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Abstract 

With a critical decade ahead for keeping global warming under 1.5-2ºC degrees, the fiscal stimulus 

responses to COVID-19 have presented – and continue to present – a critical opportunity for 

governments to ‘build back better’. Combining a theoretical framework for classifying fiscal 

responses with data from the Oxford-based Global Recovery Observatory (GRO), this paper analyses 

the policies launched in response to COVID-19 and evaluates their consistency with the world’s low-

carbon transition. The paper contributes to the analytical framework developed in Hepburn et al. 

(2020) by (i) applying the analysis to a much larger sample of countries (85 compared with 50 in UNEP 

(2021)), which now includes more emerging market and developing economies (EMDEs) from March 

2020 to May 2021; and (ii) adopting a broader and more granular approach to examining rescue and 

recovery stimulus packages by introducing a new category of spending policies: ‘light brown’ (or 

‘legacy’) policies.  

By the end of May 2021, global announced spending reached the extraordinary amount of US$19.8 

trillion, with the 24 high-income economies in the sample accounting for more than three quarters 

of this amount. About 85 percent of global spending was aimed at ‘rescuing’ the global economy, and 

can be classified, almost entirely, as ‘legacy’ or ‘light brown’ spending, aimed at supporting families, 

businesses and activities that would not have survived otherwise. Recovery spending represented only 

15 per cent of total stimulus. It included a relatively high share of green spending (19.4 percent) but 

an even larger share of brown activities (20.4 percent). Even the countries with significant green 

spending have allocated an equivalent amount or more to brown investment, thus ‘neutralizing’ the 

overall positive impact on emissions. It also appears that ‘greener’ countries have allocated more 

spending to green measures, possibly widening the gap between them and countries with weaker 

environmental performance. Finally, COVID-19’s impact on the energy transition is mixed, ambiguous, 

and still to be determined. Overall, the COVID-19 crisis seems to have increased the distance between 

a group of high-income countries on course to accelerate their low-carbon energy transition, 

developing countries facing financial challenges to renewable energy deployment, and fossil fuel-

dependent countries whose policies have further committed them to high-carbon development. 

 

 

1 This paper is part of a World Bank project, led by Miria Pigato, on Fiscal Policies for a sustainable recovery (P175475) under 
the supervision of Chiara Bronchi, practice manager, and Marcello Estevao, global director in the Macroeconomics, Trade 
and Investment Global Practice (MTI) Global Practice (GP) of the World Bank. The team thanks World Bank reviewers Richard 
Damania (Chief Economist), Mona Prasad, Kevin Carey, and Robert Utz (Lead Economists), Pablo Fajnzylber (Director, 
Strategy and Operations) for thoughtful inputs and comments and Kim DiDonato Murrell for editing the paper. We also thank 
Brian O’Callaghan for making available the Global Recovery Observatory (GRO) database and for his engagement and support 
and Thyra Lee for answering all our questions about the data. Financial Support from the Global Tax Program is gratefully 
acknowledged. 
2 Miria Pigato is Lead Economist in the MTI GP of the World Bank.  Ryan Rafaty is Senior Research Officer and Postdoctoral 
Researcher, Nuffield College, University of Oxford, and Jonas Kurle is DPhil (PhD) student at the Department of Economics 
of the University of Oxford.  
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1. Introduction  

The world economy is emerging gradually and unevenly from the collapse triggered by the COVID-

19 pandemic. The global economy is projected to grow 5.9 percent in 20213— the fastest worldwide 

expansion in nearly five decades, albeit after a year which saw the greatest economic contraction in 

history. Accommodative monetary policies, low interest rates and generous rescue packages have 

avoided the worst consequences of the crisis, but fiscal deficits have widened, and government debt, 

already on the rise before the crisis, has increased across high-income and developing countries. The 

recovery is expected to remain subdued in many EMDEs due to the continued and staggered spread 

of COVID-19 and its evolving variants in the absence of mass vaccination, as well as a partial 

withdrawal of monetary and fiscal support. Per capita income growth in lower income countries is 

likely to be essentially zero in 2021, reflecting continued COVID-19 cases, and the widespread decline 

in remittances and tourism revenues.   

The COVID-19 crisis has increased poverty and exacerbated inequality. In 2020, global extreme 

poverty rose for the first time in over 20 years, with nearly 100 million people pushed into extreme 

poverty. Within-country income inequality has also worsened, partly because the pandemic has 

disproportionately impacted the incomes of vulnerable groups, women, migrant workers, and those 

employed in lower-skilled occupations or informal sectors (World Bank, 2021). A number of these 

findings were documented in ILO (2021): large job losses in hard-hit sectors; minimal job growth in a 

few higher-skilled services sectors such as information and communication; and an increase in market 

concentration. The result of these various trends is that while the global economy is recovering, many 

of the jobs destroyed by the pandemic will not return and unemployment will remain high.  

The COVID-19 crisis has taken place against the backdrop of the ongoing climate crisis. Greenhouse 

gas emissions (GHG) and other forms of pollution temporarily decreased during the first months of 

the crisis, markedly in some places, due to the sharp economic slowdown (Section 2) but the climate 

crisis did not stop. The 2021 Intergovernmental Panel on Climate Change (IPCC) report has warned 

that unless there are immediate, rapid, and large-scale reductions in GHG, the objective of limiting 

warming to close to 1.5°C or even 2°C will soon be out of reach. The pandemic delayed the UN COP26 

meeting in Glasgow by a year, but it also motivated more countries to announce net-zero emissions 

targets to counterbalance short-term lack of progress. Policy efforts to mitigate climate change 

continue to be characterized by resistance, political divisiveness, and gridlock.  

The objective of this paper is to investigate the environmental and economic implications of the 

2020-21 fiscal stimulus packages and their likely impact on the low-carbon energy transition. The 

paper analyses the size, composition, and climate impacts of rescue and recovery packages, deriving 

possible implications for the low-carbon energy transition. Section 2 discusses the impact of COVID-

19 lockdown measures on GHG emissions and pollution. Next, we present a brief review of the fiscal 

policies implemented during the crisis and discuss the case for ‘building back better’, including by 

looking at lessons from the 2008-09 crisis. Sections 4 and 5 analyse the ‘greenness’ and ‘brownness’ 

of the spending policies adopted in 85 high-income and EMDEs between March 2020 and May 2021. 

 

3 See: https://www.imf.org/en/Publications/WEO/Issues/2021/10/12/world-economic-outlook-october-2021. 
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Section 6 provides some insights on the energy transition from the observed changes in energy 

markets during the crisis. The last section concludes. 

2. The impact of COVID-19 lockdown measures on fossil fuels emissions 

Lockdown and containment measures were the principal causes of the substantial reductions in 

fossil fuel use and emissions. The decrease in global aggregate fossil fuel emissions of 2.4 billion 

metric tonnes in 2020 was the largest yearly decrease ever recorded - approximately 7 percent lower 

than in 2019. Significant emissions reductions during previous crises were 0.5 (1981, 2009), 0.7 (1992), 

and 0.9 (1945) billion tonnes of CO2 (Le Quire et al., 2020; Liu et al., 2020). Figure 1 shows that the 

decline in emissions was particularly steep in the United States, India, and the European Union during 

April 2020. Emissions in China declined the most in February-March 2020 (relative to the same period 

in 2019), while the rest of the world was barely aware of the upcoming pandemic. By April, emissions 

returned to close or above 2019 values (Figure 1). At a global scale, the reduction in emissions in 2020 

did not cause atmospheric CO2 to go down. CO2 has continued to increase, though at a slightly reduced 

pace. 

Figure 1. Change in daily CO2 emissions relative to 2019 by region 

Source: Staff calculations based on data from Carbon Monitor (2021). Daily emission values denote 7-day moving averages 
(thus smoothing the staggered effects of weekends and holidays). 

The most substantial emissions abatement has occurred in the ground transport and aviation 

sectors. Global carbon emissions from these sectors fell by 46 percent in 2020, compared to 2019 

levels (Figure 2). By contrast, equivalent residential emissions fell by less than 1 percent (Carbon 

Monitor, 2021). The aviation sector had the largest percentage reduction in emissions, but it 

represents only a small share of global CO2 emissions (around 5 percent).  
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Figure 2. Change in daily CO2 emissions relative to 2019 by sector 

Source: Staff calculations based on data from Carbon Monitor (2021). Daily emission values denote 7-day moving averages 
(thus smoothing the staggered effects of weekends and holidays). 

Importantly, lockdown-induced emission reductions were not entirely associated with a fall in 

economic output, as remote working (‘teleworking’ and teleconferencing) became available to 

millions of employees who successfully transitioned to home-based work, with teleconferencing 

replacing in-person meetings. Some of these arrangements – and the benefits in terms of emissions 

reductions - could be maintained after the crisis is over, particularly in Europe where over a third of 

the workforce could continue working remotely (Sister et al., 2020). However, many of the workers 

hit hardest by the crisis are young, without a college education, in less secure work arrangements 

(e.g., on temporary contracts or self-employed), and employed in small and medium-sized enterprises. 

Workers at the bottom of the earnings distribution are most at risk of earnings loss, which is reflected 

in studies finding that the COVID-19 crisis has exacerbated inequality. 

Reductions in fossil fuels use contributed to substantial declines in deadly particulate matter 

pollution, brighter skies and cleaner air. Vehicle transportation is one of the main sources of 

emissions in cities (Bojovic et al., 2020; Oke et al., 2017). Air pollution from burning coal, driving cars, 

and using fire to clear land, among other activities, is the fourth-leading cause of death worldwide, 

killing about 5.5 million people each year (WHO, 2018), while outdoor air pollution alone caused 4.2 

million deaths in 2018. Evidence suggests that prolonged exposure to polluted air itself may worsen 

the effects of COVID-19 (Wu et al., 2020). Much of the world’s population lives in urban areas - 

expected to reach 68 percent by 2050, but whether urban, suburban, or rural, over 90 percent of the 

world’s population lives with polluted air. Regions with the highest concentrations of fossil fuel-

related air pollution — including Eastern North America, Europe, and South-East Asia – have the 

highest rates of mortality from outdoor fine particle pollution (Vohra et al. 2021).  

As observed in previous crises, carbon emissions are expected to accelerate during the recovery, 

along with emissions – this is often referred to as ’revenge pollution’. For example, the years that 

followed the 2008-09 great financial crisis (GFC) were characterized by a race to make up for “lost 

time”: the 1.3 percent drop in annual global CO2 emissions experienced during 2008-09 was eclipsed 

by a 6 percent rise in emission in 2010 (Peters et al. 2012). Other negative environmental effects of 

the COVID-19 crisis have included an increase in deforestation by 12 percent in 2020, compared to 

2019.  Globally, the world lost an area larger than the United Kingdom in 2020, including more than 
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4.2 million hectares of primary tropical forests.4 Despite the acceleration of deforestation in 2020, 

there are reasons for some optimism as the three-year average of 2018-2020 is still lower than the 

two previous periods 2016-2018 and 2017-2019 (Wunder et al. 2021). 

3. Fiscal Policies to Rescue the Economy 

Studies from the GFC have emphasised the need for a staged fiscal response to crises, a suggestion 

that was followed during the COVID-19 crisis. Overall, rescue stimuli were timely, targeted, and 

temporary.5 An evaluation of tax and spending policies taken during the crisis6 suggests that most 

countries introduced tax measures (such as tax deferrals, accelerated VAT refunds, temporary 

reductions in VAT rates and in excises or extended payment periods) that brought relatively fast relief, 

were scalable and temporary. These policies are benign in the sense that they help firms survive but 

they have a time limit and some of the revenues can be recovered. But the analysis also shows that 

measures that are difficult to reverse (e.g., tax exemptions, lower tax rates) were put in place by 

several low-income countries with already low tax-to-GDP ratios. On the spending side, many 

countries also adopted untargeted cash transfers to individuals and families and liquidity support to 

businesses, measures that may undermine fiscal stability if they become permanent.  

Following the rescue phase, recovery packages provide further stimulus and sustained financial 
assistance to secure the recovery of economic activity well into the future. The effectiveness of 
individual recovery measures differs depending on national and sectoral contexts, including the 
adequacy of vaccine deployment measures to end containment measures. In places where newer 
waves of viral outbreak are poorly contained, it is highly likely that rescue and recovery measures will 
continue to be implemented in tandem. Recovery packages present an unparalleled opportunity to 
‘build back better’, tackling the climate crisis and supporting the transition to sustainable and inclusive 
growth. Calls to ‘build back better’7 have emphasized the need to expand public health and social 
welfare systems and to design tax and spending measures to decouple growth and emissions and 
protect the natural environment. The stakes are high: with only a few years left for keeping global 
warming under 1.5 degrees, the design of the spending policies to respond to COVID-19 presents a 
unique chance to accelerate the low-carbon energy transition. The policies needed are those that 
bring long-term social and environmental returns and generate positive ‘lock-in’ effects from 
investment in low-carbon capital stock, while supporting aggregate demand and creating sustainable 
jobs in the short term.8 Examples include new grid systems, charging hubs for electric vehicles and 
public transportation systems, investments that are unlikely to be optimally funded by the private 

 

4 According to data from the University of Maryland: see ews.mongabay.com/2021/03/global-forest-loss-increases-in-2020-
but-pandemics-impact-unclear/. 
5 The idea that rescue measures must be timely, temporary, and targeted was developed during the 2008-09 crisis (see 
Elmendorf and Fulman, 2008; Scott, 2008). 
6 See Utz R., E. Lacey, and A. Massad (2021), World Bank. This study reviews some 4000 interventions – grouped into 47 
different types – adopted by 204 countries to mitigate the impacts of the pandemic during March-September 2020. 
7 Stern et al. (2020), Schwab and Malleret (2020), the Coalition of Finance Ministers for Climate Action (2020), (Rockström et 
al., 2017; IMF (2020), World Bank (2020). 
8 Bowen, A, Fankhauser, S, Stern, N, and Zenghelis D. (2009). Green fiscal measures are expected to provide the conditions 
for sustainable growth by moving the composition of output away from polluting activities to forms of production and 
consumption that are cleaner and that increase the resilience of the economy to climate shocks.  
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sector due to positive externalities that cannot be internalized. Hence, there is a strong justification 
for the State to intervene in these areas.9 

Lessons learnt during the GFC suggest that a well-designed green stimulus can deliver jobs and have 

positive and long-lasting impacts on output while furthering environmental objectives (Box 1). Many 

green investments – e.g., energy efficiency improvements, reforestation and building retrofits have 

been found to be particularly labour-intensive and to create net employment even in the short run. 

More recently, Batini et al (2021), using a new international dataset, find that every dollar spent on 

key green activities can generate more than a dollar’s worth of output. Comparing the estimated 

multipliers associated with spending on renewable and fossil fuel energy investment the authors find 

that the former (1.1-1.5) are much larger than the latter (0.5-0.6).  

In addition to increasing green public investment, governments can mobilize private-sector green 

investment by establishing a coherent fiscal framework that includes targeted fiscal incentives, the 

elimination or reduction of environmentally harmful and expensive subsidies to fossil fuels and some 

form of carbon pricing. A credible price on carbon would send a strong signal to redirect private 

investment and innovation towards clean energy and other green activities. Some timid attempts to 

increase the price of carbon were introduced by a few countries in their 2021 budget laws to raise the 

level of existing carbon taxes (as in Ireland and South Africa), establish CO2-based reforms of motor 

vehicle taxation (as in Germany, Slovenia, and the Netherlands), and reduce taxes for the installation 

of green retrofitting initiatives (as in Sweden). These efforts are an essential component of the 

recovery from the COVID-19 crisis: carbon taxation can reignite growth and restore public finances 

because it can raise significant revenues at a lower cost to the economy than other revenue sources10. 

The revenues could partly finance a reduction of labour taxes, which are highly contractionary, and an 

expansion of green public investment, which has persistent positive effects on output and 

employment.  

Box 1. Green Stimulus Packages: Lessons from the GFC11 

A well-designed green stimulus can have large, positive impacts in both the short and long term.  A 

comprehensive study of US green stimulus measures after the GFC12 found that these measures produced 

sustainable long-term impacts in addition to positive output and employment impacts. A similar assessment 

of the impact of green measures in the 2008-09 recovery plans of nine European countries, undertaken in 

2011,13 found that the short-term multiplier effects from green investment ranged from around 0.6 to 1.1 at 

the national level and up to 1.5 at the European level. Green policy measures also resulted in a temporary 

boost to employment because of increases in economic activity. Finally, the study found that the net 

 

9 Bowen A. Technical Notes, World Bank, June 2021. Green public investments are necessary as the private sector typically 
overuses public goods such as natural capital and does not provide the optimum amount of green investment. 
10 Heine D. and C. Schoder (2021). The Role of Environmental Tax Reform in Responding to the COVID-19 Crisis, forthcoming. 
11 All crises are different and therefore only limited comparisons can be made. The 2008-09 global financial crisis (GFC) was 
primarily caused by a demand shock, whereas the COVID-19 pandemic includes both a supply and a demand shock. This 
means that the fiscal measures introduced to boost demand during the GFC may not be as effective to fight the COVID-19 
crisis, due to reduced supply. 
12 See Luis Mundaca, J. L. Richter, 2015. 
13 Cambridge Econometrics, 2011. 
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environmental effects of the measures were generally favourable, and the long-term benefits of the 

investments outweighed their short-term costs.  

A well-designed green stimulus can be effective in delivering jobs, depending on country circumstances. 

There is evidence that investment in clean energy creates twice as many jobs per dollar invested compared 

with investment in traditional fossil fuel-based energy,14 and these jobs are not necessarily low-productivity 

and low-skilled.  For example, Garret-Peltier (2017) shows that 2.6 full-time-equivalent jobs are created from 

$1 million spending on fossil fuels, whereas that same amount of spending on renewables or energy efficient 

sectors would create 7.5 or 7.7 jobs.15 Thus, each $1 million shifted from brown to green energy will create 

a net increase of 5 jobs. Hepburn et al (2020) have analysed 196 stimulus policies implemented to respond 

to the GFC, finding that a relatively high number of policies (63) were green, while only 16 were brown and 

the remaining 117 neutral. They also found that green policies – particularly renewable energy investment - 

generated more jobs in the short run, boosting spending and increasing short-run GDP multipliers. 

Furthermore, investments in clean power generation and energy efficiency result in lasting employment 

gains, compared to traditional infrastructure investments which only generate jobs for as long as the project 

lasts.16 Emission abatement measures (such as retrofitting) are particularly important, as buildings are 

responsible for 30-40 percent of all energy use, greenhouse gasses, and waste generation.17 These measures 

have the highest potential for improving efficiency and creating jobs. A 2009 HSBC study finds that every 

dollar spent on building efficiency results in three dollars of electricity savings. Other green stimulus 

measures, such as scrappage payments for old cars, show smaller and temporary reductions in CO2 emissions 

as these effects disappear when the program ends.18  

The positive effects of a stimulus are more persistent if they support aggregate demand while reflecting 

climate and environmental considerations. After initial rescue measures to respond to the crisis, in 2009 the 

US implemented the American Recovery and Reinvestment Act (ARRA), a plan that aimed to be “substantial, 

speedy, and sustained”. It included a clean energy component of about US$90 billion; of this, renewable 

energy accounted for approximately US$21 billion, comprising 2.5 percent of the entire US stimulus package. 

ARRA created more jobs than any equivalent conventional spending on infrastructure and supported some 

900,000 job-years in clean energy fields from 2009 to 2015.19 Popp et al. (2020)20 find that green ARRA 

investments had a large positive effect on job creation, though nearly all jobs were created over the medium 

term (2013-2017). Overall, the employment effect during this period amounts to approximately 15 jobs 

created per $1 million of green ARRA spending. Agrawal et al. (2020)21 highlight that ambitious carbon pricing 

policies were a missing ingredient of the US green ARRA package.22 

 

14 HSBC, 2009, Page 11, from: Centre of American Progress Green Recovery, September 2008. 
15 See Garrett-Peltier, 2017. 
16 ILO and IILO: https://www.ilo.org/wcmsp5/groups/public/---deports/-inst/documents/publication/wcms_194185.pdf, 
page 18. 
17 ILO and IILO, page 6. 
18 ILO and IILO, page 9. 
19 See White House Archive 2016: https://obamawhitehouse.archives.gov/the-press-office/2016/02/25/fact-sheet-
recovery-act-made-largest-single-investment-clean-energy. It is important to note that the ARRA green stimulus appeared 
to be most effective in communities that had workers who already possessed the skills required for green jobs. 
20 Popp, D, F Vona, G Marin and Z Chen (2020). 
21 Agrawala, S, D Dussaux and N Monti (2020). 
22 Carbon pricing mechanisms create demand for new clean technologies, such as electric vehicles powered in part by a 
charging infrastructure developed using green stimulus funds. 
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4. Investigating Rescue and Recovery Initiatives 

Investigating rescue and recovery fiscal packages requires an extraordinary data collection effort to 

capture thousands of national fiscal policies. An overview of the most important initiatives created 

since the beginning of the pandemic, including their varying scope, sample size and methodologies, is 

provided in Table 1.23 This paper’s empirical analysis is based on data from the Global Recovery 

Observatory (GRO), an initiative established in 2020 and launched officially in 2021 by a team of 

researchers at Oxford University’s Smith School of Enterprise and the Environment, with institutional 

support from UNEP, the IMF, and nearly a dozen international organizations and NGOs. The GRO 

provides regularly updated data on COVID-19 national government rescue and recovery measures 

worldwide (O’Callaghan et al., 2020). The sample size, coverage, rigorous methodology, and focus on 

green aspects of fiscal policies makes the GRO database particularly suitable for the analysis of this 

paper.  The approach builds on the seminal work by Hepburn et al. (2020) and extends the spending 

policy classification to 40 mutually exclusive policy archetypes24 and 158 sub-archetypes, which cover 

the entire universe of fiscal spending. Any new policy entry in the tracker is assigned a policy archetype 

and sub-archetype, which enable a comparison of the stimulus efforts of the world’s economies 

(Annex 2). Archetypes and sub-archetypes were assessed against three environmental factors (short-

term and long-term GHG emissions, air pollution and natural capital), social impacts (wealth 

inequality, quality of life and rural livelihoods) and two economic indicators (long-run economic 

multiplier and speed of policy implementation). These assessments were made by over 230 leading 

economic experts, including finance and central bank officials, academic professors and think tank 

commentators from 53 countries, on a 100-point scale relative to a scenario in which the policy is not 

implemented (Hepburn et al., 2020). Note that even though these assessments are made by experts 

and carefully extended to more sub-archetypes in O’Callaghan et al. (2020), they are highly context 

dependent and ultimately subjective.25 Much more research is required in the future to provide more 

evidence about the environmental, economic, and social impacts of different fiscal policies. 26 

 

23 The most comprehensive trackers include those from the OECD, the IMF (with its summary of policy responses from 196 
economies) and the Yale University. Some specific trackers offer insights into a few critical sectors for climate change such 
as the Energy Policy (2021) or the Airline Bailout Tracker (2021) and the Global Conservation Rollbacks Tracker (Conservation 
International, 2020). In addition, the Green Recovery Tracker by E3G analyses the contribution of stimulus efforts by the EU 
member states towards the green transition. The Green Stimulus Index (Vivid Economics, 2020) not only tracks stimulus 
policies but also measures their performance against a host of environmental indicators, including greenhouse gas emissions, 
biodiversity and air quality. The greenness value will be either positive or negative, and each country’s index score is an 
average on a weighted scale between -1 and 1. Vivid Economics estimates the ‘greenness of stimulus’ by weighing the size 
of investments in five key sectors – agriculture, energy, industry, waste and transport – against an environmental indicator 
chosen for each sector. 
24 An archetype, in this context, is a category denoting a characteristic type of fiscal policy measure.  
25 For example, Figure 2 in Hepburn et al. (2020) shows the variation of the assessments across different types of experts, 
such as G20 central bank officials and leading academics. 
26 There are very few comparative studies that analyse the impacts of fiscal policy on output or employment at a global level 
as we do in this paper. For example, Batini et al. (2021) estimate a positive economic multiplier for green energy investments, 
which coincides with our estimate of the economic multiplier for “new or refurbished renewable energy generation 
facilities”, “hydrogen infrastructure”, and “capacity investments”. In both Batini et al (2021) and in this paper investment in 
green energy have a higher economic multiplier than fossil fuel energy investments.  Another study (Taheripour et al. 2021) 
calculates the impacts of investments in different sectors in terms of their employment, emission intensity, and pollution 
using an input-output model framework. Their methodology is not directly comparable to our classification because they 
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Table 1. Comparison of COVID-19 Fiscal Policy Trackers 

Name Sample Policy Scope Green metric Source 

Global Recovery 
Observatory 

24 high-income countries 
and 61 emerging and 
developing countries, the 
EU, and the European 
Investment Bank.   

All rescue and 
recovery measures 
adopted by fiscal 
authorities since 
March 2020  

GHG emissions, 
Air pollution, 
Natural capital 

O’Callaghan et al. 
(2020) 

Green Stimulus Index G20 High-emitting sectors GHG emissions, 
Air quality, 
Biodiversity 

Vivid Economics 
(2021) 

Tax and Fiscal Policy 
in Response to the 
Coronavirus Crisis 

70 jurisdictions, including all 
OECD and G20 countries 
and 21 additional members 
of the OECD/G20 Inclusive 
Framework on Base Erosion 
and Profit Shifting 

Tax policies Environmental 
taxes 

OECD (2021) 

COVID-19 Financial 
Response Tracker 

Global All fiscal recessionary 
measures 

Not measured Yale University 
(2021) 

Energy Policy Tracker G20 Energy sector Not measured IISD et al. (2021) 

Green Recovery 
Tracker 

EU27 Support measures 
aimed at reducing 
carbon emissions 

GHG emissions E3G and Wuppertal 
Institute (2021) 

IMF Fiscal Monitor 
Database of Country 
Fiscal Measures in 
Response to the 
COVID-19 Pandemic 

Global All COVID-19 policy 
responses 

Not measured IMF (2021) 

Airline Bailout Tracker EU27 Aviation sector Not measured Greenpeace, 
Transport & 
Environment, and 
Carbon Market 
Watch (2020) 

Conservation Rollout 
Tracker 

Global Legislative changes to 
environmental 
protection 

Environmental 
protection 
regulation 

Conservation 
International (2020) 

Note: The list of trackers is not necessarily exhaustive, as several others may exist. The list focuses on data initiatives which 
pertain most to the climate and energy transition concerns of the present study.  

5. Fiscal Spending During the COVID-19 Crisis: Evaluating the Evidence  

This paper contributes to the work initiated in Hepburn et al. (2020) and UNEP (2021) in that it 
applies the analysis27 to a much larger sample of 85 countries,28 adding 35 countries to those that 

 

focus on emission intensity (emissions relative to value added) while our classification is based on absolute changes in 
emissions relative to a scenario without the policy. 
27 The graphs in this section were created in R (R Core Team, 2021) using the tidyverse (Wickham et al., 2019) and the ggrepel 
package for country labels (Slowikowski, 2021). 
28 The 24 high-income economies in our sample are: Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland, 
France, Germany, Ireland, Israel, Italy, Japan, Netherlands, Norway, Portugal, Singapore, South Korea, Spain, Sweden, 
Switzerland, Taiwan, United Kingdom, United States. The 61 EMDEs countries are: Antigua and Barbuda, Argentina, Bahamas, 
Bangladesh, Barbados, Belize, Bolivia, Brazil, Burkina Faso, Chile, China, Colombia, Costa Rica, Cuba, Democratic Republic of 



   

 

   

 

10 

were analysed in UNEP (2021). It also provides a broader and new perspective to the analysis of 
rescue and recovery stimulus packages distinguishing between policies that are green, brown, light 
brown or neutral.  Three questions have guided the analysis in this section: 

• What is the size of the fiscal spending packages and how do they differ between high-income 
and EMDEs?   

• To what extent are the responses to the COVID-19 crisis from high-income and EMDE 
countries characterized by measures of the economic multiplier effect and speed of 
implementation? 

• To what extent is the fiscal spending in response to the COVID-19 crisis from high-income and 
EMDE countries helping to lower GHG emissions? 

The size of stimulus spending announced by governments in efforts to recover from COVID-19 is 

unprecedented. By the end of May 2021, total global spending recorded in the GRO database reached 

about US$19.8 trillion – possibly three times as much the spending during the Global Financial Crisis 

(GFC) of 2008.29 This amount includes announced spending by 85 countries, the EU, and the European 

Investment Bank (EIB). To avoid any possibility of double counting, funds from the EU and the EIB that 

were not allocated to a member country by May 2021 were excluded from the analysis.30 This leaves 

a total of US$16.52 trillion spending for high-income31 and EMDEs together. 

Figure 3. Total Stimulus Spending (in percent of 2020 GDP) 

 

 

the Congo, Dominica, Dominican Republic, Ecuador, Egypt, El Salvador, Ghana, Grenada, Guatemala, Guyana, Haiti, 
Honduras, India, Indonesia, Iran, Iraq, Jamaica, Kazakhstan, Kenya, Kyrgyz, Republic, Malaysia, Mauritius, Mexico, Mongolia, 
Morocco, Nicaragua, Nigeria, Pakistan, Panama, Paraguay, Peru, Philippines, Poland, Romania, Russia, Rwanda, Saint Kitts 
and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Saudi Arabia, Senegal, South Africa, Suriname, Thailand, Trinidad 
and Tobago, Turkey, United Arab Emirates, Uruguay, Venezuela, Vietnam. The Global Recovery Observatory (O’Callaghan et 
al., 2020) also records rescue and recovery policies for Cuba and Venezuela but without any spending amounts. Unless stated 
otherwise, we exclude spending by the European Union and the European Investment Bank, which is also tracked. 
29 It is difficult to find comparable numbers due to differences in the considered samples or time frames. Cassim et al. (2020), 
for example, calculate that in the first two months of the pandemic, governments have announced US$10 trillion spending, 
three times more than the response to the GFC. 
30 Following the methodology in UNEP (2021), funds from the EU are included only once member states have confirmed 
policy actions that require the funds. EU funds that have not yet been allocated to a member country are counted under EU 
spending. We follow the same procedure for EIB funds.  
31 The terms ‘high-income’ and ‘advanced’ economies are used interchangeably. The 24 advanced countries included in this 
analysis are also ‘high-income’ according to World Bank definitions. 
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Note: Total spending (including unclassified) relative to 2020 GDP for the three high-income economies and EMDEs with the 
highest total spending in their group up to May 2021.  
Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 

However, there is a stark difference between the size of spending by the 24 high-income economies 

(US$12.95 trillion) and that of the 61 EMDEs (US$3.57 trillion). Figure 3 shows the three high-income 

and EMDEs with the highest total spending, ordered by their shares of spending relative to 2020 GDP. 

Spending by the United Kingdom and Germany amounted to 44 percent and 37 percent of 2020 GDP 

respectively. The median share is 17 percent and 4.5 percent of 2020 GDP for high-income economies 

and EMDEs. Mongolia has the highest share with 43 percent, followed by Malaysia with 20 percent. 

Table 2. Average Spending Patterns Across Advanced Economies and EMDEs 

 Rescue Spending Recovery Spending 

 Temporary 
Liquidity 

Measures 
(in percent) 

Temporary Life 
and Livelihood 

Measures 
(in percent) 

Temporary Tax 
and Payment 

Relief Measures 
(in percent) 

Investment 
Measures 

(in percent) 

Incentive 
Measures 

(in percent) 

Advanced 65.35 25.37 9.28 81.06 18.94 

EMDEs 44.63 46.25 9.12 76.96 23.04 

Note: Sample of 71 countries that have both positive rescue and recovery spending. Definitions of the various components 
of rescue and recovery policies follow O’Callaghan et al. (2021), which is based on Hepburn et al. (2020).  
Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 

Most stimulus spending has focused on rescue measures rather than on long-term economic 

recovery.  Out of the US$16.52 global stimulus, only about US$14.0 trillion could be classified in terms 

of the 158 policy sub-archetypes (O’Callaghan et al., 2021), and this value forms the basis of our 

analysis unless stated otherwise. Global total rescue-oriented spending equalled US$11.9 trillion by 

May 2021 while recovery spending equalled US$2.1 trillion. Rescue spending (Table 2) includes cash 

transfers, temporary liquidity support to businesses and households, temporary tax and other relief 

measures and support to large-scale testing and vaccination programs. Recovery spending, which 

includes public investment measures and fiscal incentives for private investment, represents only 15 

percent of public spending. On average, high-income economies spent 65 percent of their rescue 

packages as liquidity support (mostly to businesses) compared to 44 percent spent by EMDEs. For 

EMDEs, livelihood support (individuals, workers, and families), played a much larger role on average. 

As for recovery spending, both high-income economies and EMDEs relied more on direct investments 

rather than incentive measures. However, high-income economies preferred direct investment, 

rather than fiscal incentives, slightly more than EMDEs. 
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Table 3. Average Share of Spending with Associated Speed of Implementation and Long-Run Economic 

Multipliers 

 Speed of Implementation Long-Run Economic Multiplier 

 -1 0 1 -1 0 1 

 Total Spending (in percent) 

High-income 5.18  14.26  80.56  1.51  53.30  45.19  

EMDEs 8.76  13.95  77.29  2.43  37.98  59.59  

 Recovery Spending (in percent) 

High-income 37.20  50.84  11.96 0  39.47  60.53  

EMDEs 30.43  46.66  22.91 0  40.12  59.88  

 Rescue Spending (in percent) 

High-income 0  8.88  91.12 1.66 53.64  44.70  

EMDEs 0  9.10  90.90 2.74 39.80   57.46  

Note: Classification follows O’Callaghan et al. (2021), which is based on Hepburn et al. (2020). A higher score (+1) means that 
a policy is faster to implement or has a larger economic multiplier, respectively. Sample of 71 countries that have both 
positive rescue and recovery spending. No recovery policy is ranked -1 in terms of long-run economic multiplier and no 
rescue policy is ranked -1 in terms of speed of implementation.  
Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 

The most effective fiscal stimulus has a rapid impact on the ground and a high economic return for 

every dollar spent in both the short and long term (Hepburn et al. 2020). Table 3 reports the average 

share of total, rescue, and recovery spending for high-income economies and EMDEs in terms of the 

perceived economic multiplier and speed of implementation. Typically, rescue-oriented policies have 

high speed of implementation and low economic multiplier scores, although some received very high 

speed and economic multiplier scores (e.g., liquidity support for households, direct provision of basic 

needs, and direct cash transfers or temporary wage rises. Recovery-oriented policies are perceived to 

have a slow speed of implementation and a large economic multiplier in the long run. The table shows 

that compared to high-income economies, EMDEs appear to have chosen recovery policies which are 

faster to implement and rescue policies with a higher economic multiplier. 

Table 4. Fiscal Stimulus: Green, Brown, Legacy/Light Brown and Neutral 

 

Fiscal spending in response to the COVID-19 crisis has been overwhelmingly ‘light brown’ (78.2 

percent) and ‘brown’ (4.39 percent). To assess the environmental effects of the spending on climate 

change, we have classified stimulus policies in terms of their likely effect on greenhouse gas emissions 

(Table 4). The classification is based on the net greenhouse gas scores that are provided in the Global 

 Green Brown Legacy/Light Brown Neutral Total 

 Value 

(USD) 

Percent 

of total 

Value 

(USD) 

Percent 

of total 

Value 

(USD) 

Percent 

of total 

Value 

(USD) 

Percent 

of total 

Value 

(USD) 

Total 

spending: 
429 3.07  615 4.39  10,942 78.20  2,006 14.34  13,992 

Rescue 

Spending: 
32 0.27  201 1.68  10,672 89.41  1,031 8.64  11,936 

Recovery 

Spending: 
397 19.30  414 20.14  269 13.12 975 47.43  2,056 

Note: Aggregate spending amounts in billion US$. Source: Staff calculations based on Global Recovery Observatory data 
(O’Callaghan et al., 2020).  
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Recovery Observatory methodology document (O’Callaghan et al., 2021) for each of the 158 policy 

sub-archetypes.32 The classification consists of four different categories: green, brown, light 

brown/legacy, and neutral. Green spending is spending that is likely to decrease emissions compared 

to a situation in which the policy is not implemented.  Table 4 shows that green spending represented 

a tiny percentage of rescue spending and not even a quarter of recovery spending. By contrast, brown 

spending, which refers to new investments and activities with large associated greenhouse gas 

emissions (compared to a situation in which they would not have taken place), represented 1.68 

percent of rescue and 20.14 percent of recovery spending. Light brown/legacy spending represents 

almost 90 percent of rescue packages: it supported the economy with wage and employment 

subsidies, VAT tax reductions, and liquidity injections for businesses, without any green conditions 

attached. This spending kept alive economic activities that would have otherwise stopped or been 

reduced in absence of these policies. Since most economies rely largely on fossil fuels, this spending 

increases emissions though not intentionally aimed at doing so. In contrast, new investments in coal 

mines, oil infrastructures, and high-carbon transport and industries would be classified as brown.  

Since the increase in emissions is higher for brown than for legacy spending, we also refer to the latter 

as light brown. Finally, a large percentage of recovery spending (47 percent) was invested in activities 

that have a neutral impact on GHG emissions: support to culture and the arts, research and 

development, activities that are likely to keep emissions broadly unchanged.   

While the largest share of rescue spending is classified as ‘light brown’ – we also find that for several 

countries brown spending makes up a considerable share of rescue spending (Figure 4). Almost 28 

percent of Mexico’s rescue spending can be counted as brown, mainly due to a policy of keeping oil 

and gasoline prices artificially low and new housing investment without any green conditions. 

Similarly, India put US$12.2 billion liquidity in its predominantly coal powered electric distribution 

companies, with no green conditions attached. Given that rescue policies are designed to deliver quick 

support to the economy, it is conceivable that the short planning process did not provide policy 

makers with adequate time to take environmental impacts into account. However, some countries 

did manage to implement rescue packages supporting a wide array of green policies: Ireland granted 

farmers approximately US$2.1 billion between September and December 2020 under green 

conditions; and Burkina Faso attached green conditions to some of its liquidity support for businesses.  

 

32 We first followed a deterministic rule to map the net greenhouse gas scores to the four categories. Then, we examined 
the classification for plausibility and made four adjustments to the classification. The detailed classification methodology can 
be found in Annex 2.  
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Figure 4. Percentage of Green and Brown Rescue Spending Relative to Total Rescue Spending 

 
Note: The size of each data point reflects the country’s total rescue spending in billion $US; the colour reflects its classification 
as a high-income economy or EMDE. The graph excludes the outliers Mexico (0 percent green, 26.7 percent brown), Burkina 
Faso (23.2 percent green, 0 percent brown) and Rwanda (28.6 percent green, 0 percent brown).  
Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 

Recovery stimulus includes a relatively high share of green spending (19.4 percent), but the brown 

share is higher (20.4 percent). Figure 5 shows that the share of green recovery spending varies 

considerably across countries: it reached around 45-55 percent in Germany, Canada, Switzerland, 

Finland, Norway, and Brazil while it was considerably lower in the US, India, and China (8 percent, 5 

percent, and 12 percent). A much larger proportion of spending was devoted to brown activities: 20 

percent, 65 percent and 26 percent in the three countries respectively. On the green side, China 

supported electric vehicles, renewable energy, railways, and the renovation of buildings. India’s small 

green recovery spending focused on hydropower projects, solar energy, EV charging points and 

afforestation. At the same time India supported new investment in coal mining and oil refineries 

projects and carbon intensive industries. Some 70 percent of the recovery spending for Indonesia is 

classified as brown. In the early months of the crisis, Indonesia, the world’s second largest exporter of 

coal, approved an omnibus bill that may have long-lasting consequences on the environment33. Brazil’s 

total spending is mostly ‘light brown’ and its large share of green recovery spending (51 percent) 

supporting renewable energy must be put into perspective: Brazil's recovery spending only makes up 

0.3 percent of its total spending. Russia, Mexico, and South Africa – three major fossil fuel energy 

producers – have provided unconditional support to oil, gas, and coal, refining industries and carbon-

intensive transport infrastructure projects. Similarly, Argentina, Saudi Arabia and Turkey are directing 

 

33 One of the most controversial articles of the Omnibus Law is the repeal of the current regulation requiring at least 30 
percent of forest area to be conserved for each watershed area or island. The Law also eases the requirements for businesses 
to carry out environmental impact assessments as a condition to obtaining a business license and limits public consultation 
to only those who are directly affected by the specific project. And by removing the liability principle from the Forestry and 
Environmental Law, the law makes it more difficult to prosecute companies that set fire to their land in order to clear it for 
commercial purposes.  
 

https://th.boell.org/en/2020/10/14/indonesia-omnibuslaw
https://th.boell.org/en/2020/10/14/indonesia-omnibuslaw
https://news.mongabay.com/2020/08/indonesia-omnibus-deregulation-bill-pass-october/
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a significant proportion of their stimulus packages towards polluting industries. Overall, only Canada, 

and parts of Europe (France, Germany, Finland, Spain, and Sweden) spent significant amounts in green 

investment and policies, though they also invested in brown activities. Japan’s recovery spending was 

mostly light brown while South Korea, Italy and Australia made some green efforts but most of their 

recovery spending was neutral of light brown.  

Figure 5. Percentage of Green and Brown Recovery Spending Relative to Total Recovery Spending 

 

Note: The size of each data point reflects the country’s total recovery spending in billion $US; the colour reflects its 
classification as high-income economy or EMDE. The graph excludes the outliers: Bangladesh (86.1 percent green, 0 percent 
brown) and Mauritius (100 percent green, 0 percent brown).  
Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 

Legacy/light brown spending represents the dominant category in total spending for most 

countries. Figure 6 shows that several countries have a share of legacy/light brown spending of 70 

percent or more. The countries in the bottom right of the graph have relatively high neutral spending 

compared to light/brown spending because they focused on providing social services (Grenada), 

nutrition and shelter (Nicaragua and Uruguay), and general support of basic needs (Saint Lucia).  

Figure 6. Percentage of Legacy (‘Light Brown’) and Neutral Spending Relative to Total Spending 

 

Note: the size of each data point reflects the country’s total spending in billion US$; the colour reflects its classification as a 
high-income economy or EMDE.  
Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 
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Countries with the highest sustainability rankings tend to have higher shares of green and lower 

shares of brown recovery spending. To measure a country’s sustainability before the pandemic, we 

use the Environmental Performance Index (EPI) created by the Yale Center for Environmental Law and 

Policy (YCELP, 2018; Wendling et al., 2018). The EPI runs from 0 to 100 and is a weighted aggregation 

of 32 indicators related to ecosystem vitality and environmental health. Running simple OLS 

regressions of the different recovery spending shares on the 2018 EPI values, we obtain the following 

results (see Annex 5): An increase in the 2018 EPI of 1 is associated with a higher share of green and 

neutral recovery spending of 0.4 and 0.6 percentage points, respectively. The effects are significant at 

the 10 percent significance level. An increase in the EPI index of 1 is also associated with a lower share 

of light brown and brown recovery spending of 0.4 and 0.6 percentage points, respectively. While the 

effect on light brown is statistically insignificant, it is significant at the 5 percent level for brown 

recovery spending shares. Overall, these correlations suggest that if a country has been “greener” 

before the pandemic, it also tended to spend more on green and less on brown activities during the 

fiscal recovery, which could potentially lead to a widening gap between countries’ environmental 

performance. 

5.1 Clustering Countries According to their Recovery Spending Patterns 

To further investigate the ‘green’ performance of COVID-19 recovery packages, we explore the tools 

of hierarchical cluster analysis (see Annex 3). Cluster analysis is used to classify individual 

observations based on their similarity with respect to a set of variables. Clusters are expected to be 

internally similar and as dissimilar as possible between each other. We analyze the countries’ spending 

patterns in terms of four dimensions: the green, brown, legacy/light brown, and neutral spending 

shares of their recovery spending. The analysis is restricted to the 72 countries for which at least some 

recovery spending is recorded. We identify four clusters with distinct spending patterns among their 

recovery spending. We also compare the clusters with respect to variables that were not used to 

create the clusters, so we do not necessarily expect these values to be similar within or different across 

clusters. This shows a broader picture of the clusters. Table 5 provides an overview of the average 

values for the clustering and some additional variables and the clustering is illustrated in Figure 7. 

Lastly, we provide tentative results of factors that are conceptually different from the recovery 

spending shares but might affect countries’ cluster membership, which could provide ideas for a more 

detailed analysis. 

It is important to note that the clustering is solely based on recovery spending shares, which might 

not be representative of overall spending shares. This is especially true if a country’s share of 

recovery spending is low relative to its total spending, as reflected in the size of the data points in 

Figure 7. For example, as discussed earlier, Brazil’s recovery spending is 51 percent green, and it is 

assigned to the “green” cluster although it accounts for only 0.3 percent of its total spending. Similarly, 

80 percent of Bangladesh’s recovery spending is green, but the recovery spending represents only 

about 8 percent of its total spending. Bangladesh invested into renewable energy facilities and green 

worker retraining and job creation (representing 66 percent and 13 percent of recovery spending 

respectively). The UK’s recovery spending contained both a high share of green (21 percent) and 

brown spending (45 percent) where the latter consists of large infrastructure investments, such as 

road, rail, and aviation infrastructure projects.  
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Table 5. Properties of the Clusters 

cluster id 1 2 3 4 

cluster size 19 20 22 11 

average total spending ($bn) 21.95 335.24 204.96 210.99 

average recovery spending ($bn) 4.26 74.77 13.94 15.72 

EMDEs (in percent) 89.47 45 77.27 45.45 

average CO2 intensity 0.25 0.23 0.28 0.17 

average shares of recovery spending 

green (in percent) 1.77 11.26 2.59 60.35 

neutral (in percent) 15.35 78.5 19.69 21.05 

light brown (in percent) 5.59 2.93 72.64 3.04 

brown (in percent) 77.29 7.32 5.08 15.55 

average shares of total spending 

green (in percent) 0.72 3.57 0.67 5.44 

neutral (in percent) 9.42 11.55 13.83 4.92 

light brown (in percent) 63.04 82.23 82.94 86.44 

brown (in percent) 26.82 2.65 2.55 3.2 

cluster summary 
(in terms of recovery spending) 

high brown, low 
light brown and 

green 

low green and 
brown, mostly 

neutral 

low green and 
brown, mostly 

light brown 

high green, low 
light brown 

Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 

Figure 7. Shares for Different Types of Recovery Spending 

 

Note: Shares of brown, green, light brown, and neutral recovery spending for each country. The colors represent countries 
in the same cluster; the size of each data point reflects the share of the country’s recovery spending relative to its total 
spending.  
Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 
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The spending patterns are highly heterogeneous and there is no clear difference between high-

income economies and EMDEs. Cluster #1 has by far the highest share of brown recovery spending 

while cluster #4 has the highest share of green recovery spending. However, cluster #4 also has a 

considerable share of brown recovery spending (15.6 percent). This reconfirms that countries that 

emphasize green recovery spending are still investing, sometimes heavily, in brown activities, 

reflecting different political realities and interest groups.  Clusters #2 and #3 have both relatively low 

green and brown spending. Most of their spending consists of neutral (#2) or light brown (#3) 

spending. All clusters include both high-income economies and EMDEs, and clusters #2 and #4 have 

them in approximately equal proportions. Spending by high-income economies is therefore not 

necessarily different from spending in EMDEs. Moreover, different spending strategies may lead to 

similar overall shares of green or brown in total spending. Clusters #1 to #3 all have similar shares of 

brown total spending despite significant differences in brown recovery spending. These results call for 

further investigations, such as finding commonalities among members of each cluster that explain the 

similarity of spending patterns. In the next section we try to predict the factors explaining why a 

country belongs to the different clusters. 

5.2 Which Factors Predict Cluster Membership? 
The level of equality in health system outcomes and the control of public sector corruption are the 
strongest predictors of cluster membership.34 We report the results of two separate multinomial 
logistic models, which include one of the core predictor variables at a time while controlling for per 
capita GDP and the carbon intensity of GDP. The model results are only tentative since the relatively 
small sample size does not allow us to draw firm conclusions and the model relies on simplifying 
assumptions (see Annex 4). The results suggest that countries that provide relatively good health 
outcomes and equitable distribution of resources while successfully fighting public sector corruption 
are less likely to belong to Cluster 1 (the brown recovery spending group) and more likely to belong to 
Clusters 2 or 3 (light brown and neutral). The probability of being in Cluster 4 (the green recovery 
spending group) at first increases as health system equality increases but then slightly decreases again 
at higher levels. These findings are in line with the literature. For example, Kahan et al. (2012) show 
that countries with greater health system equity are also associated to more 
egalitarian/communitarian rather than hierarchical/individualistic values, and the latter have similarly 
been associated with greater concern for environmental and climate issues. Thus, the health system 
variable might be acting as a proxy for societal values that are correlated with environmental 
awareness. Furthermore, another recent study has presented empirical evidence suggesting that 
greater healthcare system equity and lower political corruption are strongly associated with lower 

 

34 These results – obtained by using two separate multinomial logistic specifications - are robust to the inclusion of GDP per 
capita and carbon intensity controls, both of which are generally poor predictors of fiscal recovery spending behaviour. We 
use two separate specifications because including health system equality’ and ‘control of corruption’ variables 
simultaneously in the model would generate high collinearity since they are strongly correlated with one another. We have 
also run simple OLS regressions to model the green, neutral, legacy brown, and brown spending shares separately as a 
dependent variable. In addition, we created a variable that is the share of green minus brown recovery spending in an 
attempt to capture the two most important dimensions as a single variable. We used the same two sets of regressors as in 
the two specifications of the multinomial choice model. In these models, the effect of carbon intensity is also statistically 
insignificant for all dependent variables and across both specifications. GDP per capita is mostly statistically insignificant and 
even in the regressions where it is, the coefficient is relatively small. In the specification with the health system variable, for 
example, an increase in GDP per capita of 10,000 USD is associated with an increase in the share of green recovery spending 
of four percentage points. With respect to the health system and control of corruption variables, we find that both have a 
statistically significant effect on the share of brown (negative) and legacy brown (positive) spending. In general, the results 
could be affected by endogeneity issues and therefore should be taken as the basis for further investigations. 
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COVID-19 death rates (Cooray et al. 2020). Likewise, higher levels of political corruption have been 
found to be strongly associated with lower stringency of climate and renewable energy policies (Rafaty 
2018). Building on this literature, we infer that countries better able to mitigate against the health-
fiscal policy pressures during the COVID-19 pandemic are also less likely to invest in brown activities.  
  

6. Evidence from energy market changes during the crisis 

COVID-19 has accelerated the low-carbon energy transition in a few countries but in many others, 

it has created further barriers. This should not come as a surprise. In a recent paper, Guérin and 

Suntheim (2021) analysed previous major recessionary episodes and found that tighter financial 

constraints and adverse economic conditions are generally detrimental to firms’ environmental 

performance, resulting in a reduction in green investments. One key finding from this paper is that 

the COVID-19 crisis has likely increased the gap between countries progressing in the low-carbon 

transformation of the energy sector and those falling behind in the race to decarbonize. 

Energy demand declined and shifted across sectors during the early stages of the COVID-19 crisis 

but has recovered by the second half of 2021 to pre-crisis level. Supply and demand shocks 

throughout the pandemic, as well as shifting social practices, have had major short-term impacts on 

energy demand and consumption. As discussed in Section 2, social distancing and lockdowns reduced 

transport services and fuel demand35, while teleworking and teleconferencing arrangements 

generated additional reductions in fuel demand through a decline in commuting and triggered 

substantial shifts in electricity consumption from commercial to residential buildings (van Tilburg and 

Fearnehough 2021; Rouleau and Gosselin 2021). Some countries also experienced shifts in energy use 

across manufacturing sectors, with greater energy supply directed towards medical goods and 

personal protective equipment production (Jiang et al. 2021). Overall, in 2020 alone, global energy 

demand is estimated to have fallen by 6.2 percent, a decline seven times larger than that caused by 

the GFC and the largest energy demand shock in the past 70 years (IEA 2020a; Jiang et al. 2021). In 

the hardest-hit countries, total energy demand declined by up to 20 percent (2021). At the same 

energy intensities36 increased in some countries and regions, following behavioural and structural 

changes in response to COVID-19. 

Globally, electricity generation from renewable energy increased, reinforced by low operating costs 

and policies supporting priority grid access, while generation from fossil fuel declined. Despite the 

overall decline in global energy demand, renewable energy generation increased by 15 percent 

compared to fossil-fuel electricity generation in 2020, which declined by 28 percent (IEA 2021; Jiang 

et al. 2021). Furthermore, annual renewable energy capacity increased by 45 percent during the first 

year of the pandemic to almost 280 GW – the highest yearly increase since 1999 – with wind power 

in China leading the way (IEA 2021). Renewable energy now accounts for between 80-90 percent of 

new power capacity expansion across the world (IRENA 2021). However, aggregate demand for fossil 

 

35 Plummeting fuel demand led to an extraordinary price war among OPEC members and other oil producers, producing a 
temporary supply shock in March and April 2020 that stimulated speculation on oil futures culminated in a fall in oil prices 
below $0 for the first time in history for a brief period (Hongsakulvasu and Liammukda 2020). 
36 Energy intensity is a measure of energy efficiency calculated as total energy consumption per unit of GDP. 

https://ambitiontoaction.net/wp-content/uploads/2021/02/Energy-sector-after-COVID19_A2A-policy-briefing.pdf
https://ambitiontoaction.net/wp-content/uploads/2021/02/Energy-sector-after-COVID19_A2A-policy-briefing.pdf
https://www.sciencedirect.com/science/article/pii/S2214629621000748
https://iea.blob.core.windows.net/assets/18a6041d-bf13-4667-a4c2-8fc008974008/RenewableEnergyMarketUpdate-Outlookfor2021and2022.pdf
https://www.irena.org/publications/2021/March/Renewable-Capacity-Statistics-2021
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fuels is also on course to grow significantly in 2021, with both coal and gas set to rise above their 2019 

levels (IEA 2021). 

Global investment in clean energy has grown tremendously despite the challenges presented by the 

pandemic. Countries have committed $501.3 billion toward investments in clean energy in 2020 

(including for renewable energy sources, energy storage, electrification, hydrogen, and carbon 

capture and storage), an increase of 9 percent over the previous year (Bloomberg NEF 2021). Of this 

spending, the largest amount went to renewable energy (at $303.5 billion), followed by electric 

transport ($139 billion) – see Bloomberg NEF (2021). 

Global increases in renewable energy capacity are set to continue in 2021 and in 2022, despite a 

slowdown in new Chinese renewable capacity after an extraordinary level of additions in 2020 (IEA 

2021).37 Most of the gains in renewables capacity are, however, concentrated among countries 

already leading the low-carbon energy transition, which have directed stimulus spending towards 

existing clean energy industries (see Section 5 above). Furthermore, the pandemic is expected to 

accelerate ongoing efforts to diversify the investment portfolios of major oil and gas companies. 

Although annual low-carbon investment by these companies declined in 2020 around six percent of 

the companies’ total capital expenditures – total low-carbon investment by the largest oil and gas 

companies since 2015 has reached almost $60 billion (Bloomberg NEF 2021). 

The COVID-19 pandemic has hindered some countries’ efforts to weaken their fossil fuel 

dependence. Many fossil fuels producing countries are implementing policies to protect the sector 

and preserve jobs as part of their economic recovery programs. For example, before the pandemic, 

Indonesia had announced a plan to reduce its reliance on coal power generation and replace fossil 

fuel capacity with renewables. However, after the 2020 drop in energy demand, the state-owned 

utility announced it would prioritize gas rather than renewables and provided several incentives for 

the coal industry (Quitzow et al. 2021). The US and Canada have also adopted multiple policy 

measures to protect the fossil fuel sector from the commercial downswing during the first year of the 

COVID-19 crisis. Emerging and developing economies that are highly dependent on fossil energy have 

been more negatively impacted by the contraction of oil demand and related oil price decline in 2020 

(Quitzow et al. 2021), though prices have largely rebounded in 2021. Even in Saudi Arabia, where oil 

production is still profitable, the government cut public expenditure by 20-30 percent in response to 

the oil revenue decline and postponed purchase agreements for renewable energy.   

Progress towards energy system decarbonization continue to be uneven across countries.  Over the 
past decade, most global investment in renewable energy has been concentrated in China, Europe, 
the US, and India (Quitzow et al. 2021). In terms of per capita production of wind and solar power, the 
G7 countries, EU, and Australia lead the way. And although coal power production in the US and EU 
declined in 2020 alongside increases in renewable energy capacity and generation, China’s and India’s 
levels of coal power and renewable energy production have been rising in tandem to meet growing 

 

37 A slight slowdown of RE capacity additions is expected in China in part due to the fact that the government phased out 
subsidies for both wind and solar PV projects in late 2020 (IEA 2021). 
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energy demand. Meanwhile, overall progress towards energy system decarbonization across fossil 
fuel-dependent countries has been either absent or exceedingly slow.38  

Figure 8. Map of Global Thermal Power Infrastructure in 2019, Based on Plant-level Data 

Source: Tong, D., et al. (2018), page 2, updated. 

The expected rise in coal use dwarfs that of renewables by almost 60 percent, despite accelerating 

demand for renewables. More than 80 percent of the projected growth in coal demand in 2021 is set 

to come from Asia, led by China. Coal use in the United States and the European Union is also on 

course to increase but will remain well below pre-crisis levels. 

Figure 9. Coal Capacity Additions and Retirements in China and the Rest of the World 

Source: Centre for Research on Energy and Clean Air (2021). 

Phasing out coal use in the electricity, heat, and industrial sectors remains among the most urgent 

priorities for the low-carbon transition. While the use of coal is widespread around the world (Figure 

8), in the years since the Paris Agreement, 16 countries39 have announced decisions to phase out coal 

 

38 With the notable exception of Norway (Quitzow et al. 2021).   
39 Belgium, Portugal, France, UK, Italy, Ireland, Greece, Netherlands, Finland, Canada, New Zealand, Denmark, Israel, 
Slovakia, Hungary and Germany. 
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by 2030, compared with just two that had committed previously. In Europe, Belgium and Austria are 

already coal-free, Portugal has committed to a coal phase-out by 2021, France by 2022, and Italy by 

2025. Germany’s decision to phase-out coal by 2038 was a product of a protracted nationwide debate 

that long preceded the COVID-19 pandemic. Figure 9 shows anticipated new coal capacity in China 

and the rest of the world based on announced phase-outs and business-as-usual retirements of old 

plants, as well as projects currently under construction and new capacity that is expected to start 

operating over the next 10 years. Despite modest progress outside China, no region is close to meeting 

the required reductions for the 1.5-degree pathway and the gap between actual and required action 

has only widened during the pandemic (Centre for Research on Energy and Clean Air 2021). 

7. Conclusions 

The size of the fiscal stimulus has been extraordinary. This paper has discussed the climate impact of 

the fiscal stimulus announced by 85 high-income and EMDEs to address the socio-economic effects of 

the COVID-19 pandemic during March 2020-May 2021. The paper uses data from the Oxford-based 

Global Recovery Observatory (O'Callaghan et al., 2020) and it extends the analytical framework 

developed in Hepburn et al. (2020). The analysis suggests that by the end of May 2021, total global 

spending by 24 high-income economies and 61 EMDEs reached US$19.8 trillion. The former accounted 

for more than three quarters of this spending, while the 61 EMDEs shared the rest. 

About 85 percent of total global spending was aimed at ‘rescuing’ the economy.  This massive 

intervention helped fighting the virus, keeping people employed and sustaining families and 

businesses forced to remain in lockdown. On average, high-income economies allocated 65 percent 

of rescue funds as liquidity support mostly in favour of businesses – while EMDEs targeted most of 

their scarce resources as livelihood support to individuals, workers, and families. Compared to high-

income economies, EMDEs preferred rescue policies with a higher economic multiplier and faster to 

implement recovery policies. Some 90 percent of rescue stimulus can be classified as ‘legacy’ or ‘light 

brown’ spending, aimed at keeping up activities that would have otherwise been terminated in the 

absence of these policies. Since most economies rely largely on fossil fuels, this spending has increased 

GHG emissions despite not intentionally aimed at doing so. Both green and brown spending represent 

a small percentage of rescue spending (0.27 percent and 1.68 percent respectively). 

Green and brown spending have roughly the same shares in recovery spending. Recovery spending 

accounted for only 15 percent of total spending. The share of green spending (19.4 percent) was just 

below of the share of brown spending (20.4 percent). However, the percentage of green in total 

recovery spending varies considerably across countries, reaching around 45-55 percent in Germany, 

Canada, Switzerland, Finland, Norway, and Brazil. The US, India, and China allocated only a small share 

of their recovery spending (8 percent, 5 percent, and 12 percent respectively) to green activities, and 

a much larger proportion to brown activities: 20 percent, 65 percent, and 26 percent respectively. 

Overall, recovery spending in most countries has been brown or light brown, reinforcing and 

exacerbating existing patterns of carbon-intensive development. Even the countries with a relatively 

high percentage of green spending – mostly in Europe – have invested the same or more in brown 

activities, thus ‘neutralizing’ the overall positive impact on emissions. On a positive note, a large 

percentage of the recovery spending (47 percent) was invested in ‘neutral’ activities that have zero 
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impact on climate and often a positive effect on the economic multiplier, e.g., support to culture and 

the arts, education investment, and general research and development spending.  

Countries with a high equality in health outcomes and low public sector corruption are less likely to 

invest in brown activities. Hierarchical cluster analysis identifies four different patterns of recovery 

spending – green, neutral, light brown and brown- which cannot simply be explained by whether a 

country belongs to the group of high-income or EMDE countries.  Three clusters out of four have 

similar shares of brown total spending despite significant differences in brown recovery spending, 

suggesting that different spending strategies may lead to similar overall shares of green or brown in 

total spending. Are there common features among members of each cluster that can explain the 

similarity of their spending patterns? The analysis suggests that countries that provide relatively good 

health outcomes and equitable distribution of resources while successfully fighting public sector 

corruption are the least likely to belong to the “brown” recovery spending group, and more likely to 

belong to the clusters with a mix of other types of spending. 

COVID-19’s impact on the energy transition is mixed and ambiguous. In 2020, despite the decline in 

energy demand, renewable energy generation increased substantially – while fossil fuel capacity 

declined - mostly in countries that are already leading the low-carbon energy transition. At the same 

time, laggards (particularly among EMDEs) faced mounting challenges to renewable energy 

deployment, and risk becoming locked into high carbon energy dependency. Countries have 

continued to invest in fossil fuels, even when under pressure from a destabilizing global health and 

economic crisis. For example, in response to the COVID-19 crisis, provincial governments in China 

relaxed restrictions on new plant permits, supported by the central government’s increased lending 

for large coal projects. Thus, in 2020 China added 38.4 GW of coal-fired power capacity, exceeding the 

coal capacity decommissioned in all other countries in the world40.  

An important issue is left for further research. The COVID-19 pandemic has triggered strong and 

immediate actions by country leaders, including shutting down entire sectors of the economy and 

domestic and international travel. But why was the climate crisis largely ignored? A possible 

interpretation is that the climate crisis is slow-moving, and it is not perceived as the immediate threat 

brought about by a pandemic. And while the measures to combat the health crisis are expected to be 

temporary, thereby limiting political repercussions, addressing the climate crisis requires political 

consensus on how to decarbonize the economy, a process that involves future benefits and sacrifices 

that the current generation may not be willing to accept. Notwithstanding the differences between 

the two crises, the opportunity to ‘bend two curves with one recovery’ – that is, to reduce emissions 

at the same time as preventing the spread of the virus was missed. But the present situation is not 

insurmountable. As can be ascertained from this paper’s analysis, the opportunities to ‘build back 

better’ are numerous, while the consequences of business as usual may be a perpetuation of poor 

and sub-optimal health, financial and environmental outcomes.  

  

 

40 See https://ihsmarkit.com/research-analysis/chinas-new-coal-plants-in-2020-more-than-offset-global-retirem.html 
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Annexes 

Annex 1: Taxonomy of Fiscal Recovery Measures 

Examples of Green Fiscal Recovery Measures 

Policy Archetype Sub-archetype 

Buildings upgrades and energy 
efficiency infrastructure investment 

Green retrofitting programs (including daylighting, electricity, and 
electrification, insultation) 

Rooftop solar support 

Business tax cuts New tax exemptions for clean investments 

Clean energy infrastructure 
investment 
 

Battery and storage infrastructure 

Carbon capture and storage/utilisation infrastructure investment 

Hydrogen infrastructure 

New biofuel and other renewable fuel infrastructure 

New or refurbished nuclear energy generation facilities 

New or refurbished renewable energy generation facilities 

Other initiatives to clean existing dirty energy assets 

Upgraded (or new) distribution infrastructure including smart grids 

Upgraded (or new) transmission infrastructure 

Clean research and development 
investment 

Agriculture R&D programmes 

Energy sector R&D programmes 

Industrial R&D programmes 

Other sectoral R&D programmes 

Clean transport infrastructure 
investment 
 

Cycling and walking infrastructure 

Efficiency initiatives to improve dirty transport 

EV charging infrastructure 

Existing public transport capacity expansions 

New public transport systems or line expansions 

Public transport digitalisation efforts 

Electric vehicle incentives EV subsidies 

EV transfer programs 

Electronic appliance and efficiency 
incentives 

Electronic appliance specific ‘cash for clunkers’ programs 

Green market creation Capacity investments 

Increased clean energy market participation 

Modernisation and transition investments 

Local (project-based) infrastructure 
investment 

Clean new housing investment 

Natural infrastructure and green 
spaces investment 

Ecological conservation initiatives 

Public parks and green spaces investment 

Tree planting and biodiversity protection 

Waterway protection and enhancement 

Worker retraining and job creation Green worker retraining and job creation 
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Examples of Brown Fiscal Recovery Measures 

Policy Archetype Sub-archetype 

Traditional energy infrastructure investment 
 

New or refurbished power plants 

New or refurbished refineries 

New or refurbished coal mines and oil/gas fields 

New or refurbished infrastructure for transport and transmission of 
fossil energy inputs/outputs 

Traditional transport infrastructure 
investment 
 

Road construction 

ICE engine automobile support 

Aviation infrastructure 

Port and ship construction 

Reduced prices for centrally controlled 
products and services 

Fuel prices (oil and gas) 

 
Examples of Legacy/Light Brown Fiscal Recovery Measures 

Policy Archetype Sub-archetype 

Targeted recovery cash transfers 
 

Payments targeted to families 

Payments targeted to low-income individuals 

Payments targeted to individuals (other) 

Indirect payments through social programs 

Tourism and leisure industry incentives Incentives for tourism 

Communications infrastructure investment Remote working infrastructure investment 

Disaster preparedness and capacity 
building investment 

Future epidemic reaction capabilities 

Disaster-response infrastructure (shelters, food-stocking, water 
supplies) 

 
Examples of Neutral Fiscal Recovery Measures 

Policy Archetype Sub-archetype 

Tourism and leisure industry incentives 
 

Incentives for hospitality services 

Incentives for arts and cultural activities 

Measures to promote leisure participation 

Worker retraining and job creation General and other worker retraining and job creation 

Education investment (non-infrastructure) Scholarship funding 

Staff funding 

Healthcare investment (non-infrastructure) General medical investment 

Mental health investment 

General research and development investment Health and science programmes 

Digitisation and AI programmes 

Space programmes 

General and other programmes 
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Annex 2: Methodology of Spending Type Classifications 

To analyse the spending patterns across countries, this paper builds on the Global Recovery 

Observatory (GRO) database (O’Callaghan et al., 2020), a collection of the stimulus responses to 

COVID-19 by 87 countries, the European Union, and the European Investment Bank. The data, 

comprising 5,650 fiscal stimulus policies, was provided by the GRO on 19th of July 2021.  The GRO 

contains information on country, policy type, policy description, date, and spending in local currency. 

As a first step, the spending policies were classified in terms of their likely effect on greenhouse gas 

(GHG) emissions. The database contains different spending items that are mapped to the sub-

archetypes defined in O’Callaghan et al. (2020). The methodology document (O’Callaghan et al., 2021) 

contains a ranking of each sub-archetype41 on a five-point Likert scale from -2 to 2 measuring the likely 

effects on GHG emissions. The ranking is done separately for the effect on short-term and long-term 

emissions. The short-term assessment refers to a time of a few years while the long-term assessment 

refers to several decades. Positive and negative values reflect a likely decrease or increase in emission 

relative to a scenario in which the policy has not been implemented, and a value of 0 means that the 

policy has little or no effect on emissions (O’Callaghan et al., 2021, pages 10-17). 

Following O’Callaghan et al. (2021), a weight of 90 percent is given to long-term and a weight of 10 

percent to short-term impacts. The higher weight for long-term impacts is justified because the 

emissions can accumulate over a much longer period and most GHG have a long lifetime before they 

are absorbed by natural sinks. These scores are then mapped onto a broader classification of the likely 

effects of the policies. In total, there are 25 possible combinations of short- and long-term scores 

leading to 25 possible different net scores. In practice, however, we only observe the following 14 

different net scores {-2, -1.9, -1.1, -0.2, -0.1, 0, +0.7, +0.8, +0.9, +1, +1.6, +1.7, +1.8, +1.9}, since not all 

possible combinations of scores were given by the experts.  Our methodology broadly distinguishes 

the impact of the sub-archetypes by classifying them into “brown”, “green”, and “neutral” if they are 

likely to increase, decrease, or keep emissions unchanged, respectively. The observed net scores 

show, however, that the strength of these likely effects may vary considerably across sub-archetypes. 

We therefore introduce two shades of brown: “light brown” for -0.1 and “brown” for any values 

smaller than -0.1. Policies with a net score of -0.1 comprise fast, short-run support for the existing 

economy, which largely relies on fossil fuels. Policies with a net score of -0.2 brown represent 

investments that otherwise would not have been funded or support for specific industries with large 

emissions e.g., airlines and other transport means without any green conditions (sub-archetype code 

B3) or tax deferral for dirty industries (sub-archetype O1). Net scores of {-2, -1.9, -1.1} mean that they 

increase emissions both in the short- and long-term, so their classification as “brown” is unambiguous. 

 

41 The scores for each sub-archetype can be found in Tables 2 and 3 of O’Callaghan et al. (2021). For two of them, the assigned 
scores differ between Table 2 and Table 3, so we chose one of them. Sub-archetype N3 (new tax exemptions for clean 
investment) has a score of +1 for its long-term effect in both tables but is either assigned 0 or +1 for the short-term effect. It 
is plausible that such tax exemptions can achieve a reduction in greenhouse gas emissions within a few years. Furthermore, 
the other two types of tax exemptions (L3 and N4) do not have a neutral short-term effect but are ranked -1. So we chose a 
short-term effect of +1 for N3, resulting in a net score of +1 overall. The second ambiguous sub-archetype is Q1 (other tax 
cuts and deferrals). Both Tables classify its long-term effect as 0 but assign a score of either 0 or -1 for the short-term effect. 
Since tax cuts and deferrals are benefitting the existing economy, which largely relies on fossil fuels, we classify its short-
term effect as -1. This decision is consistent with the classification of other sub-archetypes related to tax cuts (the archetypes 
L, M, and N all have a short-term score of -1 unless they explicitly specify clean investment as N3 does). The resulting net 
score for Q1 is hence -0.1. 
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In the case of “green” sub-archetypes, the distinction of different shades of green is not necessary 

because all positive values are large with the smallest positive value being +0.7. Policies with a net 

score of 0 are classified as “neutral”. 

The described methodology leads to a deterministic and mutually exclusive assignment of each sub-

archetype to one of the categories “light brown”, “brown”, “neutral”, or “green”. We then examine 

the classification for plausibility and make exceptions for four of the 158 sub-archetypes. The sub-

archetypes 𝜑1 to 𝜑4 all represent general research and development investment into “health and 

science”, “digitisation and AI”, “space programmes”, and “general and other programmes”. They all 

have a greenhouse gas net score of 0.9, so would be classified as “green” according to our rule. 

However, it is not obvious that spending in these categories leads to a long-term reduction in 

greenhouse gas emissions and we believe there is too much uncertainty about their impact to classify 

them as “green”. We therefore deviate from the deterministic rule and classify them as “neutral” 

instead. 

The spending amounts were converted from their local currency amounts into USD using the exchange 

rates from 4 May 2021 obtained through Google Finance. The specific date was chosen after 

correspondence with the GRO authors to make the converted spending amounts comparable to those 

in the public database. Due to data availability issues, we used the exchange rates from 3 May 2021 

to convert spending amounts denoted in Iranian Rial (IRR) to USD. Similarly, to convert Mongolian 

Tughrik (MNT) to USD, we obtained the exchange rate from XE.com Inc. instead of Google Finance.  

Annex 3: Methodology of Clustering Methods 

This Annex explains how the cluster analysis was performed to analyse recovery spending patterns 

with respect to green and brown policies. The following three variables were chosen as cluster 

variables: 

• greenshare_rec = share of green to total recovery spending 

• brownshare_rec = share of brown to total recovery spending 

• lightbrownshare_rec = share of light brown to total recovery spending 

Since the shares add up to one, the clustering according to these three variables is also informative 

for the share of neutral recovery spending. While there are several different ways to cluster the data, 

we have chosen to use the hierarchical clustering. All clustering methods require a metric that 

measures how similar or dissimilar observations are with regards to the clustering variables. We chose 

the Euclidean distance to measure similarity. Even though all variables are shares and therefore on 

the same scale from 0 to 1, we have chosen to center and scale the variables. This means subtracting 

the average value of the variable across all observations and dividing by its standard deviation. The 

resulting variables are easier to compare. 

Hierarchical clustering 

Our analysis can be understood intuitively: we can imagine methods of joining clusters starting with 

every point as an individual group, then joining these groups based on their similarity (or ‘proximity’) 

with respect to variables of interest. This then allows for many ways of comparing which clusters to 
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join (i.e., ‘agglomerate’). Some common methods of selecting clusters to join are given by: (i) the 

closest of the average points of each cluster; (ii) the closest of closest points between clusters; (iii) the 

closest with weighting to the densest clusters; or (iv) minimizing the variance of the cluster that would 

be formed. Given two vectors, 𝑥 and 𝑦, we compute the Euclidean pairwise metric42 by taking the 

square root of the sum of squared differences in their elements:  

𝑑(𝑥, 𝑦) = √∑(𝑦𝑖 − 𝑥𝑖)2

𝑛

𝑖=1

  

 

 

(2) 

The resulting distance matrix is hierarchically clustered by similar/dissimilar countries and variables 

and can be conveniently visualised in a dendrogram (see Figure A1).43 

We tried several methods of clustering and compared the resulting cluster assignments in terms of 

their interpretability. Our final choice was hierarchical clustering with the complete linkage method. 

In fact, Ward’s minimum variance method yielded the same final cluster assignments when choosing 

four clusters (see Figure A2). This increases our confidence that the cluster assignment is valid and 

robust. The initial sample contained all 72 countries that had positive recovery spending. The 

hierarchical clustering resulted in four clusters that showed spending patterns that were similar within 

clusters but were distinct from each other across clusters. 

Figure A1. Dendrogram of the final cluster assignment 

 

 
 
Note: The dendrogram was created in R (R Core Team, 2021) using the dendextend package (Galili, 2015).  
Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020).           

 

42 Computed in R (R Core Team, 2021) using the stats::dist() function. 
43 The hierarchical clustering was done in R using the stats::hclust() (R Core Team, 2021).  
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Figure A2. Tanglegram of Complete Linkage and Ward’s Method 

 
Note: The tanglegram can be used to visually compare two different hierarchical clustering methods. Horizontal lines indicate 
the same clustering and crossing lines indicate different clustering. While the Ward’s method generally yields slightly 
different cluster assignments from the complete linkage method, they do coincide exactly when four clusters are chosen. 
This increases our confidence that the cluster assignment is valid and stable to using other methods. The tanglegram was 
created in R (R Core Team, 2021) using the dendextend package (Galili, 2015).  
Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 

Table A1. List of cluster assignments 

Country Cluster Country Cluster 

Argentina 1 Sweden 2 

Bolivia 1 Taiwan 2 

Chile 1 United Kingdom 2 

Colombia 1 Austria 3 

Costa Rica 1 Bahamas 3 

Egypt 1 Barbados 3 

Haiti 1 Belize 3 

Honduras 1 Czech Republic 3 

India 1 Dominica 3 

Indonesia 1 Ecuador 3 

Iraq 1 Ghana 3 

Ireland 1 Japan 3 

Mexico 1 Kenya 3 

Mongolia 1 Kyrgyz Republic 3 

Nigeria 1 Saint Kitts and Nevis 3 

Pakistan 1 Saint Lucia 3 

Peru 1 Saint Vincent and the Grenadines 3 

Portugal 1 Saudi Arabia 3 

Russia 1 Singapore 3 

Australia 2 South Africa 3 
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Belgium 2 Suriname 3 

Burkina Faso 2 Thailand 3 

China 2 Trinidad and Tobago 3 

Dominican Republic 2 UAE 3 

France 2 United States 3 

Israel 2 Bangladesh 4 

Italy 2 Brazil 4 

Kazakhstan 2 Canada 4 

Malaysia 2 Denmark 4 

Morocco 2 Finland 4 

Netherlands 2 Germany 4 

Philippines 2 Mauritius 4 

Romania 2 Norway 4 

Senegal 2 Panama 4 

South Korea 2 Poland 4 

Spain 2 Switzerland 4 

 

Annex 4: Multinomial Logistic Regression:  Probability of Belonging to a Specific Cluster 

The selection of variables included in the multinomial logit models are based on empirical evidence 

linking equitable access to health care and control of political corruption to better medical and 

environmental outcomes (see Section 5.2).   

The coefficients of the variables tell us how the log odds-ratio changes as the value of the regressors 

change. For example, the value -1.392 for CO2 intensity [cluster 2] tells us that as the CO2 intensity 

increases by 1, the log (probability of choosing cluster 2 / probability of choosing cluster 1) falls by 

1.392. Since the logarithm function is monotonically increasing, it means that the ratio (prob cluster 2 

/ prob cluster 1) must be falling. However, there are several ways why this ratio could fall: it could be 

that the probability of choosing cluster 2 falls. Or that the probability of choosing cluster 1 increases. 

Or both. Or that both the probability of choosing cluster 2 and of choosing cluster 1 increase but the 

increase for cluster 1 is stronger than for cluster 2. So, the coefficient measures the marginal effect of 

increasing the regressor on the relative probability of choosing cluster 2 versus 1 but measured on the 

log-scale. What we would ideally like to know is simply the marginal effect on the probabilities: how 

does the probability of choosing cluster 2 change as the value of the regressor changes? Due to the 

nonlinearity of the model, this marginal effect varies by the "location" of observation (i.e., it depends 

on the value of all the regressors). The effect can be very different if GDPPC is 500 versus when it is 

2000). In fact, the sign of the coefficient does not even tell us something about the sign of the marginal 

effect. A negative coefficient does not necessarily mean that increasing the value of the regressors 

makes that cluster less likely, it could make it more likely. For example (see graph), the Health System 

Coefficient is 0.644 for cluster 4. But if an observation has a health index value of 2 (values of other 

regressors at the mean) and it increases further (e.g., to 2.5), it reduces the probability of being in 

cluster 4. 
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Table A2: Results of Multinomial Logistic Regressions. 

 MODEL (1) MODEL (2) 

Cluster 2 (=neutral) 

CO2 Intensity 
0.391 (2.2) [p=0.859] -1.392 

(2.284) [p=0.544] 

Control of Corruption 
1.5 

(0.62) [p=0.020]* 

-- 

Health System Equality 
-- 0.869 

(0.319) [p=0.009]** 

GDP Per Capita 

-2.098x10-8  

(2.62x10-8)  

[p=0.426] 

-1.546x10-8 

(1.985x10-8) [p=0.439] 

Constant 
0.254  

(0.776) [p=0.744] 

0.216     

(0.767) [p=0.779] 

Cluster 3 (=light brown) 

CO2 Intensity 
1.882  

(1.888) [p=0.323] 

1.085  

(2.031) [p=0.595] 

Control of Corruption 
1.556 

0.658 [p=0.021]* 

-- 

Health System Equality 

-- 1.048  

(0.366)  

[p= 0.006]** 

GDP Per Capita 
-2.927 x10-8   

(2.887x10-8) [p=0.315] 

-2.01x10-8  

(0 2.4x10-8) [p=0.398] 

Constant 
0.1453 

0.746 [p=0.846] 

-0.796 

(0.84) [p=0.348] 

Cluster 4 (=green) 

CO2 Intensity 
-4.288  

(4.729) [p=0.368] 

-5.879  

(4.45) [p= 0.19] 

Control of Corruption 
1.558  

(0.638) [p=0.018]** 

-- 

Health System Equality 

-- 0.644 

(0.294)  

[p=0.033]* 

GDP Per Capita 
-8.024x10-9   

 (2.31 x10-8) [p=0.73] 

4.742x10-9   

(1.33x10-9) [p=0.723] 

Constant 
0.094 

(1.148) [p=0.935] 

0.157 

(1.042) [p=0.88] 

N observations 71 66 

AIC/n 2.756 2.736 

 
Note: Coefficients, standard errors (in parentheses), and t-probability values [in brackets] estimated using Newton’s method 
(eps1=0.0001; eps2=0.005) with strong convergence. 
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Figure A2: Probability of belonging to clusters as equity of health systems increases 

Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 

The figure above shows how the probabilities for being in a certain cluster vary as the Health System 

Equity index increases. A higher value of the index reflects a more equitable health system. The values 

of the control variables (GDP per capita and CO2 Intensity) are fixed at the values of the sample mean. 

The probabilities for being in a certain cluster are represented as a stacked area plot because they 

sum to 1. For any given value of health system equity, the probabilities are given by the area between 

two lines. For example, for a value of the index of -2, the predicted probability of being in Cluster #1 

is approximately 0.8 while it is only 0.1 for Cluster #2, and 0.05 each for Clusters #3 and #4." 

Countries that provide relatively good health outcomes and equitable distribution of resources while 

successfully fighting public sector corruption are less likely to belong to Cluster 1 (the “brownest” 

recovery spending group) and more likely to belong to Clusters 2 or 3 (with mostly” light/legacy 

brown” or “neutral” recovery spending). The probability of being in Cluster 4 (the “green” recovery 

spending group) at first increases as health system equality increases but then slightly decreases again 

at higher levels.  

Annex 5: Correlations of Environmental Performance and Recovery Spending 

We run simple Ordinary Least Squares regressions estimating the relationship between different types 

of recovery spending shares (green, neutral, light brown, and brown) and the environmental 

performance before the pandemic as measured by the EPI 2018 (YCELP, 2018; Wendling et al., 2018). 

We also create a fifth variable called “net green”, which is the share of green recovery spending minus 

the share of brown recovery spending. The linear regression must be interpreted with caution, 

especially where it would predict percentages outside of [0, 100]. The sample includes all 69 countries 

for which we have recorded at least some recovery spending and for which an EPI 2018 value is 

provided. The results are presented in the following table: 
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Table A3: Correlations of Environmental Performance and Recovery Spending. 

 Dependent Variable: Percentage of Recovery Spending Type 

 GREEN NEUTRAL LEGACY BROWN BROWN NETGREEN 

EPI 2018 
0.421* 

(0.213) 

0.594* 

(0.302) 

-0.367 

(0.324) 

-0.648** 

(0.309) 

1.069** 

(0.406) 

Constant 
-11.866 

(13.480) 

-3.134 

(19.11) 

47.340** 

(20.468) 

67.660*** 

(19.562) 

-79.527*** 

(25.698) 

N observations 69 69 69 69 69 

R2 0.055 0.055 0.019 0.062 0.094 

Note: *p<0.1; **p<0.05; ***p<0.01 
Source: Staff calculations based on Global Recovery Observatory data (O’Callaghan et al., 2020). 
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