964 -0.12891 -0.053672 0.12753 

Autocorrelation r(3) -0.013737 -0.024939 -0.059234 -0.13652 

Durbin-Watson DW 2.2663 2.3439 1.8266 2.1702 

Box-Ljung Q(p, d) 𝜒3
2 = 3.6924 𝜒3

2 = 1.8166 𝜒3
2 = 1.7085 𝜒3

2 = 1.3562 

Autocorrelation r(p) r(5) = 0.073069 r(5) = -0.10823 r(5) = 0.11732 r(5) = 0.049089 

Auxiliary Residual 
Diagnostics 

    

Normality Test – Irregular 0.50562 1.0075 0.91899 1.6573 

Normality Test – Level 0.34092 1.4673 1.4558 0.79247 

Normality Test – Slope 0.0672 4.5656 0.16777 2.0719 

Prediction Failure 𝜒6
2 = 7.38711 𝜒5

2 = 5.97922 𝜒7
2 = 6.53829 𝜒6

2 = 6.15378 
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Table 8 Final models estimated for the non-energy use sector.  

The *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. 

Non-energy use sector 
demand models: 

Natural gas 
feedstock demand 

Ethane feedstock 
demand 

LPG and naphtha 
feedstock demand 

Total feedstock 
demand 

Estimated coefficients 
(Standard errors in 

parentheses) 
(Standard errors in 

parentheses) 
(Standard errors in 

parentheses) 
(Standard errors in 

parentheses) 

𝛼1 (demand lag 1) 0.084*** (0.010) 0.732*** (0.191)   

𝛼2 (demand lag 2)  -0.552*** (0.178)  -0.352*** (0.115) 

𝛽0 (contemporaneous price)   -0.306** (0.142) -0.135** (0.055) 

𝛽1 (price lag 1) -0.049* (0.025) -0.119* (0.069)   

𝛽2 (price lag 2)     

𝛾0 (contemporaneous activity)  0.167* (0.090)  0.326*** (0.112) 

𝛾1 (activity lag 1) 0.236*** (0.039)  0.655*** (0.189)  

𝛾2 (activity lag 2)     

Derived Long-Run 
Coefficients 

    

Price -0.053 -0.145 -0.306 -0.100 

Income 0.258 0.204 0.655 0.241 

Hyper-Parameters     

Level 0.000278770 0.000000 0.000000 0.000000 

Slope 0.000000 4.03557e-05 0.00176266 0.000000 

Irregular 0.000000 0.00291787 0.0140197 0.000555132 

Interventions 
 
   IRR = Irregular 
   LVL = Level 
   SLP = Slope 

IRR1994*** 
LVL1996*** 
IRR2000*** 
LVL2005*** 
IRR2006*** 
IRR2009** 
IRR2010*** 
LVL2015*** 

LVL2016* None 

IRR2003** 
SLP2006*** 
IRR2012*** 
LVL2016** 

Goodness-of-Fit     

Prediction error variance PEV 0.00015384 0.0035186 0.027867 0.00035562 

Akaike information criterion AIC -7.8141 -5.0571 -3.1957 -7.1416 

R-squared 𝑅2 0.9997 0.9765 0.87726 0.99809 

Adjusted R-squared 𝑅𝑑𝑖𝑓𝑓
2 0.97193 0.52028 0.50366 0.93044 

Residual Diagnostics     

Standard Error 0.01240 0.05932 0.16693 0.01886 

Normality 0.7309 1.1018 0.56544 0.24039 

Heteroskedasticity H(h) H(5) = 1.5809  H(6) = 1.2865 H(7) = 0.76989 H(5) = 1.2855 

Autocorrelation r(1) 0.10998 -0.10726 -0.11017 -0.23982 

Autocorrelation r(2) 0.0091968 -0.0021095 0.029286 0.10599 

Autocorrelation r(3) -0.0044961 -0.10916 0.061297 -0.2208 

Durbin-Watson DW 1.3361 2.044 2.1047 2.4321 

Box-Ljung Q(p, d) 𝜒3
2 = 0.34861 𝜒3

2 = 2.3914  𝜒3
2 = 0.85931 𝜒3

2 = 3.7559 

Autocorrelation r(p) r(5) = 0.0096217 r(5) = 0.2007 r(5) = 0.10458 r(5) =   0.16766 

Auxiliary Residual 
Diagnostics 

    

Normality Test – Irregular 3.4967 1.7232 0.5072 0.81141 

Normality Test – Level 0.27462 0.85327 0.49638 0.077568 

Normality Test – Slope 0.63793 1.0438 1.2511 0.32189 

Prediction Failure 𝜒7
2 = 10.96511 𝜒7

2 = 6.76170 𝜒8
2 = 7.43491 𝜒6

2 = 8.34220 
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Table 9 A summary of the estimated coefficients and the types of estimated trends for each 

final model. 

End-use sector: energy 
product 

Price Income Trend 

Short run Long run Short run Long run Level Slope 

Transport:      

     Gasoline -0.12 -0.16 0.17 0.49 S D 

     Diesel -0.27 -0.29 0.50 0.36 S D 

     Kerosene -0.19 -0.19 0.38 0.38 S D 

Residential:       

     LPG --- ---- 0.37 0.78 S S 

     Electricity -0.15 -0.15 0.14 0.26 S S 

     Other N ---- ---- ---- ---- ---- ---- 

     Total -0.16 -0.16 0.37 0.37 S S 

Commercial & governmental:       

     Electricity ---- -0.08 0.38 0.43 D S 

Industrial:       

     Natural gas -0.77 -0.60 1.31 1.03 D D 

     Fuel oil F ---- ---- ---- ---- ---- ---- 

     Crude oil F ---- ---- ---- ---- ---- ---- 

     Diesel -0.14 -0.14 ---- 0.14 S D 

     Electricity -0.15 -0.15 ---- 1.27 S S 

     Other N ---- ---- ---- ---- ---- ---- 

     Total -0.14 -0.30 0.33 0.33 S S 

Feedstock / non-energy use:       

     Methane ---- -0.05 ---- 0.26 S D 

     Ethane ---- -0.15 0.17 0.20 D S 

     LPG + Naphtha -0.31 -0.31 ---- 0.65 S D 

     Other N ---- ---- ---- ---- ---- ---- 

     Total -0.13 -0.10 0.33 0.24 D D 

N No data available for estimation F Final models failed diagnostic tests or did not yield 

statistically significant coefficients 

Abbreviations: S = stochastic, D = deterministic, LPG = liquefied petroleum gas. 

Comparing my econometric results to previously published studies on Saudi Arabia, 

my elasticities are somewhat consistent with previous estimates. For example, in the 

residential electricity sector, I estimate a long-run price elasticity of -0.15, which lies 

between the estimates of -0.16 by Atalla and Hunt (2016) and -0.09 by Aldubyan and 

Gasim (2021). However, my estimate is significantly smaller than the estimate of -0.50 

by Al-Sahlawi (1999). For gasoline demand in the transport sector, my long-run price 

elasticity of -0.16 is slightly larger than the estimates of -0.15 by Atalla et al. (2018) 

and -0.13 by Aldubyan and Gasim (2021), and it lies in the middle of the range (-0.05 

to -0.31) estimated by Mikayilov et al. (2020a) using a time-varying coefficient 
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approach, but is significantly smaller than the estimates of -0.67 and -0.80 by Al-

Sahlawi (1988; 1997). For total/aggregate industrial energy demand, my long-run price 

elasticity of -0.30 is slightly smaller than the estimate of -0.34 by Alarenan et al. (2020). 

For other energy products and sectors, it is difficult to make meaningful comparisons 

because of the absence of recent estimates or the aggregation of a single fuel across 

multiple sectors in previous studies. Finally, it is important to note that it is likely that 

the bias between my estimates and past estimates is smaller in the case of past 

studies that included deterministic trends that had adequately captured the shape of 

the true underlying trend. 

2.5.2 Transport sector discussion 

I find gasoline demand to be both price and income inelastic, with estimated short-run 

elasticities of -0.12 and 0.17, respectively. The corresponding long-run price and 

income elasticities are estimated to be -0.16 and 0.49, respectively. I also find diesel 

demand to be price inelastic, with a short-run price elasticity of -0.27 and a long-run 

price elasticity of -0.29. The results suggest that diesel-consuming firms are more 

responsive to price changes than gasoline-consuming households. The short-run 

income elasticity for diesel is also relatively larger, at 0.50, while the long-run income 

elasticity is only 0.36.6 Unlike the final models for gasoline and diesel, the final model 

for kerosene is entirely static, with the price elasticity equal to -0.19 and the income 

elasticity equal to 0.38.  

The estimated UEDTs for the transport sector, shown in Figure 2, are all found to be 

stochastic and generally upward sloping over the 1986-2018 period, suggesting that 

exogenous factors, beyond prices and income, increased the demand for gasoline, 

diesel, and kerosene during this period. In the case of gasoline, it is possible that a 

shift towards owning larger cars, along with road network expansion and urban sprawl, 

 
6 The relatively smaller long-run income elasticity in the diesel demand model stems from both 
statistically insignificant coefficients on the lagged income variables and statistically significant 
negative coefficients on the lagged dependent variables. As noted by Cuddington and Dagher (2015), 
a short-run price elasticity “may be bigger than, smaller than, or equal to its long-run counterpart” 
depending on the estimated coefficients. For most goods, long-run elasticities are found be larger 
than short-run elasticities as consumers have more time to respond over longer periods. However, 
Cuddington and Dagher emphasize that it is important not to impose a priori restrictions on the 
relative magnitudes of short-run and long-run price and income elasticities. They list automobiles as 
an example of a good with a larger short-run elasticity and discuss cases where short-run income 
elasticities are higher due to business cycle fluctuations, in contrast to smaller long-run income 
elasticities that reflect the response to long-term income growth.   
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led to the upward-sloping UEDT. These same reasons may also explain the upward-

sloping UEDT for diesel and its similarity to gasoline. In contrast, the UEDT for 

kerosene appears erratic, possibly capturing fluctuating preferences regarding air 

travel and changes in domestic flight ticket pricing policies. 

 

 

 

Figure 2 UEDTs of the final models for the transport sector. 
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2.5.3 Residential sector discussion 

I find residential electricity demand to be inelastic to both price and income changes. 

The estimated residential electricity model has a static price response with a price 

elasticity of -0.15. I see more dynamics around the income response, with short-run 

and long-run income elasticities of 0.14 and 0.26, respectively. I also find the elasticity 

of residential electricity demand with respect to cooling degree days to be 0.45. For 

the residential LPG model, I do not find a statistically significant price elasticity, a result 

likely originating from the minimal LPG price variability during the estimation period. In 

fact, residential LPG was the only fuel unaffected by the price reform in 2016. 

Nevertheless, I estimate the income elasticity for residential LPG to be 0.36 and 0.69 

in the short and long run, respectively. As for the total residential energy demand 

model, the estimated coefficients are very similar to the residential electricity demand 

model, which is not surprising given that residential electricity accounts for by far the 

largest share of total residential energy demand. 

The UEDTs for the residential sector models, shown in Figure 3, were all found to be 

stochastic. The UEDTs for residential electricity demand and total residential energy 

demand were upward-sloping, likely reflecting an increase in the typical size of a house 

in Saudi Arabia, along with an increase in the number of installed electrical appliances 

such as air conditioners and refrigerators. Nevertheless, towards the end of the period 

(2014-2018), the slopes of both UEDTs flattened out, likely because of the 

implementation of energy efficiency regulations in the 2010s by the Saudi Energy 

Efficiency Center (Aldubyan and Gasim, 2021), which was first established in 2010. In 

contrast, the UEDT for LPG initially increased but decreased from 2000 onwards, a 

trend possibly reflecting improvements in the efficiency of LPG-based cooking stoves 

or a shift towards electricity for cooking purposes. 
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Figure 3 UEDTs of the final models for the residential sector. 

 

2.5.4 Commercial and governmental sector discussion 

I find commercial and governmental electricity demand to be strongly price inelastic 

and somewhat income inelastic in the long run. The final model lacks a short-run price 

response, but I find the long-run price elasticity to be -0.08. I find more dynamics 
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around the income response, with an income elasticity of 0.38 in the short run and 

0.43 in the long run. The elasticity with respect to cooling degree days is estimated to 

be 0.33 in the short run. 

The UEDT for the final model, shown in Figure 4, is found to be stochastic and upward-

sloping. The upward-sloping UEDT may be capturing the use of more lighting or air-

conditioning per square meter of floor space in commercial and governmental 

buildings. The rate of growth accelerates between 2006 and 2012 before slowing down 

towards the end of the period. This slowdown is also likely the result of energy 

efficiency policies implemented by the Saudi Energy Efficiency Center to improve 

building sector efficiency (SEEC, 2021b). (The negative starting point for the UEDT for 

the commercial and public services sector simply reflects the intercept at the starting 

period.) 

 

Figure 4 UEDT of the final model for the commercial and governmental sector. 

 

2.5.5 Industrial sector discussion 

I find relatively more elastic price and income responses for industrial natural gas 

demand. The price elasticity is estimated to be -0.77 in the short run and -0.60 in the 

long run due to the negative coefficients on the lagged dependent variables. One 

possible explanation relates to the nature of the closed natural gas market in Saudi 

Arabia, which, combined with natural gas subsidies, has caused demand to outstrip 

supply, forcing the government to ration natural gas consumption (Krane, 2019). It is 

likely that in the short run, a higher natural gas price causes some firms to reduce their 

consumption, but in the long run, when the higher price unlocks greater supply, the 

rationing would not be as stringent and some firms would increase their consumption, 
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leading to the weaker long-run price response. A similar result is observed in the 

income response, with short- and long-run income elasticities of 1.31 and 1.03, 

respectively. For industrial diesel demand, the analysis reveals strongly inelastic price 

and income responses, with an estimated price elasticity of -0.14 and an income 

elasticity of 0.14. For the industrial electricity model, I estimate a price elasticity of -

0.15 and a large long-run income elasticity of 1.27, with the short-run income elasticity 

being statistically insignificant. For the total industrial energy demand model, I find 

demand to be price and income inelastic. The estimated price elasticity is -0.16 in the 

short run and -0.30 in the long run, while the static income elasticity is estimated to be 

0.33. Unsurprisingly, the estimated price elasticity in the total industrial energy demand 

model lies in between the price elasticities estimated individually for each industrial 

fuel. 

The UEDTs for the final industrial sector models are shown in Figure 5. Excluding 

natural gas, all UEDTs were found to be stochastic. The UEDTs for total industrial 

energy demand and diesel demand were generally upward-sloping. The UEDT for 

total industrial energy demand appears to flatten towards the end of the estimation 

period, possibly capturing improvements in energy efficiency in the industrial sector 

(SEEC, 2021a). For diesel, the UEDT becomes sharply downward-sloping from 2015 

onwards, a sharp trajectory change that likely reflects government policy to displace 

diesel use in the industrial sector. In contrast, the UEDTs for natural gas and electricity 

were generally downward-sloping, potentially capturing exogenous improvements in 

energy efficiency. 
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Figure 5 UEDTs of the final models for the industrial sector. 
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2.5.6 Non-energy use (feedstock) sector discussion 

I find natural gas (i.e., methane) feedstock demand to be strongly price inelastic, with 

long-run price and income elasticities of -0.05 and 0.26, respectively. The small price 

elasticity likely stems from the lack of feedstock substitutes for methane, which 

produces a unique set of end-products (mainly fertilizers). For ethane, I find demand 

to be strongly price and income inelastic. The price elasticity is estimated at -0.12 in 

the short run and -0.15 in the long run, while the income elasticity is estimated at 0.17 

in the short run and 0.20 in the long run. For LPG and naphtha, I obtain a static final 

model with a price elasticity of -0.31 and an income elasticity of 0.65. This price 

elasticity is considerably larger than for methane and ethane, a result that may stem 

from the pricing policy for LPG and naphtha. Unlike other fuels and feedstocks, whose 

prices are regulated and change infrequently, the prices of LPG and naphtha 

feedstock have been set as a percentage of the international spot price. Therefore, 

their prices were relatively much higher on a per-unit of energy basis and a lot more 

volatile. Petrochemical firms that consume LPG and naphtha may thus be more 

responsive to energy price changes. As for total feedstock, I find demand to be price- 

and income inelastic, in line with the estimates for methane and ethane, which account 

for the largest share of total feedstock demand. The estimated short-run price and 

income elasticities are -0.13 and 0.33, respectively. Unexpectedly, the long-run price 

and income elasticities are smaller in magnitude, measuring -0.10 and 0.24, 

respectively. The rationing of natural gas and ethane feedstocks, as discussed by 

Krane (2019), may explain the weaker long-run response, in line with the results 

observed for the rationed use of natural gas as a fuel by the industrial sector. 

The UEDTs for the feedstock sector models are shown in Figure 6. Excluding the total 

model, the estimated UEDTs were stochastic. The UEDTs for total, natural gas, and 

ethane were found to be upward-sloping. The UEDT for the LPG and naphtha model 

was upward-sloping up to 2002, at which point it became downward-sloping. As noted 

previously, LPG and naphtha prices have been substantially higher than methane and 

ethane prices on a per-unit-of-energy basis, and they have been much more volatile. 
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The downward-sloping trend for this model may be capturing a shift away from the use 

of LPG and naphtha as feedstock in the Saudi petrochemical subsector.7 

 

 

 

 

7 I compared the energy demand data obtained from the IEA (2021) with data obtained from JODI 
(2021) and SAMA (2020). I find the values to be consistent for almost all energy products, except for 
LPG and naphtha consumed by the petrochemical subsector, suggesting the existence of a potential 
data issue related to the consumption figures for both fuels. 
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Figure 6 UEDTs of the final models for the non-energy use sector. 

 

2.6 Conclusion 

I estimated 15 energy demand equations for Saudi Arabia, covering all end-use 

sectors and as many energy products within each sector as possible. My estimates 

of price and income elasticities cover energy products and sectors for which there 

were no previous estimates for Saudi Arabia. My results reveal that energy demand 

is price inelastic for all energy products and income inelastic in all cases except for 

industrial natural gas and electricity. Nevertheless, I demonstrate the existence of 

extensive heterogeneity in price and income elasticities across sectors and energy 

products within Saudi Arabia, with the long-run price elasticity varying between -0.05 

and -0.60, and the long-run income elasticity varying between 0.14 and 1.27. This 

heterogeneity underscores the importance of using sector- and product-specific 

elasticity values, and not assuming that elasticities are similar across energy 

products in the same country. Furthermore, by comparing my estimated elasticities 

to global averages from the literature, I demonstrate that it can be misleading to 

assume that the consumer response in one country is similar to the global average. 

My econometric analysis underscores the importance of incorporating non-linear 

stochastic trends to obtain unbiased elasticity estimates. I find that for 13 of the 15 

energy demand models, the trends are stochastic, with industrial natural gas and 

total non-energy use being the only two exceptions with deterministic trends. While 

there are a few energy products whose trends exhibited weak stochasticity, in most 

cases the non-linearity of the UEDTs is clear. Therefore, the exclusion of trends or 
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the use of deterministic trends when modelling energy demand in Saudi Arabia may 

lead to biased elasticity estimates.  

My analysis also reveals that most of the UEDTs are upward sloping, reflecting the 

role of exogenous factors (such as larger houses, more electrical appliances, larger 

road networks, and urban sprawl) in driving the growth of domestic energy demand 

and emissions in Saudi Arabia. 

The estimated elasticities presented in this chapter are essential inputs to policy 

discussions and for conducting various analyses on the impacts of policy 

interventions that affect energy prices. My results also provide a better 

understanding of how exogenous factors, such as larger houses and longer road 

networks, helped drive the historical growth in energy demand and emissions in 

Saudi Arabia, while also allowing for an analysis of how future changes in these 

variables may affect the trajectories of energy demand and emissions (Chitnis and 

Hunt, 2012). Finally, and most importantly for this thesis, my estimated elasticities 

allow for a thorough analysis of the economic, fiscal, and environmental impacts of 

energy subsidy reform in Saudi Arabia, as discussed in the next chapter. 

.  
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Chapter 3: The Economic, Environmental, and Fiscal 

Impacts of Energy Subsidy Reform in Saudi Arabia 

3.1 Introduction 

This chapter presents the results of an analysis of the economic, environmental, and 

fiscal impacts of energy subsidy reform in Saudi Arabia. As noted in various studies, 

a thorough and comprehensive assessment of the impacts of energy subsidy reform 

is vital for overcoming the barriers to reform and achieving successful 

implementation (Laan et al., 2010; Clements et al., 2013, 2014; Rentschler and 

Bazilian, 2017a, 2017b). The results of such impact analyses are needed by 

policymakers who must weigh the potential benefits of energy subsidy reform against 

the potential costs, while taking into account national capabilities and circumstances.  

There is a myriad of impacts that can result from energy subsidy reform. Given the 

importance of assessing these impacts, the World Bank launched ESRAF, an 

initiative that guides countries towards implementing energy subsidy reforms 

successfully (Flochel and Gooptu, 2018). ESRAF lists and categorizes many of 

these impacts, including fiscal impacts, impacts on household consumption, impacts 

on firms and industrial competitiveness, economic and macroeconomic impacts, and 

impacts on externalities, including environmental externalities. 

Different methods and models can be used to assess the different impacts of energy 

subsidy reform. These methodologies include 1) partial equilibrium models, 2) single-

equation econometric models, 3) macro-econometric models, 4) computable general 

equilibrium (CGE) models, 5) dynamic stochastic general equilibrium (DSGE) 

models, 6) energy system models, and 7) integrated assessment models, along with 

hybrid approaches that combine one or more of the above methods (Ellis, 2010; 

Burns et al., 2018; Prina et al., 2020; Bassi et al., 2023). 

To assess the impacts of energy subsidy reform, which is a price-based instrument, 

many of these methods and models have key data requirements, which include the 

price elasticities of energy demand (Burns et al., 2018). As noted in ESRAF’s 

guidance, “ideally, the elasticities should be determined for each study through 

rigorous econometric regressions. However, this approach is more the exception 

than the rule, in part because the data needed to carry out credible regression 
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analysis is often not available” (Burns et al., 2018). The lack of price elasticities for 

Saudi Arabia, which was discussed in Chapter 2, contributes to the lack of 

comprehensive assessments for the impacts of energy subsidy reform in the country.  

To address this gap and inform policymakers in Saudi Arabia, this chapter employs 

the estimated price elasticities from Chapter 2 to quantify the economic, 

environmental, and fiscal impacts of energy subsidy reform in Saudi Arabia. This 

chapter is structured as follows. Section 3.2 provides background on energy pricing 

policy in Saudi Arabia and showcases the country’s recent energy subsidy reform 

efforts. Section 3.3 draws from various theoretical discussions in the literature to 

provide a conceptual framework for the assessment of the economic, environmental, 

and fiscal impacts of energy subsidy reform. Section 3.4 reviews past studies that 

assessed some of these impacts, either at a global level or specifically for Saudi 

Arabia. Section 3.5 then introduces the methods that are used in this thesis to 

conduct the impact analysis. Section 3.6 presents and discusses the results of the 

impact analysis, while Section 3.7 concludes.  

3.2 Background on Energy Subsidy Reform Efforts in 

Saudi Arabia 

The Saudi government has been regulating domestic energy prices for decades 

(WTO, 2005), but recent concerns over resource and fiscal sustainability have 

prompted two waves or episodes of energy subsidy reform. The first wave of energy 

subsidy reform was implemented on January 1, 2016, resulting in substantial 

increases in fuel, electricity, and water prices for industry and households. The 

second wave was subsequently implemented on January 1, 2018, focusing on a 

smaller subset of fuels. The 2018 reform was implemented alongside the 

introduction of a 5% value-added tax (VAT) on all goods and services. These 

initiatives were part of the Fiscal Balance Program (2016), suggesting that fiscal 

sustainability was the key driver of these reforms. Table 10 shows domestic energy 

prices in 2015, after the 2016 reform, and after the 2018 reform. Most of the 

domestic energy prices in 2015 had been nominally fixed at those levels for at least 

a decade, as the Saudi government did not revise domestic energy prices frequently. 

The percentage changes in Table 10 highlight the considerable increases that have 

been implemented over the 2015-2018 period. Nonetheless, although the reforms in 
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2016 and 2018 were extensive, there remains further scope for reform, as 

demonstrated by the last column in Table 10, which lists 2018 reference prices (i.e., 

what deregulated prices would be) for each energy product. Using 2022 reference 

prices would suggest even greater scope for further reform. For example, according 

to the EIA (2024a), the Brent oil spot price in 2022 was 100.93 USD per barrel, 

which is over 40% higher than the price in 2018. 

While domestic energy prices in Saudi Arabia reached new levels in nominal terms 

following the reforms (e.g., in the case of gasoline, its price had never previously 

crossed the 1.0 Saudi Riyal (SR) per litre threshold prior to 2018), it is useful to see 

how prices compare in real terms, given that some prices were fixed in nominal 

terms for almost a decade or longer. Figure 7 illustrates the evolution of real energy 

prices between 2000 and 2018, demonstrating that, in most cases, reformed energy 

prices in 2018 were considerably higher than prices in 2000 in real terms. However, 

for some fuels, such as diesel for transport, the real price in 2018 was slightly lower 

than the real price in 2000, despite its doubling in nominal terms. 

To mitigate the negative impacts of energy subsidy reform and the VAT on lower- 

and middle-income households, the Saudi government launched the Citizens' 

Account in 2018, a compensation scheme that compensates households for higher 

energy prices through monthly cash transfers (Arab News, 2017; Fiscal Balance 

Program, 2018).  

Since 2018, the Saudi government has implemented further minor reforms. With 

regard to gasoline prices, the Saudi government linked the domestic gasoline price 

to global prices in 2019, with adjustments occurring every quarter (Gasim and 

Aldubyan, 2020). In 2020, the government tightened this link as it started adjusting 

domestic gasoline prices every month. However, in July 2021, the Saudi government 

placed a cap on domestic gasoline prices as crude oil prices reached multi-year 

highs (Arab News, 2021). Since July 2021, gasoline prices have remained fixed at 

their cap, which was set at 2.18 SR per litre and 2.33 SR per litre for 91-octane and 

95-octane gasoline, respectively (Saudi Aramco, 2025). Prices of most other energy 

products remained at their 2018 levels, albeit with a slight increase in the middle of 

2020 following the VAT increase from 5% to 15% on almost all goods and services in 

response to COVID-19 (Al Arabiya, 2020). There have also been four gradual 
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increases in diesel prices (Namaa Zone, 2024; Arab News, 2025), from 0.52 SR to 

0.63 SR per litre at the start of 2022, then up to 0.75 SR per litre at the start of 2023, 

and then up to 1.15 SR per litre at the start of 2024, and, most recently, rising to 1.66 

SR per litre at the start of 2025. The last two diesel price increases were part of 

broader gradual reforms to industrial fuel and feedstock prices, which were 

implemented at the start of 2024 and 2025 (Riyad Capital, 2024; Arab News, 2025). 

Nevertheless, there remains significant scope for further energy subsidy reform, and 

the government seems to be following a gradual approach with minor annual 

increases in subsets of fuel prices (Aljazira Capital, 2025). 
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Table 10 Nominal energy prices in Saudi Arabia between 2015 and 2018.  

End-use sector:  
   Energy product 

Units 
Prices before 1st wave of 

reform (2015) 
Prices after 1st wave of 

reform (2016-2017) 
1st wave % 

change 
Prices after 2nd wave of 

reform (2018) 
2nd wave % 

change 
Fully reformed prices for 

comparison (2018) 

Transport:        

   91 RON Gasoline SR/L 0.45 0.75 67% 1.37 83% 2.01 

   95 RON Gasoline SR/L 0.60 0.90 50% 2.04 127% 2.01 

   Diesel SR/L 0.25 0.45 80% 0.47 5% 2.19 

   Kerosene SR/L 0.44 0.61 39% 0.64 5% 2.11 

Residential:         

   Electricity: 0-2000 kWh SR/kWh 0.05 0.05 0% 0.19 278% 0.31 

   Electricity: 2001-4000 kWh SR/kWh 0.10 0.10 0% 0.19 89% 0.31 

   Electricity: 4001-6000 kWh SR/kWh 0.12 0.20 67% 0.19 -6% 0.31 

   Electricity: 6001+ kWh SR/kWh 0.15 to 0.26 0.30 N/A 0.32 5% 0.31 

   LPG SR/L 0.72 0.72 0% 0.75 5% 0.91 

Commercial & Governmental:        

   Electricity: commercial SR/kWh 0.12 to 0.26 0.16 to 0.30 N/A 0.21 to 0.32 N/A 0.31 

   Electricity: governmental SR/kWh 0.26 0.32 N/A 0.34 5% 0.31 

Industry & Non-Energy Use:        

   Electricity SR/kWh 0.14 0.18 29% 0.19 5% 0.31 

   Natural gas USD/mmBtu 0.75 1.25 67% 1.31 5% 4.20 

   Ethane USD/mmBtu 0.75 1.75 133% 1.84 5% 4.73 

   Arab light crude oil USD/bbl 4.24 6.35 50% 6.67 5% 74.12 

   Arab heavy crude oil USD/bbl 2.67 4.40 65% 4.62 5% 71.97 

   Diesel USD/bbl 9.12 14.00 54% 16.03 14% 88.28 

   Heavy fuel oil USD/bbl 2.08 3.80 83% 3.99 5% 61.45 

   Propane, butane, naphtha 
% of reference 

price 
72% of naphtha's CIF price 

in Japan 
80% of each fuel's export 

price to Japan 
N/A 

80% of each fuel's export 
price to Japan + 5% VAT 

N/A 
100% of each fuel's export 

price + 5% VAT 

Notes: Years in parentheses. Sources for domestic energy prices are described in Chapter 2; sources for fully reformed prices are described in 

Chapter 3. The fully reformed price for both gasoline grades is set to the spot price for conventional gasoline in the US. Abbreviations: SR = 

Saudi Riyal; USD = United States Dollar; L = Liter; LPG = Liquefied Petroleum Gas; bbl = Barrel; mmBtu = Million British Thermal Units; toe = 

Tonne of Oil Equivalent; VAT = Value Added Tax; kWh = Kilowatt-Hour; RON = Research Octane Number; CIF = Cost + insurance + freight. 
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Figure 7 Real energy prices in Saudi Arabia between 2000 and 2018. 

Notes: Electricity prices averaged. Abbreviations: L = Liter; LPG = Liquefied Petroleum Gas; 

mmBtu = Million British Thermal Units; SR = Saudi Riyal; USD = United States Dollar. 
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3.3. Conceptual Framework 

3.3.1 Measuring the economic impacts of energy subsidy reform 

Microeconomic theory provides tools for analyzing the economic impacts of a policy 

intervention like a tax or subsidy. Such impact analyses focus on the measurement of 

changes in economic (or social) welfare in an economy. These changes are generally 

measured by using metrics like consumer surplus, producer surplus, total surplus, and 

deadweight loss (Varian, 1992; Perloff, 2023). Deadweight loss, a measure of economic 

waste that is also referred to as a “welfare cost”, is often the primary metric used for 

quantifying the economic impact of a policy intervention (Harberger, 1964). Given 

Harberger’s pioneering work on deadweight loss, the areas that represent deadweight loss 

on supply and demand diagrams have come to be known as “Harberger Triangles” (Hines, 

1999).  

When an energy subsidy is introduced, it creates deadweight loss by allowing inefficient 

economic transactions to occur where consumers buy energy even though their 

willingness-to-pay for it is below its cost (Davis, 2017). When a subsidy is removed, 

whether partially or completely, it reduces or eliminates that economic waste (i.e., 

deadweight loss). The reduction or elimination of deadweight loss is equal to the economic 

gain (or welfare gain) due to energy subsidy reform.  

Calculations of the deadweight loss eliminated by reducing energy subsidies generally 

depend on demand and supply curves. In most welfare analyses in the literature, the 

supply of energy is assumed to be perfectly elastic (Clements et al., 2013; Coady et al., 

2015; Davis, 2017), as the energy sector has great potential to scale up supply in 

response to higher energy prices. In the analysis that follows in this thesis, the supply has 

also been assumed to be perfectly elastic, leaving behind only the demand curve as the 

key factor determining the magnitude of deadweight loss. Consumer surplus, an indicator 

that measures the area below a demand curve, is commonly used to calculate the welfare 

effect of a price change on consumers (Varian, 1992; Perloff, 2023). In addition to 

consumer surplus, there are other indicators that can be used to measure the welfare 

effects of price changes on consumers, including compensating variation, equivalent 
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variation, Laspeyres variation, and Paasche variation (Araar and Verme, 2019). Although 

the choice of indicator can influence the size of the welfare effect, it has been 

demonstrated that when the share of a good in total income is small, the welfare effects of 

price changes for that good as measured by these different indicators generally converge. 

Furthermore, Araar and Verme (2019) noted that “in the absence of any normative 

augment in favor of one particular measure, the sensible choice is CS [consumer surplus] 

for the simple reason that this measure is always the median measure”. In this thesis, 

consumer surplus is the indicator used to measure the welfare effects of energy subsidy 

reform in Saudi Arabia. 

It is also important to discuss the reference price used in deadweight loss calculations. The 

reference price represents the equilibrium price of energy in an undistorted market, and it 

has major implications on deadweight loss calculations (Davis, 2017). Coady et al. (2015) 

provided a conceptual framework for calculating the welfare gains from energy subsidy 

reform, in which “supply costs” were used as the reference prices. They defined the supply 

cost as “the opportunity cost to a country of supplying the energy product to consumers 

(i.e., firms and households).” For internationally traded energy products like gasoline and 

diesel, Coady et al. (2015) used the international market price as the supply cost, while for 

non-traded energy products like electricity they used its marginal production cost instead. 

Davis (2017) adopted a similar conceptual framework, stating that “the correct measure of 

cost is the opportunity cost” and agreeing with Coady et al. (2015) that for traded energy 

products the international market price is the appropriate measure of opportunity cost.  

The deadweight loss approach discussed above represents a partial equilibrium method 

for measuring the welfare changes that result from a policy intervention on a single 

commodity like gasoline, but a general equilibrium approach can also be used. A general 

equilibrium approach can capture further welfare changes that result from energy subsidy 

reform affecting the production and consumption of other commodities and markets across 

the economy. Studies have shown that the welfare changes measured using partial 

equilibrium models can offer reasonable approximations for the true economy-wide welfare 

change (Kokoski and Smith, 1987; Pizer et al., 2006).  
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In addition to deadweight loss, energy subsidy reform can reduce the negative externalities 

associated with energy consumption. As noted by Kolstad, (2011) “an externality exists 

when the consumption or production choices of one person or firm enters the utility or 

production function of another entity without that entity’s permission or compensation”. 

Externalities can be negative or positive, either representing a cost on other entities or a 

benefit to them. In the case of energy consumption, it is associated with multiple negative 

externalities (or external costs) like CO2 emissions and air pollution (Parry et al., 2014). 

When a fuel is subsidized, it leads to excessive consumption, which not only causes 

deadweight loss but also leads to excessive CO2 emissions and air pollution. Energy 

subsidy reform can thus deliver further welfare gains (beyond the deadweight loss 

reductions) by also reducing the external costs associated with energy consumption. 

In this thesis, the estimated energy demand equations from Chapter 2 are combined with 

the appropriate reference prices for each energy product to calculate the deadweight loss 

reductions, external cost reductions, and total welfare changes due to energy subsidy 

reform.  

3.3.2 Measuring the emission impacts of energy subsidy reform 

There are various methods and models that can be used to quantify the GHG emission 

impacts (also known as GHG effects) of a policy intervention, including bottom-up 

engineering models and top-down econometric models. Although it does not prescribe any 

specific method or model, the Greenhouse Gas Protocol (2024) has developed a standard 

that is widely used to estimate the GHG effects of policies and actions. This standard, 

known as the Policy and Action Standard, provides a general process that includes the 

following steps: 1) defining the policy to be assessed, 2) identifying the potential GHG 

effects that could result from the policy, 3) estimating the size of the GHG effects, 4) 

verifying the results, and 5) reporting them alongside the methodology used. 

Estimating the size of the GHG effects, regardless of the method, generally requires the 

development of a baseline scenario and a policy scenario (Greenhouse Gas Protocol, 

2024). Using energy subsidy reform as an example of a policy to be assessed, the 

baseline scenario would reflect GHG emissions, and the activity that is driving it, in the 

absence of energy subsidy reform, while the policy scenario would reflect GHG emissions, 
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and the activity that is driving it, if energy subsidy reform were to be undertaken. The 

difference between the baseline and policy scenario gives the GHG effect of the policy 

intervention. Many analyses focus on modelling an activity, such as energy consumption, 

that is causing GHG emissions instead of modelling emissions directly. The activity data is 

then multiplied by emission factors to obtain GHG emission estimates (Greenhouse Gas 

Protocol, 2024). 

As was the case with the measurement of the economic impacts, the emission impacts 

from a policy intervention like energy subsidy reform can also be measured using a partial 

equilibrium or general equilibrium approach. Moreover, as discussed previously, it has 

been shown that the emission reductions that can be achieved from a climate policy 

intervention when measured using a partial equilibrium approach are a reasonable 

approximation for the true economy-wide emission reductions (Pizer et al., 2006).  

This thesis measures the impacts of energy subsidy reform on GHG emissions in Saudi 

Arabia by combining the energy demand equations estimated using econometric methods 

in Chapter 2 with emission factors. My energy demand curves allow for calculating the 

level of energy consumption under baseline and policy scenarios for domestic energy 

prices, which are then subtracted and multiplied by the appropriate emission factors to 

obtain the GHG effects. 

3.3.3 Measuring the fiscal costs and impacts of energy subsidy reform 

The fiscal impacts of energy subsidy reform can be estimated by measuring energy 

subsidies. As noted by Davis (2017), when the costs of energy subsidies are borne by the 

government, “the total subsidy is also the fiscal impact”. However, the costs of subsidies 

are not always borne by the government, as other actors in the economy can subsidize 

each other, such as domestic producers subsidizing consumers (Gooptu, 2019). 

Nevertheless, even if domestic producers in a country are absorbing some of the costs, it 

likely ends up as a fiscal cost on the government through lower net profits for domestic 

producers and thus lower tax revenue for the government from those producers (Davis, 

2017). 
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The type of cost that energy subsidies represent can differ between energy-importing and 

energy-exporting countries. In energy-importing countries, the magnitude of energy 

subsidies reflects a clear and direct fiscal cost, as the government makes expenditures 

that allow energy that is imported at international market prices to be sold at lower 

domestic prices. In energy-exporting countries like Saudi Arabia, the magnitude of energy 

subsidies may reflect only foregone revenues if energy is sold domestically at prices that 

are above domestic production costs but below international market prices. The term 

“explicit” has been used to describe energy subsidies that represent a direct fiscal cost on 

governments, while the term “implicit” has been used to describe energy subsidies that 

only represent foregone revenue (Krane, 2020). Since implicit energy subsidies represent 

an opportunity cost and not a direct cost, they have also been referred to as “opportunity 

cost subsidies” (Moerenhout and Irschlinger, 2020). Nevertheless, regardless of whether a 

country is a net importer of energy or a net exporter, and whether the energy subsidy 

represents a direct fiscal cost or an opportunity cost in terms of foregone revenue, it has 

been argued that international market prices are the appropriate measure of cost to use for 

measuring energy subsidies for traded energy products like gasoline and diesel (Davis, 

2017). 

The price-gap method is arguably the most widely used method to measure the fiscal cost 

of energy subsidies. The attractiveness of the price-gap method rests on its relative 

simplicity compared to other approaches. The price-gap method works by measuring the 

gap between the domestic price of an energy product and its reference price and 

multiplying that gap by the total quantity of energy consumed in a country (Koplow, 2009). 

The reference price is generally the international market price for traded energy products 

like gasoline and diesel, and the long-run marginal cost for non-traded energy products like 

electricity (Coady et al., 2015).  

The price-gap method, however, does have some drawbacks. It overlooks economic 

effects like the consumer response to higher energy prices following energy subsidy 

reform. As consumers respond by reducing their demand for energy, it can offset some of 

the fiscal gain from raising domestic energy prices. To measure the fiscal impact of post-

tax energy subsidy reform, Coady et al. (2015) did not use the price-gap estimate of 



 

97 

 

energy subsidies but instead introduced a formula that accounts for the reduction in the 

quantity of energy demanded due to increased energy prices. Coady et al. (2015) noted 

that the fiscal gain they measured was smaller than the price-gap estimate of energy 

subsidies given that their method “accounts for the price-induced reduction in energy use.” 

The price-gap method also overlooks other important economic effects. As noted by Krane 

(2020), in the case of oil-exporting countries, the actual foregone revenue from energy 

subsidy reform could be lower than what is suggested by the price-gap estimate due to 

additional oil exports depressing the international oil price. In other words, the opportunity 

cost of providing energy subsidies in Saudi Arabia may be lower than the international 

market price. In fact, a recent study by Karanfil and Pierru (2021) discussed the issue of 

determining the appropriate opportunity cost for crude oil in Saudi Arabia and how market 

imperfections alter estimates. They argued that since Saudi Arabia is the world’s leading 

exporter of oil, the ‘small economy’ assumption that its exports will not influence 

international oil prices does not hold. They then estimated that the opportunity cost of a 

barrel of oil in Saudi Arabia could vary between 31% and 84% of the international oil price. 

This thesis first measures the fiscal impacts of energy subsidy reform in Saudi Arabia 

using detailed energy price and consumption data and the price-gap method. It then 

attempts to refine the estimates of the fiscal impacts of energy subsidy reform by 

expanding on the price-gap method. This expansion captures the consumer response to 

energy subsidy reform in Saudi Arabia and how additional fuel exports may depress 

international fuel prices, both of which can offset the fiscal gain from energy subsidy 

reform. 

3.4 Literature Review 

3.4.1 Welfare impacts of energy subsidy reform from the literature 

Both partial and general equilibrium approaches have been used to quantify the impacts of 

energy subsidy reform (Ahmadian et al., 2007; Ellis, 2010; Burniaux and Chateau, 2014; 

Balke et al., 2015; Coady et al., 2015, 2018; Aune et al., 2017; Davis, 2017; Black et al., 

2023). The spatial scope of these studies varies from global to regional to country-specific. 

Moreover, the studies vary in their coverage of fuels when modelling the welfare impacts, 
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focusing on either a single fuel, a sub-set of fuels, or all major fossil fuels. Because of its 

relative simplicity, most studies in the literature use the partial equilibrium approach for 

measuring the welfare impacts of energy subsidy reform. 

Using a partial equilibrium approach, studies have consistently shown that enormous 

global welfare gains could be achieved with energy subsidy reform. In the absence of 

country-specific price elasticity estimates for all countries and energy products, which are 

needed for an accurate partial equilibrium analysis, these studies have assumed an 

average elasticity value and applied it to all countries. For example, Coady et al. (2015, 

2017, 2018) assumed that average gasoline and diesel price elasticities were -0.5 across 

all countries, while Davis (2017) assumed an average price elasticity of -0.6. Using these 

average elasticities, Coady et al. (2015), Davis (2017), and Coady et al. (2018) estimated 

massive global welfare gains from energy subsidy reform. Coady et al. (2015) and Coady 

et al. (2018) estimated the global welfare gain from eliminating post-tax energy subsidies 

to be 1.4 trillion USD globally in 2013, roughly 2% of global GDP in that year. Coady et al. 

(2018) broke down this global welfare gain by region, showing that the Middle East, North 

Africa, Afghanistan, and Pakistan region, which includes Saudi Arabia, accounts for almost 

200 billion USD of this total global welfare gain. Focusing on gasoline and diesel subsidies 

only, Davis (2017) estimated the global deadweight loss that could be eliminated by 

gasoline and diesel subsidy reform to be 26 billion USD in 2014, while estimating the 

global welfare gain from reduced external costs to be 44 billion USD, taking their total 

welfare gain estimate up to 70 billion USD. Davis (2017) demonstrated that among all 

countries, Saudi Arabia had the potential to achieve the largest welfare gains from energy 

subsidy reform in 2014. In a more recent study, Black et al. (2023) estimated that full 

energy subsidy reform could produce global welfare gains of around 3.6% of global GDP in 

2022.  

Using a general equilibrium approach, a few studies have also found that massive welfare 

gains could be achieved globally with energy subsidy reform, although they discovered 

variations between oil-importing and oil-exporting countries. Burniaux and Chateau (2014) 

estimated that the phase out of fossil fuel subsidies could raise welfare by 0.2% globally in 

their central scenario. They demonstrated that for oil-exporting countries, the welfare gains 
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are relatively larger following unilateral energy subsidy reform, but relatively smaller 

following multilateral reforms across all countries because of the impact of lower global 

fossil fuel demand on international fossil fuel prices. They also found the opposite to be 

true in oil-importing countries. Nevertheless, even in a scenario of multilateral reform that 

depresses international fossil fuel prices, Burniaux and Chateau (2014) still estimated a 

net welfare gain in oil-exporting countries. Balke et al. (2015) and Aune et al. (2017) also 

observed similar welfare results using general equilibrium models. Both studies found that 

in oil-exporting countries energy subsidy reform is welfare enhancing, with Aune et al. 

(2017) estimating a net welfare gain of up to 9% of GDP in OPEC countries.  

Looking at studies that focused exclusively on Saudi Arabia, there appear to be only two 

that have measured the welfare gains of energy subsidy reform, both of which used a 

partial equilibrium approach and Saudi-specific price elasticities. Atalla et al. (2018) used 

their estimated gasoline price elasticity to measure the welfare changes from the 2016 

wave of gasoline price reform in Saudi Arabia. They measured the welfare gain to be up to 

1.7 billion 2010 USD. Aldubyan and Gasim (2021) quantified the welfare changes that 

resulted from the 2018 wave of energy subsidy reform (excluding the impact of the 2016 

wave) to be 2.3 billion USD for gasoline and 1.0 billion USD for residential electricity. 

However, there appear to be no studies that estimated the welfare impacts of energy 

subsidy reform in Saudi Arabia for energy products other than gasoline and residential 

electricity, and no studies that examined the combined economy-wide welfare impacts 

across all energy products and end-use sectors using Saudi-specific elasticities. One 

possible reason behind this gap in the literature is the lack of price elasticity estimates for 

all energy products in Saudi Arabia. These price elasticities are a necessary input for 

conducting a welfare analysis that avoids strong assumptions about these fundamental 

parameters, which can affect the welfare impact analysis significantly.  

In this thesis, I use my estimated price elasticities from Chapter 2 to accurately and 

comprehensively measure energy subsidy reform's welfare impacts in Saudi Arabia across 

all energy products and end-use sectors using a partial equilibrium framework. 
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3.4.2 Emission impacts of energy subsidy reform from the literature 

Different methodologies have been used to quantify the emission impacts (or GHG effects) 

of energy subsidy reform, including 1) partial equilibrium models, 2) macro-econometric 

models, 3) CGE models, 4) DSGE models, and 5) systems dynamics models (Ellis, 2010; 

Burns et al., 2018; Bassi et al., 2023). In their review of six studies that used different 

approaches, Ellis (2010) observed that all six studies had estimated significant CO2 

emission reductions from energy subsidy reform, ranging from 1.1% in 2010 to 18% in 

2050, with variations in the estimates due to variations in the country and fuel coverage 

across the studies. In a review by Bassi et al. (2023), they found that studies typically 

estimated global fossil fuel subsidy reform to reduce emissions by around 1% to 10% by 

2030, with the estimate varying significantly depending on the base year chosen, the 

definition of subsidies used (as discussed in Chapter 1), the country and fuel coverage, 

and the selected methodology.   

Using a partial equilibrium approach, studies have shown that meaningful reductions in 

global GHG emissions could be achieved with energy subsidy reform, but there appears to 

be significant variation in the estimates despite using a similar methodology. As discussed 

previously, in the absence of country-specific price elasticity estimates, which are needed 

for an accurate impact analysis, many of these studies assumed an elasticity value in their 

calculations. Using such assumptions, Coady et al. (2015, 2018) estimated that global CO2 

emissions would have fallen by over 20% in 2013 in response to the removal of post-tax 

energy subsidies, with the biggest reduction being achieved in the Middle East and North 

Africa region. In contrast, Kuehl et al. (2021) found that fossil fuel subsidy reform in 32 

countries would generate annual emission reductions of only 2% by 2021, rising to a 

maximum of 6% by 2025, with the reduction remaining largely fixed at around 6% from 

2025 onwards. Black et al. (2023) estimated that the full removal of post-tax energy 

subsidies could reduce global fossil fuel CO2 emissions by 43% below baseline by 2030, 

which they estimated to be equivalent to a 34% reduction below the 2019 emissions level. 

Looking at the few studies that focused exclusively on Saudi Arabia, the consensus 

appears to be that there is strong emission reduction potential in the country, although 

there is a lack of price elasticities for accurate measurement. Using average price 
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elasticities and a partial equilibrium model, Black et al. (2023) showed that the removal of 

pre-tax energy subsidies in Saudi Arabia could reduce fossil fuel CO2 emissions by around 

50% below baseline by 2030, while the removal of post-tax subsidies would raise this 

reduction to around 70%. Also using a partial equilibrium model, Kuehl (2021) estimated 

that fossil fuel subsidy reform could reduce emissions in Saudi Arabia by 19.3% by 2030, 

which was the second largest reduction they estimated among 32 countries, behind only 

China. Using Saudi-specific elasticities and a partial equilibrium model, Aldubyan and 

Gasim (2021) found that the CO2 emission reductions that were achieved in 2018 due to 

partial energy subsidy reform amounted to 4.6 Mt for gasoline and 5.6 Mt for residential 

electricity. Using a CGE model, Durand-Lasserve et al. (2020) estimated that full energy 

subsidy reform would lead to a 35% reduction in energy-related CO2 emissions in Saudi 

Arabia by 2030 when compared to a baseline. However, Durand-Lasserve et al. (2020) 

could only use Saudi-specific price elasticities for gasoline and electricity in their CGE 

model. Given the absence of other price elasticities for the country, as discussed in 

Chapter 2, Durand-Lasserve et al. (2020) were forced to make assumptions regarding the 

consumer price response for the other major energy products that are consumed in Saudi 

Arabia. 

In this thesis, I use my estimated price elasticities from Chapter 2 to accurately and 

comprehensively measure energy subsidy reform's CO2 emission impacts in Saudi Arabia 

across all energy products and end-use sectors using a set of partial equilibrium energy 

demand models. 

3.4.3 Fiscal costs and impacts of energy subsidy reform from the 

literature 

Since the fiscal cost of global energy subsidies was already discussed in Chapter 1, this 

section will focus on the fiscal costs for Saudi Arabia only. Saudi Arabia’s domestic fuel 

prices have generally been set below international market prices but above domestic 

production costs, so energy subsidies in Saudi Arabia are generally described as “implicit”, 

resulting in foregone revenue for the government (Krane, 2013; Charles et al., 2014; Krane 

et al., 2020). Therefore, estimates of the magnitude of energy subsidies in Saudi Arabia 

generally reflect the fiscal gain that can be achieved through energy subsidy reform. 
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There are several economy-wide estimates that reveal the existence of large energy 

subsidies in Saudi Arabia, all of which relied on the price-gap method. Taylor (2020) 

estimated fossil fuel subsidies in Saudi Arabia at roughly 45 billion 2018 USD in 2017. The 

IMF (2024) estimated explicit (or pre-tax) Saudi energy subsidies at 129.3 billion 2021 

USD in 2022 (Black et al., 2023), while the IEA (2024) estimated them at 76.9 billion USD 

in the same year. In all these studies, Saudi Arabia ranks among the top energy-

subsidizing countries, with Saudi energy subsidies accounting for up to 10% of the global 

total.  

A few studies have focused on calculating energy subsidies for specific fuels in Saudi 

Arabia. For petroleum products, Alyousef and Stevens (2011) compared domestic energy 

prices in Saudi Arabia to production costs in the 2000s. The costs were derived using a 

simplified oil refining model. For natural gas, they used an estimate of the average cost 

that accounts for both the production of associated and non-associated gas. Using their 

model, they found that Saudi Arabia did not explicitly subsidize those fuels. In other words, 

there was no expenditure by the government to subsidize the sale of domestic petroleum 

products. For electricity, Alyousef and Stevens (2011) used an average marginal cost 

estimate of 9.92 cents per kilowatt-hour (kWh) as the reference price and estimated 13.3 

billion USD in electricity subsidies in 2010. They did not provide subsidy estimates for 

crude oil used directly or natural gas liquids (NGLs). Charles et al. (2014) estimated 

gasoline and diesel subsidies, the latter for the transport sector only, to be 14 billion and 

13 billion USD, respectively, in 2011. Davis (2017) measured gasoline and diesel 

subsidies in Saudi Arabia to be almost 20 billion USD in 2014. These studies also relied on 

the price-gap method. 

A few studies have acknowledged that the price gap method does not accurately capture 

the fiscal gain from energy subsidy reform due to the consumer response to higher energy 

prices, providing estimates of the fiscal gain that account for this response. Coady et al. 

(2015, 2018) estimated this fiscal gain from the removal of post-tax energy subsidies to be 

3.0 trillion USD globally in 2013, compared to a price-gap estimate of 4.9 trillion USD for 

global energy subsidies in that year. The considerable difference between both estimates 

stems from the reduction in demand that results from their use of a price elasticity of -0.5 
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for all countries across all petroleum products and electricity. Similarly, Black et al. (2023) 

estimated a potential fiscal gain of 4.4 trillion USD in 2022 globally from the removal of 

post-tax energy subsidies after accounting for the price-induced response of consumers, 

an estimate that is also considerably lower than their price-gap estimate of 7.0 trillion USD 

for post-tax energy subsidies. 

In this thesis, I use my estimated price elasticities from Chapter 2 to comprehensively 

measure energy subsidy reform's fiscal costs and impacts in Saudi Arabia across all fuels 

and end-use sectors. I then develop and apply a novel method that accounts for both the 

domestic consumer response to subsidy removal and the international market’s response 

to additional fuel exports when measuring the fiscal impacts. Other than Krane et al. 

(2020), who acknowledged the latter’s effect and how it may cause the foregone revenue 

from subsidy removal to be smaller than the price-gap estimate, no study has measured 

the fiscal impacts of energy subsidy reform while accounting for both market effects. 

3.5 Methods 

3.5.1 Measuring the welfare changes due to energy subsidy reform 

Following the conceptual framework used by Coady et al. (2015), Davis (2017), Atalla et 

al. (2018), and Coady et al. (2018), I combine my estimated energy demand equations 

(and specifically, my estimated price elasticities of energy demand) with the appropriate 

reference prices for each energy product in each end-use sector to calculate the 

deadweight loss eliminated due to energy subsidy reform. In line with the literature, I 

assume that supply is perfectly elastic, making my analysis dependent on the energy 

demand equations and reference price assumptions. However, unlike the previously listed 

studies, I expand the equations to allow for an analysis of both partial and complete 

instances of energy subsidy reform. (Previous studies only presented simplified versions of 

these equations that can only be used to measure the impacts of full energy subsidy 

reform.) 

Taking Equation [7] from Chapter 2, which is a constant elasticity demand equation, and 

taking the exponential of both sides to cancel the logs yields: 

𝐸𝑡
𝑗,𝑘 = 𝐴𝑡

𝑗,𝑘𝑃𝑡
𝑗,𝑘𝜁𝑗,𝑘

 [8] 
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where 𝐸𝑡
𝑗,𝑘 and 𝑃𝑡

𝑗,𝑘 are respectively the quantity of energy product 𝑗 demanded in end-

use sector 𝑘 in year 𝑡 and its price, while the parameter  𝐴𝑡
𝑗,𝑘 captures the combined effect 

of all the other variables from Equation [7] in Chapter 2. The coefficient 𝜁𝑗,𝑘 is the 

estimated elasticity, which could be a short- or long-run price elasticity.  

I solve for  𝐴𝑡
𝑗,𝑘 using energy demand data, price data, and my estimated price elasticities 

of energy demand. The value of this parameter will vary depending on whether a short- or 

long-run price elasticity is used for calibration. The calibrations are done for each energy 

demand equation, covering all energy products and end-use sectors. Once the parameters 

are calibrated, the changes in deadweight loss can be estimated for both the short and 

long run. 

I calculate the change in deadweight loss (∆𝐷𝑊𝐿𝑡
𝑗,𝑘) that occurs when the price of an 

energy product 𝑗 in sector 𝑘 is reformed as follows: 

∆𝐷𝑊𝐿𝑡
𝑗,𝑘 = (𝑃𝑡,𝑟𝑒𝑓

𝑗,𝑘 − 𝑃𝑡,𝑏
𝑗,𝑘) ∗ 𝐸𝑡,𝑏

𝑗,𝑘 − (𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 − 𝑃𝑡,𝑎

𝑗,𝑘) ∗ 𝐸𝑡,𝑎
𝑗,𝑘 

− ∫ 𝐸𝑡
𝑗,𝑘𝑃𝑡,𝑎

𝑗,𝑘

𝑃𝑡,𝑏
𝑗,𝑘  𝑑𝑃𝑡

𝑗,𝑘 [9] 

where 𝑃𝑡,𝑏
𝑗,𝑘 is the energy price before reform, 𝑃𝑡,𝑎

𝑗,𝑘 the energy price after reform, and 

𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 the reference price, which should represent the market equilibrium price of energy 

in an undistorted market. 𝐸𝑡,𝑏
𝑗,𝑘, 𝐸𝑡,𝑎

𝑗,𝑘, 𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘 are the corresponding demand quantities 

at those prices. With full reform (𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 = 𝑃𝑡,𝑎

𝑗,𝑘), the second term on the right-hand side 

(RHS) falls to zero, leaving behind the more familiar equation used by Coady et al. (2015), 

Davis (2017), and Coady et al. (2018). 

Substituting Equation [8] into Equation [9] yields: 

∆𝐷𝑊𝐿𝑡
𝑗,𝑘 = (𝑃𝑡,𝑟𝑒𝑓

𝑗,𝑘 − 𝑃𝑡,𝑏
𝑗,𝑘) ∗ 𝐸𝑡,𝑏

𝑗,𝑘 − (𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 − 𝑃𝑡,𝑎

𝑗,𝑘) ∗ 𝐸𝑡,𝑎
𝑗,𝑘 −

∫ 𝐴𝑡
𝑗,𝑘𝑃𝑡

𝑗,𝑘𝜁𝑗,𝑘𝑃𝑡,𝑎
𝑗,𝑘

𝑃𝑡,𝑏
𝑗,𝑘  𝑑𝑃𝑡

𝑗,𝑘 [10] 

Evaluating the integral leads to the final equation: 

∆𝐷𝑊𝐿𝑡
𝑗,𝑘 = (𝑃𝑡,𝑟𝑒𝑓

𝑗,𝑘 − 𝑃𝑡,𝑏
𝑗,𝑘) ∗ 𝐸𝑡,𝑏

𝑗,𝑘 − (𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 − 𝑃𝑡,𝑎

𝑗,𝑘) ∗ 𝐸𝑡,𝑎
𝑗,𝑘 
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−
𝐴𝑡

𝑗,𝑘

(1+𝜁𝑗,𝑘)
(𝑃𝑡,𝑎

𝑗,𝑘(1+𝜁𝑗,𝑘)
− 𝑃𝑡,𝑏

𝑗,𝑘(1+𝜁𝑗,𝑘)
) [11] 

The welfare gained from reducing deadweight loss is simply the negative of the change in 

deadweight loss. 

I then calculate the change in total external costs (∆𝑇𝐸𝐶𝑡
𝑗,𝑘) due to energy subsidy reform 

by looking at the difference in energy consumption before and after energy subsidy reform, 

which is then multiplied by Saudi-specific per-unit external cost estimates from the 

literature (𝑃𝑈𝐸𝐶𝑡
𝑗,𝑘): 

∆𝑇𝐸𝐶𝑡
𝑗,𝑘 = (𝐸𝑡,𝑎

𝑗,𝑘 − 𝐸𝑡,𝑏
𝑗,𝑘) ∗ 𝑃𝑈𝐸𝐶𝑡

𝑗,𝑘 [12] 

These country-specific per-unit external costs were estimated by a team at the IMF on a 

country-by-country basis (Parry et al., 2014), and they vary by energy product and sector 

and encompass multiple components. The combustion of fossil fuels produces CO2 

emissions and air pollution, two critical components of these external costs. Parry et al. 

(2014) calculated the per-unit external cost of CO2 by combining data on the social cost of 

carbon with data on the carbon content of fuels for all countries. As for air pollution, they 

calculated the externality by assessing how much air pollution people in different countries 

are exposed to due to fossil fuel combustion, the relationship between air pollution exposure 

and health, along with assumptions to monetize those negative health effects in each 

country. 

Some fuels also produce other negative externalities beyond CO2 emissions and air 

pollution. For example, the use of gasoline and diesel in vehicles leads to congestion and 

accidents. Parry et al. (2014) estimated the external costs of congestion using a city-level 

database to estimate travel delays, which were then monetized based on country-level 

wage data. As for road accidents, the externalities were calculated based on country-level 

mortality data along with assumptions for the costs of medical expenses, property damage, 

and non-fatal injuries in each country. 

It should also be noted that some fuels, specifically those used as feedstock, produce 

smaller emission externalities. For example, the petrochemical subsector's use of fuels like 
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natural gas as a feedstock generates limited CO2 emissions since combustion does not 

take place, with most of the carbon being stored in the chemical product that is produced 

from the feedstock.8 

Finally, I calculate the change in welfare (∆𝑊𝑡
𝑗) due to energy subsidy reform by summing 

the reductions in DWL and total external costs: 

∆𝑊𝑡
𝑗,𝑘 = −∆𝐷𝑊𝐿𝑡

𝑗,𝑘 − ∆𝑇𝐸𝐶𝑡
𝑗,𝑘 [13] 

3.5.2 Measuring the emission reductions due to energy subsidy reform 

This thesis measures the impacts of energy subsidy reform on GHG emissions in Saudi 

Arabia by combining the energy demand equations from Chapter 2 with emission factors, 

holding all other variables (like income) fixed. In line with this conceptual framework, the 

reduction in CO2 emissions due to energy subsidy reform is calculated by multiplying the 

difference in energy consumption before and after energy subsidy reform by the 

appropriate emission factor from the literature (𝐸𝐹𝑗,𝑘): 

∆𝐶𝑂2𝑡
𝑗,𝑘 = (𝐸𝑡,𝑎

𝑗,𝑘 − 𝐸𝑡,𝑏
𝑗,𝑘) ∗ 𝐸𝐹𝑗,𝑘 [14] 

3.5.3 Measuring the fiscal impacts due to energy subsidy reform 

3.5.3.1 The fiscal impacts of full energy subsidy reform 

This thesis measures the fiscal impacts of energy subsidy reform using equations that 

build complexity, starting from the price-gap equation. This equation provides the simplest 

approach for measuring energy subsidies and is expressed as follows: 

𝑆𝑡
𝑗,𝑘 = 𝐹𝐼𝑡

𝑗,𝑘 = (𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 − 𝑃𝑡,𝑏

𝑗,𝑘)𝐸𝑡,𝑏
𝑗,𝑘 [15] 

where 𝑆𝑡
𝑗,𝑘 denotes the price-gap estimate of the subsidy for energy product 𝑗 in sector 𝑘 in 

year 𝑡. For energy-importing countries, the price-gap estimate generally represents savings 

 

8 Although feedstock use for plastic production generates smaller global warming and air pollution 
externalities due to the absence of combustion, there can be other negative impacts through plastic pollution. 
For example, one study recently estimated the economic costs of each tonne of marine plastic, which can 
cause extensive damage to marine ecosystems, to be between 3300 and 33000 USD (Beaumont et al., 
2019). However, the external costs of plastic pollution are beyond the scope of this thesis. 
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for the government (i.e., by how much fiscal expenditure could be reduced with energy 

subsidy reform), while in energy-exporting countries the price-gap estimate generally 

represents foregone revenue (i.e., by how much fiscal revenue could be increased with 

energy subsidy reform). Therefore, the price-gap estimate also represents the fiscal impact 

of energy subsidy reform, denoted by 𝐹𝐼𝑡
𝑗,𝑘. 

It is important to note that Equation [15] can only be used to estimate the fiscal impact of full 

energy subsidy reform, where the term “full” denotes raising the domestic energy price up 

to the reference price, such that 𝑃𝑡,𝑎
𝑗,𝑘 = 𝑃𝑡,𝑟𝑒𝑓

𝑗,𝑘. Equation [15] cannot be used to assess 

the fiscal impacts of partial instances of energy subsidy reform, where the domestic price is 

raised to a higher level but remains below the reference price (𝑃𝑡,𝑏
𝑗,𝑘 < 𝑃𝑡,𝑎

𝑗,𝑘 < 𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘). 

For energy-exporting countries like Saudi Arabia and for energy products that can be 

exported, Equation [15] can be re-expressed to separate the impact of additional fuel exports 

on fiscal revenue by adding and subtracting the term 𝑃𝑡,𝑟𝑒𝑓𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘 as follows: 

𝑆𝑡
𝑗,𝑘 = 𝐹𝐼𝑡

𝑗,𝑘 = 𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 (𝐸𝑡,𝑟𝑒𝑓

𝑗,𝑘 + (𝐸𝑡,𝑏
𝑗,𝑘 − 𝐸𝑡,𝑟𝑒𝑓

𝑗,𝑘)) − 𝑃𝑡,𝑏
𝑗,𝑘𝐸𝑡,𝑏

𝑗,𝑘 [16] 

The right-hand side of Equation [16] captures the revenue from selling the domestic quantity 

consumed (𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘) at the fully reformed domestic price (𝑃𝑡,𝑟𝑒𝑓

𝑗,𝑘) plus the revenue from 

exporting the domestically saved fuel (𝐸𝑡,𝑏
𝑗,𝑘 − 𝐸𝑡,𝑟𝑒𝑓

𝑗,𝑘) at the export price (𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘) minus 

the previous level of revenue prior to energy subsidy reform (𝑃𝑡,𝑏
𝑗,𝑘𝐸𝑡,𝑏

𝑗,𝑘 ). The use of 

Equation [16] requires energy price elasticities as an input to obtain the level of domestic 

fuel consumption (𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘), which can be estimated by inserting the appropriate reference 

price into Equation [8].  

In countries like Saudi Arabia, it is possible that policymakers decide to keep some or all the 

saved fuel rather than export it in order to achieve a certain policy objective, so a parameter 

(𝜇𝑡
𝑗,𝑘) can be introduced into Equation [16] that reflects how much of the quantity of fuel 

saved domestically is exported. This parameter can be set to vary between 0 and 1.  
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𝑆𝑡
𝑗,𝑘 = 𝐹𝐼𝑡

𝑗,𝑘 = 𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 (𝐸𝑡,𝑟𝑒𝑓

𝑗,𝑘 + 𝜇𝑡
𝑗,𝑘(𝐸𝑡,𝑏

𝑗,𝑘 − 𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘)) − 𝑃𝑡,𝑏

𝑗,𝑘𝐸𝑡,𝑏
𝑗,𝑘 [17] 

At 𝜇𝑡
𝑗,𝑘 = 1, where all the domestically saved fuel is exported, it can be shown that Equation 

[17] collapses back into the original price-gap equation, which is Equation [15]. 

3.5.3.2 The fiscal impacts of partial energy subsidy reform 

Equation [15] can only be used to estimate the fiscal impact of full energy subsidy reform, 

where the domestic energy price is raised all the way up to the reference price. Equation 

[15] cannot be used to assess the fiscal impact of partial energy subsidy reform, where the 

domestic price is raised but remains below the reference price. Surprisingly, there appear to 

be no studies in the literature that presented the equations needed to assess the fiscal 

impacts of partial energy subsidy reform. These fiscal impacts can be calculated by utilizing 

the price-gap equation. Specifically, the fiscal impact of partial energy subsidy reform can 

be expressed as the difference between the price gap equations for the magnitude of energy 

subsidies before and after partial energy subsidy reform: 

∆𝑆𝑡
𝑗,𝑘 = 𝐹𝐼𝑡

𝑗,𝑘 = (𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 − 𝑃𝑡,𝑏

𝑗,𝑘)𝐸𝑡,𝑏
𝑗,𝑘 − (𝑃𝑡,𝑟𝑒𝑓

𝑗,𝑘 − 𝑃𝑡,𝑎
𝑗,𝑘)𝐸𝑡,𝑎

𝑗,𝑘 [18] 

where ∆𝑆𝑡
𝑗,𝑘 denotes the change in the magnitude of the price-gap estimate of the subsidy 

for energy product 𝑗 in sector 𝑘 in year 𝑡. This change in the magnitude of the subsidy 

provides an estimate of the fiscal impact, denoted by 𝐹𝐼𝑡
𝑗,𝑘, which can represent either fiscal 

savings or a fiscal revenue uplift. It can be demonstrated using Equation [18] that in the 

event of full energy subsidy reform, such that 𝑃𝑡,𝑎
𝑗,𝑘 = 𝑃𝑡,𝑟𝑒𝑓

𝑗,𝑘  and 𝐸𝑡,𝑎
𝑗,𝑘 = 𝐸𝑡,𝑟𝑒𝑓

𝑗,𝑘 , 

Equation [18] collapses to give the familiar price-gap equation. 

Equation [18] can be re-expressed to highlight the fiscal gain from selling domestically saved 

fuel at the higher international fuel price: 

∆𝑆𝑡
𝑗,𝑘 = 𝐹𝐼𝑡

𝑗,𝑘 = 𝑃𝑡,𝑎
𝑗,𝑘𝐸𝑡,𝑎

𝑗,𝑘 − 𝑃𝑡,𝑏
𝑗,𝑘𝐸𝑡,𝑏

𝑗,𝑘 + (𝐸𝑡,𝑏
𝑗,𝑘 − 𝐸𝑡,𝑎

𝑗,𝑘)𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 [19] 

The right-hand side of Equation [19] captures the revenue from selling the new domestic 

quantity consumed (𝐸𝑡,𝑎
𝑗,𝑘) at the post-partial-reform price (𝑃𝑡,𝑎

𝑗,𝑘), the previous revenue 
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from selling the pre-partial-reform quantity consumed (𝐸𝑡,𝑏
𝑗,𝑘) at the pre-partial-reform price 

(𝑃𝑡,𝑏
𝑗,𝑘), and the revenue from exporting and selling the domestically saved fuel (𝐸𝑡,𝑏

𝑗,𝑘 −

𝐸𝑡,𝑎
𝑗,𝑘) at the international fuel price 𝑃𝑡,𝑟𝑒𝑓

𝑗,𝑘. 

As noted previously, in countries like Saudi Arabia it is possible that policymakers decide to 

keep some or all of the saved fuel rather than export it in order to achieve a certain policy 

objective, so the parameter (𝜇𝑡
𝑗,𝑘) can be introduced into Equation [19] to reflect how much 

domestically saved fuel is exported.9 This parameter can be set to vary between 0 and 1.  

∆𝑆𝑡
𝑗,𝑘 = 𝐹𝐼𝑡

𝑗,𝑘 = 𝑃𝑡,𝑎
𝑗,𝑘𝐸𝑡,𝑎

𝑗,𝑘 − 𝑃𝑡,𝑏
𝑗,𝑘𝐸𝑡,𝑏

𝑗,𝑘 + 𝜇𝑡
𝑗,𝑘(𝐸𝑡,𝑏

𝑗,𝑘 − 𝐸𝑡,𝑎
𝑗,𝑘)𝑃𝑡,𝑟𝑒𝑓

𝑗,𝑘 [20] 

At 𝜇𝑡
𝑗,𝑘 = 1, where all the domestically saved fuel is exported, it can be shown that Equation 

[20] collapses back into Equation [18]. 

3.5.3.3 What if full energy subsidy reform depresses the international fuel price? 

As noted in the conceptual discussion, additional fuel exports from a country like Saudi 

Arabia may be enough to depress the international fuel price, potentially leading to a 

relatively lower fiscal gain from energy subsidy reform.  

Focusing only on the impact of full energy subsidy reform, I incorporate this effect by first 

adding a term to Equation [17] that distinguishes between the new international fuel price 

under the new market equilibrium, where international markets respond to additional Saudi 

fuel exports, and the initial international fuel price that prevailed in the market prior to energy 

subsidy reform implementation. 

𝑆𝑡
𝑗,𝑘 = 𝐹𝐼𝑡

𝑗,𝑘 = 𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 (𝐸𝑡,𝑟𝑒𝑓

𝑗,𝑘 + 𝜇𝑡
𝑗,𝑘(𝐸𝑡,𝑏

𝑗,𝑘 − 𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘)) − 𝑃𝑡,𝑏

𝑗,𝑘𝐸𝑡,𝑏
𝑗,𝑘 + 

 

9 When fuel is saved domestically in an oil-exporting country like Saudi Arabia, decisionmakers have the 
option to either 1) export the saved fuel or 2) produce less fuel. Many oil-exporting countries are members of 
OPEC, but since OPEC places quotas on production and not exports (Gault et al., 1999), a binding OPEC 
production quota would not affect a country’s ability to export domestically saved fuel. Since additional fuel 
exports are expected to generally generate higher revenues for the government, it is more likely than not that 
decisionmakers will export all the saved fuel (i.e., 𝜇𝑡 = 1). 
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(𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 − 𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓

𝑗,𝑘)𝑋𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘 [21] 

where 𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘 denotes the initial international fuel price that prevailed prior to energy 

subsidy reform, while 𝑋𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘 denotes the initial level of fuel exports prior to energy 

subsidy reform. If the international market does not respond to additional fuel exports, such 

that 𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 = 𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓

𝑗,𝑘, or if the initial level of fuel exports is zero, then Equation [21] 

collapses back into Equation [17]. 

Equation [21] can be used to estimate the fiscal impact of full energy subsidy reform in Saudi 

Arabia while allowing 1) domestic consumers to respond to higher domestic energy prices 

and 2) the international market to respond to additional Saudi fuel exports via lower 

international fuel prices. Therefore, there are two variables to solve for in Equation [21]: the 

level of domestic fuel demand following full energy subsidy reform (𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘 ) and the 

international fuel price after it adjusts to a new market equilibrium (𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘). These two 

variables can be obtained by solving the following system of equations: 
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𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘−𝐸𝑡,𝑏

𝑗,𝑘

𝐸𝑡,𝑏
𝑗,𝑘 = 𝜁𝑗,𝑘 𝑃𝑡,𝑟𝑒𝑓

𝑗,𝑘−𝑃𝑡,𝑏
𝑗,𝑘

𝑃𝑡,𝑏
𝑗,𝑘  [22] 

𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘−𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓

𝑗,𝑘

𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘 =

1

𝜂𝑗,𝑘

𝜇𝑡
𝑗,𝑘(𝐸𝑡,𝑏

𝑗,𝑘−𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘)

𝑋𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘  [23] 

These equations can be solved for each exported fuel 𝑗 in sector 𝑘 in year 𝑡 to obtain the 

new domestic level of fuel consumption (𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘 ) and the new international fuel price 

(𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘) after full energy subsidy reform.  

Equations [22] and [23] represent two (rearranged) elasticity equations: The first elasticity 

equation (for 𝜁) relates the percentage change in domestic fuel consumption in Saudi Arabia 

to the percentage change in the domestic fuel price that occurs following removal of the fuel 

subsidy. The second elasticity equation (for 𝜂) relates the percentage change in Saudi fuel 

exports to the percentage change in the international fuel price following removal of the fuel 

subsidy in Saudi Arabia. The second elasticity’s inverse (1/𝜂) reflects how the international 

fuel price responds to additional Saudi fuel exports. Both elasticities are Saudi-specific 

elasticities that can be estimated. The domestic fuel price elasticities (𝜁) were estimated in 

Chapter 2 while the elasticity of the international fuel price with respect to Saudi fuel exports 

(1/𝜂) was obtained from the literature. 

Equation [22] and Equation [23] are standard formulations of arc elasticities. There are 

different types of elasticities like arc and point elasticities.10 Both equations could have been 

written as point elasticity formulations instead but doing so introduced challenges for finding 

a symbolic solution to the system. For small price changes, arc elasticities and point 

elasticities are almost identical but diverge for larger price changes (Allen and Lerner, 1934). 

Nevertheless, in Appendix B, I show how arc elasticity values can be derived from point 

elasticity estimates for a range of price increases. For the domestic market response, which 

can involve large percentage increases in domestic energy prices, I derive arc elasticities 

 

10 Even for the arc elasticity, there are several formulations that can be used, as noted by Morrill (1983), and 
the choice of formulation often depends on “priorities or preferences”. For Equation [22] and [23], a choice 
was made on the form of the arc elasticity with the aim of simplifying the procedure of symbolically solving 
the system of equations. 
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from my point elasticity estimates (see Appendix B). For the international market response, 

which involves only small percentage changes in Saudi fuel exports, the arc and point 

elasticities converge. 

Solving the system of Equation [22] and Equation [23] gives symbolic solutions for 𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘 

and 𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘, which are shown by Equation [24] and Equation [25]. Given the length of the 

symbolic solutions, the parameters 𝜏, 𝜙, and 𝜔 have been defined to simplify them. These 

parameters are given in Equation [26], Equation [27], and Equation [28]. 

𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘 = 𝐸𝑡,𝑏

𝑗,𝑘 𝜏𝑡
𝑗,𝑘

𝜙𝑡
𝑗,𝑘 [24] 

𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 = 𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓

𝑗,𝑘 𝜔𝑡
𝑗,𝑘

𝜙𝑡
𝑗,𝑘 [25] 

Where, 

𝜏𝑡
𝑗,𝑘 = 1 +

𝜁𝑗,𝑘

𝑃𝑡,𝑏
𝑗,𝑘 (𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓

𝑗,𝑘 +
𝜇𝑡

𝑗,𝑘𝐸𝑡,𝑏
𝑗,𝑘𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓

𝑗,𝑘

𝑋𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘𝜂𝑗,𝑘

− 𝑃𝑡,𝑏
𝑗,𝑘) [26] 

𝜙𝑡
𝑗,𝑘 = 1 + (

𝜇𝑡
𝑗,𝑘𝜁𝑗,𝑘𝐸𝑡,𝑏

𝑗,𝑘𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘

𝑋𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘𝜂𝑗,𝑘𝑃𝑡,𝑏

𝑗,𝑘 ) [27] 

𝜔𝑡
𝑗,𝑘 = 1 + (

𝜇𝑡
𝑗,𝑘𝜁𝑗,𝑘𝐸𝑡,𝑏

𝑗,𝑘

𝑋𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘𝜂𝑗,𝑘

) [28] 

Several interesting features can be observed in Equations [24] through [28]. When the 

domestic price elasticity of energy demand is zero (i.e., 𝜁𝑗,𝑘 = 0), domestic consumers do 

not respond to higher energy prices, and the parameters 𝜏𝑡
𝑗,𝑘 and 𝜙𝑡

𝑗,𝑘 become equal to 

one, such that the level of domestic energy consumption following full energy subsidy 

reform remains unchanged (i.e., 𝐸𝑡,𝑟𝑒𝑓
𝑗,𝑘= 𝐸𝑡,𝑏

𝑗,𝑘). Similarly, when domestic consumers do 

not respond to higher domestic energy prices, the parameters 𝜔𝑡
𝑗,𝑘 and 𝜙𝑡

𝑗,𝑘 also become 

equal to one, such that the international fuel price after full subsidy reform remains 

unchanged (i.e., 𝑃𝑡,𝑟𝑒𝑓
𝑗,𝑘 = 𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓

𝑗,𝑘) since there are no additional fuel exports.  

Plugging Equation [24] and Equation [25] into Equation [21] yields Equation [29], which 

relates the subsidy or fiscal impact of full energy subsidy reform to the initial quantity 

consumed, the initial prices before reform, and the two elasticities. 
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𝑆𝑡
𝑗,𝑘 = 𝐹𝐼𝑡

𝑗,𝑘 = (𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘 𝜔𝑡

𝑗,𝑘

𝜙𝑡
𝑗,𝑘) (𝐸𝑡,𝑏

𝑗,𝑘 𝜏𝑡
𝑗,𝑘

𝜙𝑡
𝑗,𝑘 + 𝜇𝑡

𝑗,𝑘 (𝐸𝑡,𝑏
𝑗,𝑘 − 𝐸𝑡,𝑏

𝑗,𝑘 𝜏𝑡
𝑗,𝑘

𝜙𝑡
𝑗,𝑘)) −

𝑃𝑡,𝑏
𝑗,𝑘𝐸𝑡,𝑏

𝑗,𝑘 + (𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘 𝜔𝑡

𝑗,𝑘

𝜙𝑡
𝑗,𝑘 − 𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓

𝑗,𝑘) 𝑋𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘 [29] 

Further simplification yields: 

𝑆𝑡
𝑗,𝑘 = 𝐹𝐼𝑡

𝑗,𝑘 = (𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘 𝜔𝑡

𝑗,𝑘

𝜙𝑡
𝑗,𝑘) (

𝜏𝑡
𝑗,𝑘

𝜙𝑡
𝑗,𝑘 + 𝜇𝑡

𝑗,𝑘 (1 −
𝜏𝑡

𝑗,𝑘

𝜙𝑡
𝑗,𝑘)) 𝐸𝑡,𝑏

𝑗,𝑘 − 𝑃𝑡,𝑏
𝑗,𝑘𝐸𝑡,𝑏

𝑗,𝑘 +

(𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘 𝜔𝑡

𝑗,𝑘

𝜙𝑡
𝑗,𝑘 − 𝑃𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓

𝑗,𝑘) 𝑋𝑡,𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑟𝑒𝑓
𝑗,𝑘 [30] 

To summarize, Equation [30] allows for the estimation of the subsidy or fiscal impact of full 

energy subsidy reform for any traded fuel in an energy-exporting country like Saudi Arabia, 

while allowing the international fuel price and domestic quantity consumed to change in 

response to reform. This approach results in a more realistic estimate of the fiscal impact 

by highlighting how a reduced international fuel price may impact the fiscal revenue of a 

fuel-exporting country like Saudi Arabia. It can be easily shown that if the domestic or 

international market responses are zero, then Equation [30] collapses into the familiar 

price-gap equation that I started with, which is Equation [15]. 

3.6 Data 

The same IEA (2021) energy consumption data, which was used in the energy demand 

modelling exercise in Chapter 2, was also used for the energy subsidy reform impact 

analysis. Similarly, the same domestic energy price dataset that I constructed for the 

energy demand modelling exercise was also used. 

Various sources were combined to obtain reference prices that cover all energy products in 

Saudi Arabia. For crude oil, Brent oil spot prices were obtained from the EIA (2024a) and 

used as reference prices. For oil products, including gasoline, diesel, kerosene, and LPG 

(specifically propane), US spot prices, also obtained from the EIA (2024b), were used as 

reference prices. For heavy fuel oil, US residual fuel oil wholesale prices from the EIA 

(2024c) were used as reference prices. For electricity, which is largely untraded, the 

deregulated electricity production cost from Matar and Anwer (2017), which is 0.0777 USD 
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per kWh, was used as the reference price. For natural gas, which is also not traded in Saudi 

Arabia, the marginal cost of producing non-associated gas in Saudi Arabia was used as the 

reference price for methane (Alyousef and Stevens, 2011), which is 4 USD per million British 

thermal units (mmBtu). For ethane, an additional 0.5 USD per mmBtu was added to its 

reference price to account for processing costs. 

For the welfare analysis, Saudi-specific external costs per unit of fuel consumption were 

obtained from the IMF (2024), which represent updated estimates from the original study by 

Parry et al. (2014). However, there were some gaps in the IMF (2024) external cost data, so 

the following assumptions were made to extend the external cost data to all energy products 

in Saudi Arabia. For the consumption of crude oil and other oil products in the industrial 

sector, the externality is set equal to the IMF’s (2024) externality for other oil products. For 

electricity, the IMF only provides externalities for coal use in the power sector and gas use 

in the power sector. However, Saudi Arabia uses both oil and gas to generate its electricity. 

Historically, oil has accounted for most of the Saudi power sector’s fuel consumption, but 

the country is currently transitioning towards using more gas in its power sector (EIA, 2025b). 

Since the emission factors for oil tend to be somewhere between those of natural gas and 

coal, the externality for power generation in Saudi Arabia was estimated by taking an 

average of the IMF’s natural gas and coal externalities for power. This average was then 

combined with data on the average thermal efficiency of Saudi power plants in 2018 (SEC, 

2019) to approximate the externality for electricity in Saudi Arabia. For fuels used as 

feedstock, which do not undergo combustion but can release CO2 emissions through 

chemical transformation processes, I follow Metcalf (2017) by assuming that one-third of the 

potential carbon emissions get released. I therefore set the externality associated with 

natural gas feedstock to be equal to one-third of the CO2 externality associated with natural 

gas combustion in the industrial sector. For all other feedstocks, most of which are propane 

and butane, which are chemically similar to natural gas, I set their externality equal to that 

of natural gas as a feedstock.  

The impact analysis also required conversion factors to convert energy quantities between 

different units, which were obtained from the IEA (2005). CO2 emission factors were also 

needed to quantify the emission reductions and were obtained from the EIA (2024d). 
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To analyze the fiscal impacts of energy subsidy reform, additional data were needed. 

Annual export data for Saudi fuels were obtained from GASTAT (2022).The domestic 

energy demand elasticities were taken from Chapter 2, while the elasticities of the 

international fuel price with respect to Saudi fuel exports were informed by the range of 

values estimated by Karanfil and Pierru (2021) and Blazquez et al. (2020).  

Karanfil and Pierru (2021) estimated the elasticity of international demand for Saudi oil 

exports with respect to the international oil price (𝜂) by employing a partial equilibrium 

framework and then deriving equations for that elasticity. Their framework positioned Saudi 

Arabia as a major oil producer that considers the impacts of its exports on the international 

oil price when making decisions on how much to export, alongside non-Saudi producers 

and the world as a source of demand. Karanfil and Pierru (2021) then derived an equation 

that linked the elasticity of international demand for Saudi oil exports with respect to the 

international oil price to three elasticities: 1) the global oil demand elasticity, 2) the supply 

elasticity of non-Saudi oil producers, and 3) the domestic price elasticity of fuel demand in 

Saudi Arabia. Karanfil and Pierru (2021) then calculated the elasticity of international 

demand for Saudi oil exports with respect to the international oil price by using estimates 

of those three elasticities from the literature: For the global oil demand elasticity, they 

obtained it from the IMF (2011a). For the supply elasticity of non-Saudi oil producers, they 

obtained it from Caldara et al. (2019), who used instrumental variable regressions to obtain 

their estimate. For the domestic demand elasticity, they used an estimate by Atalla et al. 

(2018), who employed the STSM to obtain their estimate, which is also the same method 

used in Chapter 2. By plugging these estimates from the literature into their equations, 

Karanfil and Pierru (2021) calculated the elasticity of demand for Saudi oil exports with 

respect to the international oil price to be -6.12 in the long run. Taking the inverse (1/𝜂) 

demonstrates that the elasticity of the international oil price with respect to Saudi oil 

exports is -0.16 in the long run. The value of -0.16 implies that a 10% increase in Saudi oil 

exports would result in a 1.6% decrease in the international oil price.  

Using a general equilibrium model, Blazquez et al. (2020) estimated that a one-barrel 

increase in Saudi oil exports “would generate an incremental revenue equal to 79% of the 

international market price,” but their estimate was very specific to the context of their study. 
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Beyond the studies by Karanfil and Pierru (2021) and Blazquez et al. (2020), there appear 

to be no other estimates of the elasticity of international demand for Saudi oil exports with 

respect to the international oil price in the literature. 

The elasticities from the literature described above were estimated specifically for Saudi oil 

exports. Since Saudi Arabia is a smaller exporter of refined oil products, the elasticity of 

the international fuel price with respect to Saudi fuel exports may be smaller for those 

products. To better understand the potential range of values for this elasticity across 

refined oil products, the ratio of Saudi crude oil exports to global crude oil consumption 

was compared to the corresponding ratios for oil products using Saudi export data from 

GASTAT (2022) and world oil consumption data from the EIA (2024e). The results are 

shown in Table 11, which reveals that Saudi Arabia is a larger exporter of crude oil than of 

refined oil products, but that its oil product exports are still generally significant. As a result, 

the elasticity of the international fuel price with respect to Saudi fuel exports is expected to 

be smaller than the value of -0.16 that was estimated by Karanfil and Pierru (2021) for 

crude oil specifically. Given the absence of other elasticity estimates in the literature, I 

present the fiscal impacts for ranges of elasticity values, which are informed by Karanfil 

and Pierru (2021), Blazquez et al. (2020), and the analysis in Table 11. 
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Table 11 Ratio of Saudi fuel exports to global fuel consumption in 2018. 

Fuel 
Saudi fuel exports 

(million barrels) 

World fuel 
consumption 

(million barrels) 
Ratio 

Crude oil 2,693.2 36,523.7 7.4% 

Gasoline 120.3 9,562.3 1.3% 

Diesel 303.4 10,329.1 2.9% 

Kerosene (including 
jet fuel) 

2.5 2,578.4 0.09% 

LPG 81.2 3,560.9 2.3% 

Fuel oil 72.3 2,397.7 3.0% 

Note: World crude oil consumption was obtained from the EIA (2024e) using the data point for 

world consumption of refined petroleum products, which includes the world consumption of 

gasoline, kerosene (including jet fuel), diesel, fuel oil, LPG, and other petroleum liquids. 

3.7 Results 

3.7.1 Welfare impact analysis results 

Using my estimated price elasticities from Chapter 2, I quantify the actual impacts of 

implemented energy subsidy reforms in Saudi Arabia and the potential impacts of further 

reforms if they were to be implemented. My analysis is done using both short- and long-run 

price elasticities. Since the long-run elasticities are generally larger, the welfare gains are 

also larger in the long run. (A larger price elasticity implies a stronger consumer response, 

which in turn implies that the provision of a subsidy leads to a larger increase in inefficient 

or wasteful energy consumption.) In the discussion that follows, although both sets of results 

are presented, only the long-run results are discussed.  

The welfare analysis rests on comparing deadweight loss and external costs (and the sum 

of the two, which represents the total welfare change) between pairs of scenarios. To 

measure the actual impacts of the implemented partial reforms, I compare the deadweight 

loss and external costs in the actual scenario, in which energy prices were partially reformed 
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by the Saudi government in 2016 and 2018, to a counterfactual baseline scenario in which 

domestic energy prices were never reformed and continued at their 2015 nominal price 

levels (see Table 12). To measure the potential impacts of further reform, I compare the 

deadweight loss and external costs of the actual scenario to another counterfactual scenario 

in which domestic energy prices are fully reformed and set equal to their reference prices in 

each year (see Table 13). I conduct this welfare analysis for each energy product in each 

end-use sector for each year between 2016 and 2018. For energy products with no 

estimated final models, I use the elasticities from the estimated total/aggregate sectoral 

models to ensure complete coverage. 

Table 12 Illustrative gasoline prices across the two scenarios used to analyze the actual impacts of 

the implemented partial energy subsidy reforms. 

 Year 
Nominal 91-octane gasoline price in SR 

per litre (used for scenario illustration) 

Actual scenario: 
partial energy price reforms 
implemented in 2016 and 
2018 

2015 0.45 

2016 0.75 

2017 0.75 

2018 1.37 

Counterfactual baseline 
scenario: 
partial energy price reforms 
never implemented 

2015 0.45 

2016 0.45 

2017 0.45 

2018 0.45 + 5% VAT 

 

Notes: SR = Saudi Riyal; VAT = value added tax. The 91-octane gasoline price is used for scenario 

illustration. The same approach is applied to the prices of all energy products under each scenario. 

The actual 2018 prices include the 5% VAT, which was also added to the prices in 2018 under the 

counterfactual scenario. Sources of energy prices discussed in section 2.4. 
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Table 13 Illustrative gasoline prices across the two scenarios used to analyze the potential impacts 

of future full energy subsidy reforms 

 Year 
Nominal 95-octane gasoline price in SR 

per litre (used for scenario illustration) 

Actual scenario:  
partial energy price reforms 
implemented in 2016 and 
2018 

2015 0.45 

2016 0.75 

2017 0.75 

2018 1.37 

Counterfactual full reform 
scenario: 
full energy price reforms 
implemented each year 

2015 1.60 

2016 1.38 

2017 1.62 

2018 1.91 + 5% VAT 

Notes: SR = Saudi Riyal; VAT = value added tax. The 91-octane gasoline price is used for scenario 

illustration. The same approach is applied to the prices of all energy products under each scenario. 

The actual 2018 prices include the 5% VAT, which was also added to the prices in 2018 under the 

counterfactual scenario. Sources of energy prices discussed in sections 2.4 and 3.6. 

I find significant gains from the two partial waves of energy subsidy reform implemented by 

the Saudi government in 2016 and 2018 (see Table 14). My long-run analysis reveals that 

the 2016 reform delivered a total reduction in deadweight loss of around 3.4 billion 2010 

USD in that year. Moreover, it delivered a 10.6 billion 2010 USD reduction in external costs. 

Summing both reductions yields the total welfare gain, at 14.0 billion 2010 USD11, with diesel 

for transport accounting for the largest share, followed by industrial fuel oil, transport 

gasoline, and industrial natural gas. The total welfare gain increased slightly in 2017, to 15.9 

 

11 Numbers may not always sum up due to rounding. 
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billion 2010 USD, even though domestic energy prices did not change between 2016 and 

2017.12 In 2018, as the second wave of energy subsidy reform took place, the total welfare 

gain jumped to 21.9 billion 2010 USD, as the welfare analysis picks up the combined impacts 

of both the 2016 and 2018 reforms. This total welfare gain in 2018 represents around 3% of 

real Saudi GDP in that year and is made up of a 6.4 billion 2010 USD reduction in 

deadweight loss and a 15.4 billion 2010 USD reduction in external costs.  

The welfare gains for each energy product in each sector depend on several factors. One 

important factor is the quantity of energy consumed. The greater the consumption of an 

energy product, the larger the welfare gain from energy subsidy reform, which explains why 

the welfare gains are larger for gasoline and diesel in the transport sector and natural gas 

and fuel oil in the industrial sector. The size of the price increase is another crucial factor, 

as larger price increases result in larger welfare gains. In 2018, the price increases were 

largest on residential electricity and gasoline, explaining the larger increases in welfare 

associated with both energy products in 2018. The size of the price elasticity also plays an 

essential role: the more elastic demand is for a product, the bigger the welfare gain from 

energy subsidy reform. Finally, the per-unit external cost estimates also influence the size 

of the reductions in external costs and thus the size of the welfare gains. Larger negative 

externalities yield larger welfare gains from energy subsidy reform. 

The welfare results are in line with a few previously published results. For example, Atalla 

et al. (2018) measured the welfare gain from the 2016 gasoline price reform to be 1.7 billion 

2010 USD, only a bit smaller than my estimated value of 2.2 billion 2010 USD. The difference 

is likely due to my larger price elasticity (Atalla et al.'s estimation period ended in 2015) and 

the updated per-unit external cost estimates used in this thesis. In contrast, Aldubyan and 

Gasim (2021) estimated the welfare gain due to the 2018 wave of gasoline price reform to 

be 2.3 billion 2010 USD, while I estimated a welfare gain of 6.1 billion 2010 USD. However, 

my welfare calculation for 2018 captures the combined welfare gain due to both the 2016 

and 2018 gasoline price increases. 

 

12 While domestic energy prices in 2017 were the same as in 2016, the quantity of energy consumed, the 
energy products’ reference prices, and the size of the associated externalities vary year to year, affecting the 
annual welfare calculations. 
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I also demonstrate that greater welfare gains could have been realized if further energy 

subsidy reforms were implemented in the past, until domestic prices were 100% equal to 

reference prices in each year (see Table 14). I find that in 2016, further energy subsidy 

reform could have resulted in an additional 3.7 billion 2010 USD reduction in deadweight 

loss and an 18.9 billion 2010 USD reduction in externalities, yielding a potential total welfare 

gain of 22.6 billion 2010 USD. (This gain is calculated by comparing the actual scenario of 

2016 partially reformed prices to a counterfactual scenario in which prices were fully 

reformed in 2016.) In 2018, despite the implementation of a second wave of partial reform, 

further energy subsidy reform in that year could have resulted in a 6.5 billion 2010 USD 

reduction in deadweight loss and a 24.2 billion 2010 USD reduction in externalities, yielding 

a potential total welfare gain of 30.7 billion 2010 USD. (This gain is calculated by comparing 

the actual scenario of 2018 partially reformed prices to a counterfactual scenario in which 

prices were fully reformed in 2018.) Despite domestic energy prices in 2018 being higher 

than in 2016, the potential welfare gains from further reforms were larger in 2018 as 

international oil prices were also relatively higher, increasing the gap between reference and 

actual domestic prices in 2018 in the welfare calculations. Furthermore, per-unit externality 

estimates by the IMF, which were inputs to the analysis, also increased in 2018. In summary, 

my analysis shows that although significant welfare gains have already been achieved 

through past energy subsidy reforms, there remain even larger welfare gains to be unlocked 

through further reforms. However, further increases in energy prices will likely be politically 

challenging to implement. 

Table 15 shows the results using the short-run elasticities. On average, the welfare gains 

from the short-run analysis appear to be 70%-80% of the size of the welfare gains from the 

long-run analysis, suggesting that most of the gains can be achieved relatively quickly.  

The energy price increases, and their associated welfare impacts, varied across energy 

products between the 2016 and 2018 waves of energy subsidy reform, raising an 

interesting question about the optimal rate of reform. Looking at it from the simple 

perspective of maximizing social welfare, fully removing energy subsidies in 2016 would 

have been the optimal decision. However, this does not consider other important factors, 

such as political feasibility and the pain consumers and businesses would face in the 



 

122 

 

short-term as they adjust to such a shock. This explains why the Saudi government 

adopted a phased approach to energy subsidy reform. The Saudi government likely had to 

strike a balance between energy subsidy reform’s fiscal gains, their negative impacts on 

households, and their negative impacts on industrial competitiveness. These factors likely 

influenced when each wave of energy subsidy reform was implemented, which energy 

products were targeted, and how large the energy price increases were. Furthermore, to 

maximize the welfare gains from its phased approach, the Saudi government may have 

also considered the relative importance of each energy product and the potential fiscal and 

economic gains from its reform. The first wave of energy subsidy reform in 2016 targeted 

all energy products, including those in the transport, industrial, and residential sectors, 

without compensation or mitigation mechanisms. Although the energy price increases in 

2016 were large in percentage terms, they were implemented on relatively low energy 

price levels. This likely reduced the need for compensation mechanisms, which also take 

time to design. Furthermore, the large budget deficit recorded in 2015 (SAMA, 2020) 

following the collapse in international oil prices probably necessitated quick fiscal action to 

raise government revenue. The second wave of energy subsidy reform in 2018 appeared 

to target energy products used by households and was implemented only after the launch 

of the Citizen's Account program to compensate eligible households (Arab News, 2017; 

Fiscal Balance Program, 2018). The Saudi government appears to have had more time to 

prepare for the 2018 reform, allowing it to design and launch its comprehensive 

compensation scheme. The scheme allowed the Saudi government to again implement 

large energy price increases in percentage terms, especially on household energy 

products like gasoline and residential electricity. Furthermore, unlike in 2016, the energy 

price increases in 2018 were implemented on relatively higher energy price levels, likely 

making them appear more significant from the perspective of households. On the other 

hand, the energy price increases in 2018 on industrial fuels were limited, presumably 

because there was no mechanism yet to mitigate the negative impacts on industrial 

competitiveness. However, since then, the government has continued to implement minor 

gradual energy price increases, with recent reforms in 2024 and 2025 affecting some 

industrial fuel and feedstock prices (Riyad Capital, 2024; Arab News, 2025; Aljazira 

Capital, 2025). 
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Table 14 The actual and potential welfare impacts of energy subsidy reform using the long-run price elasticities. 

Notes: All monetary values in units of billion 2010 USD. 

End-use sector: 
   Energy product 

Actual impacts of implemented energy subsidy reforms  
(moving from pre-reform prices to baseline reformed prices) 

Potential impacts of further energy subsidy reforms  
(moving from baseline reformed prices to fully reformed prices) 

Reduction in 
deadweight loss  

Reduction in 
externalities  

Total welfare gain 
Reduction in 

deadweight loss  
Reduction in 
externalities  

Total welfare gain 

2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 

Transport                   

   Gasoline 0.4 0.6 1.4 1.8 2.0 4.7 2.2 2.6 6.1 0.2 0.4 0.1 2.1 3.0 1.3 2.3 3.4 1.4 

   Diesel 1.1 1.3 1.7 4.5 4.5 4.5 5.6 5.9 6.3 0.9 1.3 2.1 6.6 7.6 8.9 7.4 8.9 11.0 

   Kerosene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 

Residential                   

   LPG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

   Electricity 0.1 0.1 0.7 0.1 0.1 0.9 0.2 0.2 1.6 1.0 1.1 0.4 1.6 1.8 0.5 1.0 1.1 0.4 

Commercial & 
governmental 

                  

   Electricity 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.2 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.1 0.0 

Industrial                   

   Natural gas 0.8 0.7 0.8 1.1 1.1 1.2 2.0 1.8 2.0 1.6 1.5 1.7 2.3 2.1 2.3 1.6 1.5 1.7 

   Crude oil 0.1 0.0 0.0 0.2 0.1 0.1 0.2 0.1 0.1 0.7 0.3 0.3 0.8 0.4 0.5 0.7 0.3 0.3 

   Diesel 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.5 0.5 0.5 0.6 0.7 0.6 0.5 0.5 0.5 

   Heavy fuel oil 0.5 1.0 1.3 2.4 3.5 3.5 2.9 4.5 4.8 6.2 10.1 10.9 7.1 12.2 13.9 6.2 10.1 10.9 

   Electricity 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.2 

Feedstock / non-energy 
use 

                  

   Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

   Ethane 0.2 0.2 0.2 0.1 0.1 0.1 0.3 0.3 0.3 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 

   LPG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

   Naphtha 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Totals 3.4 4.1 6.4 10.6 11.8 15.4 14.0 15.9 21.9 3.7 5.4 6.5 18.9 24.5 24.2 22.6 29.9 30.7 
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Table 15 The actual and potential welfare impacts of energy subsidy reform using the short-run price elasticities. 

Notes: All monetary values in units of billion 2010 USD. 

End-use sector: 
   Energy product 

Actual impacts of implemented energy subsidy reforms  
(moving from pre-reform prices to baseline reformed prices) 

Potential impacts of further energy subsidy reforms  
(moving from baseline reformed prices to fully reformed prices) 

Reduction in 
deadweight loss  

Reduction in 
externalities  

Total welfare gain 
Reduction in 

deadweight loss  
Reduction in 
externalities  

Total welfare gain 

2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 

Transport                   

   Gasoline 0.3 0.4 1.0 1.3 1.5 3.4 1.6 1.9 4.4 0.2 0.3 0.1 1.5 2.2 0.9 1.7 2.5 1.0 

   Diesel 1.0 1.2 1.6 4.1 4.2 4.2 5.2 5.4 5.8 0.8 1.2 2.0 6.2 7.2 8.4 7.0 8.4 10.3 

   Kerosene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 

Residential                   

   LPG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

   Electricity 0.1 0.1 0.7 0.1 0.1 0.9 0.2 0.2 1.6 0.7 0.7 0.1 1.0 1.1 0.4 1.6 1.8 0.5 

Commercial & 
governmental 

                  

   Electricity 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Industrial                   

   Natural gas 1.1 0.9 1.0 1.5 1.4 1.6 2.6 2.4 2.6 0.8 0.7 0.8 1.9 1.8 2.0 2.7 2.4 2.7 

   Crude oil 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.1 0.0 0.1 0.4 0.2 0.2 0.4 0.2 0.3 

   Diesel 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.5 0.5 0.5 0.6 0.7 0.6 

   Heavy fuel oil 0.2 0.4 0.6 0.0 1.6 1.6 0.2 2.0 2.2 0.5 1.1 1.7 3.5 5.8 6.3 3.9 6.9 8.0 

   Electricity 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.2 0.2 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.2 0.2 

Feedstock / non-energy 
use 

                  

   Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

   Ethane 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

   LPG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

   Naphtha 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Totals 2.9 3.3 5.2 7.4 9.1 12.0 10.3 12.4 17.1 3.1 4.3 4.9 15.0 18.9 18.9 18.2 23.2 23.8 
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3.7.2 Emission impact analysis results  

My analysis reveals that the 2016 and 2018 waves of energy subsidy reform delivered 

significant reductions in CO2 emissions, as shown in Table 16. Using the long-run price 

elasticities, I find that the 2016 reform delivered 51.3 Mt of avoided CO2 emissions annually. 

This value fell slightly to 49.6 Mt in 2017, before rising to 66.5 Mt in 2018 as the second 

reform ensued. The avoided emissions in 2018, due to the combined effect of both waves 

of subsidy reform, represented around 11% of actual energy-related CO2 emissions in Saudi 

Arabia in that year (BP, 2020). They also represent almost one-half of the original target 

Saudi Arabia had submitted in 2015 for its first NDC, when it had announced its aim "to 

achieve mitigation co-benefits ambitions of up to 130 million tons of CO2eq avoided by 2030 

annually" (Kingdom of Saudi Arabia, 2015).  

My analysis also highlights the potential contributions of further energy subsidy reforms. In 

2021, Saudi Arabia updated its NDC, increasing its target from 130 to 278 MtCO2eq of 

avoided emissions annually by 2030 (Kingdom of Saudi Arabia, 2021). My analysis reveals 

that had Saudi Arabia implemented further reforms in 2016, until all domestic energy prices 

were 100% equal to reference prices in that year, then it could have unlocked an additional 

93.0 Mt of avoided CO2 emissions in 2016. This value would have grown to 102.6 Mt in 

2017, before falling to 94.9 Mt in 2018, as the implementation of the second wave of partial 

reform in 2018 absorbs some of the potential reductions that are possible from full reform. 

My results thus demonstrate that fully reforming domestic energy subsidies could have been 

enough to meet Saudi Arabia’s first NDC target, but that full energy subsidy reform alone 

(using 2018 reference prices for example) would only have delivered about one-third of the 

updated NDC target. Although the avoided emissions due to full energy subsidy reform will 

likely grow as domestic energy consumption increases, my analysis suggests that 

policymakers in Saudi Arabia will need to explore other policies in addition to energy subsidy 

reform to achieve their climate targets.13 

Table 17 shows the results using the short-run elasticities. On average, the emission 

reductions from the short-run analysis appear to be between 80% and 90% of the size of 

the reductions estimated using the long-run elasticities, suggesting that most of the 

 

13 While the main driver of energy subsidy reform in Saudi Arabia has been fiscal, the resource sustainability 
and climate change mitigation co-benefits appear to be becoming increasingly important. 
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environmental gains from energy subsidy reform in Saudi Arabia can be achieved relatively 

quickly.  

My estimates of avoided emissions are also sensitive to the reference prices. In 2018, 

international fuel prices were relatively low. For example, the Brent oil spot price was 71.3 

USD per barrel, while in 2022 it was 100.9 USD per barrel. Full energy subsidy reform, using 

2022 reference prices and 2018 energy consumption quantities, would have resulted in 

110.7 Mt of avoided CO2 emissions in that year, compared to a value of 94.9 Mt using 2018 

reference prices. In conclusion, higher international fuel prices will increase the gap 

between domestic prices and reference prices, thereby allowing energy subsidy reform to 

generate greater emission reductions. In contrast, lower international fuel prices will reduce 

the potential emission reductions that can be achieved through subsidy removal. 

Table 16 The annual avoided CO2 emissions (in million tonnes) from actual and potential energy 

subsidy reforms using the long-run price elasticities. 

End-use sector: 
   Energy product 

Actual CO2 emissions avoided due to 
implemented subsidy reforms 

(moving from pre-reform prices to baseline 
reformed prices) 

Potential CO2 emissions avoided by 
further subsidy reforms 

(moving from baseline reformed prices to fully 
reformed prices) 

2016 2017 2018 2016 2017 2018 

Transport:       

Gasoline 5.7 5.8 13.0 6.5 8.5 3.5 

Diesel 12.8 11.9 11.4 18.8 20.0 22.4 

Kerosene 0.2 0.2 0.2 0.4 0.5 0.5 

Residential:       

LPG 0.0 0.0 0.0 -0.2 0.0 0.1 

Electricity 1.5 1.1 9.7 12.7 13.0 4.6 

Commercial & governmental:       

Electricity 1.1 1.1 1.4 0.6 0.6 0.4 

Industrial:       

Natural gas 17.0 14.1 15.5 23.7 19.6 21.7 

Crude oil 0.7 0.3 0.3 2.4 1.0 1.1 

Diesel 0.6 0.5 0.5 1.9 1.8 1.5 

Heavy fuel oil 9.1 12.0 11.6 23.4 34.5 35.7 

Electricity 1.1 1.1 1.2 1.5 1.6 1.7 

Non-energy (feedstock):       

Natural gas 0.1 0.1 0.1 0.2 0.2 0.2 

Ethane 1.3 1.4 1.4 1.3 1.3 1.4 

LPG 0.0 0.1 0.0 -0.1 0.0 0.0 

Naphtha 0.1 0.1 0.1 -0.2 0.0 0.0 

Total 51.3 49.6 66.5 93.0 102.6 94.9 
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Table 17 The annual avoided CO2 emissions (in million tonnes) from actual and potential energy 

subsidy reforms using the short-run price elasticities. 

End-use sector: 
   Energy product 

Actual CO2 emissions avoided due to 
implemented subsidy reforms 

(moving from pre-reform prices to baseline 
reformed prices) 

Potential CO2 emissions avoided by 
further subsidy reforms 

(moving from baseline reformed prices to fully 
reformed prices) 

2016 2017 2018 2016 2017 2018 

Transport:       

Gasoline 4.2 4.3 9.4 4.9 6.3 2.6 

Diesel 11.9 11.0 10.6 17.7 18.8 21.1 

Kerosene 0.2 0.2 0.2 0.4 0.5 0.5 

Residential:       

LPG 0.0 0.0 0.0 -0.2 0.0 0.1 

Electricity 1.5 1.1 9.7 12.7 13.0 4.6 

Commercial & governmental:       

Electricity 0.0 0.0 0.0 0.0 0.0 0.0 

Industrial:       

Natural gas 22.6 18.7 20.6 27.7 23.0 25.4 

Crude oil 0.3 0.1 0.1 1.3 0.6 0.6 

Diesel 0.6 0.5 0.5 1.9 1.8 1.5 

Heavy fuel oil 4.1 5.4 5.3 13.0 19.7 20.7 

Electricity 1.1 1.1 1.2 1.5 1.6 1.7 

Non-energy (feedstock):       

Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 

Ethane 0.0 0.0 0.0 0.0 0.0 0.0 

LPG 0.0 0.1 0.0 -0.1 0.0 0.0 

Naphtha 0.1 0.1 0.1 -0.2 0.0 0.0 

Total 46.5 42.5 57.6 80.6 85.2 78.9 

3.7.3 Sensitivity analysis: welfare and emission impacts 

The impacts of energy subsidy reform on welfare and emissions are highly dependent on 

the size of the price elasticity. Figure 8 and Figure 9 illustrate how the estimated size of 

the welfare gain and the emission reduction due to the energy subsidy reforms 

implemented in 2016 and 2018 vary with the price elasticity of energy demand, using 

gasoline as an example. At my estimated long-run gasoline price elasticity of -0.16, the 

welfare gain due to the implemented gasoline subsidy reforms is around 6 billion 2010 

USD. Using the assumed price elasticity of -0.5 used by Coady et al. (2015, 2017), this 

welfare gain rises to almost 23 billion 2010 USD. Using the even larger gasoline price 

elasticity assumed by Davis (2017), the welfare gain rises further to around 29 billion 2010 

USD. The implications on avoided CO2 emissions are arguably even larger. At my 

estimated long-run gasoline price elasticity of -0.16, the avoided CO2 emissions due to the 

implemented gasoline subsidy reforms are around 13 Mt. Using the assumed price 

elasticity of -0.5 used by Coady et al. (2015, 2017), this CO2 emission reduction rises to 
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48 Mt. Using the even larger gasoline price elasticity assumed by Davis (2017), the 

emission reduction rises further to over 60 Mt. This massive variation in the results of the 

impact analysis reinforces the need to accurately estimate unbiased price elasticities, as 

discussed in Chapter 2, instead of assuming a certain value for them.  

 

Figure 8 Welfare gain in 2018 due to implemented gasoline subsidy reform versus size of gasoline 

price elasticity. 

 

 

Figure 9 Avoided emissions in 2018 due to implemented gasoline subsidy reform versus size of 

gasoline price elasticity. 
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3.7.4 Fiscal impact analysis results 

Using my estimated price elasticities from Chapter 2, I quantify the actual fiscal impacts of 

the implemented partial energy subsidy reforms in Saudi Arabia and the potential fiscal 

impacts of further reforms (all the way up to the reference prices) if they were to be 

implemented. My analysis is done using both short- and long-run price elasticities.  

Using the price-gap equation and the variations of it that were introduced in Section 

3.5.3.1 and 3.5.3.2 of this chapter, and assuming that all the domestically saved fuel is 

exported (i.e., 𝜇𝑡
𝑗,𝑘 = 1), I estimate the fiscal impacts of the implemented partial energy 

subsidy reforms in Saudi Arabia. I find that these partial reforms generated a long-run 

fiscal revenue uplift of 10.5 billion 2010 USD in 2016, rising to 11.2 billion 2010 USD in 

2017 and up to 22.1 billion 2010 USD in 2018 after the second wave of partial reform took 

place. These results are shown in Table 18. According to SAMA (2020), total government 

revenues in Saudi Arabia in 2018 were 241.5 billion USD, or 203.7 billion 2010 USD when 

adjusted for inflation. Therefore, the implemented energy subsidy reforms contributed 

more than 10% of total government revenues in 2018, highlighting energy subsidy 

reform’s important role in promoting fiscal sustainability. Moreover, further energy subsidy 

reforms, if implemented in 2018, could have resulted in an additional fiscal gain of 30.3 

billion 2010 USD in that year, raising total government revenue by 15 percent. 

Table 19 shows the fiscal impacts using the short-run price elasticities. My short-run 

analysis reveals that the fiscal impacts from the partial energy subsidy reforms 

implemented in Saudi Arabia were slightly smaller than those estimated using the long-run 

price elasticities. This gap stems from the strength of the consumer response to higher 

fuel prices. For traded fuels like gasoline and diesel, a stronger response by domestic 

consumers following partial energy subsidy reform, where the partially reformed domestic 

price remains below the international market price, leads to greater fuel savings and thus 

a larger fiscal gain that can be achieved by exporting the saved fuel at the higher 

international market price. In the case of full energy subsidy reform, where the fully 

reformed domestic price is equal to the reference price, the consumer response no longer 

affects the fiscal gain as fuel is sold domestically and exported internationally at the same 

price, which is the international market price for traded fuels. Therefore, the potential fiscal 

impacts of further subsidy reforms, measured using short- or long-run elasticities, are 

equivalent. 
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On a final note, the revenue from selling fuel and electricity at higher energy prices 

following energy subsidy reform is not necessarily 100% government revenue. For 

example, since the Saudi government’s initial public offering for shares of Saudi Aramco, 

Saudi Arabia’s national oil company, the government’s ownership share has declined to 

97.62% of issued shares (Saudi Aramco, 2024). The Saudi government is also the major 

shareholder for the Saudi Electricity Company, the country’s primary electricity provider, 

and that share is around 80% (Aldubyan and Gasim, 2021). Therefore, most but not all the 

estimated revenue gains calculated using the price-gap equation and its many variations 

reflect government revenue gains. 

Table 18 The fiscal impacts (in billion 2010 USD) from actual and potential energy subsidy reforms 

using the long-run price elasticities. 

End-use sector: 
   Energy product 

Actual fiscal impacts of the implemented 
energy subsidy reforms 

(moving from pre-reform prices to baseline 
reformed prices in each year) 

Potential fiscal impacts of further subsidy 
reforms 

(moving from baseline reformed prices to fully 
reformed prices in each year) 

2016 2017 2018 2016 2017 2018 

Transport:       

Gasoline 2.6 2.8 8.4 4.4 6.3 3.7 

Diesel 2.4 2.5 2.9 5.2 6.5 8.9 

Kerosene 0.1 0.1 0.1 0.2 0.2 0.3 

Residential:       

LPG 0.0 0.0 0.0 -0.1 0.0 0.1 

Electricity 0.5 0.3 4.2 6.6 6.8 3.3 

Commercial & governmental:       

Electricity 1.4 1.4 1.9 0.9 0.9 0.6 

Industrial:       

Natural gas 1.3 1.1 1.2 2.1 1.7 2.0 

Crude oil 0.1 0.0 0.0 0.4 0.2 0.3 

Diesel 0.2 0.2 0.2 0.9 1.0 1.0 

Heavy fuel oil 0.6 1.2 1.5 2.5 5.2 6.9 

Electricity 0.5 0.6 0.6 1.0 1.1 1.2 

Non-energy (feedstock):       

Natural gas 0.1 0.1 0.1 0.5 0.5 0.5 

Ethane 0.7 0.8 0.8 1.4 1.4 1.5 

LPG 0.0 0.1 0.0 0.0 0.0 0.0 

Naphtha 0.1 0.1 0.1 -0.1 0.0 -0.1 

Total 10.5 11.2 22.1 25.8 31.9 30.3 
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Table 19 The fiscal impacts (in billion 2010 USD) from actual and potential energy subsidy reforms 

using the short-run price elasticities. 

End-use sector: 
   Energy product 

Actual fiscal impacts of the implemented 
energy subsidy reforms 

(moving from pre-reform prices to baseline 
reformed prices in each year) 

Potential fiscal impacts of further subsidy 
reforms 

(moving from baseline reformed prices to fully 
reformed prices in each year) 

2016 2017 2018 2016 2017 2018 

Transport:       

Gasoline 2.5 2.6 7.9 4.4 6.3 3.7 

Diesel 2.3 2.4 2.8 5.2 6.5 8.9 

Kerosene 0.1 0.1 0.1 0.2 0.2 0.3 

Residential:       

LPG 0.0 0.0 0.0 -0.1 0.0 0.1 

Electricity 0.5 0.3 4.2 6.6 6.8 3.3 

Commercial & governmental:       

Electricity 1.4 1.4 1.9 0.9 0.9 0.6 

Industrial:       

Natural gas 1.6 1.3 1.5 2.1 1.7 2.0 

Crude oil 0.0 0.0 0.0 0.4 0.2 0.3 

Diesel 0.2 0.2 0.2 0.9 1.0 1.0 

Heavy fuel oil 0.4 0.6 0.8 2.5 5.2 6.9 

Electricity 0.5 0.6 0.6 1.0 1.1 1.2 

Non-energy (feedstock):       

Natural gas 0.1 0.1 0.1 0.5 0.5 0.5 

Ethane 0.5 0.5 0.6 1.4 1.4 1.5 

LPG 0.0 0.1 0.0 0.0 0.0 0.0 

Naphtha 0.1 0.1 0.1 -0.1 0.0 -0.1 

Total 9.9 10.3 20.6 25.8 31.9 30.3 

3.7.5 How additional fuel exports influence the international market 

price and the fiscal impacts 

Using the method presented in Section 3.5.3.3, specifically Equation [30], I demonstrate 

how the potential fiscal impacts from further energy subsidy reform change when allowing 

domestic and international markets to respond to Saudi Arabia’s reform. I refer to these 

estimates of the fiscal impacts as the “refined” estimates. My analysis focuses on the six 

traded fuels in Saudi Arabia: gasoline, diesel, kerosene, fuel oil, LPG, and crude oil. To 

simplify the presentation of the results, they are shown in current USD for the year 2018 

only, in contrast to the previous results, which were shown for the 2016-2018 period and 

in units of constant 2010 USD. Moreover, my refined estimates for the fiscal impacts 

combine the consumption of the same fuels across different sectors (e.g., diesel for 

transport and diesel for industry are combined in the analysis). An assumption is made 

that all the domestically saved fuel is exported, such that 𝜇𝑡 = 1. 
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When the price elasticity of domestic fuel demand is zero, no additional fuel is freed up for 

export, so domestic demand and the international market price remain unchanged. As a 

result, the refined estimate obtained using Equation [30] is the same as the previously 

presented estimate derived from the price-gap equation. However, as the domestic price 

elasticity (𝜁) increases in absolute terms, removing the subsidy reduces domestic 

demand, resulting in domestic fuel savings that can be exported. Higher exports then 

lower the international fuel price, with the responsiveness of the international fuel price to 

additional Saudi fuel exports becoming stronger as the elasticity of the international fuel 

price with respect to Saudi exports (1/𝜂) increases. Table 20 shows the results obtained 

using the long-run domestic gasoline price elasticity estimated in Chapter 2 (𝜁 = −0.16) 

and the long-run elasticity of Saudi exports with respect to the international fuel price that 

was estimated by Karanfil and Pierru (2021) (𝜂 = −6.12, which implies that 1/𝜂 = −0.16). 

The results in Table 20 demonstrate that, at these specific elasticity values, the potential 

fiscal gain from full gasoline subsidy reform falls from 4.4 billion USD (this is the price-gap 

estimate, which is equal to 3.7 billion in constant 2010 USD, the value that was presented 

previously in Table 18) to 4.0 billion USD (the refined estimate) after accounting for the 

domestic and international market responses. 

The results, however, are highly sensitive to the values of the two elasticities. Figure 10 

shows the fiscal impact of full gasoline subsidy reform at a range of elasticities. Since the 

long-run elasticity of 1/𝜂 = −0.16  was estimated by Karanfil and Pierru (2021) for Saudi 

Arabia using crude oil data, and since Saudi exports of gasoline are relatively smaller that 

its crude oil exports (GASTAT, 2022), it is possible that the international fuel price 

elasticity may be smaller for gasoline. Therefore, I present the fiscal impacts for a wider 

range of international fuel price elasticities. Figure 10 shows that when the domestic and 

international market responses are zero, the fiscal impact is equal to the price-gap 

estimate of 4.4 billion USD (3.7 billion constant 2010 USD). However, as the elasticities 

rise above zero in absolute terms, the fiscal gain from full gasoline subsidy reform 

decreases because of domestic gasoline savings leading to additional Saudi gasoline 

exports that then depress the international gasoline price. For small international fuel price 

elasticities, the additional Saudi fuel exports have minimal impact on the international fuel 

price. However, as the international fuel price elasticity grows larger in absolute terms, 

additional Saudi exports have a bigger impact on the international fuel price, reducing the 

potential fiscal gain. At my estimated domestic gasoline price elasticity of -0.16 (equivalent 

to an arc elasticity of -0.14) and an international price elasticity of -0.05, the potential fiscal 
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gain from full gasoline subsidy reform in 2018 falls from 4.4 billion USD (the price-gap 

estimate) to only 4.3 billion USD. At an extreme international price elasticity of -0.50, the 

potential fiscal gain can fall to as low as 3.5 billion USD.  

Table 20 Fiscal gain from full gasoline subsidy reform in 2018 at specific estimated elasticities. 

Domestic annual gasoline consumption before full gasoline 
subsidy reform (million barrels) 

193.6 

Domestic annual gasoline consumption after full gasoline 
subsidy reform (million barrels) 

182.9 

Domestic annual gasoline savings (million barrels) 10.7 

Annual gasoline exports before full gasoline subsidy reform 
(million barrels) 

120.3 

Annual gasoline exports after full gasoline subsidy reform 
(million barrels) 

131.0 

International gasoline price before full gasoline subsidy reform 
(USD per barrel) 

85.2 

International gasoline price after full gasoline subsidy reform 
(USD per barrel) 

83.9 

Fiscal gain from gasoline subsidy reform without accounting for 
the domestic and international market responses  

[price-gap estimate] (billion USD) 
4.42 

Fiscal gain from gasoline subsidy reform after accounting for the 
domestic and international market responses 

[refined estimate] (billion USD) 
4.01 

Notes: The results shown above were obtained with the following elasticities: 

𝜁 = −0.16 and 1/𝜂 = −0.16. 
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Figure 10 Fiscal gain from full gasoline subsidy reform in 2018 at a range of elasticities. 

Figure 11 shows the fiscal impact of full diesel subsidy reform at a range of elasticities. 

When the domestic and international market responses are zero, the potential fiscal 

impact is equal to the price-gap estimate of 11.8 billion USD, which is made up of a 10.5 

billion USD fiscal gain due to transport diesel subsidy reform and a 1.2 billion USD fiscal 

gain due to industrial diesel subsidy reform. (For comparison to Table 18, the values are 

8.9 billion and 1.0 billion in constant 2010 USD.) At my estimated domestic diesel price 

elasticity of -0.29 (equivalent to an arc elasticity of -0.11) and an international price 

elasticity of -0.05, the potential fiscal gain from full diesel subsidy reform in 2018 falls from 

11.8 billion USD (the price-gap estimate) to 11.4 billion USD. At an extreme international 

price elasticity of -0.5, the potential fiscal gain can fall to as low as 4.4 billion USD. 
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Figure 11 Fiscal gain from full diesel subsidy reform in 2018 at a range of elasticities. 

Figure 12 shows the fiscal impact of full kerosene subsidy reform at a range of elasticities. 

When the domestic and international market responses are zero, the potential fiscal 

impact is equal to the price-gap estimate of 0.39 billion USD. At my estimated domestic 

kerosene price elasticity of -0.19 (equivalent to an arc elasticity of -0.12) and an 

international price elasticity of -0.05, the potential fiscal gain from full kerosene subsidy 

reform in 2018 falls from 0.39 billion USD (the price-gap estimate) to 0.36 billion USD. At 

an extreme international price elasticity of -0.3, the potential fiscal gain can fall to as low 

as 0.27 billion USD. 
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Figure 12 Fiscal gain from full kerosene subsidy reform in 2018 at a range of elasticities. 

Figure 13 shows the fiscal impact of full heavy fuel oil subsidy reform at a range of 

elasticities. When the domestic and international market responses are zero, the potential 

fiscal impact is equal to the price-gap estimate of 8.0 billion USD (or 6.9 billion at constant 

2010 USD). At my estimated domestic heavy fuel oil price elasticity of -0.14 (equivalent to 

an arc elasticity of -0.03) and an international price elasticity of -0.05, the potential fiscal 

gain from full heavy fuel oil subsidy reform in 2018 falls from 8.0 billion USD (the price-gap 

estimate) to 7.5 billion USD. At an extreme international price elasticity of -0.5, the 

potential fiscal gain can fall to as low as 4.2 billion USD. 
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Figure 13 Fiscal gain from full heavy fuel oil subsidy reform in 2018 at a range of elasticities. 

Figure 14 shows the fiscal impact of full LPG subsidy reform at a range of elasticities. 

Even when the domestic and international market responses are zero, the potential fiscal 

impact is very small, equal to only 0.14 billion USD (the price-gap estimate). At my 

estimated domestic industrial LPG price elasticity of -0.31 (equivalent to an arc elasticity of 

-0.29) and an assumed international price elasticity of -0.05, there is an insignificant 

decrease in the size of the fiscal impact. Even at an extreme international price elasticity 

of -1, the potential fiscal gain falls from 0.14 to only 0.08 billion USD. 
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Figure 14 Fiscal gain from full LPG subsidy reform in 2018 at a range of elasticities. 

Figure 15 shows the fiscal impact of full crude oil subsidy reform at a range of elasticities. 

When the domestic and international market responses are zero, the potential fiscal 

impact is equal to the price-gap estimate of 0.34 billion USD. At my estimated domestic 

crude oil price elasticity of -0.14 (equivalent to an arc elasticity of -0.03) and an 

international price elasticity of -0.16 (estimated by Karanfil and Pierru (2021) for crude oil 

specifically), the potential fiscal gain from full crude oil subsidy reform in 2018 falls from 

0.34 (the price-gap estimate) to only 0.32 billion USD. At an extreme international price 

elasticity of -1, the potential fiscal gain can fall to as low as 0.28 billion USD. 
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Figure 15 Fiscal gain from full crude oil subsidy reform in 2018 at a range of elasticities. 

Table 21 summarizes the results by comparing the price-gap estimates of the fiscal 

impacts to the refined estimates, using the price elasticities estimated in Chapter 2 

(converted into arc elasticities, as discussed in Appendix B14). The refined estimates in 

Table 21 are presented for two sets of international fuel price elasticities: the long-run 

value of 𝜂 = −0.16 that was estimated by Karanfil and Pierru (2021) specifically for crude 

oil and a more conservative value of 𝜂 = −0.05. The analysis demonstrates that the price-

 

14 As discussed in Appendix B, point and arc elasticities diverge for large percentage increases. In the case 
of the domestic fuel price elasticity, fuel subsidy reform leads to large percentage increases in domestic 
prices, which cause the point and arc elasticities to diverge. However, in the case of the international fuel 
price elasticity, fuel subsidy reform generally leads to small percentage increases in Saudi fuel exports, 
allowing the price and arc elasticities to converge.  
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gap method does indeed over-estimate the fiscal impacts of energy subsidy reform in 

Saudi Arabia. Although the method introduced in Section 3.5.3.3, which accounts for the 

domestic and international market responses to subsidy reform, produces a smaller total 

fiscal gain, the decrease is not very large when compared to the price-gap estimate, 

especially when using a more conservative international fuel price elasticity.  

Table 21 The fiscal impacts (in billion current USD) using the price-gap and refined method. 

Energy product 
(end-use sectors) 

Potential fiscal impacts of further subsidy reform 
(moving from baseline reformed prices to fully reformed prices) 

Price-gap estimate 
Refined estimate 

(at conservative international 
fuel price elasticity of -0.05) 

Refined estimate 
(at international fuel price 

elasticity of -0.16) 

Gasoline 
(transport) 

4.4 4.3 4.1 

Diesel (transport 
and industry) 

11.8 11.4 10.4 

Kerosene 
(transport) 

0.39 0.36 0.32 

LPG (residential 
and transport) 

0.14 0.14 0.13 

Heavy fuel oil 
(industry) 

8.0 7.5 6.4 

Crude oil (industry) 0.34 0.33 0.32 

Total fiscal gain 25.1 24.0 21.7 

% decrease 
relative to price-
gap estimate 

0% -4.1% -13.6% 

 

3.8 Conclusion 

Using the estimated price elasticities from Chapter 2, I was able to conduct a 

comprehensive analysis of the economic, environmental, and fiscal impacts of energy 

subsidy reform in Saudi Arabia. Although the general inelasticity of energy demand in 

Saudi Arabia may suggest that energy price increases do not affect demand significantly, 

thereby yielding only small benefits, I find the opposite to be true, mainly due to the extent 

of the domestic price increases that occurred and the scope for further energy price 

increases. For example, the 95-octane gasoline price increased by around 240% between 

2015 and 2018. Even with a small price elasticity of -0.1, such a price change delivers a 
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24% reduction in gasoline consumption, all else equal, thereby yielding considerable 

economic, environmental, and fiscal benefits. 

I find significant welfare gains from the two waves of partial energy subsidy reform 

implemented by the Saudi government in 2016 and 2018. My long-run analysis reveals 

that in 2018 the reforms produced a total annual welfare gain of 21.9 billion 2010 USD, 

which is made up of a 6.4 billion 2010 USD reduction in deadweight loss and a 15.4 billion 

2010 USD reduction in external costs. These external costs, which are associated with 

fuel and electricity consumption, include CO2 emissions, local air pollution, and, in the 

case of transport fuels, congestion, accidents, and road damages. The total welfare gain 

in 2018 represents around 3% of real Saudi GDP in that year, highlighting the significant 

economic gains that have been achieved in Saudi Arabia through energy subsidy reform. 

The climate change mitigation co-benefits of energy subsidy reform in Saudi Arabia are 

also important. My analysis reveals that the 2016 wave of partial reform delivered 51.3 Mt 

of avoided CO2 emissions annually, a value that rose to 66.5 Mt by 2018 as the second 

reform ensued. The annual avoided emissions in 2018 represent around 11% of actual 

energy-related CO2 emissions in Saudi Arabia in that year (BP, 2020), and over 50% of 

Saudi Arabia’s first NDC target. Although fiscal and resource concerns were the primary 

drivers of these past energy subsidy reforms, the Saudi government was able to achieve 

extensive climate change mitigation co-benefits. 

There remains scope for further energy subsidy reform until domestic energy prices are 

100% linked with their reference prices. I find that further energy subsidy reforms, had 

they been implemented in 2018, could have produced an additional welfare gain of 30.7 

billion 2010 USD. Moreover, further reform in 2018 could have delivered almost 95 Mt of 

avoided CO2 emissions annually. These avoided emissions represent over one-third of 

Saudi Arabia's updated NDC target for avoided annual GHG emissions by 2030 (Kingdom 

of Saudi Arabia, 2021). These results demonstrate that further energy subsidy reforms can 

contribute significantly to Saudi Arabia’s more ambitious updated NDC target, but also that 

other policy instruments, like carbon pricing, may be needed to fully achieve that target 

and any further targets from future NDC updates, which should be more ambitious.  

The fiscal gains from energy subsidy reform have traditionally been the primary drivers of 

implementation, and my analysis confirms the significance of these fiscal gains using 

variations of the price-gap method. I find that the partial reforms implemented by the Saudi 

government in 2016 and 2018 generated a fiscal revenue uplift of 10.5 billion 2010 USD in 
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2016, 11.2 billion 2010 USD in 2017, and 22.1 billion 2010 USD in 2018. These partial 

reforms contributed more than 10% of total government revenues in 2018, while further 

energy subsidy reforms, if implemented in 2018, could have resulted in an additional 

revenue uplift of 30.3 billion 2010 USD in that year, raising total government revenue by 

15 percent.  

However, there have been academic and policy discussions on the fiscal impacts 

potentially being lower due to the fuel savings that result from energy subsidy reform and 

the impacts of additional fuel exports from countries like Saudi Arabia on the international 

fuel price. Using a newly proposed method, I demonstrate that the price-gap method does 

indeed over-estimate the fiscal impacts of energy subsidy reform in Saudi Arabia, but not 

by much. The fiscal gains remain large even when accounting for the effect of additional 

fuel exports on international fuel prices. 

In summary, this chapter demonstrated that energy subsidy reforms could deliver 

significant welfare gains for the Saudi economy, contribute considerably to achieving 

Saudi Arabia’s updated NDC target, and support fiscal sustainability. However, further 

energy subsidy reforms will be challenging to implement. Increases in energy prices are 

generally more feasible when prices are relatively low, which was the case with the 2016 

and 2018 reforms in Saudi Arabia. However, energy prices are currently significantly 

higher than they were just a few years ago. To successfully implement further energy 

subsidy reforms and unlock the economic, environmental, and fiscal gains presented in 

this chapter, policymakers in Saudi Arabia will need to learn from their own past attempts, 

which have been successful, and from the many attempts at energy subsidy reform from 

energy-subsidizing countries around the world.  

  



 

143 

 

Chapter 4: Lessons for Successful Energy Subsidy 

Reforms 

4.1 Introduction 

This chapter seeks to build a better understanding of how policymakers in Saudi Arabia 

can overcome the barriers and implement further energy subsidy reforms successfully. 

Chapter 3 demonstrated that further energy subsidy reforms can unlock considerable 

economic, environmental, and fiscal benefits for Saudi Arabia. However, implementing 

further energy subsidy reforms appears to be challenging. For example, in July 2021, 

against a backdrop of COVID-19 and rising international oil prices, the Saudi government 

capped domestic gasoline prices (Arab News, 2021), which have remained fixed at their 

nominal levels since. Such actions are indicative of the challenges and complexity 

associated with implementing further energy subsidy reforms. To better navigate these 

challenges, policymakers in Saudi Arabia can benefit from understanding how different 

countries were able to reform their energy subsidies successfully, and when countries 

failed at doing so, given different backdrops of national and global circumstances. 

This chapter contributes to building a better understanding of how to implement successful 

energy subsidy reforms by comprehensively reviewing countries’ past experiences with 

reform over the last few decades. Although a handful of reviews were published on 

countries’ experiences with energy subsidy reform (e.g., Vagliasindi, 2013; Clements et 

al., 2013; Kojima, 2016), mainly by intergovernmental organizations (IGOs) like the IMF 

and the World Bank, these reviews primarily focused on selected countries, usually those 

working closely with the IGOs. Most of these reviews were also published over a decade 

ago and do not capture some of the more recent reform experiences. 

Since most studies in the literature focused on a relatively small subset of countries over a 

relatively short period, this chapter provides a more comprehensive review of a much 

larger number of energy subsidy reforms with an expanded geographical and temporal 

scope, leading to a deeper understanding of the factors that have enabled successful 

outcomes. This is delivered by 1) first distilling the lessons from past reform attempts from 

previous reviews published in the literature and then 2) deriving further insights by 

analyzing a newly constructed database of reforms and looking for evidence that may 

support, contradict, or add nuance to the lessons I synthesized from the literature. My 

original database of news articles covers over 400 episodes of energy subsidy reform 
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implemented worldwide between 1995 and 2022 across 44 countries. In building this 

database, I present an alternative approach to learning from countries’ experiences with 

reform that relies on news content, in contrast with studies that relied on the direct 

experiences of IGOs with fewer countries (e.g., Clements et al. 2013). My analysis 

focuses on energy subsidy reforms that target energy products used by households, 

including gasoline, diesel, LPG, kerosene, and residential electricity.15 

This chapter is structured as follows. Section 4.2 synthesizes common lessons from the 

literature on how to reform energy subsidies successfully. Section 4.3 discusses how I 

constructed an original database of news articles with comprehensive coverage of energy 

subsidy reforms and outcomes, from which I draw further insights. Section 4.4 provides 

the results of my analysis, where I expound on the lessons from the literature using 

evidence from the episodes in my database while extracting further insights for 

policymakers. Finally, Section 4.5 concludes and discusses the policy implications. 

4.2 Lessons from the Literature 

The factors influencing energy subsidy reform outcomes can be presented as barriers, 

such as the lack of compensation, or enablers, such as the use of compensation. In this 

chapter, all lessons are framed as enablers to facilitate discussion. When assessing 

energy subsidy reform outcomes, I adopt a two-pronged definition of success, in line with 

the literature, in which a reform is deemed successful if it does not lead to protests and if it 

is not reversed (Chelminski, 2018; Clements et al., 2013; Hill, 2013; McCulloch et al., 

2022). 

Recurrent lessons emerge from my assessment of the literature on achieving successful 

reform outcomes. First, decision-makers need to prepare a comprehensive reform 

strategy, taking into account various elements. Multiple studies underscored the need for 

comprehensiveness (Clements et al., 2013, 2014; Rentschler and Bazilian, 2017a,b). 

Clements et al. (2013, 2014) highlighted three key ingredients for a complete strategy: 

clear objectives, impact assessments, and stakeholder consultation. Rentschler and 

Bazilian (2017a,b) defined an integrated strategy as one that encompasses an 

assessment of subsidies, communication, compensation, revenue redistribution and 

 

15 The analysis initially included natural gas use by households. However, during the search of news 
databases, very few instances of energy subsidy reform that targeted household natural gas were found, so 
it was dropped from the analysis. 
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reinvestment, complementary measures, timing, and price smoothing. Other studies, like 

Laan et al. (2010), stressed the importance of conducting thorough assessments of 

existing subsidies and the impacts of their reform. Such assessments were described as a 

vital part of preparation. The importance of preparing well in advance of reform 

implementation was highlighted by Laan et al. (2010) and Beaton et al. (2013). With 

regards to preparation, Victor (2009) stressed the need to first understand the historical 

drivers of subsidies, stating that any reform strategy needs to “begin with the political logic 

that led governments to create the subsidy”. In summary, there was agreement in the 

literature on the need to be prepared and to have a comprehensive strategy, but slight 

differences around which elements were most important for building such a strategy.  

The second lesson states that the timing of energy subsidy reform needs to be 

appropriate, considering a wide range of factors. These factors include 1) the performance 

of the economy, as economic downturns can trigger social unrest (Kollias and Tzeremes 

2022); 2) global macroeconomic conditions, as public support for reform appears to be 

stronger when those conditions are favourable (Atansah et al., 2017); 3) economic and 

political stability, as it appears best to reform energy prices “before a political or economic 

crisis point is reached” (El-Katiri and Fattouh, 2017); 4) changes in the prices of other 

essential goods, as energy price increases that coincide with other essential price 

increases could strengthen resistance to reform (Clements et al. 2013, 2014); and 5) 

government popularity and public trust, as launching reforms early in a government’s term, 

when new governments tend to be popular, might help deliver a successful outcome 

(Jazuli et al., 2021; Overland et al., 2016). More generally, Rentschler and Bazilian 

(2017a,b) listed “smart timing” as a critical element of an integrated strategy. While these 

appear to be the only factors discussed in the literature, there are likely many more factors 

that should be considered when timing a reform. 

The third lesson states that governments should implement an effective consultation and 

communication strategy. Many studies have listed communication as a key ingredient for 

successful energy subsidy reform (UNEP 2003, 2008; Bacon and Kojima, 2006; IMF, 

2011b; Vagliasindi, 2013; Beaton et al., 2013; Clements et al., 2013, 2014; Kojima, 2016; 

Overland et al., 2016; Rentschler and Bazilian, 2017a,b; Atansah et al., 2017), with each 

study highlighting different elements within the theme of effective communication. These 

elements include: 1) underscoring all government communications with the costs of 

subsidies and the benefits of reform (Clements et al., 2013, 2014; UNEP 2003, 2008); 2) 

ensuring internal coordination within the government before implementation (Beaton et al. 
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2013; Overland et al., 2016; Whitley and van der Burg, 2018); 3) mapping and identifying 

key stakeholders and engaging with them to foster public support (Atansah et al., 2017; 

Bazilian 2017; Beaton et al., 2013); 4) ensuring that communication occurs before, during, 

and after reform (Whitley and van der Burg 2018); and 5) communicating formally, as “the 

more formal the way in which the decision to reform subsidies is communicated, the less 

likely is policy reversal.” (Kojima 2016). In summary, the literature indicates that the more 

comprehensive the communication approach by the government, the more likely the 

success of a reform.  

The fourth lesson states that governments should implement energy subsidy reforms 

gradually, ensuring that affected consumers have sufficient time to adapt (UNEP, 2003, 

2008; Beaton et al., 2013; Clements et al., 2013, 2014; Overland et al., 2016; Rentschler 

and Bazilian, 2017a,b; Atansah et al., 2017). Beaton et al. (2013) contrasted a gradual 

pace of reform with a “big bang” approach, recommending the gradual approach 

whenever possible but acknowledging that occasionally governments may be forced into a 

more drastic pace of reform. Overland et al. (2016) proposed a two-year period in their 

recommendation to the Myanmar government to reform its energy prices. To summarize, 

there was clear agreement in the literature that gradual implementation is vital. 

The fifth lesson revolves around launching compensation schemes and other 

complementary policies to alleviate the negative impacts of reform on consumers and 

improve public acceptance (Atansah et al., 2017; Bacon and Kojima, 2006; Beaton et al., 

2013; Clements et al., 2013, 2014; Commander, 2012; Laan et al., 2010; Rentschler and 

Bazilian, 2017a,b; UNEP 2003, 2008; Vagliasindi, 2013; and Whitley and van der Burg, 

2018). There is broad agreement on the need to introduce compensation to overcome 

resistance to reform, but its implementation depends on the availability of institutions for 

distributing welfare payments to the needy (UNEP, 2003, 2008). Rentschler and Bazilian 

(2017a,b) discussed how energy subsidy reforms can either utilize existing institutions or 

in their absence provide an opportunity to establish new social protection infrastructure. 

With regards to the type of compensation, Clements et al. (2013, 2014) and Vagliasindi 

(2013) proposed that lifeline rates and cash transfers may perform better. Looking beyond 

direct compensation, it has been suggested that energy subsidy reforms may be more 

likely to succeed when implemented alongside a broader set of policies, including 

complementary policies like energy efficiency regulations that can alleviate the impact of 

higher energy prices on households (Commander 2012; Laan et al., 2010; Vagliasindi, 

2013). Governments can also reinvest part of the reform revenues in other public 
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initiatives, as discussed by Rentschler and Bazilian (2017a,b) and Whitley and van der 

Burg (2018). 

The sixth and final lesson states that governments should move away from regulated 

energy pricing to a less politicized automatic or market-based pricing mechanism while 

minimizing volatility. In doing so, three requirements were highlighted by most studies: 1) 

the need to depoliticize energy pricing (Clements et al., 2013, 2014) and to establish 

institutions that are independent and are perceived as independent to oversee it (Overland 

et al., 2016); 2) the need to minimize the volatility that arises from linking domestic energy 

prices to volatile international market prices (Clements et al., 2013, 2014; Rentschler and 

Bazilian, 2017a,b); and 3) the need to move to either an automatic pricing formula or a 

market-based pricing mechanism. Some studies proposed either automatic or market-

based pricing as valid end points for energy subsidy reform (Clements et al., 2013, 2014), 

while other studies described automatic formulas as an intermediary step towards market-

based pricing (Beaton et al., 2013; Overland et al., 2016). In contrast to a few of these 

studies, Kojima (2016) pushed back against the need to smoothen volatility, suggesting 

that doing so could lead to the re-emergence of subsidies. 

4.3 Methodology 

4.3.1 Definitions and scope  

To look for further insights from as many countries as possible on how to implement 

energy subsidy reforms successfully, I constructed a database from news articles that 

reported on energy subsidy reforms and outcomes in countries around the world. My 

database fills a gap in the literature by providing comprehensive information on reforms 

and their outcomes, even though there have been a few noticeable attempts. Clements et 

al. (2013) built one such dataset but it includes only 28 distinct episodes of reform, using 

only information obtained by IMF staff, probably through direct engagement with 

governments. Overland et al. (2016) constructed a dataset with 290 reform episodes but 

simultaneous reforms of different fuels were counted as distinct episodes16, and their data 

 

16 Unlike the IMF (Clements et al., 2013), where each energy subsidy reform is defined to include multiple 
products that were reformed simultaneously, Overland et al. (2016) considered the reform of each product 
(e.g., gasoline, diesel, LPG, or kerosene) as a distinct episode. So, if four fuels were reformed 
simultaneously, the IMF would count it as a single episode while Overland et al. (2016) would count it as 
four distinct episodes. In my database, I follow the same approach as the IMF in defining a single energy 
subsidy reform episode to include increases in the prices of multiple energy products. 
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is not publicly available. To the best of my knowledge, there appear to be no other 

datasets on energy subsidy reforms and outcomes. 

This thesis defines an energy subsidy reform as an increase in a country’s regulated 

energy prices that brings them closer to the level they would have been at if they were 

deregulated. It then defines success to occur when an energy subsidy reform does not 

lead to protests and is not reversed. The first outcome is important because protests can 

entail high private and social costs on economies “due to the destruction of assets and 

infrastructure, disruption to markets, increases in the risk of investment and the loss of 

trust between social groups and between citizens and state institutions” (McCulloch et al., 

2022). The occurrence of protests following reform is thus an unwelcome outcome for 

policymakers. The occurrence of a policy reversal is equally important because it can 

eliminate some or all the benefits associated with reform. Chelminski (2018) proposed a 

similar two-pronged definition of success: “Success is defined by the ability of the 

government to raise energy prices without overwhelming public protest, and to achieve 

economic objectives such as reducing government expenditures on subsidies and/or 

improving aggregate socio-economic welfare and development.” 

In my database, I focus only on subsidy reforms that targeted household energy products, 

including gasoline (used in passenger cars), diesel (used in vehicles but also farming, 

fishing, and rural power generation), LPG (known as cooking gas and used for cooking 

and heating), kerosene (used for cooking, heating, and lighting), and residential electricity 

(used to provide a variety of essential energy services). I do not cover reforms targeting 

only industrial energy products, such as industrial electricity or fuels. 

Finally, it is crucial to define how to distinguish separate episodes of energy subsidy 

reform. In some countries, changes in regulated energy prices happen years apart, with 

no changes in between. For example, Saudi Arabia implemented an episode of energy 

price reform in 2016 and then left prices unchanged for two more years until the next 

episode in 2018, as discussed in Chapter 3. In other countries, governments may stagger 

energy price increases within a shorter period. My database considers increases in 

regulated energy prices implemented in separate months as distinct reform episodes.17 

However, I consider episodes that occur in separate months but within a week of each 

 

17 The majority of episodes I found were separated by at least a month or more. 
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other (e.g., a set of prices increases on December 29, 2015, followed by a set of price 

increases on January 1, 2016) as a single episode.  

4.3.2 Building a database of news articles and extracting information 

My database was constructed by aggregating relevant news articles through a structured, 

manual search of three well-known news databases or aggregators: Nexis (2023a), 

ProQuest (2023), and Google (2023). These databases together host a vast number of 

news documents. For example, the Nexis (2023b) legal and news database hosts around 

144 billion documents, adding new documents daily. These databases also provide 

various precision search capabilities. 

Given the sheer number of documents in these databases, search command operators 

were combined to make each search more precise, allowing the searches to produce a 

manageable number of news articles (see Figure 16). These search commands include 

Boolean operators. For example, the search 𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒 𝐴𝑁𝐷 𝑝𝑟𝑖𝑐𝑒 produces a list of news 

articles in which both words must appear together in each document. I also combined 

such Boolean operators with specialized search operators (also known as precision 

search operators). For instance, in Nexis, the 𝐻𝐿𝐸𝐴𝐷(𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒 𝐴𝑁𝐷 𝑝𝑟𝑖𝑐𝑒) command was 

used to search for news articles that contained the terms “gasoline” and “price” in either 

the title or lead paragraph. Nexis also provides the 𝑊 𝑁⁄  connector, which ensures that 

terms appear within 𝑁 number of words of each other. An example of a search that I used 

in Nexis combined these operators is shown in Figure 16. 18 This search query instructs 

Nexis to search for news articles that mention, in either the title or lead paragraph, the 

country in question, in this example “India”, within seven words of different combinations of 

terms like “gasoline” and “subsidy” or “kerosene” and “price”. It also asks Nexis to ensure 

that the word “raise” or “hike” shows up in either the title or lead paragraph. This search 

produces an array of news articles with titles like “India hikes petrol, diesel prices”, which 

was published by Agence France Presse (2009).  

 

18 An example of a commonly used search in Nexis combined these commands as follows. Different values 
of 𝑁 were tested, with values between 5 and 10 providing an appropriate balance between relevance, 
precision, and manageability in the number of search results. 
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Figure 16 Illustrative query used in Nexis to search for relevant news articles. 

Note: Precision operators are in bold, while Boolean operators are in italics. The asterisk after 

subsidy allows the search to find both the terms “subsidy” and “subsidies”. 

 

All news articles obtained using such search queries were reviewed manually and saved 

in a database if they contained relevant content on the context or outcome of an energy 

subsidy reform, information that may support or contradict one of the six lessons that I 

synthesized from the literature, or further insights around the enablers of successful 

outcomes. To ensure consistency, the same manual search queries were repeated on a 

country-by-country and year-by-year basis. My final database contains over 3000 news 

articles, covering over 400 distinct episodes of energy subsidy reform stretching from 1995 

to 2022 across 44 countries. 

Each news article in the final database was reviewed manually against a common 

spreadsheet that was developed that contained columns for key details to find in each 

news article. Each row in this spreadsheet represented a distinct episode of energy 

subsidy reform. Often, a series of news articles published before and after a government 

implemented an episode of energy subsidy reform were reviewed in tandem to extract 

further details about that episode (see Table 22 in Section 4.4 for an illustrative example 

of a series of news articles). These details were then coded into the spreadsheet. 

Quantitative information like the size of the gasoline or diesel price increase was pulled 

into the spreadsheet, providing not only an indication of the magnitude of the fuel price 

HLEAD ( 

    ( (India) W/7  

  (  

 (  (fuel) OR (gasoline) OR (petrol) OR (diesel) OR (kerosene) 
OR (LPG) OR (“cooking gas”) OR (electricity) OR (power)  ) 

   AND 

  (  (price) OR (tariff) OR (subsid*) OR (rate)  ) 

  ) 

     ) 

   AND 

      (  (raise) OR (increase) OR (lift) OR (hike) OR (cut)  ) 

    ) 
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increases but also the extent of fuels affected in each episode. Other information, like 

whether compensation was used, or whether stakeholders were consulted, was also 

added to the spreadsheet when available. Furthermore, each news article was reviewed 

against the six lessons that I synthesized from the literature (as discussed in Section 4.2), 

and notes were taken if there was any information in each news article that supported, 

contradicted, or added further nuance to those six lessons. This process was consistently 

followed for extracting information from all the news articles across all 44 countries. 

The 44 countries were selected based on two factors: First, a search for major episodes of 

energy subsidy reform was conducted without specifying the country, producing a list of 

countries in which major episodes occurred and were reported on in the online news 

databases. This list of countries included developing countries in which energy prices 

were subsidized and regulated by the government. This list was then compared to the list 

of countries in which the IEA (2023, 2024) finds consumer energy subsidies. The IEA’s 

energy subsidy dataset includes 49 countries, but several countries (e.g., Austria and 

France) on their list were reported to have zero consumer energy subsidies in most years 

and were thus excluded from the comparison. Excluding such countries, my final list of 44 

countries includes all the countries with non-zero consumer energy subsidies listed in the 

IEA’s (2023, 2024) energy subsidy datasets, plus additional countries in which major 

episodes of energy subsidy reform took place between 1995 and 2022 according to the 

online news databases. These additional countries are Cameroon, Côte d’Ivoire, Chad, 

Haiti, Jordan, Morocco, Myanmar, Namibia, Nepal, Sierra Leone, Sudan, Tunisia, and 

Yemen. 

4.3.3 Challenges with data collection using online news databases 

It is important to acknowledge some of the challenges associated with data collection 

using online news databases. One challenge relates to coverage discrepancies across 

different news databases. Buntain et al. (2023) compared several news databases, 

including Nexis, Factiva, Google News, NewsBank, and ProQuest, and they found 

“considerable differences in number of stories, geographic reach, media type and 

coverage of a specific news event.” To mitigate this issue, I used three databases (Nexis, 

Google, and ProQuest) in my searches, but there remain other databases that were not 

used in the construction of my dataset that may have provided additional geographic 

reach. Another source of bias relates to the extent of news media coverage of an event. 

Studies have shown that “media exhibit significant regional biases, disproportionately 
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cover large urban areas or areas with wire service offices, and report events with large 

numbers rather than small” (Woolley, 2000). However, research in this area also suggests 

“that ‘hard facts’ are less subject to bias than are interpretations of the meaning of the 

event or the motives of participants” (Woolley, 2000). In this thesis, the focus is on 

searching for facts around the implementation and context of energy subsidy reform rather 

than searching for underlying meanings. Another challenge relates to the replicability of 

data collection using online news databases (Karstens et al., 2023). To address some of 

these replicability issues, Karstens et al. (2023) recommended best practices when using 

online news databases to collect data. Their best practices include specifying which 

databases are utilized, including the search strings that were used, including information 

on how articles were processed or analyzed, and keeping up to date on the terms of use 

of the databases. Many of these best practices were followed in the construction of this 

dataset. 

The results of building this dataset are summarized in Figure 17, which maps the number 

of episodes found by country, while Figure 18 and Figure 19 respectively break down the 

number of episodes by the occurrence of social unrest and reversal. 
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Figure 17 Map of energy subsidy reform episodes found through the news-content-based search for the 1995-2022 period.  
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Figure 18 Energy subsidy reform episodes disaggregated by unrest outcome.   
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Figure 19 Energy subsidy reform episodes disaggregated by reversal outcome. 
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4.4 Results and Discussion 

4.4.1 What does the database reveal about the six lessons from the 

literature? 

4.4.1.1 Preparing a comprehensive strategy 

I searched my database for examples of ambitious energy subsidy reforms succeeding 

because of a well-prepared strategy (see Table 22 for an example about Nigeria of how 

insights were drawn from the content of a series of news articles). Iran’s successful 

reform in 2010 provided one such example. This episode encompassed several-fold 

increases in food, fuel, and electricity prices (Agence France Presse, 2010a). The 

Iranian government ensured that implementation was not rushed, increasing prices only 

after finalizing critical decisions around compensation and making arrangements for 

implementation (Agence France Presse, 2010b, 2010c). The government also 

positioned the reform as part of a broader transformation (Karimi, 2010; Guillaume et 

al., 2011), clarifying its objective of “economic surgery”. The government communicated 

the reforms to the public before implementation, ensuring no surprises, and 

simultaneously launched a comprehensive compensation scheme, with cash distributed 

to over 80% of all Iranian households. The use of compensation illustrates the 

government’s understanding of its citizens’ expectations, while the level of 

compensation points to an impact assessment. Despite the remarkable increase in 

energy prices, the government’s well-prepared strategy appeared to pay off, resulting in 

a successful outcome with no reported unrest and no reversal. 

In contrast, Iran’s unsuccessful energy subsidy reform in 2019 did not appear to benefit 

from a well-prepared strategy. With regard to national circumstances, the 2019 reform 

was implemented during a period of weak economic performance, as the Iranian 

economy contracted by 2.7% that year compared to growth of 5.8% during the 

successful episode in 2010 (World Bank, 2024a), with the 2019 sanctions likely 

contributing to Iran’s poor economic circumstances (Gloystein, 2019). Furthermore, 

cash transfers in 2019 were not launched simultaneously with the price increases and 

instead were promised after the reform took place, indicating rushed implementation 
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(Agence France Presse, 2019; Salehi-Isfahani, 2019). The apparent lack of a carefully 

prepared strategy likely contributed to the unsuccessful outcome in 2019, with violent 

unrest and over a thousand reported deaths (Lipin, 2020), despite the energy price 

increases in 2019 being significantly smaller than those implemented in 2010. 

Nigeria’s 2012 energy subsidy reform provides another example of a lack of clear 

strategy. At the start of 2012, the Nigerian government doubled gasoline prices but did 

not implement compensatory measures (Africa News, 2012a; Deutsche Presse-

Agentur, 2012a). In addition, Nigerian labour unions, key stakeholders that opposed the 

price increases, were not consulted, and the government’s plans were described as 

“secretive”, indicating a lack of communication and consultation (Africa News, 2011a; 

Africa News, 2011b). Given Nigeria’s oil exports, its citizens consider fuel subsidies as a 

way to partake in the oil wealth (Africa News, 2011b), an expectation the Nigerian 

government did not account for. Corruption also appears to have played a significant 

role, as citizens believed that reducing corruption should take precedence over subsidy 

reform (McCulloch et al., 2021). The 2012 episode led to violent social unrest (Africa 

News, 2012c), which ultimately forced the government to reverse the reform (Africa 

News, 2012d). Had Nigeria prepared an effective reform strategy, which would ideally 

have considered its position as an oil exporter, its citizens’ expectations, and the need 

for compensation, and integrated a thorough communication program, it may have 

avoided the occurrence of violent unrest and a policy reversal.  
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Table 22 A list of news articles that were extracted before, during, and after Nigeria’s energy subsidy reform episode implemented on 

January 1, 2012. 

News article title  
(date published) 

Database 
obtained from 

Extracted insights Reference 

Nigeria; Forget About Fuel Subsidy 
Removal, Govt Urged 
(October 18, 2011) 

Nexis The article highlights how labour unions in Nigeria were against any future 
reform and their conditions to the government for deregulation, such as the 
introduction of mitigating measures. 

Africa News 
(2011a) 

Nigeria; The Unanswered Questions 
on Fuel Subsidy Removal 
(December 21, 2011) 

Nexis The article discusses the debate around energy subsidy reform, describing the 
government’s plans as “secretive and ambiguous”, while pointing to a lack of 
effective communication. Palliative measures are also discussed. 

Africa News 
(2011b) 

Nigeria; The Instinctive Opposition to 
Fuel Subsidy Removal 
(December 29, 2011) 

Nexis The article discusses how subsidy removal became “imperative” for the 
government, highlighting its cost and encouraging those who oppose the 
policy to think more carefully about the issue. 

Africa News 
(2011c) 

UPDATE: Nigeria Starts 
Controversial Measure to Remove 
Fuel Subsidy (January 01, 2012) 

ProQuest The article announces Nigeria’s deregulation of the gasoline price, describing 
how the gasoline price was suddenly increased and discussing the responses 
of Nigeria’s two main labour unions, which issued directives for protests. 

Dow Jones 
Institutional News 
(2012) 

Nigeria; Fuel Price Soars 116 
Percent  
(January 02, 2012) 

Nexis The article details the percentage increase in the gasoline price, highlighting 
how the increase was conveyed by Nigeria’s Petroleum Products Pricing and 
Regulatory Agency. It also reviews a range of reactions across stakeholders. 

Africa News 
(2012a) 

Police break up Nigeria fuel price 
hike protests  
(January 03, 2012) 

Nexis The article reveals that the energy subsidy reform triggered protests. It states 
that the protestors demanded the policy’s reversal, while Nigeria’s president 
defended the reform, promising it would help boost infrastructure. 

Deutsche Presse-
Agentur (2012a) 

Nigeria; Jonathan Slashes Govt 
Spending After Fuel Price Hikes 
(January 08, 2012) 

Nexis The article discusses the President’s initial response to the protests, which 
included cuts in the basic salaries of all officeholders in the executive 
government and the launch of a mass transit program to improve mobility. 

Africa News 
(2012b) 

Nigeria; Fuel Subsidy – 11 Killed in 
Bloody Protests  
(January 10, 2012) 

Nexis The article describes the casualties that resulted from clashes between police 
and protestors, underscoring how some of the protests turned violent.  

Africa News 
(2012c) 

Nigeria; Protests Suspended as 
Govt Cuts Fuel Price 
(January 16, 2012) 

Nexis The article discusses the President’s partial reversal of the reform and his plan 
to curb corruption in the oil and gas sector before considering any future 
energy subsidy reforms. 

Africa News 
(2012d) 

Nigeria partially reinstates fuel 
subsidy 
(January 16, 2012) 

Nexis The article discusses the President’s reversal of the reform, highlighting how 
the President met with labour union leaders for further talks but could not yet 
agree on future deregulation plans. 

Rice (2012) 
[Financial Times] 
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4.4.1.2 Ensuring that the timing is appropriate 

I searched the database to better understand how timing may influence energy subsidy 

reform outcomes, and the various factors that policymakers should consider when 

deciding on the appropriate time for reform. As illustrated by Iran’s contrasting reform 

experiences in 2010 and 2019, economic circumstances play a vital role. Countries that 

are experiencing robust economic growth appear more likely to achieve a positive 

outcome compared to contracting economies. Governments with growing economies 

likely have better political support from the public, who may be more willing to accept 

such government interventions. 

The readiness of complementary policies is another important factor for selecting an 

appropriate time for launching reforms. Ideally, countries should prepare mitigating 

measures such as compensation schemes before raising energy prices. For example, 

the Angolan government announced fuel price deregulation in 2016 (Kojima, 2016) but 

abandoned its plans given the absence of mitigating measures – a decision that may 

have prevented the occurrence of social unrest at the time. It was later reported that the 

Angolan government was working to prepare a cash-transfer scheme (Vollgraaf, 2019, 

CE Noticias Financieras English, 2022c), and would only increase energy prices once 

that scheme was operational. Saudi Arabia provides another example of waiting for 

complementary policies to be ready. In 2016, the Saudi government quickly 

implemented a wave of reform in response to falling international oil prices and its fiscal 

deficit. However, the extent of the price increases on household energy products like 

residential electricity was limited, as shown in Chapter 3. In Saudi Arabia, electricity is 

primarily consumed in buildings to provide cooling, an essential energy service given its 

hot climate. Over the subsequent two years, the Saudi government assessed the 

impacts of further reforms and prepared a comprehensive cash transfer scheme. The 

Saudi government implemented its 2018 reform, which involved a tripling of the 

residential electricity price, only when all supporting measures were put in place (Fiscal 

Balance Program, 2017). As Obaid (2017) reported, the Saudi government ensured that 

beneficiaries received cash transfers weeks in advance of the sharp gasoline and 

residential electricity price increases at the start of 2018. 
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Even what appear to be minor factors, such as weather conditions, may influence 

reform outcomes and need to be accounted for when selecting an appropriate time for 

implementation. For example, in November 1997, the Algerian government approved a 

35% increase in the price of LPG, a crucial fuel used by households for both cooking 

and heating (Agence France Presse, 1997; Inter Press Service, 1997). This significant 

increase did not trigger unrest and was not reversed. According to the CCKP (2023), 

the average temperature in Algeria in November 1997 was 19.0 °C. In January 2005, 

during the peak of a frigid winter, the government increased LPG prices by around 18% 

after seven years of no price changes (Belkadi, 2005). According to the CCKP (2023), 

the average temperature in Algeria in January 2005 was 11.1 °C, the coldest recorded 

month in Algeria between 1990 and 2021. The harshness of the winter, alongside other 

factors, may have contributed to triggering protests, which were mainly in the cold 

mountainous regions of Algeria where LPG is used for heating (Belkadi, 2005). In 

contrast to Algeria, Saudi Arabia’s massive residential electricity tariff increases in 2018 

were implemented during winter, when Saudi households’ electricity bills are lowest. 

The Saudi government may have been aware of the potential negative impacts of 

implementing such a reform during summer, when household electricity bills are at their 

peak due to massive cooling demand.  

4.4.1.3 Communicating and consulting with stakeholders 

I searched my database for examples of how communication can influence reform 

outcomes, finding differences across countries in the importance, role, and types of 

stakeholders that governments need to communicate and consult with. 

Communicating effectively with the general public appears to contribute to successful 

outcomes. Malaysia provides one such example. Throughout the 2010s, the Malaysian 

government ensured that the public was continuously informed about the cost of 

subsidies by posting at gas stations and on electricity bills the subsidized energy prices, 

what prices would have been without subsidies, and the cost incurred by the 

government (Bridel and Lontoh, 2014). The government also took out advertisements in 

various media publications where it highlighted the massive costs of subsidies, and it 

ran multiple online and Short Messaging Service (SMS) polls to inform and obtain 
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feedback from the public (Hassan, 2010). Moreover, the government allowed the public 

to share further feedback on planned reforms through other avenues, underscoring its 

willingness to listen. For example, the government held a Subsidy Rationalisation Lab 

Open Day in 2010, allowing the public to give direct feedback on its upcoming reform 

plans (Malaysia General News, 2010; Mustaza, 2010), feedback that led the 

government to adopt a more gradual approach (Taking, 2010). Malaysia’s 

communication with the public likely contributed to its consistently successful reforms 

throughout the 2010s. 

Civil society, which includes non-governmental organizations and unions, is another key 

external stakeholder. In Nigeria, energy subsidy reform has been characterized as a 

battle between the government and unions (Akanle et al., 2014). Throughout the 2000s 

and 2010s, these unions drove protests across Nigeria in response to reforms, in some 

cases successfully forcing a reversal (Rice, 2012). For example, at the end of 2011, 

against a backdrop of high international oil prices, Nigerian unions outlined their 

conditions to the government for accepting any future price increases (Africa News, 

2011a). However, without consultation, the government doubled gasoline prices at the 

start of 2012 (Dow Jones Institutional News, 2012), triggering protests by those unions 

(Deutsche Presse-Agentur, 2012a), which turned deadly (Africa News, 2012c). The 

unions only called off the protests when the government partially reversed the gasoline 

price increase. Nigeria’s energy subsidy reform in 2012 may have been successful had 

the government consulted with unions, addressed their concerns, and made the 

required compromises before implementation. 

Opposition parties are another stakeholder that can influence reform outcomes. In 

South Asian countries like India and Bangladesh, opposition parties have often played 

the leading role in organizing protests (Associated Press International, 2003; Agence 

France Presse, 2004a; Agence France Presse, 2010d), in contrast to countries like 

Nigeria, where civil society played that role instead (Deutsche Presse-Agentur, 2012a). 

Opposition parties can either cooperate with the government during reform or use it to 

undermine the government, hoping to be elected to power (Moury and De Giorgi, 2015; 

Palau et al., 2015). Governments can involve opposition parties in the consultation 
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process, but there may be a limit to how much control they have over their response, 

given the political conditions and circumstances in each country. 

4.4.1.4 Implementing energy subsidy reforms gradually 

My database provides numerous examples of drastic energy price increases leading to 

policy reversals. For example, in December 2010, the Bolivian government 

implemented the largest fuel price increases in at least two decades, resulting in 

widespread rioting (Agence France Presse, 2010e), which ultimately led the 

government to fully reverse the price increases (Al Jazeera, 2011). In August 2022, 

Bangladesh implemented unprecedented increases in fuel prices (Bdnews24.com, 

2022), which led to widespread protests, with the government responding with price 

cuts (The Financial Express, 2022a; The Daily Star, 2022). Both Bangladesh and 

Bolivia experienced unsuccessful outcomes when implementing large energy price 

increases. In contrast, both countries had implemented successful reforms in the past 

when the energy price increases were smaller. Malaysia provides a successful example 

of gradually reforming energy subsidies. Between 1995 and 2022, my database reveals 

20 distinct episodes of reform in Malaysia. The only episode that led to some minor 

protests occurred in June 2008 (Prince Rupert Daily News, 2008) and involved the 

largest increases in fuel prices among the 20 episodes. The remaining 19 episodes, all 

of which involved small energy price increases, were found to be successful. Staggering 

reforms by fuel could also contribute to positive outcomes, an approach that India has 

used. In 2010, India deregulated gasoline prices first (Agence France Presse, 2010f), 

before deregulating diesel prices between 2013 and 2014 (Agence France Presse, 

2013; Chaturvedi and Sahu, 2014). It then started deregulating LPG and kerosene 

prices in 2016 (The Hindustan Times, 2016). 

While the fact that smaller and more gradual price increases are more likely to be 

accepted than larger ones may seem obvious, many governments can be forced into 

implementing significant energy price increases when economic conditions change 

rapidly. If governments are forced to implement large energy price increases, the other 

factors that contribute to successful outcomes must be incorporated into their plans to 

offset the impact of such large increases. Examples of reforms succeeding despite large 
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energy price increases include Iran’s reform in 2010 and Saudi Arabia’s reform in 2018, 

likely due to the other enablers that both governments incorporated during 

implementation.  

4.4.1.5 Launching compensation schemes and other complementary policies 

My database provides numerous examples of compensation contributing to successful 

outcomes. In 1998, the Indonesian government implemented significant increases in 

energy prices without compensation (Agence France Presse, 1998a), triggering violent 

protests that ultimately led to a policy reversal and the president’s resignation (The 

Associated Press, 1998; Agence France Presse, 1998b). In October 2005, the 

Indonesian government attempted even larger energy price increases (Agence France 

Presse, 2005a), but they were launched alongside a cash transfer scheme to cushion 

the impacts on lower-income households. Unlike past reforms in Indonesia, which 

generally led to widespread rioting and reversals, the October 2005 protests were 

described as “small by Indonesian standards” (Agence France Presse, 2005a), and they 

were not reversed. As noted by Beaton and Lontoh (2010), “analysts credited this 

[reduced opposition] to the government’s decision to compensate poor households.” 

I find that not all compensation schemes are equally effective, as there can be 

significant variation in their design. The share of the population benefiting from 

compensation is one crucial design consideration. Iran’s successful energy subsidy 

reform in 2010 benefited from a comprehensive cash transfer scheme, as around 60.5 

million Iranians – over 80% of the population – received cash transfers (Agence France 

Presse, 2010a; World Bank, 2024a). Saudi Arabia’s successful reform in 2018 also 

involved comprehensive compensation, with over 60% of the Saudi population 

benefiting (Argaam, 2019; GASTAT, 2024).  

The timing of compensation also appears to influence its effectiveness. The successful 

reforms in Iran in 2010 and Saudi Arabia in 2018 involved compensation being given 

before raising energy prices (Trend Daily Economic News, 2010; Obaid, 2017). In 

contrast, promising compensation after raising energy prices appears less likely to lead 

to a successful outcome, allowing protests to potentially break out before compensation 

is received. In 2019, despite implementing relatively minor price increases, violent 
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protests were triggered in Iran (Bozorgmehr, 2019) when compensation was promised 

in ten days. Similarly, widespread protests took place in Jordan in 2012 after the 

government increased energy prices and promised compensation within ten days (EIU, 

2012). Nevertheless, although delayed compensation may not be as effective at 

preventing social unrest, it may help calm it down, thus preventing the unrest from 

escalating to the point that forces the government to reverse the reform.  

The timing and comprehensiveness of compensation are two design factors that feed 

into the measure’s credibility, which is essential for public acceptance. Speaking about 

his experience with energy subsidy reform and compensation, Ibrahim Saif, the former 

minister of energy in Jordan in the 2010s, discussed his team’s extensive efforts “to 

establish credibility that we were willing to compensate” (IMF, 2017). 

Another crucial element relates to the form of compensation, which includes cash 

transfers, in-kind transfers, salary increases, subsidies to other goods and services, or 

reinvestment of government revenues/savings. My review suggests that cash transfers 

may be most effective, as this form of compensation led to successful outcomes during 

the ambitious reforms implemented by Iran in 2010, Saudi Arabia in 2018, and 

Indonesia in 2005, as discussed previously. The effectiveness of cash transfers is in line 

with theoretical and empirical work (Hidrobo et al., 2014; Alderman et al., 2018). My 

review also suggests that salary increases may be effective but make it challenging for 

governments to ensure sufficient coverage since salary increases target only public 

sector workers, with many lower-income citizens in the private sector and the 

unemployed receiving no compensation. For example, in 2010, the Bolivian government 

raised fuel prices and promised substantial salary increases (Mapstone, 2010; Agence 

France Presse, 2010d). The reform triggered protests that forced a reversal (Flores, 

2010). The coverage of the Bolivian government’s compensation would have likely been 

better had it given cash transfers to all lower-income citizens, which in turn would have 

likely contributed to a better outcome. I also find evidence that mixing different forms of 

compensation could lead to a positive outcome if coverage is sufficient. For example, in 

2000, the Ecuadorian government raised fuel prices sharply despite a history of energy-

price-related unrest (OxResearch Daily Brief Service, 2000). To alleviate negative 
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impacts, the government increased salaries in the public sector and the economy-wide 

minimum wage, pensioner payments, disabled persons’ allowances, and social safety 

cash transfers (OxResearch Daily Brief Service, 2000), with such comprehensive 

compensation contributing to a successful outcome. 

In addition to compensation, other policies can complement energy subsidy reform. For 

example, governments can use energy efficiency regulations to improve energy 

efficiency and offset the effect of higher energy prices on the cost of services like 

heating and cooling (IEA et al., 2010; Alfawzan and Gasim, 2019). Energy subsidy 

reform also appears more likely to succeed when positioned as part of a broader 

economic transformation alongside positively perceived reforms. For example, in Saudi 

Arabia, energy price reform was part of the government’s Fiscal Balance Program 

(2017) under Saudi Vision 2030 (2016), an overarching strategy for social and 

economic transformation. Saudi Arabia’s 2018 reform was implemented alongside an 

anti-corruption campaign (Al Arabiya, 2018), a lift on the ban on women driving 

(Hutcherson, 2018), and reforms to empower women (Saleh and Malibari, 2021). The 

positive impacts of these interventions likely contributed to the successful reform 

outcome in 2018. 

4.4.1.6 Moving towards automatic or market-based pricing  

My database provides numerous examples of countries successfully transitioning to 

automatic or market-based energy pricing and countries failing to do so.19 For example, 

the United Arab Emirates (UAE) successfully deregulated gasoline and diesel prices in 

August 2015 by adopting an automatic pricing mechanism while establishing a 

committee to oversee its new mechanism (Emirates News Agency, 2015). In contrast, 

Ecuador deregulated fuel prices in May 2020 (Zaldumbide, 2020), but was forced to 

freeze prices when the October 2021 price increase triggered protests (Valencia, 2021). 

The success of this transition likely depends on a myriad of factors, including those 

discussed previously, such as compensation.  

 

19 I use the term deregulation to describe a country transitioning to an automatic pricing mechanism or 
market-based pricing. 
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Following energy price deregulation, price smoothing can be used to protect consumers 

from sharp increases in international fuel prices, potentially contributing to a successful 

transition. Price smoothing can be done using price bands, price floors and caps, or 

stabilization funds. For example, after deregulating gasoline prices in 2020, Ecuador 

established a price band to limit monthly price variations to ±5% (CE Noticias 

Financieras English, 2020). While this appeared to work for a year, protests eventually 

broke out in the face of steadily rising international oil prices, forcing a reversal. Saudi 

Arabia also deregulated gasoline prices in 2020 (The Saudi Gazette, 2020; Gasim and 

Aldubyan, 2020), but unlike Ecuador, chose to place a cap on domestic prices a year 

later when the government determined that international fuel prices had risen too high 

(Neriem, 2021; ArabianBusiness, 2022). Stabilization funds have also been used by 

countries like Cameroon, Chile, and Thailand (Vagliasindi, 2013; Kojima, 2016), but 

these countries faced challenges in effectively operating such funds, as noted by Kojima 

(2016). While these tools could be effective at smoothening volatility, they may also lead 

to the re-emergence of subsidies in the long run if they are not used transiently (Kojima, 

2016), so further evidence is needed to better understand which tools may be most 

effective in which countries and under which circumstances. 

4.4.2 What additional lessons does the database provide? 

In addition to providing evidence corroborating the six lessons drawn from the literature 

and adding further nuances, my analysis of the database presented in this study yields 

other insights for policymakers. First, I find that some countries may not have the right 

capabilities or circumstances to reform energy prices successfully, like a country with a 

contracting economy, high unemployment, and no capacity to implement compensation. 

For such a country, reform is more likely to fail, so it may be better to explore alternative 

policies until the government can improve its institutional capacity or national 

circumstances change.20  

 

20 Selecting a policy instrument to achieve a certain policy objective generally depends on the cost 
effectiveness of the instrument, its ease of implementation, and its political feasibility, among other 
factors. While energy price reform can be one of the most cost-effective policy instruments, it may also 
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My review points to the importance of implementing energy subsidy reforms 

successfully at the first attempt. I find numerous examples of unsuccessful first attempts 

that appear to have made future attempts even more challenging. In Bangladesh, 

violent protests erupted in 1997 following energy price increases (Agence France 

Presse, 1997). Multiple Bangladeshi governments subsequently attempted further 

reforms, with attempts in August 2000 (Deutsche Presse-Agentur, 2000), September 

2005 (Agence France Presse, 2005b), and August 2022 (Asian News International, 

2022) leading to widespread protests. In Indonesia, the 1998 reform led to riots, a 

reversal, and the president’s resignation (Agence France Presse, 1998a, 1998b; Facts 

on File World News Digest, 1998). Subsequent attempts by Indonesian governments in 

October 2000 (The Associated Press, 2000), June 2001 (Asian Wall Street Journal, 

2001), January 2003 (Xinhua General News Service, 2003), and March 2012 (Deutsche 

Presse-Agentur, 2012b) also led to protests and reversals. In Nigeria, the attempt to 

remove fuel subsidies in June 2000 sparked riots and caused the government to 

reinstate subsidies (Facts on File World News Digest, 2000; Oyo, 2000). Subsequent 

attempts by Nigerian governments in January 2002 (Africa News, 2002), June 2003 

(Africa News, 2003), August 2005 (Africa News, 2005), and January 2012 (Africa News 

2012a-2012d) also led to protests and reversals. It appears that once protesters 

succeed in forcing their government into a reversal, they may be more likely to try to do 

so again in response to future reforms. 

My review indicates the importance of protecting lower-income households by keeping 

fuels such as kerosene and LPG subsidized while deregulating other fuels. Kerosene 

and LPG are essential to lower-income households, making them the most politically 

challenging to reform. In India, between 2004 and 2010, the government implemented 

nine energy subsidy reforms, including in June 2004 (Associated Press International, 

2004; Devraj, 2004), November 2004 (Agence France Presse, 2004b), June 2005 (BBC 

Monitoring South Asia, 2005), September 2005 (The Hindustan Times, 2005), June 

 
not be politically feasible, so some governments may be better off picking an alternative instrument. For 
example, if the government’s objective is to improve the fiscal balance, one alternative policy could be 
raising income taxes for certain groups or introducing a low value-added tax. If the objective is to reduce 
emissions, a government may use regulatory instruments to achieve that goal instead of energy subsidy 
reform. 
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2006 (BBC Monitoring South Asia, 2006), February 2008 (Oil Daily, 2008), June 2008 

(Badam, 2008; MacRae, 2008), July 2009 (Agence France Presse, 2009), and June 

2010 (Kazmin, 2010). Among these nine episodes, gasoline and diesel prices were 

hiked every single time, LPG prices were hiked four times, and kerosene prices were 

hiked once in June 2010 – the only one episode that involved all four fuels and led to 

widespread protests (Asian News International, 2010). A recent study by Schaffitzel et 

al. (2020) on Ecuador validates these findings on the sensitivities associated with LPG 

and kerosene, in which the authors interviewed multiple experts that agreed that “if LPG 

[subsidy] is touched, the [Ecuadorian] government will fall.” Moreover, continuing to 

subsidize LPG and kerosene may contribute to environmental sustainability, as many 

lower-income households face a choice between using biomass (e.g., charcoal or 

firewood), LPG, and kerosene. Wijayatunga and Attalage (2002) found that substituting 

biomass with kerosene and LPG reduces CO2 emissions by up to 46% from household 

cooking in Sri Lanka. Raising LPG and kerosene prices can thus encourage an 

unwelcome switch to more emission-intensive biomass, which produces more CO2, 

nitrogen oxides, and carbon monoxide emissions (Wijayatunga and Attalage, 2002; 

Olabisi et al., 2019). In summary, governments can increase the likelihood of delivering 

a successful energy subsidy reform for fuels like gasoline and diesel by continuing to 

subsidize essential fuels like kerosene or LPG, and in doing so may also unlock further 

environmental and health benefits by preventing lower-income households from 

switching back to biomass.  

My review also looked at the actions a government can take after its attempt at energy 

subsidy reform leads to protests. I find that partial reversals can be used to hold on to 

part of the fiscal, economic, health, and environmental benefits of reform while 

demonstrating to stakeholders the government’s willingness to listen and compromise. I 

find many instances of effective partial reversals. In 2005, the Bolivian government 

raised fuel prices but partially rolled back the diesel price increase to compromise with 

public transport operators (Lapper, 2005). In 2008, Cameroon faced one of the largest 

episodes of unrest after it increased fuel prices (BBC Monitoring Africa, 2008; Amin, 

2013). The government agreed to partially reverse the gasoline and kerosene price 

increases (Africa News, 2008a, 2008b). Protests initially continued due to other political 
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decisions (Deutsche Presse-Agentur, 2008), but the unrest soon calmed down (Africa 

News, 2008c). In Côte d’Ivoire, a partial reversal was also used to calm protests 

following a reform in July 2008 (Agence France Presse, 2008). The government’s 

response involved partial cuts to diesel and kerosene prices alongside reductions to 

minister salaries and increases in allowances for civil servants (Africa News, 2008d). In 

Nigeria, partial reversals have been frequently used to compromise with protest-leading 

unions. In 2012, Nigeria raised gasoline prices from 65 to 141 Naira per litre, triggering 

violent protests (Africa News, 2012a, 2012b, 2012c), which came to an end when the 

government cut gasoline prices to 97 Naira per litre (Africa News, 2012d). The Nigerian 

president also promised to audit the Nigerian National Petroleum Corporation to 

eliminate corruption, a key concern for stakeholders, demonstrating his government’s 

willingness to listen and compromise (Africa News, 2012d).  

4.5. Conclusion 

Policymakers worldwide continue to face challenges in achieving successful reform 

outcomes. These challenges are preventing efforts around the world to implement 

further energy subsidy reforms, which explains why the scope for further subsidy reform 

remains enormous. In the latest report by the IMF on global fossil fuel subsidies, Black 

et al. (2023) estimated pre-tax (“explicit) subsidies in 2022 at around 1.3 trillion USD – 

over 1% of global gross domestic product. According to the IMF, Saudi Arabia alone 

accounts for 10% of their global estimate. The IEA obtained a similar estimate for global 

fossil fuel subsidies in 2022, estimating the total to be over 1.1 trillion USD and noting 

that this was a record level for global fossil fuel subsidies since the IEA started tracking 

them (IEA, 2024). 

Given the drivers for energy subsidy reform and the enormous potential but persistent 

barriers to successful implementation, I reviewed the literature to understand better the 

factors contributing to successful outcomes. I synthesized six lessons from the 

literature: 1) preparing a comprehensive strategy, 2) ensuring that the timing is 

appropriate, 3) communicating and consulting with stakeholders, 4) implementing 

reforms gradually, 5) launching compensation schemes and other complementary 

policies, and 6) moving towards automatic or market-based pricing. However, these 
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lessons from the literature were mainly drawn from reports that relied on the past 

experiences of IGOs with a smaller group of selected countries. The IGOs’ experiences 

represent only a tiny subset of all past attempts at reform over the last few decades. To 

expand the temporal and geographical scope of countries and episodes from which I 

can draw lessons, I constructed a database with over 3000 news articles covering over 

400 energy subsidy reforms implemented worldwide between 1995 and 2022. I then 

leveraged this original database to expound on the lessons from the literature and draw 

additional insights.  

With regards to the first lesson, I found contrasting experiences that highlighted the 

value of preparing a comprehensive strategy. For example, Iran’s successful energy 

subsidy reform in 2010, which was rooted in a carefully prepared strategy, was 

juxtaposed with its unsuccessful reform in 2019, which did not benefit from the same 

preparation. As for the second lesson, I highlighted several factors that need to be 

considered when deciding on an appropriate time for reform, including the weather, a 

factor that can have important consequences given households’ essential needs for 

cooling or heating services. With respect to the third lesson, I investigated examples of 

effective communication and highlighted the range of stakeholders – and their varying 

importance across countries – that governments need to engage with. As for the fourth 

lesson, I found extensive evidence reinforcing the vital role of gradual price increases. 

With regards to the fifth lesson, I highlighted the importance of compensation design, 

specifically the roles of coverage and timing, for promoting a successful outcome. 

Finally, I explored numerous examples of countries successfully transitioning to 

automatic or market-based energy pricing and countries failing to do so, discussing 

some of the tools those countries used to minimize volatility following reform. 

Further conclusions emerged from the analysis of the dataset. I found that some 

countries may not have the capabilities or circumstances needed to reform energy 

prices successfully. Therefore, it may be better for such countries to explore alternative 

policy options to achieve their goals – at least until their institutional capacity improves, 

or circumstances change. My analysis pointed to the importance of implementing 

energy subsidy reforms successfully at the first attempt. I found numerous examples of 
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unsuccessful first attempts that made future attempts even more challenging. I also 

discussed how reforms affecting a subset of energy products, but excluding essential 

fuels like LPG and kerosene, may be more likely to succeed while also potentially 

improving environmental outcomes for lower-income households. Finally, I examined 

the actions a government can take after its attempt at energy subsidy reform leads to 

protests, finding that a government can use partial reversals to hold on to part of the 

benefits of reform while demonstrating to stakeholders its willingness to listen and 

compromise.  

In addition to qualitative reviews of past energy subsidy reforms, including the one in 

this chapter, quantitative research is also needed to measure how different factors and 

national circumstances influence the probabilities of a successful or unsuccessful 

outcome. To the best of my knowledge, only two papers have applied quantitative tools 

to this issue: Natalini et al. (2020) and McCulloch et al. (2022). However, both found 

conflicting results on the impact of international oil prices on energy-related unrest, and 

their datasets included relatively few energy subsidy reform episodes. More quantitative 

research is needed to address this question. 
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Chapter 5: The Determinants of Successful Energy 

Subsidy Reforms: A Logistic Regression Analysis 

5.1 Introduction 

This chapter seeks to further understand how policymakers in Saudi Arabia can 

implement energy subsidy reforms successfully. Chapter 4 encompassed a qualitative 

analysis that drew lessons from countries’ past reform attempts using a news content 

database that I constructed. This chapter expands on that qualitative analysis by pulling 

quantitative data from news content and building a quantitative dataset on which I can 

apply data analysis tools to measure the effects of different factors and national 

circumstances on achieving a successful energy subsidy reform outcome.  

As discussed in Chapter 4, I define an energy subsidy reform as a subsidy reduction 

resulting from an increase in the regulated price of an energy product that brings it 

closer to the level it would be in a deregulated market. I also define success as an 

outcome where energy subsidy reform does not lead to protests and/or is not reversed. 

As discussed, such a two-pronged definition of success has been used previously in the 

literature (Chelminski, 2018). 

Despite the political importance of energy subsidy reform, the enormous potential for 

further reform globally, and the barriers to implementation, there is surprisingly very little 

quantitative research on what contributes to a successful reform outcome, as McCulloch 

et al. (2022) noted. There are currently two strands in the literature on energy subsidy 

reform outcomes. The first – and much larger – strand consists of qualitative reviews 

that drew lessons from countries’ successful and unsuccessful past attempts at energy 

subsidy reform (e.g., UNEP, 2003, Viktor, 2009, Commander, 2012, Beaton et al., 2013, 

Clements et al., 2013; Vagliasindi, 2013, Atansah et al., 2017, Rentschler and Bazilian, 

2017), as discussed in Chapter 4. The second strand, which relates more closely to this 

chapter, includes studies that quantified the impacts of different factors on the 

occurrence of riots following energy subsidy reform. To the best of my knowledge, there 

are currently only two such quantitative studies, both of which were published recently: 
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Natalini et al. (2020) and McCulloch et al. (2022) both applied logistic regression 

analysis to explore how different factors influence the occurrence of fuel-related riots. 

More quantitative research is needed to inform policymakers on how different factors 

and national circumstances influence energy subsidy reform outcomes. The two studies 

by Natalini et al. (2020) and McCulloch et al. (2022) found conflicting results on the 

impact of international oil prices on fuel-related riots, and their datasets included 

relatively few instances of unsuccessful energy subsidy reforms (i.e., reforms that led to 

riots). This chapter addresses some of the major gaps in the literature by 1) building a 

comprehensive quantitative dataset that includes a much larger number of energy 

subsidy reform episodes and 2) applying logistic regression analysis to quantify the 

effects of a comprehensive set of relevant explanatory variables on the occurrence of a 

successful energy subsidy reform outcome.  

Chapter 5 is structured as follows. Section 5.2 looks at the literature and compares the 

few existing quantitative studies on this topic. Section 5.3 details and describes my 

newly constructed quantitative dataset on energy subsidy reforms and outcomes, while 

also presenting the logistic regression methods. Section 5.4 presents and discusses the 

results of the regression analysis, while Section 5.5 concludes. 

5.2 Literature Review 

As noted above, there are very few published quantitative studies that explore the 

determinants of energy subsidy reform outcomes. I focus on two key outcomes that can 

occur following energy subsidy reform. The first outcome relates to whether the reform 

is reversed or not, while the second outcome relates to whether the reform leads to 

social unrest or not. To the best of my knowledge, there exist no studies that quantified 

the determinants of energy subsidy reform reversal, and only two studies that quantified 

the determinants of energy-subsidy-reform-related social unrest: Natalini et al. (2020) 

and McCulloch et al. (2022). Both studies quantified how different explanatory variables 

influence the odds of ‘fuel riots’, which they defined as incidents of significant social 

unrest that occur in response to the reduction or removal of energy subsidies. Natalini et 

al. (2020) quantified the effects of one set of explanatory variables on fuel riots, 
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covering the 2005-2016 period, while McCulloch et al. (2022) quantified the effects of a 

different set of explanatory variables after extending the same dataset to 2018. The 

same manual Google search with a set of keywords was used to capture instances of 

fuel riots from news articles. Both Natalini et al.’s (2020) and McCulloch et al.’s (2020) 

data contain 59 instances of fuel riots. However, the explanatory variables in both 

studies’ datasets, which were used to explain the occurrence of fuel riots in the 

regressions, differ completely. Natalini et al. (2020) included the international crude oil 

price, political stability, net fuel exports, and regime type as explanatory variables, while 

McCulloch et al. (2022) included the change in international and domestic gasoline 

prices, GDP growth, government effectiveness, corruption, civil freedom, anti-

government movements, GDP per capita, and population as explanatory variables in 

one of their main models. Natalini et al. (2020) found that the international crude oil 

price has a statistically significant effect in increasing the odds of fuel riots, and that 

more politically stable or fuel-importing countries are less likely to have fuel riots (see 

Table 23). In contrast to the results of Natalini et al. (2020), McCulloch et al. found that 

the international gasoline price has no statistically significant effect on the occurrence of 

fuel riots. Instead, McCulloch et al. (2022) found that the growth in the domestic 

gasoline price increases the odds of fuel riots. Also, in contrast to Natalini et al. (2020), 

who found statistically significant coefficients on their other explanatory variables, 

McCulloch et al. (2022) found that only anti-government movements have a statistically 

significant effect in increasing fuel riots, with no statistically significant effects observed 

for any of the other explanatory variables. Table 23 highlights some of the conflicting 

results between Natalini et al. (2020) and McCulloch et al. (2022), which could stem 

from omitted variable bias, as each model contains a different set of explanatory 

variables. They could also stem from the use of different methods, or due to the 

extension of the dataset by two years by McCulloch et al. (2022), which increased the 

number of observations. (Since the number of instances of fuel riots was 59 in both 

studies’ datasets, this suggests that McCulloch et al.’s (2022) larger dataset included 

only a larger number of observations of no fuel riots.) 
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Table 23 Estimated logistic regression models from the literature. 

Included explanatory variables 
Natalini et al.’s (2020)  

model 1 
McCulloch et al.’s (2022) 

model 1 

International crude oil price 0.756***  

International gasoline price growth  4.022 

Domestic gasoline price growth  2.109** 

GDP growth  -0.0437 

per capita GDP  0.145 

population  −0.0733 

Population growth   

Political stability 0.765***  

Net fuel exports -0.405*  

Regime type 0.119  

Government effectiveness  −1.234 

Extent of corruption  3.743 

Civil society freedom  0.416 

Anti-government movements  0.813 

Method Logistic mixed-effects model 
Fixed effects logit panel 

regression 

Number of observations 1769 3833 

   

Given the conflicting results between Natalini et al. (2020) and McCulloch et al. (2022), 

it is difficult to draw takeaways for policymakers. However, the conflicting results do 

point to an important discussion about the determinants of fuel riots. In theory, fuel riots, 

as they have been defined, are driven by consumers protesting higher domestic fuel 

prices. However, Natalini et al. (2020) found that the international crude oil price is 

driving fuel riots. In countries with deregulated fuel prices, domestic fuel prices depend 

directly on the international oil price, as they are very closely correlated. However, this 

is not the case in many developing countries that regulate fuel prices (Kpodar and 

Imam, 2020). In such countries, the effect of the international crude oil price on 

domestic fuel prices can depend on whether the country is a net fuel importer or 

exporter. In the case of fuel-subsidizing oil exporters, domestic fuel prices are generally 

increased in the face of falling international oil prices to compensate for decreased oil 

export revenues (Fattouh et al., 2016). In contrast, fuel-subsidizing oil importers are 

more likely to raise domestic fuel prices when international oil prices are high, which 

tends to increase the fiscal burden from fuel subsidies (Vagliasindi, 2013). Additionally, 
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fuel-subsidizing countries generally face challenges in passing through changes in 

international oil prices to domestic fuel prices. For example, in Kuwait, gasoline prices 

had remained fixed for decades prior to the 2016 gasoline subsidy reform (Agence 

France Presse, 2016). Therefore, the international crude oil price in many cases may 

not reflect domestic fuel prices, so domestic prices should ideally be used as 

explanatory variables in the regression.  

McCulloch et al. (2022) included both domestic and international gasoline prices as 

potential determinants of fuel riots and found that only the domestic gasoline price has a 

statistically significant effect on the odds of a fuel riot. However, McCulloch et al. (2022) 

looked at the relationship between fuel riots and only the domestic gasoline price. In 

many countries, it may be changes in the domestic prices of other fuels, such as diesel, 

kerosene, or LPG, that drive the occurrence of fuel riots, as discussed in Chapter 4. For 

example, the recent energy subsidy reform in Kazakhstan in 2022, which targeted LPG, 

led to widespread fuel riots (Al Arabiya, 2022; Sullivan, 2022). Attributing such fuel riots 

to gasoline prices and omitting LPG prices from the model can potentially lead to 

misleading results. Furthermore, McCulloch et al. (2022) omitted explanatory variables 

that Natalini et al. (2020) had found to be statistically significant, so there may 

potentially be issues with omitted variable bias.  

In this chapter, I seek to address several of these identified gaps in the literature. First, I 

run a logistic regression analysis on two reform outcomes: the occurrence of social 

unrest and the occurrence of a reversal – the latter having not been looked at 

previously. Second, I run the regressions on an original quantitative dataset that I built 

from the news database that I presented in Chapter 4. My quantitative dataset captures 

many instances of fuel riots that were missing in the datasets used by Natalini et al. 

(2020) and McCulloch et al. (2022). My dataset has 142 instances of social unrest 

driven by energy subsidy reform compared to only 59 in both previous studies. Third, I 

include a comprehensive set of relevant explanatory variables in the regression models 

to minimize omitted variable bias. I do this by including both sets of explanatory 

variables used in Natalini et al. (2020) and McCulloch et al. (2022). My dataset also 

contains important explanatory variables that had not been looked at previously, 
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including increases in the domestic prices of diesel, LPG, kerosene, and residential 

electricity, and whether compensation was used during the reform. 

5.3 Data and Methods 

5.3.1 Dataset construction 

The quantitative dataset used in this study captures information about the outcomes of 

energy subsidy reforms as well as their determinants. The first step in building this 

dataset involved collecting news articles that contain any information related to energy 

subsidy reform attempts through precise search queries. As described in Chapter 4, this 

was done by conducting a search for news articles by accessing three platforms 

concurrently: Nexis (2023a), ProQuest (2023), and Google (2023). This is a substantial 

improvement on Natalini et al. (2020) and McCulloch et al. (2022) due to their use of 

Google News only and its limitations for quantitative research, as pointed out in Buntain 

et al. (2023). Given the very high number of news articles across the three platforms, I 

utilized search command operators to narrow the search results, as discussed in 

Chapter 4. My search queries ensured that all five energy products that may be 

important to households – gasoline, diesel, kerosene, LPG, and electricity – were 

covered in the search results. As noted in Chapter 4, my final database contains over 

3000 news articles, covering over 400 distinct episodes of energy subsidy reform 

stretching from 1995 to 2022 across 44 countries. 

The 44 countries were selected based on two factors: First, a search for major episodes 

of energy subsidy reform was conducted without specifying the country, producing a list 

of countries in which major episodes occurred and were reported on in the online news 

databases. This list of countries included developing countries in which energy prices 

were subsidized and regulated by the government. This list was then compared to the 

list of countries in which the IEA (2023, 2024) finds consumer energy subsidies. The 

IEA’s energy subsidy dataset includes 49 countries, but several countries (e.g., Austria 

and France) on their list were reported to have zero consumer energy subsidies in most 

years and were thus excluded from the comparison. Excluding such countries, my final 

list of 44 countries includes all the countries with non-zero consumer energy subsidies 
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listed in the IEA’s (2023, 2024) energy subsidy datasets, plus additional countries in 

which major episodes of energy subsidy reform took place between 1995 and 2022 

according to the online news databases. These additional countries are Cameroon, 

Côte d’Ivoire, Chad, Haiti, Jordan, Morocco, Myanmar, Namibia, Nepal, Sierra Leone, 

Sudan, Tunisia, and Yemen. 

The 3000 news articles obtained were then reviewed manually for any content related to 

the absolute or percentage price increases implemented during a subsidy reform, the 

prices before and after the reform, the occurrence of social unrest, the occurrence of a 

reversal, and whether cash compensation was used to mitigate the negative impacts of 

reform. Quantitative data on the price changes across all five energy products were 

pulled into the dataset. The occurrences of unrest or a reversal were coded into two 

separate binary variables, with these two variables used as the dependent variables in 

the analysis. Finally, a binary explanatory variable was also constructed from news 

content reflecting whether cash compensation schemes were used to compensate 

households for the higher energy prices. 

I also collected data on additional explanatory variables that may influence the 

outcomes of energy subsidy reform. These variables include those related to the type of 

regime in a country, people’s freedoms to protest, economic performance, human 

development, governance, and institutional quality.  

• Political regime and civil liberties. As noted by McCulloch et al. (2022), social 

unrest may be less likely to occur in countries with autocratic regimes and in 

countries with fewer civil liberties. The polity2 variable, obtained from the Center 

for Systemic Peace (CSP, 2023), reflects a country’s political regime. Its values 

range from -10, which reflects a hereditary monarchy (e.g., Qatar and Saudi 

Arabia) to +10, which reflects a consolidated democracy (e.g., France and 

Japan). A 21-unit change therefore represents a complete transition from a 

hereditary monarchy to a consolidated democracy. Since the polity2 variable 

runs up to 2018 only, I extended the values up to 2022 for each country based on 
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its last data value.21 As for the degree of civil freedom, I used the Civil Liberty 

Dataset (CLD) (Skaaning, 2020), which captures five aspects of civil freedom: 1) 

freedom of opinion and expression, 2) freedom of assembly and association, 3) 

freedom of thought, conscience and religion, 4) freedom of movement and 

residence, and 5) fair trial. For each of these five elements, the values range 

from 1 (the lowest) to 4 (the highest). I took an average of all five variables to 

obtain each country’s average level of civil freedom. The values range from a low 

of 1 (e.g., Afghanistan in 2021) to a high of 4 (e.g., the United States of America 

in 2019). The latest CLD dataset (v2.8) currently runs up to 2023.  

• The population, level of development, and economic performance. 

Explanatory variables that cover these national circumstances include 

population, annual GDP growth, per capita GDP (at constant prices), and 

inflation, all of which were obtained from the World Bank (2024a). Furthermore, I 

obtained from the United Nations Development Programme (UNDP, 2023) the 

human development index (HDI), a composite variable that captures the health 

(e.g., life expectancy at birth), education (e.g., mean years of schooling), and 

standard of living (e.g., gross national income) in a country. The HDI varies from 

0 (the lowest level of human development) to 1 (the highest), but I scaled it up to 

vary from 0 to 100 to simplify the interpretation of the regression results. 

• Governance and institutional quality. The World Bank (2024b) has developed 

the World Governance Indicators (WGIs), a dataset that captures six different 

dimensions of governance and institutional quality. These six variables are 1) 

voice and accountability, 2) political stability and the absence of 

violence/terrorism, 3) government effectiveness, 4) regulatory quality, 5) rule of 

law, and 6) control of corruption, all of which were added to the dataset. All six 

 

21 For most countries, the value of the polity2 variable does not change or changes very slowly over time. 
For example, the value for Saudi Arabia remains at -10 between 1926 and 2018. However, in rare cases, 
the value can change rapidly due to political upheavals. In the case of Myanmar, I extended the last value 
of the polity2 variable up to 2020. In 2021, the military overthrew the democratically elected government 
(U.S. Department of State, 2024), “undoing a decade of progress”, so I set the values for 2021 and 2022 
equal to the values that prevailed a decade earlier between 2011 and 2014 during the period of the 
military-backed government.      
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variables are in units of a normal standard variable with zero mean and a 

standard deviation of one (Kaufmann et al., 2010), so their values range from 

approximately -2.5 (weak governance) to +2.5 (strong governance), although the 

values for some countries in some years can go beyond this range.22 Any 

missing values in this dataset during the 1995-2022 period were interpolated 

using the estimates for the year before and after. 

• Status as a net energy importer or exporter. As this factor may influence 

citizens’ expectations regarding energy subsidies (Lockwood, 2015; Chelminski, 

2018), I also developed a binary variable reflecting whether a country is a net 

energy importer or exporter in each year. A country was classified as a net 

exporter of energy (coded as one) if its primary energy production was higher 

than its primary energy consumption, based on data from the Energy Information 

Administration (EIA, 2023), and classified as a net importer of energy (coded as 

a zero) in the opposite instance. 

5.3.2 Dataset description 

While my news articles covered over 400 distinct episodes of energy subsidy reform 

stretching from 1995 to 2022 across 44 countries, some episodes and countries 

(specifically Venezuela) had to be dropped due to the unavailability of many of the 

explanatory variables for those episodes or countries.  

 

22 The variables are defined as follows: 1) Voice and accountability captures perceptions of the extent to 
which a country's citizens are able to participate in selecting their government, as well as freedom of 
expression, freedom of association, and a free media (World Bank, 2023b); 2) political stability and the 
absence of violence/terrorism measures perceptions of the likelihood of political instability and/or 
politically-motivated violence, including terrorism (World Bank, 2023b); 3) government effectiveness 
captures perceptions of the quality of public services, the quality of the civil service and the degree of its 
independence from political pressures, the quality of policy formulation and implementation, and the 
credibility of the government's commitment to such policies (World Bank, 2023b); 4) regulatory quality 
captures perceptions of the ability of the government to formulate and implement sound policies and 
regulations that permit and promote private sector development (World Bank, 2023b); 5) rule of law 
captures perceptions of the extent to which agents have confidence in and abide by the rules of society, 
and in particular the quality of contract enforcement, property rights, the police, and the courts, as well as 
the likelihood of crime and violence (World Bank, 2023b); 6) control of corruption captures perceptions of 
the extent to which public power is exercised for private gain, including both petty and grand forms of 
corruption (World Bank, 2023b). 
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My final quantitative dataset contains exactly 400 episodes of energy subsidy reform, 

with two different dependent variables (social unrest and reform reversal) and 20 

explanatory variables for each episode. The 400 episodes of energy subsidy reform can 

be disaggregated into 142 episodes that resulted in social unrest and 258 episodes that 

did not. They can also be disaggregated into 48 episodes that resulted in a reversal and 

352 episodes that did not. The frequency of energy subsidy reforms implemented by 

country and disaggregated by outcome are shown in Table 24, which reveals extensive 

variation in the number of implemented reforms across countries and in outcomes. The 

number of reforms a country implemented depends on a multitude of factors, such as 

whether the country followed a gradual or an abrupt approach to reform and whether it 

decided to maintain fixed energy prices for long periods of time.23,24 Table 24 also 

reveals that some countries have experienced both outcomes (e.g., Indonesia and 

Nigeria), while some countries have only experienced one of the outcomes (e.g., Saudi 

Arabia and the UAE).  

  

 

23 The number of implemented reforms in my dataset also depends on the level of news coverage that 
each country receives. There may have been reform episodes that were not captured in the searches of 
Nexis, ProQuest, and Google due to coverage-related issues. For example, news on energy subsidy 
reforms in some countries may have only been published in languages other than English and would thus 
not be captured in the news searches. 

24 My dataset on energy subsidy reform episodes only encompasses episodes of energy price changes in 
countries with subsidies (i.e., countries with regulated energy prices). Once a country full deregulates its 
energy prices, any future energy price changes, which would occur in line with international market 
prices, would not be relevant to the analysis conducted in this paper.   
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Table 24 Number of observations by outcome and country in the dataset. 

 Occurrence of social unrest  Occurrence of reversal  

Country No = 0 Yes = 1 Total No = 0 Yes = 1 Total 

Algeria 1 1 2 2 0 2 

Angola 4 0 4 4 0 4 

Azerbaijan 6 2 8 7 1 8 

Bahrain 2 0 2 2 0 2 

Bangladesh 9 9 18 17 1 18 

Bolivia 0 3 3 1 2 3 

Cameroon 2 3 5 4 1 5 

Chad 1 0 1 1 0 1 

Ivory Coast 0 1 1 0 1 1 

Ecuador 4 7 11 6 5 11 

Egypt 13 1 14 14 0 14 

El Salvador 1 0 1 1 0 1 

Gabon 1 0 1 1 0 1 

Ghana 5 5 10 9 1 10 

Haiti 1 5 6 5 1 6 

India 7 17 24 19 5 24 

Indonesia 4 13 17 14 3 17 

Iran 12 3 15 15 0 15 

Iraq 6 1 7 7 0 7 

Jordan 11 4 15 14 1 15 

Kazakhstan 1 1 2 1 1 2 

Kuwait 4 0 4 3 1 4 

Libya 1 0 1 1 0 1 

Malaysia 17 3 20 19 1 20 

Mexico 2 2 4 4 0 4 

Morocco 3 0 3 3 0 3 

Myanmar 4 4 8 7 1 8 

Namibia 17 0 17 17 0 17 

Nepal 9 16 25 17 8 25 

Nigeria 2 13 15 9 6 15 

Oman 3 0 3 3 0 3 

Pakistan 0 1 1 0 1 1 

Qatar 5 0 5 5 0 5 

Saudi Arabia 6 0 6 6 0 6 

Sierra Leone 2 3 5 4 1 5 

Sri Lanka 23 5 28 27 1 28 

Sudan 10 11 21 19 2 21 

Thailand 4 1 5 5 0 5 

Tunisia 8 2 10 10 0 10 

Turkmenistan 3 0 3 3 0 3 

UAE 10 0 10 10 0 10 

Uzbekistan 29 0 29 29 0 29 

Yemen 5 5 10 7 3 10 

Total 258 142 400 352 48 400 
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Table 25 provides summary statistics on the energy price increases in my dataset, 

demonstrating that countries on average (across all 400 episodes) implemented 

increases in prices that were smaller than 30%, with increases on gasoline and diesel 

being higher on average than on kerosene, LPG, and electricity. Nevertheless, the 

range of price increases is wide, and in a few rare cases governments decreased the 

price of one fuel to compensate for increases in the prices of other fuels during a 

reform.  

Table 25 also shows the mean energy price increases disaggregated by outcome. I find 

that – for all five energy products – the mean increases implemented in episodes that 

triggered social unrest were higher than the mean increases implemented in episodes 

that did not trigger social unrest, showing that larger price increases are correlated with 

unrest. The same applies to the mean increases implemented in episodes that 

culminated in a partial or complete reversal, as they were higher – across all five energy 

products – than the mean price increases implemented in episodes that were not 

reversed, again pointing to the possible influence of larger energy price increases on 

unsuccessful outcomes. 

Figure 20 highlights the share of episodes and outcomes based on whether cash 

compensation was used. It shows that with compensation, social unrest occurred at a 

rate of around 30.8%. However, when compensation was not used, social unrest 

occurred in 36.0% of episodes. These values suggest that compensation may reduce 

the likelihood of unrest. In the case of reversal as an outcome, the effect of 

compensation is much more prominent. When compensation was used, none of the 

episodes resulted in a reversal (a reversal rate of 0%). In contrast, when compensation 

was not used, 13.4% of episodes culminated in a reversal. 

Table 26 provides summary statistics for all the remaining economic, political, 

institutional, and governance variables, disaggregated based on whether social unrest 

occurred or not. It shows that social unrest is correlated to slower economic growth, 

lower GDP per capita, higher inflation, larger population, a lower HDI, and weaker 

governance across all WGI indicators, except for voice and accountability. It also shows 

social unrest was correlated with countries being more democratic, having more civil 
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freedoms, and being importers of energy.25 The exact same patterns are observed with 

regards to reversal as an outcome, as shown in Table 27, with only two differences: 

countries in which reversals occurred had on average lower levels of inflation and were 

more likely to be exporters of energy.  

Table 25 Summary statistics, categorized by outcome, for the energy price increases that were 

implemented across all 400 episodes of energy subsidy reform. 

Episodes 

 Percentage increase in price of energy product (%) 

 Gasoline Diesel Kerosene LPG Electricity 

No social unrest  
(N=258) 

Mean 19.0% 21.8% 9.4% 11.7% 10.7% 

SD 68.8% 103.9% 39.4% 67.5% 67.3% 

Min 0.0% -29.3% 0.0% 0.0% 0.0% 

Max 733.3% 1,415.2% 506.1% 900.0% 854.5% 

Occurrence of 
social unrest 

(N=142) 

Mean 32.0% 35.2% 23.1% 14.4% 13.7% 

SD 57.1% 76.1% 51.0% 40.3% 58.6% 

Min 0.0% 0.0% 0.0% -18.9% 0.0% 

Max 525.0% 800.0% 400.0% 300.0% 450.4% 

No reversal  
(N=352) 

Mean 22.9% 25.2% 12.2% 11.1% 11.5% 

SD 68.0% 99.5% 42.0% 59.4% 64.2% 

Min 0.0% 29.3% 0.0% 18.9% 0.0% 

Max 733.3% 1,415.2% 506.1% 900.0% 854.5% 

Occurrence of a 
reversal 
(N=48) 

Mean 29.0% 36.8% 29.1% 23.9% 13.7% 

SD 38.2% 51.9% 56.8% 57.4% 65.4% 

Min 0.0% 0.0% 0.0% 0.0% 0.0% 

Max 183.7% 209.1% 283.3% 300.0% 441.7% 

Total 
(N=400) 

Mean 23.6% 26.6% 14.2% 12.7% 11.7% 

SD 65.1% 95.1% 44.3% 59.2% 64.3% 

Min 0.0% 29.3% 0.0% 18.9% 0.0% 

Max 733.3% 1,415.2% 506.1% 900.0% 854.5% 

Note: SD = Standard deviation; Min = Minimum; Max = Maximum; N = number of episodes 

 

25 A mean value for this binary variable that is greater than 0.5 indicates a higher percentage of exporters, 
while a mean value less than 0.5 indicates a lower percentage of exporters.    
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Figure 20 Energy subsidy reform outcomes disaggregated by compensation use. 
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Table 26 Summary statistics, categorized by unrest outcome, for the economic, political, institutional, and governance variables in 

countries across all 400 implemented episodes. 

 No social unrest (N=258) Occurrence of social unrest (N=142) Total (N=400) 

 Mean SD Min Max Mean SD Min Max Mean SD Min Max 

Annual % GDP growth  5.2 3.6 -5.3 34.9 4.2 5.5 -17.0 34.5 4.8 4.4 -17.0 34.9 

Annual GDP per capita 
(2015 USD)  

7343 12916 286 73493 2355 1918 555 11291 5572 10699 286 73493 

Population  
(millions) 

66.9 191.0 1.4 1340.0 204.0 369.0 6.6 1290.0 116.0 276.0 1.4 1340.0 

Government 
effectiveness  

-0.28 0.69 -2.09 1.51 -0.65 0.58 -2.23 1.25 -0.41 0.68 -2.23 1.51 

Regulatory quality  -0.49 0.79 -2.20 1.11 -0.67 0.51 -2.27 0.54 -0.56 0.71 -2.27 1.11 

Voice and Accountability  -0.82 0.76 -2.26 0.55 -0.51 0.65 -2.21 0.49 -0.71 0.74 -2.26 0.55 

Political Stability  -0.61 0.92 -2.83 1.20 -1.17 0.70 -2.69 0.29 -0.81 0.89 -2.83 1.20 

Rule of Law  -0.41 0.70 -1.84 0.86 -0.69 0.56 -1.74 0.45 -0.51 0.66 -1.84 0.86 

Control of corruption  -0.46 0.68 -1.66 1.07 -0.80 0.45 -1.63 0.28 -0.58 0.63 -1.66 1.07 

Regime type  -0.88 6.44 -10.00 9.00 3.37 5.24 -8.00 9.00 0.63 6.37 -10.00 9.00 

Civil Freedom  2.23 0.61 1.20 3.60 2.57 0.50 1.40 3.60 2.35 0.60 1.20 3.60 

Human Development 
Index  

0.66 0.11 0.37 0.88 0.58 0.10 0.38 0.80 0.63 0.12 0.37 0.88 

Annual % inflation  15.8 42.4 -16.1 359.1 20.4 46.7 -0.2 359.1 17.4 44.0 -16.1 359.1 

Exporter or importer  0.55 0.50 0.00 1.00 0.47 0.50 0.00 1.00 0.53 0.50 0.00 1.00 

Notes: SD = Standard deviation; Min = Minimum; Max = Maximum; N = number of episodes  



 

187 

 

Table 27 Summary statistics, categorized by reversal outcome, for the economic, political, institutional, and governance variables in 

countries across all 400 implemented episodes. 

 No reversal (N=352) Occurrence of reversal (N=48) Total (N=400) 

 Mean SD Min Max Mean SD Min Max Mean SD Min Max 

Annual % GDP growth  5.0 4.4 -17.0 34.9 4.0 3.8 -13.1 14.0 4.8 4.4 -17.0 34.9 

Annual GDP per capita 
(2015 USD)  

5939.2 11243.7 286.0 73493.3 2879.4 4378.3 554.5 29315.2 5572.0 10698.7 286.0 73493.3 

Population 
(millions) 

108.0 265.0 1.4 1340.0 171.0 343.0 3.9 1270.0 116.0 276.0 1.4 1340.0 

Government 
effectiveness  

-0.37 0.69 -2.23 1.51 -0.66 0.51 -1.93 0.99 -0.41 0.68 -2.23 1.51 

Regulatory quality  -0.55 0.74 -2.27 1.11 -0.62 0.43 -1.50 0.54 -0.56 0.71 -2.27 1.11 

Voice and Accountability  -0.73 0.75 -2.26 0.55 -0.56 0.60 -1.86 0.48 -0.71 0.74 -2.26 0.55 

Political Stability  -0.76 0.89 -2.83 1.20 -1.17 0.75 -2.68 0.17 -0.81 0.89 -2.83 1.20 

Rule of Law  -0.48 0.68 -1.84 0.86 -0.72 0.53 -1.71 0.35 -0.51 0.66 -1.84 0.86 

Control of corruption  -0.56 0.65 -1.66 1.07 -0.79 0.40 -1.57 0.28 -0.58 0.63 -1.66 1.07 

Regime type  0.36 6.43 -10.00 9.00 2.58 5.53 -7.00 9.00 0.63 6.37 -10.00 9.00 

Civil Freedom  2.32 0.60 1.20 3.60 2.56 0.52 1.40 3.60 2.35 0.60 1.20 3.60 

Human Development 
Index  

0.64 0.12 0.37 0.88 0.57 0.12 0.38 0.83 0.63 0.12 0.37 0.88 

Annual % inflation  17.4 45.6 -16.1 359.1 17.8 29.4 0.3 132.8 17.4 44.0 -16.1 359.1 

Exporter or importer  0.52 0.50 0.00 1.00 0.56 0.50 0.00 1.00 0.53 0.50 0.00 1.00 

Notes: SD = Standard deviation; Min = Minimum; Max = Maximum; N = number of episodes 
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5.3.3 Logistic regression methods 

5.3.3.1 Pooled logistic regression 

As both my outcome variables are binary, I run logistic regressions to quantify how each 

explanatory variable influences the occurrence of social unrest (the first outcome and 

dependent variable) and the reversal of the reform (the second outcome and dependent 

variable). In my pooled dataset, the unit of analysis is an episode of energy subsidy 

reform, denoted by the subscript 𝑖. In other words, each episode 𝑖 is treated as an 

observation. 

The first general logit model that I estimate is:   

𝑙𝑜𝑔𝑖𝑡(𝑠𝑜𝑐𝑖𝑎𝑙 𝑢𝑛𝑟𝑒𝑠𝑡𝑖) = 𝛼0 + 𝛼1𝐺𝐴𝑆𝑖 + 𝛼2𝐷𝑆𝐿𝑖 + 𝛼3𝐿𝑃𝐺𝑖 + 𝛼4𝐾𝐸𝑅𝑖 + 

𝛼5𝐸𝐿𝐶𝑖 + 𝛼6𝐶𝑂𝑀𝑃𝑖 + 𝛼7𝑙𝑛(𝑃𝑂𝑃𝑖) + 𝛼8𝐺𝐷𝑃𝐺𝑖 + 𝛼9ln(𝐺𝐷𝑃𝑃𝐶𝑖) + 𝛼10𝐺𝐸𝑖 + 

𝛼11𝑅𝑄𝑖 + 𝛼12𝑉𝐴𝑖 + 𝛼13𝑃𝑆𝑁𝑉𝑖 + 𝛼14RL𝑖 + 𝛼15𝐶𝐶𝑖 + 𝛼16𝑅𝑇𝑖 + 𝛼17𝐶𝐹𝑖 + 𝛼18𝐻𝐷𝐼𝑖 +

𝛼19𝐼𝑁𝐹𝑖 + 𝛼20𝑋𝑀𝑖 + 𝜀𝑖 [31] 

where 𝑠𝑜𝑐𝑖𝑎𝑙 𝑢𝑛𝑟𝑒𝑠𝑡𝑖 captures whether social unrest occurs following an episode 𝑖 of 

energy subsidy reform. The explanatory variables are defined as follows: 

• 𝐺𝐴𝑆𝑖 is the percentage increase in the gasoline price during episode 𝑖; 

• 𝐷𝑆𝐿𝑖 is the percentage increase in the diesel price during episode 𝑖; 

• 𝐿𝑃𝐺𝑖 is the percentage increase in the LPG price during episode 𝑖; 

• 𝐾𝐸𝑅𝑖 is the percentage increase in the kerosene price during episode 𝑖; 

• 𝐸𝐿𝐶𝑖 is the percentage increase in the residential electricity price during episode 𝑖; 

• 𝐶𝑂𝑀𝑃𝑖 reflects whether a cash compensation scheme was launched alongside 

episode 𝑖; 

• 𝑃𝑂𝑃𝑖 is the annual population in the country when it implemented episode 𝑖; 

• 𝐺𝐷𝑃𝐺𝑖 is the annual GDP percentage growth for the country when it implemented 

episode 𝑖; 

• 𝐺𝐷𝑃𝑃𝐶𝑖 is the annual GDP per capita for the country when it implemented 

episode 𝑖; 

• 𝐺𝐸𝑖 is the annual level of government effectiveness when it implemented episode 

𝑖; 
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• 𝑅𝑄𝑖 is the annual level of regulatory quality in the country when it implemented 

episode 𝑖; 

• 𝑉𝐴𝑖 is the annual level of voice and accountability in the country when it 

implemented episode 𝑖; 

• 𝑃𝑆𝑖 is the annual level of political stability in the country when it implemented 

episode 𝑖;  

• 𝑅𝐿𝑖 is the annual level of rule of law in the country when it implemented episode 𝑖; 

• 𝐶𝐶𝑖 is the annual level of corruption control in the country when it implemented 

episode 𝑖; 

• 𝑅𝑇𝑖 reflects the annual regime type (i.e., democracy level) in the country when it 

implemented episode 𝑖; 

• 𝐻𝐷𝐼𝑖 is the annual human development index in the country when it implemented 

episode 𝑖; 

• 𝐼𝑁𝐹𝑖 reflects the annual percentage of inflation in the country when it implemented 

episode 𝑖; 

• 𝑋𝑀𝑖 captures whether the country was a net exporter or importer of energy in the 

year when it implemented episode 𝑖; and 

• 𝜀𝑖 represents the random error term. 

The second general logit model that I estimate is: 

𝑙𝑜𝑔𝑖𝑡(𝑟𝑒𝑣𝑒𝑟𝑠𝑎𝑙𝑖) = 𝛽0 + 𝛽1𝐺𝐴𝑆𝑖 + 𝛽2𝐷𝑆𝐿𝑖 + 𝛽3𝐿𝑃𝐺𝑖 + 𝛽4𝐾𝐸𝑅𝑖 + 𝛽5𝐸𝐿𝐶𝑖 + 𝛽6𝐶𝑂𝑀𝑃𝑖 +

𝛼7𝑙𝑛(𝑃𝑂𝑃𝑖) + 𝛽8𝐺𝐷𝑃𝐺𝑖 + 𝛽9ln(𝐺𝐷𝑃𝑃𝐶𝑖) + 𝛽10𝐺𝐸𝑖 + 𝛽11𝑅𝑄𝑖 + 𝛽12𝑉𝐴𝑖 + 𝛽13𝑃𝑆𝑁𝑉𝑖 +

𝛽14RL𝑖 + 𝛽15𝐶𝐶𝑖 + 𝛽16𝑅𝑇𝑖 + 𝛽17𝐶𝐹𝑖 + 𝛽18𝐻𝐷𝐼𝑖 + 𝛽19𝐼𝑁𝐹𝑖 + 𝛽20𝑋𝑀𝑖 + 𝜀𝑖 [32] 

where 𝑟𝑒𝑣𝑒𝑟𝑠𝑎𝑙𝑖 captures whether an episode 𝑖 of energy subsidy reform is reversed or 

not.  

The 𝛼 and 𝛽 coefficients in Equation [31] and Equation [32] reflect the ceteris paribus 

effects of each explanatory variable on the occurrence of social unrest and reversal, 

respectively, with 𝛼0 and 𝛽0 being the intercept terms. 

In statistical model building, the general-to-specific approach is conventionally used to 

find “the most parsimonious model that still accurately reflects the true outcome 
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experience of the data” (Hosmer et al., 2013). Hosmer et al. (2013) noted the rationale 

for minimizing the number of variables in a model to produce a model that is 1) more 

numerically stable, 2) more easily adopted for use, and 3) less likely to suffer from 

overfitting. Using the general-to-specific approach, I tested down to produce 

parsimonious models by dropping variables that were not statistically significant or 

problematic variables that were causing multicollinearity issues while monitoring an 

array of goodness-of-fit measures and diagnostic tests, including the likelihood ratio 

(LR) chi-square test, the pseudo R-squared, specification error tests, multicollinearity 

tests, and information criteria. A 10% level of statistical significance was used to 

determine whether any coefficient or test outcome was statistically significant. 

Throughout this chapter, the superscripts *, **, and *** are used to represent 

significance at the 10%, 5%, and 1% levels. 

While starting from the most general model is one approach, Hosmer et al. (2013) 

recommend a method that they refer to as “purposeful selection”. Purposeful selection 

begins with a univariable analysis of each explanatory variable in the general model, 

where a univariable logistic regression is fitted for each explanatory variable. Any 

explanatory variables that have a p-value higher than 0.25 in the univariable 

regressions are then eliminated. Purposeful selection thus produces a model that is 

nested by the general model, assuming at least one explanatory variable gets 

eliminated in the screening step. Hosmer et al. (2013) then recommend testing down 

from the purposeful selection model following the standard general-to-specific approach 

described above. 

Applying the purposeful selection method described by Hosmer et al. (2013) to Equation 

[31], the variables 𝐿𝑃𝐺𝑖, 𝐸𝐿𝐶𝑖, 𝐶𝑂𝑀𝑃𝑖, and 𝐼𝑁𝐹𝑖 fail the screening test, leading to the 

following model for social unrest as a dependent variable: 

𝑙𝑜𝑔𝑖𝑡(𝑠𝑜𝑐𝑖𝑎𝑙 𝑢𝑛𝑟𝑒𝑠𝑡𝑖) = 𝛼0 + 𝛼1𝐺𝐴𝑆𝑖 + 𝛼2𝐷𝑆𝐿𝑖 + 𝛼4𝐾𝐸𝑅𝑖 + 𝛼7𝑙𝑛(𝑃𝑂𝑃𝑖) + 𝛼8𝐺𝐷𝑃𝐺𝑖 +

𝛼9ln(𝐺𝐷𝑃𝑃𝐶𝑖) + 𝛼10𝐺𝐸𝑖 + 𝛼11𝑅𝑄𝑖 + 𝛼12𝑉𝐴𝑖 + 𝛼13𝑃𝑆𝑁𝑉𝑖 + 𝛼14RL𝑖 + 𝛼15𝐶𝐶𝑖 + 𝛼16𝑅𝑇𝑖 +

𝛼17𝐶𝐹𝑖 + 𝛼18𝐻𝐷𝐼𝑖 + 𝛼20𝑋𝑀𝑖 + 𝜀𝑖 [33] 

Similarly, after applying purposeful selection to Equation [32], the variables 𝐺𝐴𝑆𝑖, 𝐷𝑆𝐿𝑖, 

𝐸𝐿𝐶𝑖, 𝑅𝑄𝑖, 𝐼𝑁𝐹𝑖, and 𝑋𝑀𝑖 fail the screening test. Furthermore, 𝐶𝑂𝑀𝑃𝑖 is found to 
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perfectly predict the occurrence of a reversal, as shown in Figure 20, so the variable 

had to be omitted from the general model. Purposeful selection led to the following 

model for reversal as a dependent variable: 

𝑙𝑜𝑔𝑖𝑡(𝑟𝑒𝑣𝑒𝑟𝑠𝑎𝑙𝑖) = 𝛽0 + 𝛽3𝐿𝑃𝐺𝑖 + 𝛽4𝐾𝐸𝑅𝑖 + 𝛼7𝑙𝑛(𝑃𝑂𝑃𝑖) + 𝛽8𝐺𝐷𝑃𝐺𝑖 + 

𝛽9ln(𝐺𝐷𝑃𝑃𝐶𝑖) + 𝛽10𝐺𝐸𝑖 + 𝛽12𝑉𝐴𝑖 + 𝛽13𝑃𝑆𝑁𝑉𝑖 + 𝛽14RL𝑖 + 𝛽15𝐶𝐶𝑖 + 𝛽16𝑅𝑇𝑖 + 

𝛽17𝐶𝐹𝑖 + 𝛽18𝐻𝐷𝐼𝑖 + 𝜀𝑖 [34] 

The 𝑙𝑜𝑔𝑖𝑡 command in Stata 16.0 (StataCorp, 2019) was used to run the pooled logistic 

regression estimations. 

I also included different sets of dummy variables in the models. First, I tested time 

dummies, including month-year and year time dummies. Month-year time dummies 

proved to be problematic given the small number of energy subsidy reform episodes 

implemented during a month-year, which often shared the same outcome, leading to 

most observations being dropped from the regressions as the month-year dummies 

perfectly predicted the outcomes. Therefore, I did not consider month-year time 

dummies any further. I then tested year time dummies. The inclusion of year time 

dummies led to the loss of only several observations, so I proceeded to estimate and 

compare models with year time dummies. I also tested country dummies. Country 

dummies also proved to be problematic, but not as problematic as month-year time 

dummies. Many countries in my dataset experienced only one outcome when 

attempting energy subsidy reforms. In other words, these countries showed no variation 

in the dependent variable. For social unrest as a dependent variable, 18 of the 43 

countries in my dataset implemented energy subsidy reforms that produced only one 

outcome. Since the dummies for these countries perfectly predict the outcome, all the 

episodes implemented by these 18 countries get omitted from the regression. In the 

case of reversal as a dependent variable, 23 of the 43 countries in my dataset 

implemented reforms with no variation in the reversal outcome. Since the dummies for 

these countries also perfectly predict the outcome, all the episodes implemented by 

these 23 countries get omitted from the regression. Therefore, the inclusion of country 

dummies leads to a significantly less-powered regression, which is a substantial cost 
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given the relatively small dataset size, but I continued to estimate and compare models 

with country dummies. 

5.3.3.2 Panel logistic regression 

My regression analysis could also be conducted by treating the dataset as a panel. 

Since some countries in my dataset implemented multiple episodes of energy subsidy 

reform in the same year, I set month-year as the time variable and country as the panel 

variable. This produced a very unbalanced panel in which only a few countries 

implemented any energy subsidy reforms in each month-year of the study period. My 

28-year study period (1995-2022) includes a total of 336 month-years, and reforms 

were implemented in 211 of these month-years, with no reforms implemented in the 

remaining 125 month-years. Furthermore, the average number of energy subsidy 

reforms implemented by any country in each month-year (across the 211) was only 1.9 

episodes. Nevertheless, I proceeded with running panel regressions, and the panel 

versions of Equation [31] and Equation [32], which include the unobserved effects for 

countries (Wooldridge, 2010), are respectively shown below: 

𝑙𝑜𝑔𝑖𝑡(𝑠𝑜𝑐𝑖𝑎𝑙 𝑢𝑛𝑟𝑒𝑠𝑡𝑗𝑡) = 𝛼0 + 𝛼1𝐺𝐴𝑆𝑗𝑡 + 𝛼2𝐷𝑆𝐿𝑗𝑡 + 𝛼3𝐿𝑃𝐺𝑗𝑡 + 𝛼4𝐾𝐸𝑅𝑗𝑡 + 𝛼5𝐸𝐿𝐶𝑗𝑡 +

𝛼6𝐶𝑂𝑀𝑃𝑗𝑡 + 𝛼7𝑙𝑛(𝑃𝑂𝑃𝑗𝑡) + 𝛼8𝐺𝐷𝑃𝐺𝑗𝑡 + 𝛼9ln(𝐺𝐷𝑃𝑃𝐶𝑗𝑡) + 𝛼10𝐺𝐸𝑗𝑡 + 𝛼11𝑅𝑄𝑗𝑡 + 𝛼12𝑉𝐴𝑗𝑡 +

𝛼13𝑃𝑆𝑁𝑉𝑗𝑡 + 𝛼14RL𝑗𝑡 + 𝛼15𝐶𝐶𝑗𝑡 + 𝛼16𝑅𝑇𝑗𝑡 + 𝛼17𝐶𝐹𝑗𝑡 + 𝛼18𝐻𝐷𝐼𝑗𝑡 + 𝛼19𝐼𝑁𝐹𝑗𝑡 + 𝛼20𝑋𝑀𝑗𝑡 +

𝑐𝑗 + 𝜀𝑗𝑡 [35] 

𝑙𝑜𝑔𝑖𝑡(𝑟𝑒𝑣𝑒𝑟𝑠𝑎𝑙𝑗𝑡) = 𝛽0 + 𝛽1𝐺𝐴𝑆𝑗𝑡 + 𝛽2𝐷𝑆𝐿𝑗𝑡 + 𝛽3𝐿𝑃𝐺𝑗𝑡 + 𝛽4𝐾𝐸𝑅𝑗𝑡 + 𝛽5𝐸𝐿𝐶𝑗𝑡 +

𝛽6𝐶𝑂𝑀𝑃𝑗𝑡 + 𝛼7𝑙𝑛(𝑃𝑂𝑃𝑗𝑡) + 𝛽8𝐺𝐷𝑃𝐺𝑗𝑡 + 𝛽9ln(𝐺𝐷𝑃𝑃𝐶𝑗𝑡) + 𝛽10𝐺𝐸𝑗𝑡 + 𝛽11𝑅𝑄𝑗𝑡 + 𝛽12𝑉𝐴𝑗𝑡 +

𝛽13𝑃𝑆𝑁𝑉𝑗𝑡 + 𝛽14RL𝑗𝑡 + 𝛽15𝐶𝐶𝑗𝑡 + 𝛽16𝑅𝑇𝑗𝑡 + 𝛽17𝐶𝐹𝑗𝑡 + 𝛽18𝐻𝐷𝐼𝑗𝑡 + 𝛽19𝐼𝑁𝐹𝑗𝑡 + 𝛽20𝑋𝑀𝑗𝑡 + 𝑐𝑗 +

𝜀𝑗𝑡 [36] 

The subscript 𝑗 denotes the country, in contrast to the subscript 𝑖 used previously to 

denote episodes of energy subsidy reform. The subscript 𝑡 denotes the time interval, 

which is month-year. The unobserved effects (or unobserved heterogeneity) are 

denoted by 𝑐𝑗. The random effects and fixed effects estimators were both used, which I 

ran using the 𝑥𝑡𝑙𝑜𝑔𝑖𝑡 command in Stata 16.0 (StataCorp, 2019). 
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5.4 Logistic Regression Results 

5.4.1 Results for social unrest as the dependent variable 

5.4.1.1 Selecting a final model for social unrest 

The logistic regression results for the general model are shown in Table 28, starting with 

the pooled general model with no dummy variables, given by Equation [31]. I then 

tested the inclusion of year dummies, finding none to be statistically significant but the 

set of them to be jointly significant. I then tested the inclusion of country dummies, and 

ran into the previously discussed issue, where half of the countries were dropped due to 

their dummies perfectly predicting the outcome. With only half the countries remaining, I 

found that the country dummies were jointly significant. I also tested the inclusion of 

both sets of dummies. With half the countries being dropped again, the country 

dummies were found to be jointly significant, while the time dummies were not. While 

the p-values suggest that country dummies should be included, doing so comes at the 

cost of losing half of all countries and a quarter of all observations – a substantial cost 

given the relatively small sample size. Additionally, all the general models in Table 28 

suffered from severe multicollinearity, with five explanatory variables exhibiting variance 

inflation factors (VIFs) greater than ten. Furthermore, some of the large estimated 

coefficients indicate the possibility of overfitting issues (Hosmer et al., 2013).  

I also estimated panel data models. I found that the panel-level variance component, 

denoted by rho, was zero. The LR test of whether rho equals zero was used to compare 

the pooled estimator to the panel estimator for the general model. The LR test produced 

a p-value of 0.262, failing to reject the null hypothesis that rho equals zero. This test 

result suggests continuing to use the pooled estimator in the regression analysis. 

Having established that the pooled estimator is preferred and that there may be 

overfitting issues with the general model, I proceeded to estimate Equation [33], which 

was obtained by purposeful selection. The results are shown in Table 29 with different 

sets of dummy variables, starting with the purposeful selection model with no dummies. 

I then tested the inclusion of year time dummies, finding them to be jointly significant. I 

then tested the inclusion of country dummies and ran into the previously discussed 
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issue of half the countries being dropped but found the country dummies to be 

significant. I also tested the inclusion of time and country dummies, finding that doing so 

led to each set of dummies no longer being jointly significant. Unlike the general model, 

the purposeful selection model results suggest that all dummies can be dropped from 

the regressions. However, the purposeful selection model, despite including fewer 

explanatory variables than the general model, continued to suffer from severe 

multicollinearity, with several variables exhibiting VIF values greater than ten. 

I subsequently tested down from the purposeful selection model, following the general-

to-specific approach, to look for a more parsimonious model. Through this procedure, 

three models were obtained, which are shown in Table 30. Model 1 includes eight 

statistically significant explanatory variables alongside the constant. Model 2 resembles 

model 1 but excludes political stability as an explanatory variable, due to possible 

endogeneity issues (Natalini et al., 2020). Unlike models 1 and 2, model 3 excludes the 

population but instead includes GDP per capita as a statistically significant explanatory 

variable. All explanatory variables across all three models were significant at the 10% 

level, with only the gasoline price increase in model 3 having a borderline p-value of 

0.101. All three parsimonious models did not have any multicollinearity issues, in 

contrast to the general and purposeful selection models. 

I compared the general, purposeful selection, and three parsimonious models presented 

in Table 28 through Table 30 using various goodness-of-fit statistics. According to 

Akaike’s Information Criterion (AIC), the superior model is the purposeful selection 

model that includes country and time dummies, which had the lowest AIC of 352.9. 

However, excluding models with country dummies, which led to a significant loss in the 

number of observations, model 1 emerges as the superior model with an AIC of 415.1, 

followed closely by model 2 with an AIC of 417.1. However, when using the Bayesian 

Information Criterion (BIC), model 2 emerges as the superior model, with the lowest BIC 

of 449.0 among all models, including the ones with country dummies. 

Proceeding with parsimonious model 2 for further analysis, I tested for time and country 

dummies. Time dummies were not jointly significant, but country dummies were. 
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Including country and time dummies together revealed both sets to be jointly significant, 

but this again comes with the loss of many observations.  

I also estimated model 2 using fixed effects and random effects panel estimators. Table 

31 demonstrates that the results obtained using the pooled estimator and the random 

effects panel estimator are very similar. However, differences were observed in the 

results obtained with the fixed effects panel estimator, which caused the variables for 

annual GDP growth, population, and human development to no longer be statistically 

significant, while increasing the statistical significance of all the price increase variables. 

Furthermore, the use of fixed effects (i.e., country dummies) led to the same loss of 

observations discussed previously. Using the Hausman test to compare fixed and 

random effects, I found that the random effects estimator was preferred over fixed 

effects. As noted by Wooldridge (2010), in cases where the explanatory variables do not 

vary much over time, as is the case here for many of the variables like civil freedom, 

fixed effects estimators can lead to imprecise estimates. The analysis leads to a choice 

between the pooled and random effects estimators. I proceeded with the pooled 

estimator since it is 1) consistent even when strict exogeneity does not hold (Söderbom 

et al., 2015), 2) was used throughout the general-to-specific testing down procedure, 

and 3) produces very similar results to random effects. To summarize, I proceeded with 

model 2 (using the pooled estimator) as the final model. 

I then conducted further tests on the final social unrest model. Table 32 shows its 

sensitivity and specificity, two classification statistics that reflect the shares of actual 

positives (i.e., the occurrence of social unrest) and actual negatives (i.e., no social 

unrest) that are correctly identified by the final model. The rate of correctly identifying 

the occurrence of social unrest is 57.0%, while the rate of correctly identifying the 

absence of social unrest is 84.9%. The superior classification results for detecting the 

absence of social unrest stem from its larger group size, as there were 142 episodes 

that led to social unrest and 258 episodes that did not. When the distribution of 

outcomes is unbalanced, studies have shown that the default approach of using a cut-

off probability of 0.5 for assigning a successful or unsuccessful outcome does not work 

well (e.g., Freeman and Moisen, 2008). Hosmer et al. (2013) recommended choosing a 
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cut-off point where the sensitivity and specificity curves approximately cross (i.e., have 

similar values). By changing the cut-off to 0.378, the rate of correctly identifying the 

occurrence of unrest rises from 57.0% to 75.4%, at the cost of a smaller deterioration in 

the rate of correctly identifying the absence of unrest from 84.9% to 75.2%. Finally, I 

measured the area under the receiver operating characteristic (ROC) curve, which plots 

the sensitivity against one minus the specificity for a range of cut-off values. I measured 

the area under the ROC curve to be 0.82, indicating a final social unrest model that is 

strong at predicting outcomes correctly (Hosmer et al., 2013).  
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Table 28 Estimated general models (using pooled estimator) and goodness-of-fit tests with different sets of dummy variables. 

Dependent variable: 
social unrest 

General model 
(no dummies) 

General model 
(+ time dummies) 

General model 
(+ country dummies) 

General model 
(+ country & time 

dummies) 

Gasoline price % increase (GAS) 0.00786** 0.00920** 0.02488*** 0.030165*** 

Diesel price % increase (DSL) -0.00523** -0.00582** -0.01989*** -0.02552*** 

LPG price % increase (LPG) -0.00502* -0.00447 -0.00112 0.004562 

Kerosene price % increase 
(KER) 

0.01566*** 0.02217*** 0.04345*** 0.064434*** 

Electricity price % increase 
(ELC) 

0.00161 0.00103 0.00168 0.00086 

Compensation (COMP) 0.42942 -0.71077 -0.29184 -2.09867** 

Annual % GDP growth (GDPG) -0.07430** -0.04545 -0.04589 0.014797 

Log annual GDP per capita 
(GDPPC) 

-0.26213 -0.59165 9.1785*** 6.729288* 

Log population (POP) 0.41800*** 0.21554 8.60380*** -10.0498 

Government effectiveness (GE) -0.75053 0.89214 -1.66506 -1.29672 

Regulatory quality (RQ) 0.88861 1.16300* 0.16635 3.303677* 

Voice and Accountability (VA) -0.58678 -0.06993 -0.79828 -1.15556 

Political Stability (PS) -0.06997 -0.64974* 0.65252 0.155384 

Rule of Law (RL) -0.43563 -0.80948 0.82590 0.417901 

Control of corruption (CC) -0.10665 -0.60761 -1.97255 -5.1005*** 

Regime type (RT) 0.06086 0.09234 -0.01839 0.061839 

Civil Freedom (CF) 1.33472* 1.05250 3.64974*** 4.307967** 

Human Development Index (HDI) -0.01886 -0.05462* -0.52560*** -1.11304*** 

Annual % inflation (INF) -0.00028 0.00465 -0.00173 0.008189 

Exporter or importer (XM) 0.45559 1.28739*** -1.26680 -0.07916 

Constant -8.72508* 0.07923 -196.16510*** 180.6621 

likelihood ratio (LR) chi-square 
test 

chi2(20) = 140.08*** chi2(46) = 189.28*** chi2(44) = 144.06*** chi2(70) = 202.89*** 

Pseudo R-squared 0.2692 0.3656 0.3433 0.4876 

AIC 422.3 422.5 365.6 419.66 

BIC 506.1 609.7 533.0 503.06 
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Table 29 Estimated purposeful selection models (using pooled estimator) and goodness-of-fit tests with different sets of dummies. 

Dependent variable: 
social unrest 

Purposeful selection 
model (no dummies) 

Purposeful selection 
model  

(+ time dummies) 

Purposeful selection 
model 

(+ country dummies) 

Purposeful selection 
model  

(+ country & time 
dummies) 

Gasoline price % increase (GAS) 0.004558 0.005553* 0.023625*** 0.028154*** 

Diesel price % increase (DSL) -0.00386 -0.00415 -0.01932*** -0.02338*** 

LPG price % increase (LPG)     

Kerosene price % increase 
(KER) 

0.011567** 0.015787*** 0.041737*** 0.05858*** 

Electricity price % increase 
(ELC) 

    

Compensation (COMP)     

Annual % GDP growth (GDPG) -0.07696** -0.04572 -0.0436 0.010954 

Log annual GDP per capita 
(GDPPC) 

-0.23871 -0.48642 9.378156*** 7.384314** 

Log population (POP) 0.431222*** 0.249831 8.522376*** -7.77576 

Government effectiveness (GE) -0.78183 0.713868 -1.7099 -1.66092 

Regulatory quality (RQ) 0.856772 1.11737* 0.16724 2.821102 

Voice and Accountability (VA) -0.5233 -0.1056 -0.84084 -0.8951 

Political Stability (PS) -0.01838 -0.55862* 0.649131 0.287619 

Rule of Law (RL) -0.4933 -0.8846 0.733595 0.658714 

Control of corruption (CC) -0.02594 -0.55345 -2.00713 -4.83821* 

Regime type (RT) 0.063412 0.085928 -0.02245 0.024307 

Civil Freedom (CF) 1.120961 1.026742 3.726872*** 4.109005** 

Human Development Index (HDI) -0.02031 -0.06286** -0.53795*** -1.00222*** 

Annual % inflation (INF)     

Exporter or importer (XM) 0.378288 1.079974** -1.21084 -0.66305 

Constant -8.32662* -0.09631 -196.027*** 130.8016 

likelihood ratio (LR) chi-square 
test 

chi2(16) = 134.9*** chi2(42) = 184.6*** chi2(40) = 142.8*** chi2(66) = 197.1*** 

Pseudo R-squared 0.2593 0.3566 0.3404 0.4738 

AIC 419.5 419.1 358.8 352.9 

BIC 487.3 590.4 511.4 601.5 
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Table 30 Estimated parsimonious models (using pooled estimator) and goodness-of-fit tests. Note: BL = borderline statistically 

significant. 

Dependent variable: 
social unrest 

Model 1 
(no dummies) 

Model 2  
(no dummies) 

Model 3 
(no dummies) 

Gasoline price % increase (GAS) 0.006144* 0.005725* 0.005700BL 

Diesel price % increase (DSL) -0.00479* -0.00471* -0.004505* 

LPG price % increase (LPG)    

Kerosene price % increase 
(KER) 

0.01198*** 0.01253*** 0.012250*** 

Electricity price % increase 
(ELC) 

   

Compensation (COMP)    

Annual % GDP growth (GDPG) -0.08192** -0.09489** -0.09338*** 

Log annual GDP per capita 
(GDPPC) 

  -0.59564*** 

Log population (POP) 0.33289*** 0.42833***  

Government effectiveness (GE)    

Regulatory quality (RQ)    

Voice and Accountability (VA)    

Political Stability (PS) -0.39165**   

Rule of Law (RL)    

Control of corruption (CC)    

Regime type (RT)    

Civil Freedom (CF) 1.18197*** 0.98764 *** 0.88609*** 

Human Development Index (HDI) -0.04538*** -0.05647*** -0.03274** 

Annual % inflation (INF)    

Exporter or importer (XM)    

Constant -6.62457*** -6.69125*** 4.17227*** 

likelihood ratio (LR) chi-square 
test 

chi2(8) = 123.3*** chi2(7) = 119.32*** chi2(7) = 99.37*** 

Pseudo R-squared 0.2369 0.2293 0.1910 

AIC 415.1 417.1 437.0 

BIC 451.0 449.0 469.0 
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Table 31 Final model 2 logistic regression results using different estimators. 

Dependent variable: 
social unrest 

Model 2 
(pooled estimator) 

Model 2  
(random effects) 

Model 2 
(fixed effects) 

Gasoline price % increase (GAS) 0.005725* 0.006979** 0.020079*** 

Diesel price % increase (DSL) -0.00471* -0.006105** -0.016814*** 

LPG price % increase (LPG)    

Kerosene price % increase 
(KER) 

0.01253*** 0.01604*** 0.03834*** 

Electricity price % increase 
(ELC) 

   

Compensation (COMP)    

Annual % GDP growth (GDPG) -0.09489*** -0.07014* -0.05952 

Log annual GDP per capita 
(GDPPC) 

   

Log population (POP) 0.42833*** 0.56890*** 1.24134 

Government effectiveness (GE)    

Regulatory quality (RQ)    

Voice and Accountability (VA)    

Political Stability (PS)    

Rule of Law (RL)    

Control of corruption (CC)    

Regime type (RT)    

Civil Freedom (CF) 0.98764*** 1.33263*** 2.15625*** 

Human Development Index (HDI) -0.05647*** -0.03872** 0.03979 

Annual % inflation (INF)    

Exporter or importer (XM)    

Constant -6.69125*** -11.32963***  

LR / Wald chi-square test chi2(7) = 119.32*** chi2(7) = 38.25*** chi2(7) = 38.05*** 

Pseudo R-squared 0.2293 N/A 0.1367 

AIC 417.1 410.5 254.3 

BIC 449.0 446.4 280.3 
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Table 32 Classification statistics for the preferred final social unrest model. 

Model 2 

Value  
(at default cut-off of 

0.5) 

Value  
(at cut-off of 0.378) 

Sensitivity 57.04% 75.35% 

Specificity 84.88% 75.19% 

Correctly classified 75.00% 75.25% 

5.4.1.2 Final social unrest model: results and discussion  

Table 33 presents the results from the final preferred model in terms of odd ratios for 

easier interpretation (Uberti, 2022). It shows that for gasoline, a one-unit percentage 

increase in its price during an episode of reform raises the odds of social unrest by 

0.57%.26 In the case of kerosene, a one-unit percentage increase in its price raises the 

odds of social unrest by 1.26%. These results reveal that extensive increases in the 

prices of both fuels during a reform, particularly kerosene, can make social unrest much 

more likely to occur, so countries should reform energy prices gradually. Kerosene’s 

importance to lower-income households, with it sometimes being referred to as the 

“poor man’s fuel” (MacRae, 2008), may explain its relatively stronger effect on the 

occurrence of social unrest. (The coefficient on kerosene was also very robust, being 

consistently significant in every single model during the general-to-specific testing down 

procedure.) 

Table 33 Odds ratios for the final social unrest model. 

Dependent variable (DV): social unrest Final model 

Gasoline % point increase (GAS) 1.0057* 

Diesel % point increase (DSL) 0.9953* 

Kerosene % point increase (KER) 1.0126*** 

Annual GDP growth in % points (GDPG) 0.9095*** 

Log population (POP) 1.5347*** 

Civil Freedom (CF) 2.6849*** 

Human Development Index (HDI) 0.9451*** 

Constant 0.0012*** 

 

26 While this figure may appear small, it is important to note that during episodes of energy subsidy 
reform, increases in fuel prices tend to be much larger than 1%. For example, a 100% increase in the 
gasoline price would raise the odds of unrest by 77.2% (obtained by taking the exponential of 100 
multiplied by the gasoline coefficient estimate from the pooled model in Table 31). 



 

202 

 

Surprisingly, for diesel, the preferred model shows that a one-unit percentage increase 

in its price reduces the odds of social unrest by 0.47%. Diesel is a fuel that tends to be 

consumed by specific groups, like truck operators, farmers, or fishermen – and it varies 

from country to country. I offer two hypotheses for this unexpected result. First, it is 

possible that governments directly or indirectly compensate these specific groups of 

diesel users when raising diesel prices. For example, the government may offer some 

form of indirect support for farmers to compensate for higher diesel prices.27 These 

instances of group-specific compensation are not captured in my dataset, so the 

negative coefficient on the diesel price increase may be indirectly capturing the impact 

of group-specific compensation.28 My second hypothesis relates to diesel price 

increases being implemented as part of a wider economic transformation. As discussed 

in Chapter 4, studies have suggested that comprehensive energy subsidy reforms that 

are positioned as part of broader economic transformations may be more likely to 

succeed (Beaton et al., 2013; Whitley and van der Burg, 2018). 

Looking beyond the energy-price-related variables, the regression analysis points to the 

importance of economic performance to the success of energy subsidy reform. Table 33 

reveals that a one-unit percentage increase in real GDP reduces the odds of unrest by 

9.05%. This result suggests that governments should take advantage of periods of fast 

economic growth to implement subsidy reforms, and it is in line with a recent study by 

Kollias and Tzeremes (2022), which demonstrated the existence of a relationship 

between economic downturns in Middle Eastern and Central Asian economies and 

general (not necessarily energy-related) social unrest.  

The regression results also suggest that social unrest following energy subsidy reform is 

more likely to occur in countries with larger populations. Given that the population 

variable enters my equation in natural logs, my regression reveals that an e-fold (i.e., 

2.78-fold) increase in the population leads to a 53.47% increase in the odds of unrest. I 

 

27 The International Institute for Sustainable Development (IISD, 2010) discussed examples of farmers 
being compensated following energy subsidy reform through value-added tax exemptions and increased 
prices on the agricultural commodities that they sell. 

28 My compensation variable only captures instances of economy-wide cash transfer compensation 
schemes for lower- to middle-income households. 
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hypothesize that countries with larger populations might be more likely to carry the 

conditions needed to trigger unrest. This result suggests that countries with larger 

populations may need to design their energy subsidy reforms relatively more carefully.  

Not surprisingly, I find that civil freedom has a very strong impact on whether social 

unrest occurs following reform. The results show that a one-unit increase in the civil 

freedom index, which varies from a low of 1 to a high of 4, increases the odds of unrest 

by a factor of 2.68. This large value stems from the variable’s relatively narrow range 

and the fact that countries that provide their citizens with the freedom of expression and 

the freedom of assembly to protest government actions are more likely to experience 

social unrest following reform when compared to countries in which citizens are banned 

(and face the threat of arrest) from protesting their government’s actions.   

The analysis also reveals that a one-unit increase in the HDI, which was scaled to vary 

from 0 to 100, reduces the odds of social unrest by 5.49%. This result shows that more 

developed countries, which have healthier, more educated populations with a higher 

standard of living, are less likely to trigger social unrest when implementing energy 

subsidy reforms. On the other hand, less developed countries, particularly the least 

developed countries that exhibit the lowest HDI values, will likely have greater 

difficulties implementing successful reforms. To succeed, such countries will likely need 

to adopt a much more gradual approach or take advantage of periods of rapid economic 

growth to improve their chances of avoiding social unrest. 

The absence of compensation from the final model, which only included statistically 

significant explanatory variables, was surprising. Multiple qualitative studies have 

discussed the importance of compensatory measures for mitigating the adverse impacts 

of energy subsidy reforms on households (e.g., Laan et al., 2010; Commander, 2012; 

Beaton et al., 2013; Vagliasindi, 2013; Clements et al., 2013-2014; Rentschler and 

Bazilian, 2017a-2017b), and Chapter 4 has presented compensation as a key enabler 

of success. This surprising result likely stems from my analysis not capturing how 

effectively compensation was implemented. For example, in one country, effective 

compensation design might have prevented unrest, while in another country, poor 

compensation design might not have done so. Two critical aspects of compensation 
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design relate to coverage and timing, both of which were discussed in Chapter 4. In 

countries where compensation covered most lower-income households and was 

delivered before the reform, it likely prevented unrest. In countries where compensation 

coverage was limited and it was implemented after reform, the compensation likely did 

not prevent unrest. Unfortunately, I was unable to obtain information related to the 

timing or coverage of compensation schemes for most episodes, so my compensation 

variable only captures all instances of compensation, regardless of how well each one 

was implemented. I hypothesize that this contributed to the lack of a statistically 

significant coefficient for compensation in the final model.  

5.4.2 Results for reform reversal as the dependent variable 

5.4.2.1 Selecting a final model for reform reversal 

The logistic regression results for reform reversal as a dependent variable are shown in 

Table 34, starting with a general model with no dummy variables, given by Equation 

[32]. The regression revealed that compensation had to be omitted, as the variable 

perfectly predicted the occurrence of a reversal. In other words, all episodes of reform 

that culminated in a reversal did not include cash compensation, indicating that the 

absence of cash compensation is strongly associated with reversals. I then tested for 

the inclusion of year time dummies, which were not jointly significant. As for country 

dummies, after losing half the countries from the sample, they were also not jointly 

significant. Testing all dummy variables together, I confirmed that neither set was jointly 

significant. As was the case with the general models for social unrest, the general 

models for reform reversal may also be suffering from potential overfitting issues 

(Hosmer et al., 2013). 

I also estimated panel data models. I found that the panel-level variance component, 

denoted by rho, was zero for the panel general model. The LR test of whether rho 

equals zero produced a p-value of 0.405, indicating to continue using the pooled 

estimator. 

Having established that the pooled estimator is preferred and that there may be 

overfitting issues with the general models, I proceeded to estimate Equation [34], which 

was obtained by purposeful selection. The results are shown in Table 35 for different 
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sets of dummy variables. I started with a model with no dummies and then tested the 

inclusion of time and country dummies, first separately and then together. In all cases, 

the dummies were not jointly significant. As was the case with the general models for 

reversal, the purposeful selection regression results suggest that the dummies can be 

dropped. However, the purposeful selection model, despite including fewer explanatory 

variables than the general model, continued to suffer from severe multicollinearity, with 

a few explanatory variables exhibiting VIF values greater than ten. 

I subsequently tested down from the purposeful selection model, following the general-

to-specific approach, to look for a more parsimonious model. Compared to social unrest 

as a dependent variable, it proved more difficult to find multiple parsimonious models for 

reversal as a dependent variable that included only statistically significant explanatory 

variables. Table 36 shows only one parsimonious model, which did not suffer from any 

multicollinearity issues. 

I compared the general, purposeful selection, and parsimonious models (using the 

pooled estimator) that were presented in Table 34 through Table 36 using various 

goodness-of-fit statistics. According to the AIC, the superior model is the purposeful 

selection model that includes country and time dummies. However, if I exclude models 

with country dummies, model 1 emerges as the superior model, a result reinforced by 

examining the BIC.  

Proceeding with parsimonious model 1 for further analysis, I tested for time and country 

dummies. Both sets of dummies were not significant, whether included separately or 

together. I also assessed the random effects and fixed effects panel estimators for 

model 1. Table 36 shows the regression results, highlighting differences across all three 

estimators. The use of fixed effects (i.e., country dummies) led to the same loss of 

observations discussed previously. The Hausman test to compare fixed and random 

effects showed that fixed effects were preferred, in contrast to the case for the final 

social unrest model. However, since the fixed effects estimator leads to the loss of 

many observations, and since I am interested in measuring the impacts of explanatory 

variables like civil freedom that vary very little over time (Wooldridge, 2010), I 

proceeded with the pooled estimator for model 1 as the final model. 
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I conducted further tests on the final reversal model. Table 37 shows its sensitivity and 

specificity. While the rate of correctly identifying the absence of a reversal is over 99%, 

the rate of correctly identifying its occurrence is only 2.1%. The much stronger results 

for predicting the absence of a reversal stem from its much larger group size, as there 

were only 48 energy subsidy reform episodes that produced a reversal, and 352 

episodes that did not. Given that my observations on reform reversal are heavily 

unbalanced, I explored the use of different cut-off points for the classification tests. As 

discussed previously, Hosmer et al. (2013) recommended choosing a cut-off point 

where the sensitivity and specificity curves approximately cross (i.e., have similar 

values). By changing the cut-off to 0.144, the rate of correctly identifying the occurrence 

of a reversal rises from 2.1% to 66.7%, at the cost of a smaller deterioration in the rate 

of correctly identifying the absence of a reversal from 99.7% to 65.6%. Finally, I 

measured the area under the ROC curve to be 0.72, indicating a final model that is 

acceptable at predicting outcomes correctly (Hosmer et al., 2013). 
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Table 34 Estimated general models (using pooled estimator) and goodness-of-fit tests with different sets of dummy variables. 

Dependent variable: 
reform reversal 

General model 
(no dummies) 

General model 
(+ time dummies) 

General model 
(+ country dummies) 

General model 
(+ country & time 

dummies) 

Gasoline price % increase (GAS) -0.00596 -0.00900 -0.00153 0.02036 

Diesel price % increase (DSL) -0.00187 -0.00151 0.00457 -0.00994 

LPG price % increase (LPG) 0.00493 0.00590 0.02023** 0.03017*** 

Kerosene price % increase 
(KER) 

0.01071** 0.01342** 0.01404* 0.02776*** 

Electricity price % increase 
(ELC) 

0.00110 -0.00080 0.00502 0.00721 

Compensation (COMP) Omitted Omitted Omitted Omitted 

Annual % GDP growth (GDPG) -0.08573* -0.09907* -0.05256 0.00516 

Log annual GDP per capita 
(GDPPC) 

-0.74429 -0.89047 5.38800 2.59676 

Log population (POP) 0.10487 0.09247 -0.49647 -7.03505 

Government effectiveness (GE) -0.78202 -0.85180 -1.98236 -5.55169* 

Regulatory quality (RQ) 1.34444 1.59377* 0.52908 1.52811 

Voice and Accountability (VA) 0.30335 0.85044 -3.22766* -7.72270 

Political Stability (PS) -0.25654 -0.42853 0.32684 -0.09416 

Rule of Law (RL) -0.63015 -1.06172 -0.01040 -0.52515 

Control of corruption (CC) 0.53878 0.93175 1.73976 4.36665* 

Regime type (RT) -0.03881 -0.03852 -0.09607 -0.39608* 

Civil Freedom (CF) 0.53325 0.17957 1.63836 5.67764* 

Human Development Index (HDI) -0.01944 -0.02326 -0.18877 -0.17945 

Annual % inflation (INF) 0.00031 0.00682 0.00156 0.00175 

Exporter or importer (XM) 1.15719** 1.57496** 0.11021 -0.80094 

Constant 1.82451 5.46257 -0.80094 86.86301 

likelihood ratio (LR) chi-square 
test 

chi2(19) = 45.74 chi2(39) = 59.70 chi2(38) = 67.03 chi2(57) = 92.20 

Pseudo R-squared 0.1558 0.2147 0.2785 0.4094 

AIC 287.8 298.3 251.7 249.0 

BIC 367.6 452.0 389.8 447.1 
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Table 35 Estimated purposeful selection models (using pooled estimator) and goodness-of-fit tests with different sets of dummies. 

Dependent variable: 
reform reversal 

Purposeful selection 
model (no dummies) 

Purposeful selection 
model  

(+ time dummies) 

Purposeful selection 
model 

(+ country dummies) 

Purposeful selection 
model  

(+ country & time 
dummies) 

Gasoline price % increase (GAS)     

Diesel price % increase (DSL)     

LPG price % increase (LPG) 0.00158 0.00121 0.02133** 0.02645*** 

Kerosene price % increase 
(KER) 

0.00387 0.00482 0.01437** 0.02346** 

Electricity price % increase 
(ELC) 

    

Compensation (COMP) Omitted Omitted Omitted Omitted 

Annual % GDP growth (GDPG) -0.06195 -0.04984 -0.04827 -0.02520 

Log annual GDP per capita 
(GDPPC) 

-0.09629 -0.05556 4.10238 3.13277 

Log population (POP) 0.09061 0.05473 0.37036 -2.80128 

Government effectiveness (GE) 0.00335 0.00467 -1.74014 -4.77108* 

Regulatory quality (RQ)     

Voice and Accountability (VA) -0.07157 0.36181 -2.92667 -5.31482* 

Political Stability (PS) -0.31536 -0.42990 0.56921 0.49186 

Rule of Law (RL) -0.67868 -1.03986 -0.23356 -0.80601 

Control of corruption (CC) 0.43726 0.59473 1.87642 3.82193 

Regime type (RT) -0.04164 -0.03465 -0.10996 -0.32030 

Civil Freedom (CF) 1.45838* 1.28024 1.22613 3.15270 

Human Development Index (HDI) -0.03145 -0.03507 -0.16576 -0.22756 

Annual % inflation (INF)     

Exporter or importer (XM)     

Constant -4.74912 -2.76645 -36.35718 20.85207 

likelihood ratio (LR) chi-square 
test 

chi2(13) = 33.10*** chi2(33) = 44.63* chi2(32) = 64.18*** chi2(51) = 86.76*** 

Pseudo R-squared 0.1128 0.0852 0.2666 0.3853 

AIC 288.4 301.4 242.5 242.4 

BIC 344.3 432.0 359.4 420.1 
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Table 36 Estimated parsimonious models (using different estimators) and goodness-of-fit tests.  

Dependent variable: 
reform reversal 

Model 1 
(pooled estimator) 

Model 1 
(random effects) 

Model 1 
(fixed effects) 

Gasoline price % increase (GAS)    

Diesel price % increase (DSL)    

LPG price % increase (LPG)    

Kerosene price % increase 
(KER) 

0.00609** 0.00693** 0.01436** 

Electricity price % increase 
(ELC) 

   

Compensation (COMP)    

Annual % GDP growth (GDPG) -0.06725* -0.06565 -0.05430 

Log annual GDP per capita 
(GDPPC) 

   

Log population (POP)    

Government effectiveness (GE)    

Regulatory quality (RQ)    

Voice and Accountability (VA)    

Political Stability (PS)    

Rule of Law (RL)    

Control of corruption (CC)    

Regime type (RT)    

Civil Freedom (CF) 0.67871** 0.62132 -0.70446 

Human Development Index (HDI) -0.05433*** -0.05517*** -0.02102 

Annual % inflation (INF)    

Exporter or importer (XM)    

Constant -0.19760 -0.20926  

likelihood ratio (LR) chi-square 
test 

chi2(4) = 27.90*** chi2(4) = 16.44*** chi2(4) = 9.88** 

Pseudo R-squared 0.0950 N/A 0.0599 

AIC 275.6 273.1 163.0 

BIC 295.6 297.1 177.2 
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Table 37 Classification statistics for the final reform reversal model. 

Final model 

Value  
(at default cut-off of 

0.5) 

Value  
(at cut-off of 0.144) 

Sensitivity 2.08% 66.67% 

Specificity 99.72% 65.63% 

Correctly classified 88.00% 65.75% 

 

5.4.1.2 Final reform reversal model: results and discussion  

Table 38 presents the results from the final preferred model in terms of odd ratios for 

easier interpretation. It shows that for kerosene, a one-unit percentage increase in its 

price during an episode of energy subsidy reform raises the odds of a reversal by 

0.61%. As discussed previously, kerosene is well-known for its importance to lower-

income households, so increases in its price have a strong impact on energy 

poverty, possibly leading to either political pushback or the widespread type of social 

unrest that forces a policy reversal. (The coefficient on kerosene was also very 

robust, being consistently significant in most models during the general-to-specific 

testing down procedure, regardless of dummies included or estimator used.) 

Table 38 Odds ratios for the final reform reversal model. 

Dependent variable (DV): reform 
reversal 

Final model 

Kerosene % increase (KER) 1.0061** 

Annual GDP growth in % points (GDPG) 0.9350* 

Civil Freedom (CF) 1.9713** 

Human Development Index (HDI) 0.9471*** 

Constant 0.8207 

According to the final model, fuels other than kerosene do not have a statistically 

significant effect on the occurrence of a reversal, although for a few countries there 

were instances of reversals that appear to have been directly driven by gasoline or 

LPG price increases. In fact, when using fixed effects, the LPG price increase 

variable emerges as having a statistically significant effect in increasing the odds of a 

reversal, but this effect disappears in the final model when using the pooled 

estimator. The lack of a consistently significant effect for fuels other than kerosene 

may stem from the relatively small number of observations that led to a reversal, so 

there was not enough statistical power to identify significant effects for price 
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increases in those other fuels. Nevertheless, the results for kerosene suggest that 

large increases in the prices of fuels that are vital to lower-income households, which 

can vary from country to country, can lead to considerably higher odds of a reversal, 

and also the violent type of unrest that triggers such reversals.29 

As was the case with the social unrest model, my results point to the importance of 

economic performance to the success of energy subsidy reform. Table 38 reveals 

that a one-unit percentage increase in real GDP reduces the odds of a reversal by 

6.50% (a similar result to the 9.05% reduction in the odds of social unrest). These 

results demonstrate that governments should take advantage of periods of fast 

economic growth to implement energy subsidy reforms for better odds of success, 

whether from the perspective of avoiding social unrest or a policy reversal. 

As was the case with the social unrest model, my results demonstrate that civil 

freedom has a very strong impact on whether a reversal occurs following reform. The 

results show that a one-unit increase in the civil freedom index, which varies from a 

low of 1 to a high of 4, increases the odds of a reversal twofold (compared to a 2.7-

fold increase from the final social unrest model). This large increase likely stems 

from the fact that countries that provide their citizens with the freedom of assembly to 

protest government actions are more likely to experience protests that can escalate 

to the point of forcing governments into a reversal. 

My analysis also reveals that a one-unit increase in the HDI, which was scaled to 

vary from 0 to 100, reduces the odds of a reversal by 5.29% (compared to a 

reduction of 5.49% for the odds of unrest). These results suggest that more 

developed countries, which have healthier, more educated populations with a higher 

standard of living, may have fewer people facing challenges with energy poverty 

(Halkos and Gkampoura, 2021), and thus fewer people to trigger the violent type of 

unrest that often culminates in a policy reversal. These results underscore the 

difficulties that developing countries, particularly the least developed countries with 

the lowest HDI values, will likely have in implementing successful energy subsidy 

reforms in comparison to more developed countries with higher HDI values. 

 

29 I did not distinguish between different levels of social unrest in my work. Future work could focus on 
building a social unrest variable with varying levels of intensity.  
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5.5 Conclusion 

Despite extensive past attempts to reform energy subsidies, many countries 

continue to face challenges in achieving successful outcomes, with many of those 

attempts leading to social unrest or a subsidy reversal, two unwelcome outcomes for 

policymakers. These challenges may partially explain the currently enormous 

potential for further reform, with existing subsidies estimated at over 1 trillion USD by 

the IEA and IMF (Black et al., 2023; IEA, 2024). To overcome these challenges, 

policymakers need a better understanding of the national circumstances that 

influence energy subsidy reform outcomes, particularly through research that applies 

quantitative methods – an area where there is a big gap in the literature.  

Given the surprisingly large gap in quantitative studies on the determinants of 

successful energy subsidy reforms in the literature, this chapter tackles this gap by 

applying logistic regression analysis to an original dataset that captures 400 distinct 

energy subsidy reform episodes implemented across 43 different countries between 

1995 and 2022. Through regression analysis, I quantified the effects of 20 

explanatory variables on the odds of two key outcomes: whether social unrest occurs 

following an energy subsidy reform and whether it gets reversed. The 20 explanatory 

variables include increases in various energy prices alongside variables related to 

the economic performance of the country, its level of human development, its 

governance, and its institutional quality, among other variables. 

My logistic regression results for social unrest as a dependent variable reveal that 

gasoline and kerosene price increases are two key determinants of social unrest. For 

example, I find that a one-unit percentage increase in gasoline and kerosene prices 

during an episode of energy subsidy reform raises the odds of social unrest by 

0.57% and 1.26%, respectively. Therefore, a doubling of the gasoline or kerosene 

price, or of both fuels simultaneously, which appears to have happened many times 

during past reforms, can sharply increase the odds of social unrest. These results 

point to the importance of implementing reforms gradually, giving consumers time to 

adapt to price changes, in line with my findings from Chapter 4. It also points to the 

potential benefits of staggering energy subsidy reforms, such that each wave or step 

of reform focuses on increasing the price of an important fuel like gasoline while 

holding the price of another important fuel like kerosene fixed. My quantitative results 
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are generally well aligned with the qualitative literature (e.g., Beaton et al., 2013; 

Clements et al., 2013; Rentschler and Bazilian, 2017a), and with my findings in 

Chapter 4. My logistic regression results for reform reversal as a dependent variable 

reveal that larger increases in kerosene prices– a key fuel for lower-income 

households in many countries – increase the odds of a reversal, again pointing to the 

importance of gradual reforms to minimize the occurrence of both social unrest and a 

policy reversal.  

Another important determinant of both social unrest and reform reversal is annual 

GDP growth. I find that a one-unit percentage increase in real GDP reduces the odds 

of a reversal by 6.50% and the odds of social unrest by 9.05%. Therefore, for 

countries that are preparing to implement energy subsidy reforms, policymakers will 

likely have a better chance of achieving a successful outcome when launching those 

reforms during periods of rapid economic growth, which will likely vary among oil 

exporters and oil importers. This result is aligned with the qualitative literature that 

discusses the importance of timing (e.g., Clements et al., 2013; El-Katiri and Fattouh, 

2017). 

My results reveal some of the other key national circumstances that can influence 

energy subsidy reform outcomes. Important determinants of social unrest include the 

population, civil freedom, and the level of human development. With regards to 

reform reversal, I find civil freedom and the level of human development to be 

important determinants. These results link closely to the principle of “common but 

differentiated responsibilities and respective capabilities, in the light of different 

national circumstances” under the Paris Agreement (2015). Perhaps increased 

support from developed countries to those developing countries that face the 

greatest challenges in reforming energy subsidies can help improve the odds of a 

successful outcome. Alternatively, those developing countries may need to explore 

alternative policy options to achieve their climate goals or work to improve their 

national circumstances and capabilities before considering subsidy reform.  

My quantitative analysis yields important insights that can help policymakers design 

and implement energy subsidy reforms in a way that minimizes the occurrence of 

negative outcomes, while helping countries better understand the size of the barriers 

that they face given their national circumstances.  
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Chapter 6: Conclusions 

6.1 Rationale for Research 

Climate change is one of the defining issues facing our world. In 2015, almost 200 

countries, including Saudi Arabia, ratified the Paris Agreement (2015), agreeing to 

limit the global average temperature increase. A portfolio of climate change policies 

will likely be needed to achieve the objective of the Paris Agreement (Blanchard et 

al., 2023), and energy subsidy reform is widely seen as a critical policy instrument 

within that portfolio for combatting climate change. In addition to climate benefits, 

energy subsidy reform has been shown to deliver fiscal, economic, and health 

benefits as well (Black et al., 2023).  

Given its importance to the global economy and energy markets, this thesis focuses 

mainly on Saudi Arabia. Saudi Arabia is a G20 economy, the world’s leading oil 

exporter (EIA, 2024f), and one of the countries with the largest energy subsidies 

globally, according to both the IEA (2023, 2024) and the IMF (2024). Climate Watch 

(2024) ranked Saudi Arabia as the world’s 11th largest emitter in 2022, with a share 

of 1.5% of global emissions, making climate change mitigation in Saudi Arabia a 

crucial issue. 

After regulating domestic energy prices for decades, Saudi Arabia recently 

implemented two major waves of energy subsidy reform. The first major episode 

occurred in 2016 and resulted in substantial increases in fuel, electricity, and water 

prices. The second major episode happened at the start of 2018 and targeted a 

subset of energy products. In 2022, the Saudi government announced new plans for 

further energy subsidy reforms (Arab News, 2022). However, Saudi Arabia, like 

many other countries, faces challenges in implementing those reforms, which led the 

government to postpone some of its announced plans. Nevertheless, gradual energy 

subsidy reforms have continued in Saudi Arabia in 2024 and 2025 (Riyad Capital, 

2024; Arab News, 2025), but there remains significant scope for further energy 

subsidy reform (Aljazira Capital, 2025). 

Countries worldwide face challenges in successfully implementing energy subsidy 

reforms. There are many barriers to implementation, such as energy subsidy 

reform’s adverse effects on households (Fattouh and El-Katiri, 2017) and a lack of 
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understanding of the costs and inefficiencies of energy subsidies (Beaton and 

Lontoh, 2010). In some cases, these barriers have prevented countries from 

implementing reforms or led to the postponement of plans. In other cases, these 

barriers have led to widespread public opposition after the implementation of the 

reforms. Such opposition can arise when the reforms are designed poorly and not 

tailored to national circumstances.  

This thesis tackles multiple research gaps to inform policymakers in Saudi Arabia 

about the impacts of energy subsidy reform and the factors that need to be 

considered to implement such reforms successfully, learning from the experiences of 

other countries and how their circumstances determined their reform outcomes. 

6.2 Research Questions 

This thesis primarily seeks to inform policymakers in Saudi Arabia and support their 

efforts to reform energy subsidies successfully by answering four crucial research 

questions. First, how do consumers in Saudi Arabia respond to the changes in 

energy prices that result from energy subsidy reform? An understanding of how 

energy price changes affect energy consumption is a necessary input for measuring 

the impacts of subsidy reform. Second, what are the economic, fiscal, and 

environmental impacts of energy subsidy reform in Saudi Arabia? Quantifying these 

impacts is needed to support policymakers in launching such reforms. Quantification 

also allows policymakers to weigh the benefits of reform against the costs. After 

quantifying the economic, fiscal, and environmental benefits of potential reforms, the 

next two research questions focus on learning from the experiences of other 

countries to overcome the barriers to implementation and launch successful energy 

subsidy reforms. The third question takes a qualitative approach and asks what 

lessons the Saudi government can learn from past attempts at energy subsidy 

reform by countries around the world. The fourth question takes a quantitative 

approach and asks by how much do different national circumstances influence the 

outcomes of energy subsidy reform.  

6.3 Summary and Implications of Results 

To answer the first research question, Chapter 2 encompasses a comprehensive 

energy demand modelling exercise to accurately estimate price elasticities. I 
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estimate 15 energy demand equations for Saudi Arabia, covering all end-use sectors 

and as many energy products within each sector as possible. My estimates of price 

elasticities cover energy products and sectors for which there were no previous 

estimates for Saudi Arabia. My results reveal that energy demand in Saudi Arabia is 

generally price inelastic. Nevertheless, I demonstrate the existence of extensive 

heterogeneity in price elasticities between sectors and energy products within Saudi 

Arabia, with long-run price elasticities varying between -0.05 and -0.60. This 

heterogeneity underscores the importance of using sector- and product-specific 

elasticity values when running further analyses, and not assuming their values.  

To answer the second research question, I use the estimated price elasticities from 

Chapter 2 to conduct a comprehensive analysis of the economic, environmental, and 

fiscal impacts of energy subsidy reform in Saudi Arabia, which is presented in 

Chapter 3. I find that further energy subsidy reforms (based on 2018 consumption 

quantities and reference prices) could have produced an additional annual welfare 

gain of 30.7 billion 2010 USD. I also find that they could have delivered around 95 

million tonnes of avoided emissions annually. These avoided emissions represent 

over one-third of Saudi Arabia's updated first NDC target (Kingdom of Saudi Arabia, 

2021). My analysis also demonstrates the significance of the fiscal gains from further 

energy subsidy reforms using variations of the price-gap method. I find that further 

reforms, if implemented in 2018, could have resulted in an additional fiscal gain of 

30.3 billion 2010 USD in that year, raising total government revenue by 15% – a 

significant increase. Furthermore, I refine my estimates with a method that accounts 

for the domestic fuel savings that result from energy subsidy reform and the impacts 

of additional fuel exports from Saudi Arabia on international fuel prices – two 

important market responses. Using this method, I demonstrate that the price-gap 

equation does indeed over-estimate the fiscal impacts of energy subsidy reform in 

Saudi Arabia, but that the fiscal gains remain large even when accounting for both 

market responses. 

Having established the potential benefits of further energy subsidy reform in Chapter 

3, I proceed to answer the third research question in Chapter 4 by drawing lessons 

from past attempts at energy subsidy reform. Initially, I draw the following six lessons 

from the literature for implementing an energy subsidy reform successfully: 1) 

preparing a comprehensive strategy, 2) ensuring appropriate timing, 3) 
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communicating with stakeholders, 4) implementing price increases gradually, 5) 

providing compensation, and 6) moving towards deregulated energy pricing. 

However, these lessons stem from reports that analyzed a small number of episodes 

across small groups of countries. To expand the temporal and geographical scope of 

countries and episodes from which to draw insights, I construct a database from 

news content that encompasses over 3000 news articles covering over 400 energy 

subsidy reforms implemented worldwide between 1995 and 2022. I then leverage 

this original database to expound on the lessons from the literature and draw 

additional insights. With regard to the first lesson, I highlight the value of preparing a 

comprehensive strategy using numerous examples. For the second lesson, I discuss 

several factors that need to be considered when deciding on an appropriate time for 

reform, including the weather, a factor that can have important consequences given 

households’ essential needs for cooling or heating services. With respect to the third 

lesson, I investigate examples of effective communication and highlight the range of 

stakeholders that governments need to engage with. For the fourth lesson, I find 

extensive evidence reinforcing the vital role of gradual price increases. With regard 

to the fifth lesson, I highlight the importance of compensation design, specifically the 

roles of coverage and timing. For the sixth lesson, I explore examples of countries 

successfully transitioning to deregulated energy pricing and countries failing to do so.  

By studying the episodes and outcomes in my dataset, I draw further conclusions. I 

find that some countries may not have the capabilities or circumstances needed to 

reform energy prices successfully and may need to explore alternative policy options 

to achieve their goals – at least until their institutional capacity improves or 

circumstances change. My analysis also points to the importance of implementing 

energy subsidy reforms successfully at the first attempt. I find numerous examples of 

unsuccessful first attempts that made future attempts even more challenging. I also 

find that reforms affecting a subset of energy products, but excluding fuels like LPG 

and kerosene that are essential to the lowest-income households, may be more 

likely to succeed while also potentially improving environmental outcomes (relative to 

a scenario in which all fuel subsidies are reformed). Finally, I examine the actions a 

government can take after its attempt at energy subsidy reform leads to protests, 

finding that a government can use partial reversals to hold on to part of the benefits 
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of reform while demonstrating to stakeholders its willingness to listen and 

compromise. 

To answer the fourth research question, I apply logistic regression analysis to my 

dataset to quantify how different national circumstances influence the outcomes of 

energy subsidy reform. For social unrest as a dependent variable, I find that large 

gasoline and kerosene price hikes significantly increase the odds of social unrest. 

For reform reversal as a dependent variable, I find that large kerosene price hikes 

significantly increase the odds of a reform reversal. These results point to the 

importance of implementing reforms gradually, giving consumers time to adapt to 

price changes. They also point to the importance of carefully designing energy 

subsidy reforms for fuels like kerosene, which are vital to lower-income households. 

My regression results also reveal that a one-unit percentage increase in real GDP 

reduces the odds of a reversal by 6.50% and the odds of social unrest by 9.05%. 

Therefore, policymakers in Saudi Arabia and beyond will likely have a better chance 

of achieving a successful outcome when launching reforms during periods of rapid 

economic growth, which will likely vary between oil exporters and oil importers. I also 

demonstrate some of the other important determinants of energy subsidy reform 

outcomes, including civil freedom and the level of human development. My results 

link closely to the principle of “common but differentiated responsibilities and 

respective capabilities, in the light of different national circumstances” under the 

Paris Agreement (2015) by quantifying how some of these national circumstances 

influence the odds of implementing a successful energy subsidy reform. 

While this thesis focuses primarily on Saudi Arabia and supporting its energy subsidy 

reform efforts, many of the insights will be relevant to policymakers in other countries 

around the world. Fiscal and environmental drivers continue to push energy subsidy 

reform up the policy agenda globally, and policymakers worldwide continue to face 

challenges in achieving successful outcomes. In 2022 alone, energy subsidy reforms 

were implemented by countries as varied as Bangladesh (Paul, 2022), Haiti (CE 

Noticias Financieras English, 2022a), Indonesia (Associated Press Financial Wire, 

2022), Kazakhstan (Eurasianet, 2022), Sri Lanka (Agence France Presse, 2022), 

and Tunisia (The Financial Express, 2022b). Most of these episodes triggered social 

unrest (Al Arabiya, 2022; CE Noticias Financieras English, 2022b; IANS-English, 

2022; Widianto, 2022; World Socialist Web Site, 2022), while in Kazakhstan, the 
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reform led to widespread protests, its reversal, the resignation of the government, 

and a state of emergency (Al Arabiya, 2022; Sullivan, 2022).   

Given that the insights presented in Chapter 4 and Chapter 5 are drawn from around 

400 past attempts at energy subsidy reform worldwide, they can inform policymakers 

across all types of countries. Chapter 4 provides a list of lessons that any 

government can and should ideally follow to achieve success, while Chapter 5 

provides a quantitative analysis that provides an understanding of how different 

national circumstances influence outcomes. The insights from Chapter 5 allow 

policymakers in different countries to look at their national circumstances and predict 

the odds of a successful outcome, helping them make important decisions around 

the strategy, design, and timing of their energy subsidy reform implementation. 

Even though Chapter 2 (energy demand modelling) and Chapter 3 (impact analysis) 

focused exclusively on Saudi Arabia, the methods presented in both chapters can be 

applied to other countries to enable a more thorough impact analysis to support their 

energy subsidy reform efforts. For example, in Chapter 2, I demonstrate that for most 

energy products in Saudi Arabia, the trend underlying energy demand is non-linear, 

which implies that the use of conventional econometric methods with linear 

deterministic trends to estimate price elasticities may lead to biased estimates. To 

obtain unbiased price elasticities, which are essential for the accurate quantification 

of the impacts of energy subsidy reform (as I have shown in the sensitivity analyses 

in Chapter 3), modelers should use methods like the STSM that I use in Chapter 2 

that incorporate a stochastic trend in the energy demand equations. Additionally, the 

equations presented in Chapter 3 provide a more nuanced approach to modelling 

the economic, environmental, and fiscal impacts of energy subsidy reform. With 

regard to the fiscal impacts, I demonstrate with a refined method how to estimate 

those impacts while accounting for domestic fuel savings and additional fuel exports 

depressing the international fuel price. While I only apply this method to Saudi 

Arabia, it can be applied to other oil exporters to obtain more accurate estimates of 

the fiscal impacts of energy subsidy reform.  

While I have focused exclusively on energy subsidy reform as a policy instrument in 

this thesis, the insights are also relevant to policymakers – in Saudi Arabia and 

beyond – who are considering a carbon tax. Carbon taxes are taxes levied on fuels 
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based on their carbon content, which results in higher fuel prices (Hafstead and 

Picciano, 2017). From a household perspective, the fuel price increase resulting from 

a carbon tax is identical to that resulting from an equivalent energy subsidy reform, 

so the outcome of implementing a carbon tax will likely be influenced by the same 

factors discussed throughout this thesis. For example, France faced the yellow vest 

protests in response to fuel price hikes tied to a carbon tax, which resulted in the 

government cancelling the fuel price increases (CNN, 2018; Hall et al., 2018; Bejar-

Garcia, 2020; Driscoll, 2023). This example illustrates how policymakers wanting to 

implement carbon taxes successfully must confront many of the same challenges 

that policymakers implementing energy subsidy reforms have been facing. Since 

carbon taxes and energy subsidy reforms face similar challenges, the insights that I 

draw from past energy subsidy reforms can also inform the design of more effective 

carbon tax implementation globally.  

6.4 Future Research 

My research can be extended in numerous directions in the future. With regard to 

energy demand modelling, future efforts can be made to incorporate both time-

varying coefficients and stochastic trends, which could also be combined with recent 

efforts to automate the general-to-specific search process to obtain even more 

refined estimates of price elasticities. Furthermore, future econometric research 

could provide updated price elasticity estimates as Saudi Arabia undertakes massive 

investments to give consumers alternative public transport options (SPA, 2024), 

which will likely affect the future consumer response to fuel price changes. 

As for the impacts of energy subsidy reform, there are other effects, such as 

distributional household impacts and impacts on industrial competitiveness, that can 

be analyzed and quantified in depth should the necessary data become available.30  

With regard to the lessons from successful energy subsidy reforms, efforts can be 

made to expand the dataset I have constructed with more episodes and outcomes, 

especially for countries with limited news coverage in the three databases that I used 

 

30 An analysis of the distributional impacts generally requires microeconomic data on households and 
firms, which are generally more difficult to obtain, especially in developing countries. There can also 
be confidentiality issues related to firm-level data. These data challenges prevented the inclusion of a 
distributional impact analysis for Saudi Arabia in this thesis.  
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(Nexis, ProQuest, and Google). The expansion of my dataset could be achieved by 

pulling news content from additional news databases that were not used in this study 

(e.g., Factiva), including those that provide news content in languages other than 

English. The insights could also be refined by surveying policymakers and 

stakeholders to draw further nuances around the lessons and which national 

circumstances played the most prominent role in influencing outcomes in each 

country.  

As for the logistic regression analysis, the dataset could also be extended to include 

attempts at carbon tax implementation. Logistic regression analysis could then be 

applied to a higher-powered dataset, allowing more insights to be extracted from the 

data. 

All these potential research avenues could provide additional valuable information for 

policymakers worldwide considering the use of price-based policy instruments like 

energy subsidy reform to achieve national and global policy goals, including fiscal, 

environmental, and resource sustainability. 
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Appendices 

Appendix A. Unit Root and Cointegration Tests 

In line with the cointegration method, stationarity and cointegration tests were 

conducted for the variables and energy demand equations presented in Chapter 2. 

The results from the Augmented Dickey-Fuller unit root tests are shown in Table 39 

for all the variables in each energy demand equation. Table 39 demonstrates that all 

variables are integrated of order one at the 10% statistical significance level, with 

cooling degree days being the only exception, as the variable appears to be trend-

stationary. 

The results from Pesaran’s cointegration bounds test using the autoregressive 

distributed lag equation are shown in Table 40. When excluding the stochastic trend, 

the results show cointegration for all equations, with only the industrial diesel 

equation having an indeterminate result. (Its F-statistic falls between both bounds.) 

However, when including the UEDT that was estimated through the STSM as a fixed 

regressor in the bounds test, cointegration is found for all equations. 

  



   

 

265 

 

Table 39 The t-statistics from the Augmented Dickey-Fuller unit root tests. The optimal lag is 

chosen based on the Schwarz information criterion. The *, **, and *** denote statistical 

significance at the 10%, 5%, and 1% levels, respectively. Abbreviations: e = energy product 

demand; p = real energy price; y = real economic activity; rgdp = real gross domestic 

product; rmva = real manufacturing value added; fp = fertilizer production; rcpx = real 

chemical and plastic exports; LPG = liquified petroleum gas. 

Model Variable (in logs) Level First Difference 

Transport gasoline 

e  −2.66 −4.37*** 

p  -1.54 −3.67** 

y (rgdp) −2.54 −8.24*** 

Transport diesel 

e -2.53 -5.84*** 

p -1.69 -5.36*** 

y (rgdp) −2.54 −8.24*** 

Transport kerosene 

e  -1.90 -5.09*** 

p  -1.77 -5.46*** 

y (rgdp) −2.54 −8.24*** 

Residential LPG 

e  -1.18 -7.45*** 

p  -1.54 -5.59*** 

y (rgdp) −2.54 −8.24*** 

Residential electricity 

e  0.13 -4.44*** 

p -1.75 -2.94* 

y (rgdp) −2.54 −8.24*** 

cdd  -4.96*** -9.34*** 

Residential total energy 

e  0.43 -4.35*** 

p  -1.97 -3.24** 

y (rgdp) −2.54 −8.24*** 

cdd  -4.96*** -9.34*** 

Commercial & governmental 
electricity 

e -2.62 -9.82*** 

p -2.71 -7.58*** 

y (rgdp) −2.54 −8.24*** 

cdd -4.96*** -9.34*** 

Industrial natural gas 

e -2.19 -7.02*** 

p -1.69 -4.93*** 

y (rmva) -1.74 -2.94* 

Industrial diesel 

e -2.01 -5.40*** 

p -1.88 -4.80*** 

y (rmva) -1.74 -2.94* 

Industrial electricity 

e -1.68 -4.96*** 

p -1.82 -5.12*** 

y (rmva) -1.74 -2.94* 
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Industrial total 

e -1.56 -6.83*** 

p -2.14 -6.38*** 

y (rmva) -1.74 -2.94* 

SF -3.16 -5.77*** 

Feedstock methane 

e -0.66 -6.05*** 

p -1.69 -4.93*** 

y (fp) -3.10 -5.01*** 

Feedstock ethane 

e -2.74 -3.86** 

p -1.66 -5.12*** 

y (rcpx) -3.12 -4.07** 

Feedstock LPG and naphtha 

e -2.30 -5.13*** 

p -1.33 -4.40** 

y (rcpx) -2.60 -3.96** 

Feedstock total 

e -2.64 -6.22*** 

p -1.43 -5.06*** 

y (rmva) -1.74 -2.94* 
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Table 40 The F-statistics from the F-Bounds test for cointegration, presented 

alongside the bounds at the 10% statistical significance level. Abbreviations: e = 

energy product demand; p = real energy price; y = real economic activity; rgdp = real 

gross domestic product; rmva = real manufacturing value added; fp = fertilizer 

production; rcpx = real chemical and plastic exports; LPG = liquified petroleum gas; 

UEDT = underlying energy demand trend. 

Model 
Dynamic 

Regressors 
Fixed 

Regressors 
F-Statistic Value I(0) @ 10% I(1) @ 10% 

Transport gasoline e, p, y (rgdp) 

None 13.57653 2.63 3.35 

UEDT 6.54E+20 2.63 3.35 

Transport diesel e, p, y (rgdp) 

None 3.850115 2.63 3.35 

UEDT 14021.74 2.63 3.35 

Transport kerosene e, p, y (rgdp) 

None 5.875290 2.63 3.35 

UEDT 209.0507 2.63 3.35 

Residential LPG e, p, y (rgdp) 

None 4.160820 2.63 3.35 

UEDT 21387.38 2.63 3.35 

Residential 
electricity 

e, p, y (rgdp), 
cdd 

None 51.26452 2.63 3.35 

UEDT 1.41E+22 2.63 3.35 

Residential total 
energy 

e, p, y (rgdp) 

None 10.09826 2.63 3.35 

UEDT 3.14E+22 2.63 3.35 

Commercial & 
governmental 
electricity 

e, p, y (rgdp) 

None 9.829673 2.37 3.20 

UEDT 46544.82 2.37 3.20 

Industrial natural 
gas 

e, p, y (rmva) 

None 6.640870 2.63 3.35 

UEDT 330.0522 2.63 3.35 

Industrial diesel e, p, y (rmva) 

None 3.007450 2.63 3.35 

UEDT 269.3944 2.63 3.35 

Industrial electricity e, p, y (rmva) 

None 6.301203 2.63 3.35 

UEDT 68.92720 2.63 3.35 

Industrial total 
e, p, y (rmva), 

SF 

None 5.049221 2.37 3.20 

UEDT 1067.122 2.37 3.20 
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Feedstock methane e, p, y (fp) 

None 13.77329 2.63 3.35 

UEDT 2.79E+23 2.63 3.35 

Feedstock ethane e, p, y (rcpx) 

None 6.223268 2.63 3.35 

UEDT 9.449076 2.63 3.35 

Feedstock LPG and 
naphtha 

e, p, y (rcpx) 

None 5.501200 2.63 3.35 

UEDT 21.78342 2.63 3.35 

Feedstock total e, p, y (rmva) 

None 11.96934 2.63 3.35 

UEDT 64.70276 2.63 3.35 
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Appendix B: Point Elasticities Versus Arc Elasticities 

Most estimates of price elasticities in the literature are obtained from studies that 

econometrically estimate energy demand equations using log-log models. These 

studies, which generally assume a constant price elasticity function, provide 

estimates of point elasticities. For very small changes in energy prices, point and arc 

elasticities are effectively equal, but they do diverge when price changes become 

large. Arc elasticities are thus preferably used when price changes are small (Allen 

and Lerner, 1934). However, even with large price changes, the arc elasticity can be 

calculated given a point elasticity estimate from the literature. 

In Chapter 3, I formulated the price elasticity for domestic energy demand as follows, 

using a discrete arc elasticity formulation: 

𝜀𝑎𝑟𝑐 =  
(𝑄𝑎−𝑄𝑏)

𝑄𝑏
∙

𝑃𝑏

(𝑃𝑎−𝑃𝑏)
  [B1] 

where 𝜀𝑎𝑟𝑐 is the arc elasticity, 𝑄𝑎 the demand for energy after the price change, 𝑄𝑏 

the demand before the price change, 𝑃𝑎 the new price after the change, and 𝑃𝑏 the 

price before the change. 

In contrast, most econometric studies of energy demand assume the following 

constant elasticity demand equation, which was also used in Chapter 2 of this thesis: 

𝑄 =  𝐴𝑃𝜀𝑝𝑛𝑡
  [B2] 

where 𝑄 is the quantity of energy demanded, 𝑃 is the domestic energy price, and 𝐴 

is the scale parameter, while 𝜀𝑝𝑛𝑡 is the point elasticity.  

By substituting Equation [B2] into Equation [B1], it is possible to demonstrate that: 

𝜀𝑎𝑟𝑐 =  
𝑃1(𝑃2

𝜀𝑝𝑛𝑡
−𝑃1

𝜀𝑝𝑛𝑡
)

𝑃1
𝜀𝑝𝑛𝑡

(𝑃2−𝑃1)
  [B3] 

Equation [B3] illustrates how the arc elasticity can be calculated from a point 

elasticity estimate. It also shows that the deviation between the arc and point 

elasticities depends on the size of the price increase (see Figure 21). For 

infinitesimally small price changes, the arc and point elasticities are equivalent, as 

illustrated by the 45-degree line through Figure 21. With a 1% price increase, the arc 

elasticity remains almost equal to the point elasticity, but the two begin to diverge for 

price increases of 10% and above, with the gap increasing as the point elasticity 
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grows larger. The divergence between the two elasticities becomes substantial at 

extremely large price changes. 

  

Figure 21 The relationship between the arc and point price elasticities for a range of price 

increases. 
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