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An Empirical Analysis of the Influencing Factors of Renewable 
Energy Production in the Middle East and North Africa. 

 
Sarah Pudney Cole1 

 

Abstract 
 
The region of the Middle East and North Africa (MENA) continually performs relatively 
poorly in international renewable energy transition rankings, despite promising 
renewable energy potential due to arid conditions. This study undertakes empirical 
research on the factors driving non-hydro renewable energy share in total energy 
production in MENA (SNHRE), as well as the drivers behind total renewable energy 
share in total energy production (SRE). This study utilises multiple imputation in order 
to include countries with persistent missingness as well as conduct an assessment 
into the existence of selection bias in both of the renewable energy variables. Due to 
missingness, meaningful results for SNHRE drivers were unable to be found, although 
a more democratic regime, increased conflict and an increase in energy distribution 
efficiency are found to have a positive impact on the probability of NHRE adoption. 
FDI inflows, EFI, polity and conflict have theoretically contradictory coefficient 
estimates although they are also unrobust. OPEC has a robust significant positive 
effect on SRE, an outcome which is unexpected. Further research into this relationship 
is necessary as this finding coupled with the positive impact of energy distribution 
system maturity may highlight the importance of MENA interconnectedness in 
supporting the expansion of RE.  
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1. Introduction 
 
Global warming is caused by greenhouse gases (GHGs) creating an insulating layer 

around the planet, preventing sun rays from exiting the atmosphere, leading to a rise 

in global temperature and climate disruption (Lashof and Ahuja, 1990). Carbon dioxide 

(CO2) is the most significant greenhouse gas released accounting for 77% of total 

greenhouse gases, and has been rising exponentially due to the burning of fossil fuels 

for energy, accounting for 75% of CO2 releases (Kaygusuz, 2007). In 1980, global 

atmospheric CO2 levels were at 18.4 billion metric tonnes, compared to 32.7 in 2012, 

an increase of 77.5% (Lin and Omoju, 2017).  Whilst countries in the Organisation for 

Economic Co-operation and Development (OECD) will continue to be responsible for 

a large amount of CO2 emissions, 97% of CO2 increases from 2008 were from non-

OECD countries, including the Middle East (Birol, 2008). Development pathways 

frequently rely on high-energy industries, thus the contribution of developing and 

emerging economies to CO2 emissions is a serious threat to increasing global 

temperatures (Corbridge, 1986; Szirmai, 2012). As energy demands continue to rise 

with population growth, the Sustainable Development Goals include “access to 

affordable, reliable, sustainable and modern energy for all” as the seventh goal, 

signifying the importance of energy access for development whilst simultaneously 

raising concerns over the impact of climate change (SDG, 2015, pg.157). 

 

In response to the threat of climate change towards human life, the international 

community has devised various agreements. The United Nations Framework on 

Climate Change (UNFCC) was ratified in 1992 by 197 countries and became the first 

international legislation acting against climate change (UNFCCCa, 1992). This 

established the Convention of the Parties (COP) who are responsible for important 
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international legislation. One of the most significant international agreements is the 

Kyoto Protocol adopted in 1997. This agreement was ratified in 2005 and includes 

binding GHG reduction targets (UNFCCCb, 1998). The Paris Agreement was ratified 

by 196 countries in 2015 at COP21, with countries agreeing to keep warming to below 

2 degrees Celsius (Tagliapatietra, 2019; Paris Agreement, 2015). The success of 

climate agreements is debated, but clearly signals an international consensus that 

climate change must be addressed (Maizland, 2021).  

 

1.1 Renewable Energy Transition  
 

As hydrocarbon energies are the primary cause of climate change, alternative fewer 

polluting fuels are a key solution. A structural change away from traditional reliance on 

fossil fuels is known as The Renewable Energy Transition (RET) (Murhsed, 2018). 

Although some argue the RET is not a true transition, due the amount of fossil fuels in 

the total energy mix having not decreased, the RET has gained traction in policy 

making as the solution to mitigating climate change (York and Bell, 2019; Kemp et al., 

2007; Brand and Fink, 2014). 

 

Renewable Energy (RE) is defined as energy generated continually from nature, a 

resource which has no finite end. It includes solar (Photovaltaic, Solar heating and 

Concentrating solar power), wind, marine (also known as tidal), hydro, geothermal and 

bioenergy (Boyle, 2012; Alrikabi, 2014; Giani et al., 2020; Brunnschweiler, 2010). Not 

all RE should be treated equally, as Figure 1 below indicates biomass has a higher 

relative aggregate footprint than oil and coal (Hadian and Madani, 2015). Hydropower 

is also a controversial RE as it has been shown to disrupt river flow and ecosystems. 

A notable case includes the Giant Three Gorges Dam on the Yangtze River in China 
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where since 2007 there exists “growing threats from landslides, pollution and flooding, 

as well as growing social and political unrest… associated with relocating millions of 

people” (Oster, 2007; Yardley, 2007; Gleick, 2013). Hydropower is also reliant on 

necessary levels of water flow, vulnerable to water shortages as a result of global 

warming (Schmidt et al. 2016). Finally, since hydropower is a cheaper energy source 

than conventional fossil fuels, countries which can exploit this do so without concerns 

for global warming, so hydropower production is not representative of climate change 

avoidance (Lin and Omoju, 2017). 

 

Figure 1: Relative aggregate footprint of different energy sources (Hadian and 
Madani, 2015) 

 
 
The Advanced Energy [R]evolution scenario reports that the whole world is capable of 

being 100% renewable powered by 2030 (Teske et al., 2015). The US, South Korea, 

Japan, Costa Rica and the EU have been early success stories in the uptake of RE 

(Lin and Omoju, 2017). As of the turn of 2019, the countries with the highest percent 

of RE in their primary energy production were Iceland (79%), Norway (66%), Brazil 

(45%) and Sweden (42%) (Richie and Roser, 2020). Despite these successes, the 

0.7% annual increase in RE production needs to double in growth in order to meet the 

goal of global energy sector decarbonisation by 2050 (Gielen et al., 2019). Attempts 
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have been made to construct composite indices to express environmental quality and 

more recently indices which measure the RET, such as: Environmental Quality Index 

(EQI, 2014), Environmental Performance Index (Hsu and Zomer, 2016), Energy 

Transition Index (World Economic Forum, 2021) and the Arab future energy index 

(RCREEE, 2019). The region of the Middle East and North Africa (MENA) continually 

performs relatively poorly in these rankings despite promising RE potential. 

 

1.2 Renewable production capacity in MENA  
 

Aghahosseini et al. (2020) analysed the feasibility of MENA reaching 100% renewable 

energy in total energy share by 2030, finding not only that MENA has the capacity to 

reach this goal, but also that a RE based power system is 55-69% cheaper than a 

business-as-usual scenario. Due to MENA being arid, wind and solar are the best 

energy sources, providing 90% of generation capacity (Ibid). One of the weaknesses 

of RE is its dependence on conditions out of human control, i.e. the weather. Hence, 

it is vitally important to implement multiple sources that work in tandem, which MENA 

is well endowed to do. See Jahangiri et al. (2016) for a regional capacities study in 

MENA for hybrid solar-wind power plants. 

 

Within MENA, Morocco has the most ambitious target at 42% of installed capacity and 

52% of energy supply for 2030, followed by Algeria with 27% by 2030 (Brand, 2016). 

Ibid find the greatest physical restriction to producing RE is suitable land availability, 

listing the United Arab Emirates (UAE), Bahrain, Qatar, Kuwait, Israel, Lebanon, Iraq, 

Syria and Tunisia as future net importers of RE from neighbouring MENA countries 

whilst Saudi Arabia, Egypt, Iran and Libya as future net exporters. Ibid emphasise the 

importance of interconnected electricity grids, electricity infrastructure and storage in 
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order to facilitate large capacity renewable producers to supply to net importers. 

Excluding hydroelectricity, Jordan and the UAE rank highest for RE production in 

MENA (RCREE, 2019). The UAE has the capacity to move to 100% renewable 

energy, inclusive of the cost of scrapping energy subsidies by 2030, and it would cost 

less than 1 USD per gigajoule (Sgouridis et al., 2016). The IPCC (2018) cites MENA 

as being critically positioned to endure rising heat waves, droughts and decreasing 

precipitation due to global warming. Paired with being a water-stressed region which 

relies heavily on water desalination and air conditioning, this combination is a real 

social and economic threat (Zyadin, 2013). Research questioning why MENA 

countries have not embraced the RET provide oil dependence as the primary answer. 

Figure 2 below shows the slow growth in production of RE compared to oil production 

alone in listed MENA countries between 1985 and 2019. 

 

Figure 2: Production Of Oil And Renewable Energy (BP, 2019) 

 
Notes: Renewable electricity generated in Terawatt Hours, oil production can be quantified as TWh for 
comparison purposes.  
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2. Literature Review 
 

Bhattacharyya and Blake (2010) recognise that although the knowledge surrounding 

the amount of resources available in MENA and its potential for renewables has been 

researched, understanding of the factors which drive RE production in these states is 

only theoretical. First, this section will review the literature on oil dependence in MENA. 

It will discuss the potential gains for a RET in MENA and highlight the key restrictions 

preventing MENA from transitioning, including rising energy demand, lack of 

infrastructure, risky investment landscape and ongoing conflicts. Finally, it will 

summarise the previous empirical energy studies on energy consumption, energy 

production and RE production, highlighting the recurring factors. 

 

2.1 Oil dependence in MENA  
 

MENA is rich in fossil fuels, primarily oil, as it holds 56% of the world’s oil reserves 

(Nematollahi et al., 2016). This natural resource abundance is used for satisfying 

domestic energy needs and gaining income from trade. Studies identify oil resource 

abundance as providing a cheap energy source, making RE more expensive relatively 

and highlight how extractive industries are used to fund social and economic 

development (Pfeiffer and Mulder, 2013; Popp et al., 2011). For example, growth of 

industries leads to employment and economic growth which provide downward 

pressure on poverty (Hertog, 2010; Olawuyi, 2020). Oil export dependency is a 

consequence of the resource curse where countries with abundant natural resources 

tend to have worse economic growth (Mahdavy, 1970); focus on low-skill intensive 

extraction industries; and a lower development level with a negative effect on GDP per 

capita in the long run (Auty, 1993; Karl, 1997; Kakanov et al., 2018). The resource 
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curse appears to hold true for MENA rentier states as they have weak institutional 

quality, relatively small manufacturing sectors and frequent conflict (Ross et al., 2011). 

Another key pinnacle of the resource curse is sensitivity to volatile oil prices and the 

so-called Dutch Disease. This phenomenon describes how an increase in oil price 

leads to either dramatic appreciation in the currency of the exporter and falling exports 

in other commodity areas, or lower interest rates and inflation in the case of a fixed 

exchange rate (Corden and Neary, 1982; Corden, 1984).  

 

Export dependency is characterised by the derivation of more than 60% of 

merchandise exports from primary commodities (UNCTAD, 2019a), whilst the World 

Economic Forum (WEF) defines a country as being dependent on oil (which includes 

natural gas, coal and other oil products) when fuel accounts for over 90% of export 

merchandise value (Hutt, 2016). A rentier state is similar; however, the key difference 

is that the majority of government revenue must be from foreign sources, most 

commonly through the sales of natural resources (Ross, 2012). The term rentier state 

was coined by Mahdavy in 1970, though a minimum of government income is not 

specified. For example, natural resources in the six MENA countries in the Gulf 

Cooperation Council (GCC) are owned by the ruling monarchy, who profit from their 

extraction and sale. In return, citizens are almost entirely untaxed and have access to 

free healthcare, education and subsidised energy (Reiche, 2010). In employing the 

established multi-level perspective on social technical transitions whilst researching 

the RET in Nigeria, Osunmuyiaw et al (2018) found more attention needs to be given 

to the role of political forces and their vested interests in energy transition research. 

As Nigeria is a developing rentier state, their findings highlight that rentier export 

dependence is more than an economic reliance but also a political necessity. Beblawi 
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and Luciani (1987) proposed a rentier state theoretical framework, composed of three 

criteria, all of which commodity dependent countries in MENA satisfy. Please see 

Tagliapietra (2019) for a detailed discussion of hydrocarbon rentierism in MENA and 

its impacts.  

 

2.2 Potential gains from a RET in MENA 
 

In 2018, at least one quarter of EU crude oil imports came from MENA (Eurostat, 

2020). Due to the RET, this market is forecasted to shrink as the EU emphasises RE 

over fossil fuels. Overland et al. (2019) develop an index which measures the gains 

and losses predicted for countries after a RET and explicitly discuss the potential 

losses faced by oil exporters when their leverage over importing countries decreases. 

MENA is in a prime position to take advantage of this shift and export renewables to 

the EU, a fact already internationally recognised. DESERTEC (DESERts- 

TEChnology) developed by trans-Mediterranean RE cooperation TREC network, 

envisions a renewables super grid pairing the solar power of MENA with the 

technology of Europe (Mason, 2009). Zickfeld and Wieland (2012) also propose an 

interconnected system between Europe and Gulf states called Desert Power 2050, 

highlighting the potential for the relationship to be secure and stable due to 

interdependency from both sides. Renewable resources are more difficult to 

monopolise thus are “less likely to lead to foreign interventions to secure their supply 

and more likely to foster international cooperation” (Sweijs, 2014, p.57). The 

Mediterranean solar plan has gained 750 million USD in development bank 

investments in recent years, a project MENA should take advantage of learning from 

(Carafa et al., 2016). These projects are clear indicators of the capacity and 

attractiveness of the region for RE. 
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2.3 Energy consumption 

 
Energy consumption in MENA is growing at a greater rate than the rest of the world 

due to population growth, heavy subsidies and rising living standards. Pro-poor growth 

is widely regarded to increase both CO2 emissions and energy consumption, hence 

policies to raise the standard of living in MENA will likely contribute to emissions 

(Gertler et al., 2016; Wolfram et al., 2012). Furthermore, growing consumption of 

energy in MENA is concerning for oil export dependent countries, as it reduces 

potential exportable goods, and the government loses revenue. Thus, low oil 

dependency to support domestic energy needs is good for exports, hence why 

efficiency of domestic energy consumption is so important (Bhattacharyya and Blake, 

2010). Rising energy consumption is also a consequence of increasing standards of 

living. As the middle class grows, demand for welfare, civil participation and public 

goods grows, potentially diverting funds away from renewable technology investments 

(Brand and Fink, 2014). However, Barbier (2009) and Renner et al. (2008) discuss 

extensively the economic, social and environmental benefits of producing RE such as 

increases in local employment and knowledge transfer, of which MENA could benefit. 

Producing RE does not hinder economic growth and development, but helps it 

(Ferroukhi et al., 2016).   

 

2.4 Infrastructure and foreign direct investment 

 
Poor energy infrastructure (such as electricity transmissions lines, advanced electrical 

metering and smart distribution systems) will prevent efficient rollout and transmission 

(Murshed, 2018). Energy infrastructure investments are predicted to fall short of 2050 

targets by 739 billion USD (Carafa et al., 2016). Energy projects demand high 

financing which is linked to financial sector development and RE technology 
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investments require long term loans and even greater investor confidence. In 

developing countries, the domestic banking sector is chief provider of external 

financing and access to bank credit is difficult, thus RE projects are hard to fund 

(Sonntag-O’Brien and Usher, 2004). Renewable projects also compete for financing 

with non-renewable projects, which are more established, therefore creating 

underinvestment in RE (Brunnschweiler, 2010). MENA countries are considered 

developing despite the UAE, Saudi Arabia, Qatar, Kuwait and Bahrain having current 

Gross Domestic Product (GPD) per capita of over 20,000 USD (WDI, 2020). Qatar 

has the highest with 62,000 USD and Yemen has the lowest with 774 USD.  Their 

developing status suggests there does not exist the funds in the general public to 

finance large RE investments, despite some countries have very high GDP per capita. 

On top of this, renewable investment in MENA is considered very risky due to war, 

political instability, threats to personal and business safety, financial instability and 

changes in investment regime (Komendantova et al., 2012; MIGA, 2013). Significant 

effort must be made to derisk investment, spreading the impact of negative events, 

with attempts to do so primarily through regulatory requirements and policies (Carafa 

et al., 2016). 

 

2.5 Conflict 

 
Brand and Fink (2014) identify the main barriers to RE production in MENA as being 

linked to political factors including, weak institutions, mistrust, civil wars, political 

instability and wider conflict.  For the majority of the twentieth and twenty first century, 

MENA has been an outlier in otherwise generally peaceful times (Ahram, 2020). Both 

intra-state and inter-state violence has been persistent in the region, notably the 

Yemen civil war (1962-1970), Iraq-Iran war (1980-1988), Gulf war (1990-1991), 1991 
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Iraq uprising, Algerian civil war (1992-2002), Iraq war (2003-2011), Libyan crisis 

(2011-present) and Syrian civil war (2011-present) (Ibid). Conflict causes delays in 

adjustment of fiscal policies and a diversion of resources away from their most 

productive locations towards the war effort (Rodrik, 1998). Furthermore, Rodrik (1998) 

credits the development strategy in the middle east in the 1970’s being exposed to 

external shocks as a fault of weak institutional handling of conflict. Thus, it is not only 

direct impacts of conflict that disrupt the economy but also weak institutions which 

struggle to both prevent and deal with conflict which amplifies the negative effects. 

Prevalent conflict is widely recognised as a symptom of the resource-curse as 

abundant resources are both a motive and opportunity for conflict (Wick and Bulte, 

2006). Resource conflicts are widespread and varied from the diamond mines in Sierra 

Leone (Maconachie and Binns, 2007) and Cocoa farming in Colombia (Angrist and 

Kugler, 2008) to Columbite-Tantalum mining in the Democratic Republic of the Congo 

(Lalji, 2007). The theory of the rentier state however suggests a paradox theory, as 

the ruling elites who solely collect resource rents are able to “buy off opposition or 

suppress armed rebellion, thereby contributing to political stability and preventing 

armed conflict” (Basedau and Lay, 2009, p.758). Ibid in an empirical analysis finds 

rentier states with very high oil dependence to be more peaceful (at least internally) 

than those with less autocratic governments. 

 

2.6 Empirical energy studies 

 
An assessment of previous empirical studies on the production and consumption of 

RE gives a better indication of regional disparities as well as pointing to factors which 

have already been proven important in the plight for RE. Table 1 below gives an 

overview of the relevant empirical studies.  
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Table 1: Previous econometrics studies on the production and consumption of 
renewable energy. 
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2.6.1 Energy consumption and trade  
 
Energy models have long been used to determine the factors driving energy 

consumption within economies to assist with demand forecasting. The 

interconnectedness between trade liberalisation and energy consumption is initiated 

in the Heckscher-Ohlin theory of trade. This suggests developing countries produce 

relatively more goods that require relatively more intense use of natural resources and 

labour (Heckscher, 1919; Ohlin, 1933). This production leads to a scale effect increase 
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and composite effect increase in energy consumption (as the country moves away 

from agriculture and towards industry) and a technique effect reduction in energy 

consumption as efficiency gains are revealed. Trade openness therefore causes an 

increase in energy consumption, which for the countries of focus in this study is likely 

to mean an increase in the extraction of fossil fuels for consumption rather than 

renewable energy increase, as fossil fuels are a more reliable source. Sadorsky (2011) 

tested the relationship for eight MENA countries between 1980 and 2007, finding 

feedback between energy consumption with income, a bi-directional relationship 

between imports and consumption and a uni-directional relationship between exports 

to energy consumption. Furthermore, in the long run “a one percent increase in exports 

increases energy consumption by 0.11% while a 1% increase in exports increases 

energy consumption by 0.04%” (Sadorsky, 2011, p.748). These findings support the 

theory that trade and energy consumption are interconnected but also that MENA 

countries can be confident that energy conservations policies will not impact exports, 

an important policy finding. 

 

With the rise in renewables, research has been undertaken widely on modelling the 

demand and consumption of renewable energy (REC), initiating a new branch of 

energy models. REC models have primarily focused on trade (Omri and Mguyen, 

2014; Murshed, 2018; Wang et al., 2021; Sadorsky, 2009; Salim and Rafiq, 2012), 

income (Shakouri and Yazdi, 2017; Akar, 2016), oil prices (Shahbaz et al., 2014), CO2 

emissions, financial indicators (Lin et al., 2016), energy depletion (Ackah and Kizys, 

2015) and social factors (Guidolin and Guseo, 2016; Yazdanpanah et al., 2015). 
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2.6.2 Renewable energy output 
 

Whilst a majority of studies use REC as the variable of investigation, as is typical in 

energy consumption models generally, this study uses renewable energy output 

(REO). This is because the countries of focus are rentier states which by definition 

extract, sell and consume fossil fuels, implying a dependence on their natural 

resources. As MENA countries rely heavily on exports of fossil fuels (primarily oil), they 

are disincentivised from moving towards renewable production. 

 

Oil price is one variable in the assessment of REO which may have a different effect 

in rentier states. Lin and Omoju (2017) in a study on 46 developed and developing 

countries between 1980 and 2011 using panel cointegration find economic growth to 

reduce REO as a share of total energy, whilst oil price, economic development and 

financial development have positive correlation with REO share.  The positive effect 

of oil price is indicative of the effect of oil as a substitute for RE, such that as oil 

becomes more expensive, RE is cheaper by comparison. This finding is unlikely to 

hold for rentier states who rely on the sale of oil, thus an increase in oil prices creates 

a more lucrative good. 

 

Other variables common in the assessment of REC are also assessed against REO. 

Rafiq et al. (2014) use variance decomposition to further explain the strength of 

impacts from shocks on the dependent variable. In an assessment of China and India 

between 1972 and 2011 they find bidirectional causality between GDP, CO2 and REO 

in India, supporting their inherit interdependence, and in China a long run bidirectional 
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causality between REO and CO2, suggesting not enough is yet being done to curb 

emissions.  

 

Marques et al. (2010) conducted a study on the share of renewables in primary energy 

supply (SREO) in 23 European countries between 1990 and 2006. Notably, they 

assessed energy import dependency as a proxy for energy security and find it to be 

significant. This implies countries with higher energy import dependencies (measured 

by sum of energy imports) will be more likely to have a higher SREO. Likewise, the 

lower the share of imports, the lower the dependency (which is the case for MENA). 

They found the effects of GDP to be unstable which falls in line with a wider consensus 

but is still surprising, and also found the greater the proportion of coal and oil in the 

energy supply the lower the SREO, supporting the lobby effect. Murshed (2018) 

regressed various RE variables against trade openness and found trade openness 

lead an increase in REO, but no significant effect on SREO. 

 

Another important factor to facilitate REO, as discussed in section 2.4, is the role of 

the financial system. Brunnchweiler (2010) conducted the most thorough analysis on 

119 non-OECD countries between 1980 and 2006, focusing on financial sector 

development as underdeveloped financial institutions and markets prevent effective 

channelling of loans for REO. Regulation variables were inconclusive due to weak 

indexes, and at the time of writing this dissertation, regulation indexes are still too weak 

for use. Brunnchweiler finds two of the three financial sector variables to be significant 

while financial depth was deemed too broad a variable to capture robust results. Other 

studies assess the impact of FDI inflows on REO hypothesising greater greenfield 

investment to provide technological transfer.  
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Pfieffer and Mulder (2013) find the opposite to be true in a study on 108 developing 

countries between 1980-2010. Economic and regulatory instruments, GDP, education 

and democratic regime have a positive relationship with SREO. Increasing trade 

intensity, energy consumption, fossil fuel abundance, FDI inflows and aid all reduce 

SREO. Policy support programmes having a negative correlation to SREO is believed 

to be the symptom of weak institutions and government as these support programmes, 

along with aid, are usually directed towards the poorest counties with the smallest 

capacity to implement renewable diffusion.  

 

Popp et al. (2011) take a very different set of explanatory variables when conducting 

analysis of the factors driving investment in renewables in 26 OECD countries 

between 1991 and 2004. They include share of electricity supply by renewable source, 

GDP per capita, nuclear electricity production, electricity from hydro, energy imports, 

tariffs, renewable energy certificates and renewable energy policy and most 

significantly, knowledge stock (four different patent counts). Although the impact of 

research and development is significant, it has less effect on RE investment than 

ratifying the Kyoto protocol or an increase in the use of nuclear and hydro power, which 

suggests the drive to reduce carbon emissions is the most significant plight.  

 

As the gap between capacity to produce renewable energy and actual output is 

considerable in MENA, it is vital to ask which of these restrictions has the greatest 

impact and what factors could most increase RE production in this region.  The 

literature investigating the factors which influence energy demand is plentiful 

(Sadorsky, 2011; Shahbaz et al., 2014), whereas traditional energy supply is assumed 
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to be based entirely on natural resources and not a decision factor. In recent years 

REC and REO has been researched extensively due to the growing trend of 

sustainability, but there is still a shortage of robust studies focusing on energy 

production in developing countries. Critically, there are no studies empirically 

researching the factors influencing REO specifically in MENA. The main contributions 

of this paper are fourfold. 

 

1. A focus on specifically rentier states in the Middle East and North Africa. 

2. The exclusion of hydroelectricity from the renewable production measure as 

hydropower sources are cloaked in controversy, providing a meaningful 

measure of effective steps away from fossil fuels.  

3. Using the share of non-hydro renewable energy (SNHRE) instead of total 

production. As a RET relates specifically to structural change, REO is only 

accurately measured relative to energy from fossil fuels. 

4. A unique methodology for data analysis as multiple imputation allows the 

inclusion of countries with greater missingness (Iraq in particular). Due to the 

prevalence of zero values in the dependent variable, sensitivity analysis has 

been conducted to test for selection bias. Thus, this study is able to identify the 

factors which most influence the adoption of RE and the factors which influence 

how much is produced. 
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3. Data 
 
According to UN DESA (2020) and UNCTAD (2019) a commodity dependent 

developing country is one which 60% or more of its merchandise exports is from 

primary commodities. UNCTAD (2019) lists Algeria, Bahrain, Iran, Iraq, Kuwait, 

Libya, Oman, Qatar, Saudi Arabia, Sudan, the UAE and Yemen as commodity 

dependent (thus by extrapolation- rentier states), although Sudan is not included as 

part of MENA in the World Bank’s classification of countries, therefore it will not be 

included as part of this study. Due to limited data availability for Bahrain, Libya and 

Yemen are also not included in this study. 

 

A range of variables were considered for this research based on previous literature 

and data availability. 

 

The World Economic Forum (WEF, 2020) publishes an annual index on the RET, 

assigning every country a percent transitioned. This would have been a valuable 

indicator as it assesses many different aspects of transitioning, however the index 

only began in 2015, thus providing too few data points for regression analysis.  

 

The dependent variable, total REO, is controversial as this would include energy 

production from hydroelectricity. Studies have used renewable energy production 

minus hydroelectricity instead to quantify less controversial methods of renewable 

energy sources which includes solar, wind, biofuel and geothermal (Brunnschweiler, 

2010; Pfeiffer and Mulder, 2018; Popp et al., 2011). Data was taken from Our World 

In Data which uses data from the BP statistical review and Ember, adjusting for any 

measurement discrepancies.  The dependent variable will be the Share of Non-
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Hydro Renewable Energy output (SNHRE) in the total energy supply. This will 

indicate the growth in renewable capacity relative to hydrocarbon production, 

essential for measuring a transition away from fossil fuels. Data collection for 

SNHRE began in 1985, so the earliest data used in this study will be from this year. 

 

Trade openness (TO) has been widely researched in tandem with energy 

consumption, as previously discussed. The significance of TO on REO in theory is 

threefold. First, as the EU is a significant consumer of MENA oil, the less open a 

country is to trade, the more sensitive the country will be to the changing energy 

consumption trends. Second, TO promotes technological transfer, providing MENA 

countries with RE expertise. Technology transfer is a key objective of the UNFCCC 

(1992) for combating climate change whilst supporting industrialisation in developing 

countries. Thirdly, the economic theory of trade as previously discussed ties trade 

and energy consumption closely together, with higher trade leading to greater energy 

use for production purposes. Customs procedures, order compliance and import 

duties were considered as proxies to measure trade openness. The share of import 

and export trade as a percent of GDP has be chosen instead, aligning with other 

energy models (Omri and Nguyen, 2014).  

 

Fuel exports and imports as a percent of merchandise exports and imports are also 

included as two separate variables. This is due to the importance of an 

interconnected energy system within MENA in supporting the RE transition 

(Aghahosseini et al., 2020).  
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Kaygusuz (2007) states 75% of CO2 emissions are produced in the generation of 

energy from fossil fuels. Development strategies and industrialisation will lead to 

increased energy consumption from the most dependable resource, which in the 

case of MENA, is fossil fuels. Thus, increases in energy consumption and CO2 

production are likely to reduce the share of REO. Energy consumption is measured 

as primary energy per capita and is used in various studies (Popp et al., 201; 

Marques et al., 2010), showing an important link between the demand for electricity 

in a country and its dependence on proven sources of electricity creation such as oil. 

Energy efficiency is included using the energy transmission and distribution losses 

from total energy output as a proxy. Higher energy efficiency means less energy 

wasted, so less energy needed for domestic consumption and more exported 

(Bhattacharyya and Blake, 2010). Promoting efficiency effectively reduces 

hydrocarbon consumption, so is a widely promoted strategy (Zillman et al., 2018). 

The inclusion of CO2 emissions can also act as a proxy for environmental 

degradation, testing to see if REO is responsive to the level of emissions in the 

region. Ideally, the measure of environmental degradation in a country would have 

wider scope than just emissions output (CO2) and would include factors like 

biodiversity and deforestation. The Environmental Performance Index would have 

been useful to include however the oldest observations were taken in 2006, 

therefore it is too recent (Hsu and Zomer, 2016). 

 

The lobby effect is the impact of large hydrocarbon organisations minimising 

competition.  Consumption of fossil fuels in total energy consumption has been used 

to describe the lobby effect, however this study will instead use the share of oil rents 

as a percent of GDP in line with Lin and Omoju (2017). The lobby effect is expected 
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to have a negative correlation with REO as governments see alternative energy 

sources as threats to the potential of their natural endowments. This is especially 

relevant for this study as rentier states are inherently dependent on natural resource 

rents. Another variable significant for the study of rentier states is oil price, as energy 

from oil is a direct substitute for renewable energy electricity. Contrary to oil 

importers, an increase in the price of oil will encourage a rentier state to extract more 

oil to profit from the sales, creating a disincentive for investing in renewables. This 

study predicts to find an opposite effect for oil price compared to renewable energy 

consumption studies. 

 

Whether a country is a member of the Organisation of the Petroleum Exporting 

Countries (OPEC) is included, as the mission of OPEC is to coordinate petroleum 

policies and stabilise oil markets, therefore members will face pressure to promote 

and support their petroleum industry (OPEC, 2012).  

 

GDP per capita is assessed to test the theory that higher levels of income cause a 

shift in preferences towards environmental protection. Based on the theory of the 

Environmental Kuznets Curve, as incomes increase, environmental degradation first 

increases, then decreases once a tipping point is reached. A negative GDP 

coefficient could signify that the region has not yet reached the tipping point. 

Marques et al. (2010) point to GDP as a better measure of income in relation to REO 

than GDP per capita as they find it is the size of the economy, not the standard of 

living that correlates with investment in renewables. For this study, GDP per capita 

will be used as the relationship being tested is between the level of development and 

REO. 
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Foreign Direct Investment (FDI) inflows are essential to raise capital for the creation 

or expansion of renewable energy firms or firms linked via upstream or downstream 

production chains. FDI is essential in developing countries where cash is less 

available, however rentier states make billions in earnings from the sale of fossil 

fuels, so have greater access to capital in theory. The role of FDI inflows for rentier 

states is likely just as significant as in non-rentier states as governments would need 

to redirect investments away from reliable high carbon technologies.  

 

On the other hand, developing REO in MENA is a significant investment risk 

(Komendantova et al., 2012; MIGA, 2013).  Financial sector development is an 

important contributor to facilitating investment in a country through risk reduction. 

Renewable energy projects require long term loans, primarily achieved from 

domestic bank credit or international financing. Both of these pathways require a 

competent financial system to manage the processing of loans and repayments. The 

WDI provides data on domestic credit to the private sector and it is used in this study 

as it is in Lin and Omoju (2017).  

 

The level of energy system infrastructure and assets in a country is measured using 

Gross Fixed Capital Formation (GFCF) which has been used in previous studies 

(Murshed, 2018; Lin and Omoju, 2017). The higher the level of GFCF, the easier and 

quicker a country may be able to develop a renewable energy system. For example, 

a pre-existing extensive national grid with high carrying capacity will provide a 

country with a strong electricity transportation framework on which to add electricity 

generated from renewables.  
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The Economic Freedom Index (EFI) is a variable created under the Economic 

Freedom of the World which ranks countries and gives an overall score out of 10 

according to 5 categories of economic freedom (which themselves are averages of 

many subsections). These include size of government, legal systems and property 

rights, access to sound money, freedom to trade internationally and regulation of 

credit, labour and business. The EFI is compiled by the Fraser Institute (2018) and 

has been used in Brunschweiler’s (2010) study on the role of finance in facilitating 

the RET as a proxy for institutional strength. It is expected that a higher EFI score 

correlates with high REO. 

 

Political variables considered include the Kyoto Index and democracy index. The 

Kyoto index indicates which countries have ratified the Kyoto Protocol and is used in 

other studies, however the protocol entered into force in 1992 which is too recent for 

any significance in a regression study (UNFCCCb, 1998). Instead, Polity is used, 

named as POLITY2 from the POLITY5 annual time series dataset (Marshall and 

Gurr, 2020). Polity gives a combined annual score between -10 and 10 measuring 

regime authority spectrum from hereditary monarchy to consolidated democracy. 

This variable was used in Pfeiffer and Mulder (2013) as an important determinant of 

renewable production adoption. 

 

A measure of conflict is vitally important in this study as MENA has suffered with 

domestic and international conflicts consistently through the 21st century such as the 

Arab Spring, which weakens institutional strength due to political instability (Simons, 

2004).  Governments must reprioritise when conflict break outs, thus the support of 
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new industry (such as renewable energy creation) is no longer as important. The 

Global Peace Index (GPI, 2020) began in 2008, so it is too recent to use and the 

Global Conflict Risk Index (Halkia et al., 2017) is inaccessible as an open source. 

Hess (2003) uses household consumption difference during years of conflict as an 

indicator of the impact of conflict on economic growth, however this proxy could 

signal many other factors such as recession, natural disasters or other causes not 

linked to conflict and is thus not appropriate for this study. The proxy chosen for 

conflict is the number of individual incidents of conflict in a country retrieved from the 

Uppsala Data Conflict Program (UDCP) (Stina, 2020). This proxy includes all 

incidents of conflict between two or more distinct groups occurring on home soil. 

 

Furthermore, variables that would indicate the level of risk countries face due to 

climate change were also considered, as a larger proportion of the population at risk 

of rising sea levels or drought would incentivise government to invest more in 

renewables in order to avoid internal displacement. The data for these variables 

were young and sparse therefore they are not used. For example, “Land where 

elevation is below 5 meters”, which can be found in the WDI. 

 

The final independent variables chosen based on availability for the countries 

selected and free online access are shown in Table 2 below. 
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Table 2: Variables used in regression analysis, source and unit of measurement. 
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Table 3: Summary statistics for each variable altogether (not separated by country) 
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4. Methodology 
 

The data analysis conducted in this study involves three main stages; multiple 

imputation, selection bias analysis of SNHRE through sensitivity analysis, and 

analysis of SRE driving factors. An initial key issue that arose is the potential 

existence of selection bias in the data, which is discussed in section 4.2. 

 

4.1 Multiple imputation 
 

It is necessary to conduct multiple imputation (MI) for two reasons. Firstly, there are 

certain observations scattered throughout the data for which no data is available. 

This is referred to as missing data- and is a problem because regressions cannot be 

undertaken with any missing data. To avoid this issue, listwise deletion is commonly 

undertaken in social-sciences where all cases are deleted which contain at least one 

missing variable (Little and Rubin, 1987). In this case, 10% of all observations are 

missing and listwise deletion would result in 205 cases out of a potential 281 and 

exclusion of Iraq, Kuwait, Qatar and the UAE, as for every year these countries have 

at least one observation missing. Please see the summary table (Table 3) for note of 

missing observations (NA) for each variable, and Figure 3 below for the missingness 

map. Such a reduction in observations result in a much smaller dataset from which 

less valid inferences can be drawn. MI is widely accepted as a preferable treatment 

of missingness (Baraldi and Enders, 2010; Cheema, 2014). 

 



 35 

Figure 3: Missingness Map for dataset. 

 

 

4.1.2 EMB 

 
The MI method used is expectation maximisation with bootstrapping (EMB). 

Traditional methods of imputation are not suited to endemic missingness found in 

political variables especially considering the worsened rate of missingness 

experienced by developing countries (Honaker and King, 2010). A description of the 

MI method can be found in the Appendix 1.  
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To avoid computational difficulties common in standard posterior imputation 

methods, EMB instead uses a bootstrapping algorithm, which uses “the original 

sample units to impute the missing observations in their original positions” (Honaker 

and King, 2010). Bootstrapping instead of posterior estimates is still proper 

imputation as it incorporates between-imputation variability, so despite EMB being a 

relatively new algorithm, it can be used with confidence (Rubin, 1987). After 

imputation, the observed data remains the same, but the imputed data differs having 

been imputed using the density function of the observed data to reflect the 

uncertainty of the missing data. A final step is required to combine the imputations. 

Rubin’s rule developed by Rubin (1987) enables the imputed datasets to be 

combined through averaging the point estimates and employing a more complex 

process for deriving standard errors.  

 

4.1.3 Working through Amelia II 
 

Using the Amelia II package in the software R provides an EMB MI application. 

Other packages in R such as Sbgcop (Hoff, 2007), imputeTS (Moritz and Bartz-

Beielstein, 2017) and MICE (van Buuren and Groothuis-Oudshoorn, 2011) were 

attempted, however Amelia II proved best for use with cross-sectional time-series 

data (Hollenbach et al., 2014). A detailed description of the AMELIA II imputation 

process can be found in Appendix 2. After evaluating the best MI method after 

assessing diagnostics (shown in the Appendix 3), if there was no missingness in the 

dependent variable, an OLS regression could be undertaken and inferred from. In 

this case, since the dependent variable has been imputed and because SB is 

hypothesised, further tests must be undertaken.  
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4.2 Selection bias assessment through sensitivity analysis 

 
In addition to undertaking MI for the purpose of filling in missing values in the 

explanatory variables, MI has been utilised due to the prevalence of zero values in 

the dependent variable. 70% of the SNHRE observations are zero, meaning 

between 1985 and 2019, there was a 30% chance one of the MENA countries in this 

study produced any NHRE. Due to research suggesting MENA has a great capacity 

for producing NHRE, these zero values are questionable. The zero values may be 

zero because of omitted data, such as off-grid NHRE not being included in the 

variable, or due to a bias in the selection mechanism (Pfeiffer and Mulder, 2013). 

Assuming (SB), an ordinary-least-squares regression (OLS) on the dataset only for 

observations that are not zero in the dependent (a complete case scenario, CCS), 

would result in bias coefficient estimates giving invalid inferences (White and Carlin, 

2008; Nakagawa, 2015). Thus, MI of SNHRE has been undertaken, setting the zero 

values as missing and using an imputation mechanism to predict them. A 

comparison of the SNHRE output regression in a CCS and imputed NHRE case can 

show SB. If SB does exist, inferences are more valid from the imputed NHRE.  

 

Murray (2018) identifies three different types of missing data. Missing Completely At 

Random (MCAR), where a comparison of a MCAR MI regression output with a 

complete case scenario (CCS) shows no statistical differences. Missing at Random 

(MAR) is the assumed case in all MI and specifies that the missingness is conditional 

on certain explanatory variables, thus the missing mechanism can be identified. 

Missing Not At Random (MNAR) specifies that the mechanism for which 

missingness occurs is conditional on the imputed variable itself. Selection bias is 

dependent on a MNAR case, but proof of MNAR is not proof of SB (Qin et al, 2020). 
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The decision to assess SB through MI and not through the use of Heckman’s two 

step procedure is deliberate (Heckman, 1976). Despite the wide use of the two-step 

procedure (Deb and Trivedi, 2002; Mroz, 1987), it has been heavily criticised for an 

overreliance on the normality assumption and its susceptibility to collinearity issues 

(Bushway et al., 2007; Puhani, 2000). For these reasons, an assessment of 

selection bias will instead follow the method of sensitivity analysis (SA) proposed by 

Qin et al. (2020).  

 

The first step in SA is to stochastically impute NHRE under the assumption of MAR, 

then manually adjust the imputations under MNAR. Equation (1) is the NHRE 

production equation. Equation (2) is where only positive values of NHRE are 

included in the regression, treating all zero values as ‘missing’, thus when the 

decision equation d (the NHRE participation binary variable) is equal to 1. Equation 

(2) is equivalent to a CCS or listwise deletion of the dependent. In these equations, 𝑏 

is the intercept, 𝛽 is the coefficients vector, X is the independent variable vector and 

𝜀 is the error term.  

 
𝑆𝑁𝐻𝑅𝐸𝑖 =  𝑏 + 𝛽𝑋𝑖 + 𝜀𝑖                     (1) 
 

𝑆𝑁𝐻𝑅𝐸𝑖,1
𝑜𝑏𝑠 =  𝑏1 + 𝛽1𝑋𝑖,1 + 𝜀𝑖,1    when d = 1    (2) 

 
 

It is widely accepted that 𝛽 ≠ 𝛽1 in cases of selection bias. A multivariate model is 

then used to represent the selection behaviour of NHRE production. A NHRE binary 

variable is created which is 1 when the observed NHRE is positive and 0 if the 

observed NHRE is 0. This way, the NHRE participation (NHREP) binary variable 

created will demonstrate a probability increase or decrease in the chance of 
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producing NHRE after a change in an explanatory variable. A logit regression with 

NHREP as the dependent is called the decision equation, as it illustrates the factors 

which influence the decision to produce NHRE. Theoretically, NHREP should be 

dependent on the potential amount of NHRE production, just as the choice of 

whether or not to work a particular job depends on the wage. The logit decision 

equation is equation (3) below, where the dependent is binary NHREP participation 

which is dependent on imputed values of NHRE under the MAR assumption. An 

insignificant NHRE in equation (3) indicates MAR bias and this is where SA is 

utilised to assess if the SB is MAR or MNAR.  

 

𝑁𝐻𝑅𝐸𝑃𝑖 =  𝛼𝑆𝑁𝐻𝑅𝐸𝑖,0+1
𝑀𝐴𝑅 + 𝜑𝑋𝑖 + 𝜃𝑍𝑖 + 𝑒𝑖   where 𝛼 = 0, 𝑁𝐻𝑅𝐸𝑖,0+1

𝑀𝐴𝑅    (3) 

𝑁𝐻𝑅𝐸𝑃𝑖 =  𝛼𝑆𝑁𝐻𝑅𝐸𝑖,0+1
𝑀𝑁𝐴𝑅 + 𝜑′𝑋𝑖 + 𝜃′𝑍𝑖 + 𝑒′𝑖       where 𝛼 ≠ 0, 𝑁𝐻𝑅𝐸𝑖,0+1

𝑀𝑁𝐴𝑅   (4) 

 

Sensitivity Analysis is the process by which MNAR is simulated through imposing 

systematic shifts on the imputed SNHRE via delta adjustments and assessing how 

this impacts the significance of the variable in the decision equation (Qin et al., 

2020). Tipping point analysis enables examination of the sensitivity of SB but only at 

a marginal level, where the MAR assumption is only just being rejected. An 

insignificant 𝑆𝑁𝐻𝑅𝐸𝑖,0+1
𝑀𝐴𝑅  in equation (3) would confirm the MAR assumption. Imputed 

SNHRE observations were reduced by 1% increments from 90% until the variable 

becomes significant in the NHREP logit model (4). At this stage, 𝑁𝐻𝑅𝐸𝑖,0+1
𝑀𝑁𝐴𝑅  is then 

used as the dependent variable in an OLS regression (5), and compared to equation 

(2), the CCS. In comparing the regressions, significant changes in the coefficient 

estimates 𝛽 would indicate the severity of SB. If there exists no overlap in the 

confidence interval of an explanatory variable, this is significant evidence to support 
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selection bias MNAR, and the MNAR imputed NHRE variable is deemed more 

appropriate to draw inferences from in an OLS.  

 

𝑁𝐻𝑅𝐸𝑖,0+1
𝑀𝐴𝑅 =  𝑏 + 𝛽0+1

𝑀𝐴𝑅𝑋𝑖 + 𝜀′𝑖                 (5) 

𝑁𝐻𝑅𝐸𝑖,0+1
𝑀𝑁𝐴𝑅 =  𝑏 + 𝛽0+1

𝑀𝑁𝐴𝑅𝑋𝑖 + 𝜀′𝑖                       (6) 

 

4.3 Modelling Non-Hydro Renewable Energy Production Share in Total 
Energy  
 

Once the tipping point for MNAR significance was found, the output regression from 

equation (5) is uninterpretable due to no significant explanatory variables. 

Regression outputs for equation (5) can be found in Appendix 5. This is discussed 

further in the results section. Due to this outcome, adjustments were made in order 

to attempt to reduce the standard errors of the imputed NHRE, including increasing 

the number of imputations to 20 and 50, increasing the confidence of the 

observational priors from 95% to 99.99%, increasing the polynomial function from 2 

to 3 and reducing the explanatory variables to variables with strong correlation only. 

These efforts were futile, providing very little improvement to the significance of 

𝛽0+1
𝑀𝐴𝑅. Further regression outputs can be found in Table 13 in the appendix. As there 

is no usable interpretable OLS regression as equations 2 and 5 have no significant 

𝛽0+1
𝑀𝐴𝑅, no inferences can be made about the factors which drive the amount of NHRE 

produced in the selected countries. The same process is repeated for total 

renewable energy in energy share. 

 

4.4 Modelling Renewable Energy Production Share in Total Energy 

 
As an investigation into the factors driving SNHRE produced no interpretable OLS 

results, an investigation into the factors driving the share of total renewable energy 
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(inclusive of hydropower energy) (SRE) is also carried out. As SRE has a lower 

proportion of missingness, the results should provide significant explanatory 

variables in equation (5’ and 6’). The process of MI was repeated alongside OLS and 

logit regressions. Diagnostics of the SRE imputation can be found in the Appendix 4, 

where the best method is clearly shown. 

 

𝑆𝑅𝐸𝑖 =  𝑏 + 𝛽𝑋𝑖 + 𝜀𝑖           (1’) 

𝑆𝑅𝐸𝑖,1
𝑜𝑏𝑠 =  𝑏1 + 𝛽1𝑋𝑖,1 + 𝜀𝑖,1     when d = 1    (2’) 

𝑅𝐸𝑃𝑖 =  𝛼𝑆𝑅𝐸𝑖,0+1
𝑀𝐴𝑅 + 𝜑𝑋𝑖 + 𝜃𝑍𝑖 + 𝑒𝑖    where 𝛼 = 0, 𝑁𝐻𝑅𝐸𝑖,0+1

𝑀𝐴𝑅   (3’) 

𝑅𝐸𝑃𝑖 =  𝛼𝑆𝑅𝐸𝑖,0+1
𝑀𝑁𝐴𝑅 + 𝜑′𝑋𝑖 + 𝜃′𝑍𝑖 + 𝑒′𝑖  where 𝛼 ≠ 0, 𝑁𝐻𝑅𝐸𝑖,0+1

𝑀𝑁𝐴𝑅  (4’) 

𝑆𝑅𝐸𝑖,0+1
𝑀𝐴𝑅 =  𝑏 + 𝛽0+1

𝑀𝐴𝑅𝑋𝑖 + 𝜀′𝑖         (5’) 

𝑆𝑅𝐸𝑖,0+1
𝑀𝑁𝐴𝑅 =  𝑏 + 𝛽0+1

𝑀𝑁𝐴𝑅𝑋𝑖 + 𝜀′𝑖             (6’) 

 

The MAR imputed SRE variable was significant in the logit equation (3’), thus 

assessing the degree of SB through SA is not necessary. A comparison of 𝛽1 and 

𝛽0+1
𝑀𝐴𝑅 will support the SB hypothesis if there are differing confidence intervals for 

explanatory variables. Finally, as 𝑆𝑅𝐸𝑖,0+1
𝑀𝐴𝑅 is the most appropriate to use, equation (5’) 

will then be used for making interpretations about which factors drive RE in MENA. 

For robustness checks, various models of the OLS regressions on 𝑆𝑅𝐸𝑖,0+1
𝑀𝐴𝑅  are 

carried out.  

 

Analysis of the driving factors for SRE production consists of developing a baseline 

set of results which captures control variables. As it may be important to control for 

other effects to see how this impacts the coefficient estimates, four additional models 

are created on top of the baseline variables, namely; financial environment, trade 
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openness, conflict and energy industry maturity. A comparison of the baseline 

coefficients to coefficients in additional models can highlight robustness of the 

coefficient estimates. 
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5. Results and Discussion 
 

5.1 Results of Modelling Non-Hydro Renewable Energy Production Share in 
Total Energy  
 

A logit regression with NHREP as the dependent shows the original SNHRE data as 

significant. This makes sense as the potential SNHRE a country could produce 

should influence whether or not they chose to produce any. A second logit 

regression is then undertaken replacing the original NHRE variable with imputed 

NHRE (equation 3). 𝛼𝑆𝑁𝐻𝑅𝐸𝑖,0+1
𝑀𝐴𝑅  is insignificant in this regression which confirms the 

MAR assumption, as the significance of the variable has changed after imputation, 

confirming there exists a missingness mechanism. The missingness mechanism 

could be captured in the explanatory variables 𝑋𝑖, or the mechanism could be 

captured by SNHRE itself, but this would require SNHRE potential to play a 

significant role in NHREP.  

 

In order to investigate further if the missingness mechanism is MAR or MNAR, SA 

was conducted delta-adjusting the imputed SNHRE so that the MNAR condition is 

met. At which point imputed SNHRE becomes significant in equation (4) can show 

how plausible MNAR is, and by extrapolation, the plausibility of SB. The significant 

MNAR random scenario is a large departure from the MAR imputations, a 63% 

reduction. As this reduction is very large, it indicates that a MNAR scenario is 

unlikely to be plausible. Had the significance of the variable been more sensitive, say 

at 3-5% reduction, the MNAR scenario would be more credible. Since SA simulates 

scenarios under which SB could arise, this scenario being so drastic suggests SB is 

unlikely. The density distributions for an imputed MAR SNHRE and imputed MNAR 

SNHRE can be found in Appendix 5. 
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Further support of SB would have involved a comparison of 𝛽0+1
𝑀𝑁𝐴𝑅and  𝛽1, and 

assessing any significant changes. Final interpretations would then have been made 

from equation (6). As none of the  𝛽0+1
𝑀𝑁𝐴𝑅 were significant, this comparison is 

meaningless and there is nothing to interpret from (6) (See Appendix 5 for OLS 

output tables). It is most likely that the insignificance of OLS regressions with any of 

the three SNHRE variables is due to little variance in SNHRE (due to 70% being 

zero), leading to a large proportion of missingness in the imputed SNHRE (Garson, 

2015). Thus, the OLS regressions with MNAR imputed SNHRE as the dependent 

may include data which truly doesn’t show any relationship with the explanatory 

variables. 

 

The dataset does include the variable for SRE which has less missingness. After 

repeating MI for zero-value SRE observations, imputed SRE was found significant in 

equation (3’). This finding means SA is not necessary. Table 4 below shows a 

comparison of equation (4), a logit regression of NHREP including MNAR imputed 

SNHRE and equation (3’), the logit regression of REP including MAR imputed SRE. 

Table 4 illustrates that OPEC and polity impact the chance of a country participating 

in NHRE but does not affect RE participation. This suggests being a member of 

OPEC reduces the probability and an increase in democracy increases the 

probability of solar and wind production, although neither have any impact on the 

probability of REP. As REP captures traditional renewable energy production 

methods such as hydropower and biomass, these are not likely to be impacted by 

the same factors as modern more technologically intense methods such as solar and 

wind. In line with this explanation, CO2, oil rents and fuel export effect the possibility 
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of REP but not NHREP. For both logit regressions, the negative intercept suggests 

rentier states in MENA, all factors held constant, would not produce any RE or 

NHRE.  

 

Table 4: Comparison between total renewable energy participation (REP) and non-
hydro renewable energy participation (NHREP) logit regressions. 

 

 

5.2 Results of Modelling Renewable Energy Production Share in Total Energy  
 

As 𝛼𝑆𝑅𝐸𝑖,0+1
𝑀𝐴𝑅  was significant, there is evidence for SB. A comparison of the CCS 

SRE OLS and MAR SRE OLS shows many changes in the significance of variables 
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as well as two non-overlapping confidence intervals (Appendix 6). For this reason, 

the equation (5’) OLS is the most robust. An investigation of the factors driving the 

SRE produced consisted of modelling OLS regressions, beginning with a baseline 

set of explanatory variables and expanding the model against other control groups. 

The baseline results in Table 5 show a highly significant intercept, highlighting that 

all variables controlled for, MENA countries have the potential to have an 11% SRE, 

although the probability of adopting RE is initially negative, meaning a greater 

potential amount of RE will decrease the chance of RE being produced at all. Being 

a member of OPEC increase potential SRE by 5.37% whilst an increase in GDP per 

capita and a one-unit step closer towards democracy both reduce the potential SRE.  

 

Extended results give further scrutiny into how SRE production in MENA is 

influenced by the financial environment, economic openness, conflict and energy 

industry maturity, as well as assessing the robustness of the baseline indicators 

against different control groups. 

 

Surprisingly, none of the financial environment indicators are significant, suggesting 

neither financial sector development, GFCF or FDI have any effect on the potential 

SRE produced. This is in contrast to previous studies which have found positive 

effects for all three variables. The logit regression does however show both FDI and 

financial development to be significant in determining the adoption of RE. Table 5 

shows a 1% increase in FDI has a negative impact on RE adoption, contrary to 

economic theory, although in line with the findings from Pfieffer and Mulder (2013) 

who assess SNHRE drivers in developing countries, though they don’t offer an 

explanation. A simple explanation is simply that the FDI inflows towards brown 
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industries is less established and less risky than investment in RE. Garin êt al. 

(2018) found between 2003-2015 the two largest sectors of FDI for each MENA 

country to be coal, oil and natural gas and real estate, with investment in renewables 

peaking at 4% of total investment in Egypt, which is not a rentier state. Additionally, 

financial sector development although insignificant in impacting the potential SRE, 

has a positive effect on the adoption of RE.  The inclusion of these financial variables 

in the OLS regression does impact the predicted intercept, increasing it from 11% to 

13.1%. Furthermore, the effect of membership to OPEC falls to 3.9% increase in RE 

production when the financial environment is held constant. This suggests the effects 

of membership to the trade block is easily dissipated amongst the financial variables 

as OPEC is less important in driving RE production when the financial environment 

is considered. The polity variable becomes insignificant after financial environment is 

controlled for. Finally, the impact of GDP per capita remains unchanged.  

 

An assessment of the impact of controlling for economic openness reveals two of the 

three additional variables to have a significant impact on the share of RE. Whilst an 

increase in the rank in the EFI index and a 1% increase in trade openness leads to a 

1% decrease and a 0.01% increase in SRE respectively. The effect of an increase in 

the EFI is contradictory to the hypothesis in section 2.1 and theory of the resource 

curse. As the EFI is a proxy for institutional strength it is expected that a higher EFI 

score means better institutions facilitating market interactions. In a study of 119 

developing and non-OECD countries, Brunnschweiler (2010) found a positive 

relationship between the EFI and RE electricity generation, directly opposed to the 

results found here. A clear explanation of this relationship is difficult, although it 

could potentially be explained by uncorrelated improvements in corruption at the 
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same time as growing fossil fuel energy use, crowding out the share of RE. 

Otherwise, one of the contributing indicators to the EFI is the size of government, 

since government interventions are considered interference in the free hand of the 

market. This measure may juxtapose the rentier state. For example, better 

institutions in a taxed economy would facilitate the free market, whereas in a rentier 

state, better institutions could mean strengthened ideals and a more streamlined 

institutional system for exploiting fossil fuels. The RE industry in countries more 

successful in the RET have been supported by socialist, long- sighted governments 

(McKinnon, 2010; Sawin, 2001), and such countries would rank more poorly in the 

EFI due to increased government intervention and regulations. Further investigation 

into this relationship is needed.  
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The empirical results for TO are as expected, since more trade will mean more 

opportunity for technology transfer. Though the impact is only small at a 0.01% 

increase in SRE, it is highly significant. FDI is insignificant again, so it can be 

confidently assumed that FDI does not impact SRE in MENA rentier states. Holding 

these economic openness factors constant causes a reduction in the intercept from 

the baseline prediction from 11% to 7.71% (though the confidence intervals of the 

coefficient estimates overlap, so it is not a significant change). Whilst oil reserves 

become significant (and negative), GDP per capita becomes insignificant. A -0.029 

coefficient estimate for oil reserves is in line with previous theory, suggesting an 

increase in oil reserves leads to a decrease in potential SRE. For this variable to not 

have been significant in the baseline results may simply imply the variation in oil 

reserves was too narrow for it to be important in SRE, but holding economic 

openness factors constant reveals the significance of oil reserves in disincentivising 

support for RE.  

 

The third model includes conflict, a highly regarded factor in determining productivity 

of all kinds in afflicted countries. Though the variable itself appears to not impact 

potential SRE and holding conflict constant does not affect the significance of any 

baseline variables, it does significantly change the coefficient estimate for polity. A 

one unit increase in the political regime towards complete democracy causes a 

decrease in potential SRE by 0.428%. Polity is an index capturing the political 

regime of a country, from -10 (autocratic) to 10 (democratic). A negative relationship 

between polity and potential SRE goes against theory, which suggests a democratic 

government better represents the will of civil society (thus better representing the 

attitude shift towards renewables). There even exists a detailed explanation specific 
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to MENA tying economic crisis to democratisation which would explain a rise in SRE. 

Ehteshami (1999) argues that MENA governments have historically responded to 

economic crisis by broadening their political bases, as economic prosperity 

underpins political stability (Nonneman, 1996). Hence, the political reform process in 

MENA has not been led by civil society unrest or human development needs, but 

instead “the ruling regime’s perceived strategy for survival” (Ibid, p.203). This 

democratisation phenomenon tied with the economic crisis caused by the Gulf War 

in 1990 (which caused currency devaluations and a falling oil price), would explain a 

positive relationship between institutional quality and SRE quite well. In direct 

contradiction, the opposite has been shown. The potential SRE for many countries in 

the sample show a drop off point of SRE in the dataset, which can be seen in Figure 

3 below (Algeria: 1987, Iran: 1988, Iraq: 1996, Kuwait: 1989, UAE: 1994). This is 

evidence for a shock of some sort to the region. A longitudinal investigation into the 

relationship between SRE and EFI is needed, in order for the date of specific shocks 

to be identified, so that an evaluation of potential causes for this relationship can be 

carried out. The conflict variable itself is significant in the logit model, having a 

positive effect on RE adoption. Further investigation is needed to explain this 

relationship and tests its robustness. 
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Figure 3: MAR imputations for SRE. 

 

 
Notes: Red dots are the imputed estimates with the red line representing the 95% confidence interval, black dots 
are the observed values. 
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Finally, the fourth model demonstrates the impact of controlling for energy industry 

maturity. Of the additional energy maturity variables, GFCF is insignificant, whilst 

energy losses and fuel exports are significant and negative, and fuel imports are 

significant and positive. The expectation of GFCF to have a positive effect on RE 

share has not been met, though the insignificant result is in line with the findings of 

Lin and Omoju (2017). Another model was run, dropping GFCF from the explanatory 

variables, but no significant changes were found. A 1% increase in fuel imports, fuel 

exports and energy losses leads to a 0.313% increase, 0.136% decrease and 0.28% 

decrease in the potential RE share respectively. These are all in line with theory 

which suggests dependence on traditional fuel imports encourages domestic RE 

production, strong fuel exports disincentivises RE production and energy losses from 

the national electricity distribution system hinders access to RE generated electricity.  

 

Interestingly, despite fuel exports being negative in the OLS regression, is it positive 

in the logit, implying an increase in fuel exports increases the chance of RE being 

adopted. This could be explained by the profit motive. Transportable fossil fuels are 

easier to trade than the electricity generated by renewables in the context of poor 

infrastructure. Thus, there is incentive for a country to start generating RE to satisfy 

domestic demand following an increase in fuel exports. Controlling for energy 

maturity variables causes a significant increase in the intercept compared to the 

baseline result from 11% potential SRE to 25.1%. This implies MENA countries with 

zero energy losses from the national grid and no imports or exports of fuel could 

feasibly produce 25% of their energy needs through renewables, a very important 

finding. Table 5 also shows a significant decrease in the impact of OPEC 

membership from 5.37% to 3.58%, and the impact of polity loses significance 
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suggesting the trade of fuel and efficiency of electricity systems have a greater 

impact on potential SRE than the political regime.  

 

A direct comparison of these models against the baseline ensures which variables 

are robust against modelling disparities. Polity for example alternates between 

significant and insignificant, depending on the explanatory variables. Thus, the 

unexpected negative polity coefficient estimate in the conflict model carries less 

weight when drawing practical inferences. Membership to OPEC on the other hand, 

is consistently significant. Finally, due to persistent insignificance, it can be 

concluded that the share of RE in total energy demand is not affected by oil 

reserves, energy consumption, oil price, oil rent or CO2 emissions. 

 

Further inferences can be made as to the factors which drive the initial adoption of 

RE through analysis of the logit regressions associated with each additional model. 

The baseline result reveals OPEC to have a significant impact in the share of RE but 

not in the probability of its adoption. Oil reserves, oil rent and CO2 emissions have 

no impact in the share of RE but have a consistent significant effect on the 

probability of RE adoption across the models, making these findings robust. Whilst 

CO2 emissions have no impact on SRE in any of the models, it is highly significant 

and positive in every logit model. The implication here is that an increase in 

environmental degradation causes an approximately 0.26-point increase in the 

probability of RE being adopted, but when SRE does become positive, the amount of 

CO2 emissions has no further impact on the share of RE produced. A policy 

implication of this finding is that the concern for the environment is only humoured by 

creation of RE generation, the reasons behind which are not taken seriously. As 
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expected, oil reserves and oil rents are both consistently negative, implying an 

increase in either will lead to a decrease in potential SRE, with oil rent having a 

stronger negative impact. Similarly, oil price has no significant impact on SRE, but 

has a consistently positive impact on the adoption of RE, in line with previous studies 

that suggest an increase in the price of a substitute for RE makes RE more 

attractive. GDP per capita is highly significant but only slightly negative at -0.0002 in 

each OLS at most, simultaneously having a highly significant zero impact on the 

adoption of RE. This implies an increase in GDP per capita by one unit decreases 

potential SRE in MENA by 0.0002%, contrary to previous findings (Chang et al., 

2009), though the impact is so small it is negligible.  
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6. Conclusion 
 

The fight against climate change primarily relies on the renewable energy transition 

to curb emissions. MENA countries, despite having huge potential to produce RE, 

have responded weakly to this challenge. This study empirically investigated the 

factors behind the decision to produce non-hydro renewable energy, as well as the 

factors driving the amount of overall renewable energy production in rentier MENA 

states. The high incidence of 70% missingness in SNHRE limited the inferences that 

could be made into the drivers behind NHRE in the region. Future studies will have 

to use a different indicator and actively avoid missingness in order to gain 

meaningful insights into NHRE drivers in MENA. For both SNHRE and SRE, multiple 

imputation, sensitivity analysis and additional final OLS regressions all contributed to 

the robustness of results. Empirical findings largely supported existing research with 

a few exceptions. Empirical results for FDI inflows, EFI, polity and conflict are 

counterintuitive, although also unrobust. Further research is necessary to decipher 

whether the findings here are indicative of a significant relationship or not, and 

investigate the policy implications these findings are supported. Surprisingly, 

membership to OPEC is consistently positive in contributing to potential SRE. OPEC 

is a body which seeks to unify petroleum policies, so it is unclear why this 

relationship exists. As the interconnectedness of MENA states is imperative to 

support energy distribution systems, OPEC may play an important role in facilitating 

the RET in MENA. The evidence supporting SB in SRE suggests micro-data on local 

solar and wind production may prove more appropriate for further data analysis, 

highlighting the localised energy system infrastructure in the region. 
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Appendix 
 

Appendix 1: A description of multiple imputation.  
If the MI method used produced just one set of imputations for the missing data, a 
single imputation, the algorithm would fit missing observations exactly on the least 
squares plane, which generates the same beta when regressed and gives 
heteroskedastic imputed observations. Correcting for this, multiple imputation is 
undertaken which adds “noise” to the imputed variables so their density function 
more closely resembles that of the observed data sample by using a Monte Carlo 
technique (Cameron and Trivedi, 2005). Thus, it is necessary to impute multiple sets 
of data so that each prediction of missing observations varies slightly and this 
variation is represented in the confidence intervals. The expectation maximisation 
algorithm repeats four prediction, estimation and augmentation steps until the 
changes in the revised estimate of the estimate become arbitrarily small (Iwasaki, 
2002; Takahashi, 2015).  
 
Data is assumed to be distributed normally. Although the normality assumption is 
strong and may not hold for all variables, there is research to suggest it still works 
well under non-normal conditions, and variables can be transformed prior to 
imputation to make them adhere to this assumption (Schafer, 1997; Schafer and 
Olsen, 1998).  

𝐷~𝒩𝓀 (μ, Σ)  
 

 
 

Appendix 2: AMELIA II imputation process and functional decisions to improve 
accuracy of imputations. 

 
Many different functions within AMELIA enable a more accurate imputation. The first 
includes expanding the dataset to include auxiliary variables, The nature of MI is to impute 
data based on an assumption that the missing observations are missing at random (MAR). 
That is to say there may be a mechanism that underpins which observations are missing, but 
as long as the mechanism is captured by the explanatory variables, there will exist no bias in 
the imputations. For example, if there a strong correlation between which NHRE 
observations are missing and a high incidence of conflict, the missingness mechanism is 
captured, and the MAR assumption holds. Including additional auxiliary variables can 
contribute towards this assumption. These variables are listed in Table # below and have 
been sourced from the WDI. Secondly the number of imputations has been set at 5 for initial 
exploration, then raised to 20 and 50, as the number of imputations does not need to be very 
high for imputation to be efficient. Schafer (1997) emphasizes this point showing how even 
with 50% of the data missing, 20 imputations can achieve 97.5% efficiency. At this stage, 
there is no indication of a problematic imputation. Thirdly, using a polynomial time function 
uses trendedness of longitudinal variables to smooth imputations. When polynomials are 
included in the MI function, the imputation method can become unstable.  
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Table 6: Multiple Imputation Variables 

Variable Name Description 

Agriland Agricultural land (% of land area) 

Arable Arable land (% of land area) 

Coalrent Coal rents (% of GDP) 

domcreditbanks Domestic credit to private sector by banks (% of GDP) 

electricpower Electric power consumption (kWh per capita) 

forest Forest area (% of land area) 

popden Population density (people per sq. km of land area) 

renenergy Renewable energy consumption (% of total final energy 
consumption) 

greenhouse Total greenhouse gas emissions (% change from 1990) 

urban.pop Urban population (% of total population) 

 
The fourth function improves this instability by adding ridge priors can be added which 
essentially shrink covariances and improve the stability of the EM. A very important 
imputation assistance tool is the inclusion of Bayesian observational priors. As a large 
proportion of missingness exists for some variables (and in specific countries), there is a 
larger margin for error. For example, Table # below shows import and export data for the 
UAE is missing consecutively between 1985 and 2000. Observational priors are essentially 
an indication of what the missing value could be, based on expert opinion or in the below 
cases, predictions from other data sources Table # below shows the variables with 
significant missingness (determined as those variables in countries for which blocks of 8 
consecutive values of data are missing). The confidence matrix used for these priors can be 
found in the appendix (A#). For example, oil rent for Iraq is missing between 1991-2003 due 
to the Gulf war and then a military coup. It is expected that oil rent for 1991 was near 0%, but 
it is unclear how rapidly oil production recovered (Alnasrawi, 1992). 
 

Table 7: Significant Missingness in the Data 
Variable Country Missing Source 

Trade openness:  Qatar 
UAE 

85-93 
85-2000 

FRED (2021) 
FRED (2021) 

Gdp:  Kuwait 
Qatar 

85-94 
85-99 

FRED (2021) 
FRED (2021) 

Oil rent:  Iraq 91-2003 Alnasrawi, 1992 

GFCF Iraq 
Kuwait 
Qatar 
UAE 

85-99 
95-2019 

1985-2019 
1985-2000 

No data 
Ceic (2021) 
Ceic (2021) 

Trading Economics 
(2019) 

Fuel export:  Iraq 
Iran 
UAE 

86-99 
85-99 

1985-2011 
patch 

No data 
No data 
No data 

Fuel import:  Iraq 
Iran 

1985-2019 
patch 
85-96 

 

Fin dev:  Iraq 
UAE 

-2003 
1985-2016 

No data 
FRED (2021) 
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Table 8: Matrix of confidence intervals used for observational priors. 
[,1] [,2] [,3] [,4] [,5]  
[1,] 14 10 71.5455 75.2145 0.999 

[2,] 22 10 71.5455 75.2145 0.999 

[3,] 30 10 63.98925 67.27075 0.999 

[4,] 38 10 69.069 72.611 0.999 

[5,] 46 10 83.43075 87.70925 0.999 

[6,] 54 10 78.975 83.025 0.999 

[7,] 62 10 84.435 88.765 0.999 

[8,] 70 10 78.78 82.82 0.999 

[9,] 16 10 84.95175 89.30825 0.999 

[10,] 24 10 91.87425 96.58575 0.999 

[11,] 32 10 96.954 101.926 0.999 

[12,] 40 10 100.96125 106.13875 0.999 

[13,] 48 10 103.57425 108.88575 0.999 

[14,] 56 10 112.359 118.121 0.999 

[15,] 64 10 122.70375 128.99625 0.999 

[16,] 72 10 137.2215 144.2585 0.999 

[17,] 80 10 135.55425 142.50575 0.999 

[18,] 88 10 128.7 135.3 0.999 

[19,] 96 10 147.64425 155.21575 0.999 

[20,] 104 10 152.34375 160.15625 0.999 

[21,] 112 10 145.38225 152.83775 0.999 

[22,] 120 10 131.625 138.375 0.999 

[23,] 128 10 126.36 132.84 0.999 

[24,] 6 12 37329.75 45625.25 0.999 

[25,] 14 12 28584 34936 0.999 

[26,] 22 12 29029.5 35480.5 0.999 

[27,] 30 12 30627 37433 0.999 

[28,] 38 12 31619.25 38645.75 0.999 

[29,] 46 12 34771.5 42498.5 0.999 

[30,] 54 12 31779 38841 0.999 

[31,] 62 12 34726.5 42443.5 0.999 

[32,] 70 12 32109.75 39245.25 0.999 

[33,] 78 12 32724 39996 0.999 

[34,] 86 12 35662.5 43587.5 0.999 

[35,] 94 12 39008.25 47676.75 0.999 

[36,] 102 12 47486.25 58038.75 0.999 

[37,] 110 12 41836.5 51133.5 0.999 

[38,] 118 12 48879 59741 0.999 

[39,] 4 12 27803.25 33981.75 0.999 

[40,] 12 12 21984.75 26870.25 0.999 

[41,] 20 12 25953.75 31721.25 0.999 

[42,] 28 12 22880.25 27964.75 0.999 

[43,] 36 12 26138.25 31946.75 0.999 

[44,] 44 12 19786.5 24183.5 0.999 

[45,] 52 12 12186 14894 0.999 

[46,] 51 14 0 3 0.999 

[47,] 84 15 14.343509 15.079073 0.999 

[48,] 92 15 15.481105 16.275008 0.999 

[49,] 100 15 14.135091 14.859967 0.999 

[50,] 108 15 18.793369 19.757132 0.999 

[51,] 116 15 15.214143 15.994356 0.999 

[52,] 124 15 11.376293 11.959692 0.999 

[53,] 132 15 13.972485 14.689023 0.999 

[54,] 140 15 13.114185 13.786707 0.999 

[55,] 148 15 13.236216 13.914996 0.999 

[56,] 156 15 13.122476 13.795424 0.999 

[57,] 164 15 14.480198 15.222772 0.999 

[58,] 172 15 15.361891 16.14968 0.999 

[59,] 180 15 19.561235 20.564375 0.999 

[60,] 188 15 17.1981 18.080054 0.999 

[61,] 196 15 16.572238 17.422096 0.999 

[62,] 204 15 16.894819 17.76122 0.999 

[63,] 212 15 13.292865 13.97455 0.999 

[64,] 220 15 12.602689 13.24898 0.999 

[65,] 228 15 13.9477 14.662966 0.999 

[66,] 236 15 16.18705 17.017156 0.999 

[67,] 244 15 24.679235 25.944837 0.999 

[68,] 252 15 28.959514 30.444617 0.999 

[69,] 260 15 26.654792 28.021705 0.999 

[70,] 268 15 24.262353 25.506577 0.999 

[71,] 8 15 24.014778 25.246305 0.999 

[72,] 16 15 22.981732 24.160283 0.999 

[73,] 24 15 20.10033 21.131116 0.999 

[74,] 32 15 20.961963 22.036935 0.999 

[75,] 40 15 18.813314 19.778099 0.999 

[76,] 48 15 15.130941 15.906887 0.999 

[77,] 56 15 14.380531 15.117994 0.999 

[78,] 64 15 15.773863 16.582779 0.999 

[79,] 72 15 16.439049 17.282077 0.999 

[80,] 80 15 17.797384 18.71007 0.999 

[81,] 88 15 17.22849 18.112002 0.999 

[82,] 96 15 17.313546 18.201421 0.999 

[83,] 104 15 19.340122 20.331923 0.999 

[84,] 112 15 18.472469 19.419775 0.999 

[85,] 120 15 15.885566 16.700211 0.999 

[86,] 128 15 1.581338 1.662432 0.999 

[87,] 102 15 34.513274 36.283186 0.999 

[88,] 110 15 33.260234 34.965887 0.999 

[89,] 118 15 18.886199 19.854722 0.999 

[90,] 126 15 13.732394 14.43662 0.999 

[91,] 134 15 22.234892 23.375143 0.999 

[92,] 142 15 30.216942 31.766529 0.999 

[93,] 150 15 33.149171 34.849129 0.999 

[94,] 158 15 30.728018 32.303813 0.999 

[95,] 166 15 32.843027 34.527285 0.999 

[96,] 174 15 40.037779 42.090999 0.999 

[97,] 182 15 42.811441 45.0069 0.999 

[98,] 190 15 40.089442 42.145311 0.999 

[99,] 198 15 41.88911 44.03727 0.999 

[100,] 206 15 30.495245 32.059103 0.999 

[101,] 214 15 28.305102 29.756646 0.999 

[102,] 222 15 26.465851 27.823074 0.999 

[103,] 230 15 27.131523 28.522883 0.999 

[104,] 238 15 30.996036 32.585576 0.999 

[105,] 246 15 36.140225 37.99357 0.999 

[106,] 254 15 47.64796 50.091445 0.999 

[107,] 262 15 43.487465 45.717591 0.999 

[108,] 270 15 41.785496 43.928342 0.999 

[109,] 278 15 43.252439 45.470513 0.999 

[110,] 96 18 28.275 29.725 0.999 

[111,] 104 18 29.4255 30.9345 0.999 

[112,] 112 18 34.788 36.572 0.999 

[113,] 120 18 34.125 35.875 0.999 

[114,] 128 18 29.39625 30.90375 0.999 

[115,] 136 18 32.175 33.825 0.999 

[116,] 144 18 33.384 35.096 0.999 

[117,] 152 18 33.1695 34.8705 0.999 

[118,] 160 18 33.2085 34.9115 0.999 

[119,] 168 18 36.37725 38.24275 0.999 

[120,] 176 18 46.10775 48.47225 0.999 

[121,] 184 18 47.1705 49.5895 0.999 

[122,] 192 18 57.057 59.983 0.999 

[123,] 200 18 81.4515 85.6285 0.999 

[124,] 208 18 72.15 75.85 0.999 

[125,] 216 18 60.75225 63.86775 0.999 
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[126,] 224 18 58.5 61.5 0.999 

[127,] 232 18 57.525 60.475 0.999 

[128,] 240 18 59.87475 62.94525 0.999 

[129,] 248 18 74.59725 78.42275 0.999 

[130,] 256 18 78.975 83.025 0.999 

[131,] 264 18 76.557 80.483 0.999 

 

Table 9: Upper and lower bounds matrix 
for priors 

[,1] [,2] [,3]  

[1,] 3 0 1.00E+05 

[2,] 4 0 1.00E+05 

[3,] 5 0 1.00E+05 

[4,] 6 0 1.00E+05 

[5,] 7 0 1.00E+05 

[6,] 8 0 1.00E+05 

[7,] 9 0 1.00E+05 

[8,] 10 0 1.00E+05 

[9,] 11 0 1.00E+05 

[10,] 12 0 1.00E+05 

[11,] 13 -10 1.00E+01 

[12,] 14 0 1.00E+02 

[13,] 15 0 1.00E+02 

[14,] 16 0 1.00E+02 

[15,] 17 0 1.00E+02 

[16,] 18 0 1.00E+02 

[17,] 19 0 1.00E+05 

[18,] 20 -10 1.00E+01 

[19,] 21 0 1.00E+02 

[20,] 33 0 1.00E+02 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
For example, oil rent for Iraq is missing between 1991-2003 due to the Gulf war and then a 
military coup. It is expected that oil rent for 1991 was near 0%, but it is unclear how rapidly 
oil production recovered (Alnasrawi, 1992). Fifth, upper and lower bounds are in place for 
every variable with missingness as checking density distributions of the imputations with 
observational priors revealed the density function to include negative values for variables 
which could not logically be negative (density distributions can be seen below in Fig #). 
Exceptions to this negative rule include EFI and polity, as they are indiexes with the lowest 
value of -10.  
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Fig 4: Observational priors with no general lower bounds. Conflict and oil rent are shown. 
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Appendix 3: Diagnostics of MI with AMELIA II 
Figure 5: Comparisons between MI with just observation priors compared with observation 

priors and all other functions to enhance imputation for GFCF for the UAE. 

 
 
 
A comparison of the effect of different functions in imputation reveals a combination of both 
ridge priors and observational priors to produce the imputed datapoints most similar. UAE 
ridge and observational priors have narrower confidence intervals and greater trendedness. 
For this reason, priors paired with all other observations can be confidently used for all 
variables.  
 
Figure 6 below shows the density of the mean imputation in red with the density of observed 
values in blue. Comparing the two densities can reveal if the method of imputation needs 
improvement, which would be apparent if the densities are vastly different. As the variables 
with the significant missingness in GDP existed for Qatar and Kuwait, which have very high 
GDP per capita compared to other countries in MENA, explaining the skewed imputations 
density. Financial development would have a concerningly different imputed density function 
however the most significant imputation has been for UAE which used observational priors. 
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Figure 6: Comparing Density distributions between observed and imputed variables 
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Figure 7: Overimputations measure. each observation is dropped iteratively and predicted 
using the remaining non-missing observations. The plot illustrates how many predictions fall 

within a 95% confidence intervals of the true observed value. 

 
 

Appendix 4: MI of SRE. 
Table 10: Observational priors matrix for renewable energy dataset imputations 

 [,1] [,2] [,3] [,4] [,5] 

[1,] 14 10 71.5455 75.2145 0.999 

[2,] 22 10 71.5455 75.2145 0.999 

[3,] 30 10 63.98925 67.27075 0.999 

[4,] 38 10 69.069 72.611 0.999 

[5,] 46 10 83.43075 87.70925 0.999 

[6,] 54 10 78.975 83.025 0.999 

[7,] 62 10 84.435 88.765 0.999 

[8,] 70 10 78.78 82.82 0.999 

[9,] 16 10 84.95175 89.30825 0.999 

[10,] 24 10 91.87425 96.58575 0.999 

[11,] 32 10 96.954 101.926 0.999 

[12,] 40 10 100.96125 106.13875 0.999 

[13,] 48 10 103.57425 108.88575 0.999 

[14,] 56 10 112.359 118.121 0.999 

[15,] 64 10 122.70375 128.99625 0.999 

[16,] 72 10 137.2215 144.2585 0.999 

[17,] 80 10 135.55425 142.50575 0.999 

[18,] 88 10 128.7 135.3 0.999 

[19,] 96 10 147.64425 155.21575 0.999 

[20,] 104 10 152.34375 160.15625 0.999 

[21,] 112 10 145.38225 152.83775 0.999 

[22,] 120 10 131.625 138.375 0.999 

[23,] 128 10 126.36 132.84 0.999 

[24,] 6 12 37329.75 45625.25 0.999 

[25,] 14 12 28584 34936 0.999 

[26,] 22 12 29029.5 35480.5 0.999 

[27,] 30 12 30627 37433 0.999 

[28,] 38 12 31619.25 38645.75 0.999 

[29,] 46 12 34771.5 42498.5 0.999 

[30,] 54 12 31779 38841 0.999 

[31,] 62 12 34726.5 42443.5 0.999 

[32,] 70 12 32109.75 39245.25 0.999 

[33,] 78 12 32724 39996 0.999 

[34,] 86 12 35662.5 43587.5 0.999 

[35,] 94 12 39008.25 47676.75 0.999 

[36,] 102 12 47486.25 58038.75 0.999 

[37,] 110 12 41836.5 51133.5 0.999 

[38,] 118 12 48879 59741 0.999 

[39,] 4 12 27803.25 33981.75 0.999 

[40,] 12 12 21984.75 26870.25 0.999 

[41,] 20 12 25953.75 31721.25 0.999 

[42,] 28 12 22880.25 27964.75 0.999 

[43,] 36 12 26138.25 31946.75 0.999 

[44,] 44 12 19786.5 24183.5 0.999 

[45,] 52 12 12186 14894 0.999 

[46,] 51 14 0 3 0.999 

[47,] 84 15 14.343509 15.079073 0.999 

[48,] 92 15 15.481105 16.275008 0.999 

[49,] 100 15 14.135091 14.859967 0.999 

[50,] 108 15 18.793369 19.757132 0.999 

[51,] 116 15 15.214143 15.994356 0.999 

[52,] 124 15 11.376293 11.959692 0.999 

[53,] 132 15 13.972485 14.689023 0.999 
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[54,] 140 15 13.114185 13.786707 0.999 

[55,] 148 15 13.236216 13.914996 0.999 

[56,] 156 15 13.122476 13.795424 0.999 

[57,] 164 15 14.480198 15.222772 0.999 

[58,] 172 15 15.361891 16.14968 0.999 

[59,] 180 15 19.561235 20.564375 0.999 

[60,] 188 15 17.1981 18.080054 0.999 

[61,] 196 15 16.572238 17.422096 0.999 

[62,] 204 15 16.894819 17.76122 0.999 

[63,] 212 15 13.292865 13.97455 0.999 

[64,] 220 15 12.602689 13.24898 0.999 

[65,] 228 15 13.9477 14.662966 0.999 

[66,] 236 15 16.18705 17.017156 0.999 

[67,] 244 15 24.679235 25.944837 0.999 

[68,] 252 15 28.959514 30.444617 0.999 

[69,] 260 15 26.654792 28.021705 0.999 

[70,] 268 15 24.262353 25.506577 0.999 

[71,] 8 15 24.014778 25.246305 0.999 

[72,] 16 15 22.981732 24.160283 0.999 

[73,] 24 15 20.10033 21.131116 0.999 

[74,] 32 15 20.961963 22.036935 0.999 

[75,] 40 15 18.813314 19.778099 0.999 

[76,] 48 15 15.130941 15.906887 0.999 

[77,] 56 15 14.380531 15.117994 0.999 

[78,] 64 15 15.773863 16.582779 0.999 

[79,] 72 15 16.439049 17.282077 0.999 

[80,] 80 15 17.797384 18.71007 0.999 

[81,] 88 15 17.22849 18.112002 0.999 

[82,] 96 15 17.313546 18.201421 0.999 

[83,] 104 15 19.340122 20.331923 0.999 

[84,] 112 15 18.472469 19.419775 0.999 

[85,] 120 15 15.885566 16.700211 0.999 

[86,] 128 15 1.581338 1.662432 0.999 

[87,] 102 15 34.513274 36.283186 0.999 

[88,] 110 15 33.260234 34.965887 0.999 

[89,] 118 15 18.886199 19.854722 0.999 

[90,] 126 15 13.732394 14.43662 0.999 

[91,] 134 15 22.234892 23.375143 0.999 

[92,] 142 15 30.216942 31.766529 0.999 

[93,] 150 15 33.149171 34.849129 0.999 

[94,] 158 15 30.728018 32.303813 0.999 

[95,] 166 15 32.843027 34.527285 0.999 

[96,] 174 15 40.037779 42.090999 0.999 

[97,] 182 15 42.811441 45.0069 0.999 

[98,] 190 15 40.089442 42.145311 0.999 

[99,] 198 15 41.88911 44.03727 0.999 

[100,] 206 15 30.495245 32.059103 0.999 

[101,] 214 15 28.305102 29.756646 0.999 

[102,] 222 15 26.465851 27.823074 0.999 

[103,] 230 15 27.131523 28.522883 0.999 

[104,] 238 15 30.996036 32.585576 0.999 

[105,] 246 15 36.140225 37.99357 0.999 

[106,] 254 15 47.64796 50.091445 0.999 

[107,] 262 15 43.487465 45.717591 0.999 

[108,] 270 15 41.785496 43.928342 0.999 

[109,] 278 15 43.252439 45.470513 0.999 

[110,] 96 18 28.275 29.725 0.999 

[111,] 104 18 29.4255 30.9345 0.999 

[112,] 112 18 34.788 36.572 0.999 

[113,] 120 18 34.125 35.875 0.999 

[114,] 128 18 29.39625 30.90375 0.999 

[115,] 136 18 32.175 33.825 0.999 

[116,] 144 18 33.384 35.096 0.999 

[117,] 152 18 33.1695 34.8705 0.999 

[118,] 160 18 33.2085 34.9115 0.999 

[119,] 168 18 36.37725 38.24275 0.999 

[120,] 176 18 46.10775 48.47225 0.999 

[121,] 184 18 47.1705 49.5895 0.999 

[122,] 192 18 57.057 59.983 0.999 

[123,] 200 18 81.4515 85.6285 0.999 

[124,] 208 18 72.15 75.85 0.999 

[125,] 216 18 60.75225 63.86775 0.999 

[126,] 224 18 58.5 61.5 0.999 

[127,] 232 18 57.525 60.475 0.999 

[128,] 240 18 59.87475 62.94525 0.999 

[129,] 248 18 74.59725 78.42275 0.999 

[130,] 256 18 78.975 83.025 0.999 

[131,] 264 18 76.557 80.483 0.999 
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Table 11: Upper and lower bounds matrix for renewable energy dataset imputations 

 [,1] [,2] [,3] 

[1,] 3 0 1.00E+05 

[2,] 4 0 1.00E+05 

[3,] 5 0 1.00E+05 

[4,] 6 0 1.00E+05 

[5,] 7 0 1.00E+05 

[6,] 8 0 1.00E+05 

[7,] 9 0 1.00E+05 

[8,] 10 0 1.00E+05 

[9,] 11 0 1.00E+05 

[10,] 12 0 1.00E+05 

[11,] 13 -10 1.00E+01 

[12,] 14 0 1.00E+02 

[13,] 15 0 1.00E+02 

[14,] 16 0 1.00E+02 

[15,] 17 0 1.00E+02 

[16,] 18 0 1.00E+02 

[17,] 19 0 1.00E+05 

[18,] 20 -10 1.00E+01 

[19,] 21 0 1.00E+02 

[20,] 33 0 1.00E+02 

 
Figure 8: Comparison of the distributions of RE imputations with increasing number of 
imputations. 
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Figure 9: An overimputation assessment of RE imputations. The plot illustrates how many 
predictions fall within a 95% confidence intervals of the true observed value. A confidence 
interval crossing the line of best fit indicates the accuracy of imputations, and the length of 
the vertical line shows the confidence interval. 



 

79 
 

 
 

 

Appendix 5: Results of SNHRE  
Figure 10: Density plots for NHRE in a CCS, MAR imputation and MNAR imputation at a 63% 
reduction. 
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Table 12: Equation 5 OLS regression for NHRE CCS, NHRE with imputed 
explanatory variables and original NHRE, NHRE MAR imputed for when 

NHREP==1, NHRE imputed under MAR. These variables have all been imputed by 
the original method of imputations, which includes 5 imputations, polytime of 2 and 

lower confidence intervals for observational priors. 
 Complete case scenario. OLS 

regression only include observations 
where renhydroD==1 

NHRE imputed under MAR NHRE under a 37% of original 
imputation scenario  

 𝛽1 CI P 𝛽0+1
𝑀𝑁𝐴𝑅 CI P 𝛽0+1

𝑀𝑁𝐴𝑅 CI P 

(Intercept) -0.1240 -0.3450 0.0970 0.5750 0.5580 0.1610 0.9550 0.1600 
0.2500 

-
0.1140 0.6140 0.4900 

opec -0.1110 -0.1906 -
0.0314 

0.1620 0.0248 -
0.0892 

0.1388 0.8280 -
0.0605 

-
0.1365 0.0155 0.4300 

oilres 0.0002 -0.0003 0.0006 0.6960 -
0.0011 

-
0.0028 

0.0005 0.4890 -
0.0005 

-
0.0012 0.0003 0.5600 

energycons 0.0000 -0.0002 0.0002 0.9820 -
0.0002 

-
0.0006 

0.0002 0.6580 
0.0000 

-
0.0002 0.0002 0.8500 

losses -0.0130 -0.0223 -
0.0037 

0.1640 -
0.0236 

-
0.0433 

-
0.0039 

0.2300 -
0.0161 

-
0.0276 

-
0.0046 0.1600 

CO2 0.0327 -0.0050 0.0704 0.3860 0.0539 -
0.0681 

0.1759 0.6600 
0.0416 

-
0.0069 0.0901 0.3900 

oilpr 0.0574 0.0187 0.0961 0.1380 0.0260 -
0.0655 

0.1175 0.7760 
0.0362 

-
0.0181 0.0905 0.5100 

trade 0.0000 -0.0002 0.0002 0.9720 0.0001 -
0.0001 

0.0003 0.5470 
0.0000 

-
0.0002 0.0001 0.9000 

fdi 0.0020 -0.0056 0.0097 0.7930 0.0202 0.0099 0.0305 0.0500 
0.0046 

-
0.0039 0.0130 0.5900 

gdp 0.0000 0.0000 0.0000 0.6210 0.0000 0.0000 0.0000 0.1080 
0.0000 0.0000 0.0000 0.4400 

efi 0.0096 0.0000 0.0192 0.3170 -
0.0219 

-
0.0472 

0.0034 0.3880 -
0.0042 

-
0.0158 0.0074 0.7200 

gfcf -0.0031 -0.0061 -
0.0001 

0.2960 -
0.0227 

-
0.0378 

-
0.0076 

0.1330 -
0.0082 

-
0.0132 

-
0.0031 0.1100 

oilrent -0.0045 -0.0063 -
0.0026 

0.0160 -
0.0127 

-
0.0230 

-
0.0024 

0.2160 -
0.0056 

-
0.0098 

-
0.0015 0.1800 

fuelexport 0.0019 0.0010 0.0028 0.0270 0.0063 0.0027 0.0100 0.0840 
0.0017 

-
0.0014 0.0048 0.5800 

fuelimport 0.0060 0.0019 0.0102 0.1470 0.0178 0.0009 0.0347 0.2940 
0.0071 0.0018 0.0124 0.1800 

findev 0.0021 0.0010 0.0031 0.0470 0.0008 -
0.0012 

0.0029 0.6910 
0.0016 0.0006 0.0025 0.1100 

conflict 0.0003 -0.0001 0.0008 0.4610 0.0004 -
0.0007 

0.0016 0.6900 
0.0004 

-
0.0001 0.0009 0.4400 

polity 0.0173 0.0068 0.0278 0.1010 0.0122 0.0023 0.0221 0.2160 
0.0133 0.0045 0.0221 0.1300 

 
Notes: Headings are CI (confidence interval), P (p-value) 
 

 
Table 13: NHRE MAR imputed, sensitivity analysis, NHRE MAR, NHRE MNAR 

These variables have all been imputed by the improved method of imputation, which 
includes 50 imputations, polytime of 3 and higher confidence intervals for 

observational priors. 
 Complete case scenario. OLS 

regression only include observations 
where renhydroD==1 

NHRE imputed under MAR NHRE under a 37% of original 
imputation scenario  

 𝛽1 CI P 𝛽0+1
𝑀𝑁𝐴𝑅 CI P 𝛽0+1

𝑀𝑁𝐴𝑅 CI P 

(Intercept) -0.1240 -0.3450 0.0970 0.5750 
1.2200 0.4530 1.9870 0.1100 1.2200 0.8870 1.5530 0.1100 

opec -0.1110 -0.1906 -
0.0314 

0.1620 
0.0754 

-
0.0706 0.2214 0.6100 0.0754 

-
0.0029 0.1537 0.6100 

oilres 0.0002 -0.0003 0.0006 0.6960 -
0.0019 

-
0.0034 

-
0.0004 0.2000 

-
0.0019 

-
0.0026 

-
0.0012 0.2000 

energycons 0.0000 -0.0002 0.0002 0.9820 -
0.0002 

-
0.0006 0.0002 0.6200 

-
0.0002 

-
0.0004 0.0000 0.6200 

losses -0.0130 -0.0223 -
0.0037 

0.1640 -
0.0326 

-
0.0535 

-
0.0117 0.1200 

-
0.0326 

-
0.0435 

-
0.0217 0.1200 
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CO2 0.0327 -0.0050 0.0704 0.3860 
0.0414 

-
0.0475 0.1303 0.6400 0.0414 

-
0.0039 0.0867 0.6400 

oilpr 0.0574 0.0187 0.0961 0.1380 -
0.0068 

-
0.1015 0.0879 0.9400 

-
0.0068 

-
0.0618 0.0482 0.9400 

trade 0.0000 -0.0002 0.0002 0.9720 
0.0000 

-
0.0002 0.0003 0.8500 0.0000 

-
0.0001 0.0002 0.8500 

fdi 0.0020 -0.0056 0.0097 0.7930 
0.0100 

-
0.0066 0.0265 0.5500 0.0100 0.0000 0.0199 0.5500 

gdp 0.0000 0.0000 0.0000 0.6210 
0.0000 0.0000 0.0000 0.4200 0.0000 0.0000 0.0000 0.4200 

efi 0.0096 0.0000 0.0192 0.3170 -
0.0393 

-
0.0662 

-
0.0124 0.1400 

-
0.0393 

-
0.0520 

-
0.0266 0.1400 

gfcf -0.0031 -0.0061 -
0.0001 

0.2960 -
0.0200 

-
0.0358 

-
0.0042 0.2100 

-
0.0200 

-
0.0267 

-
0.0133 0.2100 

oilrent -0.0045 -0.0063 -
0.0026 

0.0160 -
0.0085 

-
0.0184 0.0014 0.3900 

-
0.0085 

-
0.0137 

-
0.0034 0.3900 

fuelexport 0.0019 0.0010 0.0028 0.0270 
0.0022 

-
0.0062 0.0107 0.7900 0.0022 

-
0.0021 0.0065 0.7900 

fuelimport 0.0060 0.0019 0.0102 0.1470 
0.0120 0.0028 0.0212 0.1900 0.0120 0.0072 0.0168 0.1900 

findev 0.0021 0.0010 0.0031 0.0470 
0.0011 

-
0.0007 0.0030 0.5500 0.0011 0.0001 0.0022 0.5500 

conflict 0.0003 -0.0001 0.0008 0.4610 
0.0009 0.0000 0.0017 0.3200 0.0009 0.0004 0.0014 0.3200 

Polity 0.0173 0.0068 0.0278 0.1010 
0.0049 

-
0.0106 0.0204 0.7500 0.0049 

-
0.0035 0.0132 0.7500 

 
 

Appendix 6: Results of SRE 
Table 14: OLS regression for SRE CCS and SRE MAR. These variables have all 

been imputed by the improved method of imputation, which includes 50 imputations, 
polytime of 3 and higher confidence intervals for observational priors. 

 

 SRE MAR imputed SRE CCS 

 𝛽0+1
𝑀𝐴𝑅 

Confidenc
e Interval 

P-
Value 𝛽1 

Confidenc
e Interval 

P-
Value 

(Intercept) 
21.900

0 17.5500 
26.250

0 0.0000 
39.78159

4 30.1380 
49.425

2 0.0000 

opec 1.0700 -0.2300 2.3700 0.4090 
-

5.675639 -7.9319 
-

3.4194 0.0119 

oilres 
-

0.0329 -0.0425 
-

0.0233 0.0006 0.003015 -0.0121 0.0181 0.8420 

energycon
s 

-
0.0088 -0.0121 

-
0.0055 0.0080 

-
0.063704 -0.0834 

-
0.0440 0.0012 

oilpr 
-

1.2700 -2.1350 
-

0.4050 0.1422 
-

3.280038 -4.1154 
-

2.4446 0.2999 

gdp 0.0000 0.0000 0.0000 0.8128 0.000556 0.0004 0.0007 0.5164 

oilrent 0.1310 0.0723 0.1897 0.0258 0.176952 0.1239 0.2300 0.0001 

polity 
-

0.0252 -0.1692 0.1188 0.8610 
-

0.180033 -0.3248 
-

0.0353 0.6574 

CO2 1.1600 0.4020 1.9180 0.1262 1.204061 -0.6513 3.0595 0.0197 

findev 0.0309 0.0115 0.0503 0.1103 
-

0.009189 -0.0330 0.0146 0.0022 

gfcf 
-

0.0279 -0.0957 0.0399 0.6809 0.028995 -0.0464 0.1044 0.0000 

fdi 
-

0.3870 -0.5880 
-

0.1860 0.0542 
-

0.576974 -0.8243 
-

0.3296 0.7004 

efi 
-

1.0200 -1.2000 
-

0.8400 0.0000 -1.20091 -1.4551 
-

0.9467 0.0009 

trade 0.0055 0.0031 0.0078 0.0192 0.001518 -0.0019 0.0049 0.0001 

conflict 0.0048 0.0003 0.0093 0.2850 
-

0.005753 -0.0100 
-

0.0015 0.1683 
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losses 
-

0.2470 -0.3510 
-

0.1430 0.0176 
-

0.127915 -0.2513 
-

0.0045 0.6997 

fuelexport 
-

0.1450 -0.1804 
-

0.1096 0.0000 
-

0.209216 -0.2621 
-

0.1564 0.1719 

fuelimport 0.1840 0.0898 0.2782 0.0509 0.132549 0.0363 0.2288 0.2136 

Notes: P-Values highlighted in red show significance 


