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Abstract

In response to the COVID-19 health crisis, the French government has imposed drastic
lockdown measures for a period of 55 days. This paper provides a quantitative assessment
of the economic and environmental impacts of these measures in the short and long term.
We use a Computable General Equilibrium model designed to assess environmental and
energy policies impacts at the macroeconomic and sectoral levels. We find that the lock-
down has led to a significant decrease in economic output of 5% of GDP, but a positive
environmental impact with a 6.6% reduction in CO, emissions in 2020. Both decreases are
temporary: economic and environmental indicators return to their baseline trajectory after
a few years. CO, emissions even end up significantly higher after the COVID-19 crisis
when we account for persistently low oil prices. We then investigate whether implementing
carbon pricing can still yield positive macroeconomic dividends in the post-COVID recov-
ery. We find that implementing ambitious carbon pricing speeds up economic recovery
while significantly reducing CO, emissions. By maintaining high fossil fuel prices, carbon
taxation reduces the imports of fossil energy and stimulates energy efficiency investments
while the full redistribution of tax proceeds does not hamper the recovery.
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1 Introduction

Appearing in China in late 2019, the COVID-19 outbreak has spread extremely rapidly
throughout most countries in the world over the first months of 2020, and was declared
a pandemic by the World Health Organization on March 11, 2020 (WHO 2020). To slow
down the rate of its spread, most countries have imposed severe measures to encourage
people to limit physical interactions, ranging from the banning of public events, closing
of schools, non-essential businesses and borders up to complete country-wide lockdown.
These unprecedented measures have significantly impacted both the economy and the
environment at the global and national levels—at least over the short run. However, the
environmental and economic impact of this crisis over the medium and long run remains
unclear (Helm 2020). Furthermore, the economic impact of climate policies, often thought
to be positive,! may be substantially modified in the context of the COVID-19 crisis. This
paper thus seeks to address two main questions: (i) what are the economic and environ-
mental effects of the COVID-19 crisis? (ii) what is the macroeconomic impact of climate
policy in the post-COVID recovery?

In response to the COVID-19 pandemic, the French government has enforced a strict
lockdown from March 17 to May 11, 2020. Travel was restricted to the absolute minimum
within national borders, while borders across the Schengen area were closed. These meas-
ures have generated a significant improvement in air quality and a 30% reduction in green-
house gases (GHG) during the lockdown period (CITEPA 2020). The French High Council
on Climate has estimated an induced drop in annual GHG emissions between 5% and 15%
relative to 2019 levels. This wide range results from uncertainties over the length and depth
of the crisis (HCC 2020).

At the global level, the drastic contraction of global economic activity and the signifi-
cant reduction of mobility have induced a drop in global energy demand. The International
Energy Agency estimates that total final energy consumption will be reduced by 4% to
6% in 2020 compared to 2019, depending on the duration of travel restrictions and the
speed of economic recovery. This would lead to the lowest level of global GHG emissions
since 2010 with a decrease of 8% with respect to 2019 (IEA 2020a). However, this positive
short-term environmental effect may not be sustained. Indeed, Le Quéré et al. (2020) warn
that the recovery could be carbon-intensive enough to bring emissions back on their origi-
nal trajectory. This was the case after the global financial crisis of 2008—-2009 (Peters et al.
2012). A repetition of this scenario would make it more difficult to limit global warming to
below 2 °C (IPCC 2018). The current period is thus fraught with risks, since the economic
slowdown could also negatively affect the funding and deployment of climate mitigation
actions (Hepburn et al. 2020; Janardhanan et al. 2020).

Even though the pandemic is still ongoing, a number of studies have already
attempted to assess the short-term macroeconomic impact of the COVID-19 crisis
quantitatively.? The International Monetary Fund estimates a global GDP loss of 3% in
2020 compared to 2019 and projects a growth of 5.8% in 2021 in a baseline scenario,

! The conditions of the existence of a double dividend from the implementation of a carbon tax has been
widely discussed in the literature (e.g. Aubert and Chiroleau-Assouline 2019; Hasfstead and Williams
2018).

2 Maliszewska et al. (2020) provide a literature review of studies quantifying the potential economic impact
of the COVID-19 outbreak, and McKibbin and Fernando (2020) summarize the existing literature on the
macroeconomic costs of outbreaks.
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remaining below the forecasts estimated before the COVID-19 pandemic. Authors stress
that these forecasts remain very uncertain as a result of numerous hard to measure
health, financial, economic and behavioral parameters. Still, their projections point to
the fact that service-based economies are most affected (IMF 2020). In a static com-
parative exercise, using a global standard computable general equilibrium model, Mal-
iszewska et al. (2020) consider two scenarios that differ in terms of lockdown duration,
where the COVID-19 crisis is represented through shocks on production factors, inter-
national trade costs, travel services and demand. They find a global GDP contraction of
2.5% and 4% for the short and long lockdown scenario respectively. In both scenarios,
developing economies are more impacted than industrialized countries, with service
sectors being the most affected. Using a global hybrid DSGE/CGE general equilibrium
model, McKibbin and Fernando (2020) analyze seven scenarios where several types of
shocks related to the COVID-19 are envisioned (epidemiological and economic shocks
to labor supply, cost of production, equity risks, consumption demand and governments
expenditure). They provide GDP losses in 2020 compared to a baseline scenario for
24 countries and find that all economies are significantly affected even under the more
contained outbreak scenario. Their results for France range from —0.2 to —8% depend-
ing on the scenario. Finally, based on an input—output analysis, the French Economic
Observatory assesses the very short-term impact of a one-month lock-down on GDP
and employment for the world and major advanced economies (OFCE 2020). Results
are provided for April 2020, which can be useful for researchers who would like to cali-
brate the COVID-19 shock in their models. They found that the world economy expe-
rienced a —19% recession during the month of April, with an even larger reduction in
employment. Labor intensive and mobility related sectors were the most affected, with
Europe hosting the worst hit countries among developed economies—Spain, France and
Italy, where lockdown was strictest—with a monthly GDP loss with respect to April
2019 of 35%, 30% and 29% respectively.

All these studies underline the negative short-term impact of the COVID-19 outbreak
on the economy. Many policies have already been announced to foster a rapid economic
recovery. Yet decisions that are taken today are crucial to avoid long-term lock-ins in car-
bon-intensive pathways (Le Quéré et al. 2020). While not necessarily relying on quantita-
tive assessments, a number of researchers consider that the current crisis can be seen as an
opportunity to develop inclusive and sustainable growth (Allan et al. 2020; Janardhanan
et al. 2020; Rydge et al. 2020; World Bank 2020a, b). In particular Stern and Zenghelis
(2020) point out the importance of sustainable investments such as clean energy infrastruc-
ture investments, contrasting them with resource-intensive and carbon-intensive invest-
ments. Such investments would boost employment in the short term and reduce energy
costs, generate economies of scale and productivity gains in the longer term. In the same
vein, Hepburn et al. (2020) identify policies and measures that could avoid high economic,
environmental and social damages from the COVID-19 crisis: “physical infrastructure,
building efficiency retrofits, investment in education and training, natural capital invest-
ment, and clean R&D”. However, low oil prices could be a long-lasting characteristic of
the post-COVID economy (Helm 2020), which would significantly slow down and post-
pone the transition to a low-carbon economy.

Evaluating the economic and environmental impact of the COVID-19 crisis in the short,
medium and long term and assessing its impact on the potential double dividend generated
by carbon pricing is a real challenge. In this paper, we focus on France, which experienced
one of the strictest lockdowns in the world and where an ambitious low carbon national
strategy is seriously discussed. We use the French version of ThreeME, a Computable
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General Equilibrium (CGE) model specifically designed to assess medium- and long-term
impacts of environmental and energy policies at the macroeconomic and sectoral levels.

The modeling framework and a detailed description of the scenarios are provided in
Sect. 2. Section 3 investigates (i) the economic and environmental impact of the COVID-
19 crisis in the short and long term, and (ii) the macroeconomic impact of climate policy in
the post-COVID recovery. Finally, Sect. 4 concludes with policy implications and avenues
for further analysis.

2 Modeling Framework and Scenarios

ThreeME is a country-level open source Computable General Equilibrium model (CGE)
originally developed to support policymakers in the design and evaluation of decarboniza-
tion pathways in France (Callonnec et al. 2013a, b, 2016).3 Since its first release, it has also
been adapted to Mexico (Landa et al. 2016), Indonesia (Malliet et al. 2016) and the Nether-
lands (Bulavskaya and Reynes 2018).

ThreeME is specifically designed to evaluate the short-, medium- and long-term impact
of environmental and energy policies at the macroeconomic and sectoral levels. To this
end, the model combines several important features:

e Its sectoral disaggregation allows for analyzing the transfer of activities from one sec-
tor to another, particularly in terms of employment, investment, energy consumption or
balance of trade.*

e The highly detailed representation of energy flows through the economy allows for ana-
lyzing the consumption behavior of economic agents with respect to energy. Sectors
can arbitrage between capital and energy when the relative price of energy increases,
and substitute between energy vectors. Consumers can substitute between energy vec-
tors, transportation modes or consumption goods.

As a CGE model, ThreeME fully considers feedbacks between supply and demand.
Demand (consumption and investment) drives the supply (production). Symmetrically sup-
ply drives demand through the incomes generated by the production factors (labor, capital,
energy products and materials). Compared to bottom-up energy models such as MARKAL
(Fishbone and Abilock 1981) or LEAP (Heaps 2008), ThreeME goes beyond the mere
description of the sectoral and technological dimensions by integrating these within a com-
prehensive macroeconomic model.

ThreeME is a neo-Keynesian model. Compared to standard Walrasian-type CGEs that
are largely supply driven, prices do not adjust instantaneously to clear markets. Instead
the model is dynamic, and prices and quantities adjust slowly. Producers adjusts their sup-
ply to the demand. This has the advantage to allow for situations of market disequilibria
(in particular the presence of involuntary unemployment). This framework is particularly

3 The main equations are provided and described in Appendix B and a detailed description of the model
can be retrieved from Callonnec et al. (2013b). The version used in this study can be retrieved from www.
threeme.org.

4 For this study, we used a version of the model with 17 sectors (see list in Fig. 1). The calibration of
the base year (2010) is based on data from WIOD National Supply and Use Table (SUT) for France 2010
(WIOD 2020).

@ Springer


http://www.threeme.org
http://www.threeme.org

Assessing Short-Term and Long-Term Economic and Environmental... 871

Agriculture, forestry and fishing '

Mining and quarrying, energy, water, ]
waste management and remediation

Manufacture of food, beverages [
and tobacco products

Coking and refining

Manufacture of electrical, electronic and
computer equipment; machinery manufacturing

Transport equipment manufacturing
Manufacture of other industrial products
Construction

Trade ; repair of motor vehicles and motorcycles

il

Transport and storage

Accommodation and catering

Information and communication

Financial and insurance activities

Real estate activities

Specialized, scientific and technical activities
and administrative and support service activities

Public administration, education,
human health and social work

Li .

Other service activities

-15% -10% -5% 0%

Exports [l Households consumption [JJll Investments

Fig.1 Goods and services demand variation between the COVID scenarios and the baseline scenario, in
2020
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well suited for policy analysis. In addition to providing information about the long term, it
allows for analyzing transition phases over the short and medium terms, which is especially
relevant when assessing the implementation of climate policies.

Within this modeling framework, in addition to a baseline reference scenario, we
designed four alternative scenarios in order to investigate the impact of the COVID-19 cri-
sis on the French economy with and without the implementation of a climate policy.

2.1 Baseline Scenario: Without COVID-19 or Climate Policy

This scenario is designed to provide a benchmark against which all other scenarios will be
compared. It does not include any specific climate policy beyond those currently enacted
by the French government, nor any macroeconomic shock linked to the COVID-19 crisis.
In accordance with the assumptions used in the energy scenarios of the French Depart-
ment of Climate and Energy, we assume productivity gains at a constant annual rate of
1.7% along with a population growth of 0.3%. Furthermore, ThreeME represents France
as a small open economy having a relatively minor impact on the world economy. Since
France only accounts for a small share of global fossil fuel demand, the French economy is
unlikely to impact global fossil fuel prices substantially. We therefore consider oil, natural
gas and coal prices exogenous in the model. In this scenario, the prices of imported petro-
leum products and natural gas are assumed to increase at the rate of inflation, close to 2%
per year. Under these assumptions, simulations result in an average GDP growth of 2% per
year over the period 2010-2040 and a corresponding 80% increase in CO, emissions over
the same period. Total emissions reach 691 MtCO, in 2040, far from the carbon neutrality
objective pegged at 37 MtCO2 in 2050 (Ministere de la transition écologique et solidaire
2020).

2.2 Climate Policy Scenario

We then simulate a first alternative scenario, “Climate Pol.”, which includes the imple-
mentation of a fiscally neutral carbon tax: receipts are fully redistributed to households and
firms through lump sum tax credits. There are no monetary transfers between households
and firms: proceeds of the carbon tax paid by households are redistributed to them, while
each sector receives a share of the carbon tax paid by the private sector proportional to its
share of total employment. This mode of allocation is favorable to labor-intensive sectors.
Following France Stratégie (2019), we assume a carbon price trajectory increasing by 250
€ in 2030 and by 500 € by 2040 compared to its 2020 level. This trajectory is designed to
be compatible with the French government’s economy-wide carbon neutrality objective by
2050.

2.3 COVID-19 Scenarios

All of our remaining scenarios take the COVID-19 crisis into account. The 55 days of
strict lockdown has led to a negative demand shock, with a very significant reduction in all
components of final demand—households consumption, investments and exports. We sim-
ulate this drop in final demand in 2020, then assume a return to normal levels of economic
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Table 1 Scenarios COVID-19 Persistent low  Recycled
crisis oil price carbon
tax
Climate Pol. v
COVID v
COVID & Low Oil v v
COVID & Low Oil & Vv v v

Climate Pol.

activity thereafter.’ Calibration of this demand shock is based on estimates provided by
OFCE (2020) and is reported in Fig. 1. This scenario is referred to as “COVID”.

The COVID-19 crisis has also led to a sharp decrease in international oil prices. This
collapse was magnified by pre-existing structural imbalances in global oil markets, with a
combination of over-supply and poor coordination between OPEP and non-OPEP produc-
ers (IEA 2019). Indeed, the global wave of lockdown began shortly after Russia and Saudi
Arabia failed to reach an agreement on production quotas.® These factors have jointly trig-
gered a dramatic decrease in oil price, which could be nearly 50% lower in 2020 than in
2019 (World Bank 2020c; IEA 2020b). Furthermore, the combination of structural over-
supply and global efforts toward decarbonization may significantly depress oil prices in
the medium to long term (Helm 2020). We examine this in a second COVID-19 scenario,
“COVID & Low Oil”, where we assume a sharp decrease in the international price of oil
followed by a slow recovery. Specifically, we consider a 50% drop in 2020 followed by a
2% a year increase.

A sustained decrease in oil prices could have hamper efforts to reduce greenhouse gas
emissions. To explore this interaction, we finally analyze the joint impacts of the COVID-
19 crisis, low oil prices and carbon pricing in our third COVID-19 scenario, “COVID &
Low Oil & Climate Pol.”. In this instance, we augment the previous scenario with the car-
bon tax introduced in the climate policy scenario. Table 1 summarizes the various sce-
narios considered in this study.

3 Simulation Results

We now turn to the simulation results of the scenarios. We focus our analysis on three
main macroeconomic indicators—GDP, employment and aggregate investment—along
with CO, emissions from 2020 to 2040. All simulation results are presented in terms of
deviation to the baseline scenario. To test the robustness of our findings, we complement
the core simulations with sensitivity analyses conducted on the values of key elasticities
of substitution used by the model. These additional results, which include sectoral-level

5 The lockdown lifting period, still on-going during the implementation of the current study, is expected
to lead progressively to a normal situation in terms of economic activity, depending on the evolution of the
epidemic.

® “Saudi Arabia launches oil price war after Russia deal collapse”, Financial Times (2020/03/08) https:/
www.ft.com/content/d700b71a-6122-11ea-b3f3-fe4680ea68b5.
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Fig.2 Deviation from baseline along four economy-wide indicators for each scenario

details, are provided in the companion extended working paper (Malliet et al. 2020), and

concur with our main findings (Fig. 2).

3.1 Economic and Environmental Impacts of the COVID-19 Crisis

We find a strong short-term GDP decrease in 2020, with an estimated reduction of —5.1%
compared to the baseline. Our estimate is closely aligned with forecasts published by the
OECD (—5.3%) and the Bank of France (—6%). This collapse in economic output results
directly from the sudden drop in aggregate demand triggered by the lockdown. It is there-
fore shared across all COVID-19 scenarios. Such a large reduction in GDP triggers a
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correspondingly large increase in joblessness, with a jump of 2.9% in the unemployment
rate. This finding is also in line with forecasts released by the Bank of France, which esti-
mates that the French unemployment rate will increase by 2.5% in 2021 as a result of the
COVID-19 pandemic (Banque de France 2020). However, this spike proves transitory as
the unemployment rate falls back to its pre-crisis level over the following decade. Similarly,
investment is particularly affected, dropping by up to 11% in 2020. This is counterbalanced
by a substantially faster recovery. Investment bounces back to 2.5% below its baseline level
by 2021 and quickly converges back to its pre-crisis trajectory.

An economic slowdown of this magnitude triggers an instant drop in CO, emissions,
of —6.6% in 2020. Yet the projected trajectory of CO, emissions is highly sensitive to
the price of oil. The collapse in oil prices observed in the first half of 2020 leads to an
increase in energy intensity and carbon intensity, but also stimulates economic activity.
This explains the higher level of emissions estimated in the COVID & Low Oil scenario,
observed as early as 2020 and sustained through 2040. The stimulus received from lower
oil prices remains transitory though, and culminates at 0.5% of GDP by 2026.

The COVID-19 pandemic has devastating macroeconomic impacts in the short term—
yet this damage could remain temporary with a return to the pre-crisis growth trajectory
within a decade. Symmetrically, the reduction in CO, emissions is just as short-lived in the
absence of strengthened carbon pricing. This would be made worse by a prolonged depres-
sion in world oil prices.

3.2 Climate Policy in the post-COVID Recovery

The unexpected drop in CO, emissions resulting from the COVID-19 crisis could appear to
provide a welcome respite to help achieve the Paris Agreement objectives. Yet our COVID
and COVID & Low Oil scenarios illustrate that without further climate mitigation efforts,
this reprieve will prove short lived. Worse, under the persistently low oil price scenario,
French emissions end up higher than in the absence of the COVID-19 pandemic as early as
2022. In the present section, we explore how the introduction of strengthened carbon pric-
ing interacts with the post-COVID recovery.

Long-term trends in emissions in our scenarios are driven by changes in relative energy
prices, which result in turn from changes in international oil markets or the introduction
of a carbon tax. In our modeling framework, the latter can result in a so-called “double
dividend”. The increase in carbon pricing fosters improvements in energy efficiency and
discourages the use of fossil resources. This improves the balance of trade of a net fossil
fuel importer such as France and stimulates energy efficiency investments, thereby yielding
a macroeconomic benefit. Further, the carbon taxation scheme specified in the Climate Pol-
icy and COVID & Low Oil & Climate Policy scenarios is fully recycled as a lump sum tax
credit without transfers between households and firms. In the private sector, the recycling
scheme is implemented proportionally to the sector’s share of total employment. Such a
scheme favors labor-intensive industries, which increases aggregate employment. These
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mechanisms explain the expansionary impact of the Climate Policy scenario, which leads
to a 2.6% higher GDP by 2040 compared to the baseline.

The main contribution of the present paper is to examine the impact of a similarly ambi-
tious carbon pricing policy in the context of the post-COVID recovery, through the COVID
& Low Oil & Climate Policy scenario. We find that despite the deep COVID-related down-
turn, carbon taxation still yields a macroeconomic co-benefit in the medium to long-term.
Interestingly, the impact on GDP is even higher, at nearly 3% by 2040 than in the counter-
factual Climate Policy scenario. This is explained by the conjunction with sustained lower
oil prices over the period, which reduce households’ and firms’ energy bills. The fully
recycled carbon tax acts as an additional economic stimulus reinforcing the expansionary
impact of reduced oil prices while preventing an increase in CO, emissions. Nevertheless,
CO, emissions still end up 5% higher than in the counterfactual Climate Policy scenario
due to the prolonged reduction in oil prices. This finding underlines the need for higher
carbon pricing should oil markets remain depressed in the post-COVID recovery.

It should be noted that the positive macroeconomic impacts of climate change mitiga-
tion policies are felt early on in the recovery—as a direct result of the balance of trade
and investment benefits highlighted above. Both GDP and employment increase beyond
their baseline levels as early as 2023, compared with 2024 to 2026 in scenarios that do
not implement carbon pricing. Long-term employment also benefits commensurately, with
900,000 jobs created by 2040. However, this aggregate impact is not uniformly distributed
across sectors. In particular, energy sectors do see some job destruction when implement-
ing carbon pricing (see “Appendix A”).

Outcomes on CO, emissions are the most contrasted across scenarios. In COVID & Low
Oil, we find that without any strengthened mitigation, depressed oil prices would lead to
an increase of 16% above baseline by 2040 despite the initial lockdown related drop. Con-
versely, the carbon taxation scheme implemented in COVID & Low Oil & Climate Policy
achieves a 31% reduction in CO, emissions against the baseline by 2040. Our findings con-
firm that the COVID-19 crisis need not delay climate change mitigation. Indeed, imple-
menting a fully redistributed carbon tax can even help speed up the economic recovery.

4 Conclusion

In order to slow down the rate of spread of the COVID-19 virus, the French government
imposed an unprecedented national lockdown over a period of 55 days from March to May
2020. The simulations conducted in this paper pursue two main objectives. First, we aim
to provide a quantitative assessment of the economic and environmental impacts of these
exceptional measures in the short and long term. We find that the lockdown has had sig-
nificant negative short-term consequences on economic activity with a 5% GDP decline
in 2020 compared to its baseline trajectory. However, the demand shock induced by the
lockdown is temporary: the economy progressively recovers toward its baseline trajectory
over the following decade. This economic slowdown has an instant mechanical impact on
CO, emissions, with an estimated 6.6% decrease in 2020 compared to the baseline path.
Yet, as a consequence of the economic recovery, CO, emissions also quickly catch up to
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their baseline trajectory. The positive environmental impact of the COVID-19 crisis is thus
purely temporary. Further, one of the main global macroeconomic consequences of the
pandemic has been a significant decrease in oil prices—which could be sustained over the
coming years. Our simulations suggest that this would make the long-term environmental
consequences of the COVID-19 crisis negative. In the medium to long run, CO, emissions
end up above their baseline trajectory since lower oil prices allow for a faster economic
recovery while encouraging the development of carbon-intensive technologies.

Second, we investigate whether implementing carbon pricing can still yield positive
macroeconomic dividends in the context of the post-COVID recovery. We find that imple-
menting ambitious carbon pricing speeds up economic recovery by stimulating employ-
ment and investment while reducing CO, emissions significantly—even when combined
with persistently low oil prices. Increasing fossil energy prices through a carbon tax leads
to the substitution of energy for capital, in other words to energy efficiency investments.
This in turn yields a decrease in energy use and CO, emissions. Over the long run, GDP
even ends up larger than in a non-COVID-19 scenario implementing the exact same cli-
mate policy. By maintaining a high fossil fuel price, the carbon tax reduces the imports of
fossil energy while fully redistributing carbon tax proceeds is primarily beneficial to the
domestic economy. This acts as an additional economic stimulus which strengthens the
recovery while preventing an increase in CO, emissions. However, low oil prices delay
and reduce CO, emissions reductions achievable by a given level of carbon taxation. This
underlines the need for higher carbon pricing should oil markets remain depressed in the
post-COVID recovery.

The severity of the global economic crisis induced by the COVID-19 pandemic might
appear to support the postponement of ambitious climate mitigation. Our results directly
contradict this idea, and support instead the strengthening of climate policies at a criti-
cal junction where mishandling of the post-COVID recovery could have dramatic conse-
quences for GHG emissions mitigation efforts.

The COVID-19 crisis is still unfolding as we write these lines. As uncertainty remains
particularly high, these results should be considered with appropriate caution. Our analysis
could be completed by integrating certain dimensions of the COVID-19 crisis that remain
difficult to quantify given current data availability, such as estimating long-term supply-
side effects or considering the impact of emergency measures taken by national govern-
ments and multilateral organizations. A macroeconomic comparison with a long-term full
decarbonization scenario or a set of other climate policy instruments would also yield fur-
ther insights into the role of climate mitigation in the post-COVID recovery.
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Appendix A: Detailed Simulations Results

See Figs. 3,4, 5 and 6.
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Fig. 6 Investment variation in % deviation to the baseline in 2040
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