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The Behavioural, Welfare and Environmental Impacts
of Air Travel Reductions During and Beyond Covid-19
Roger Fouquet1 and Tanya O’Garra23

Abstract
By 2050, aviation threatens to become the single largest source of carbon dioxide emissions due to
rapidly increasing demand. Given the disruption in air travel due to Covid-19, we are faced with a unique
opportunity to examine whether reductions in air travel can be sustained beyond the crisis so as to
mitigate carbon dioxide emissions. Analysis of the short-run impact of Covid-19 indicates that large
reductions in emissions (41.5% for the whole of 2020) can be achieved with relatively low losses in
welfare. However, relative impacts on the poorest income quintile are three times greater than impacts on
the richest income quintile; more generally, such a drastic approach to reducing demand is not politically
acceptable. Examination of potential longer-term policies aimed at curbing carbon dioxide emissions
beyond the lifetime of the pandemic indicates that substantial mitigation can be achieved with minimal
impacts on welfare. Results show that, compared with a carbon tax, a frequent flyer levy is almost twice
as effective (i.e., half the welfare loss for the same emissions reduction), with little impact on lower
income quintiles. Such a levy has the potential to be an effective and politically acceptable environmental
policy to curb rising emissions from air travel.
Key words: air travel; carbon dioxide emissions; Covid-19; welfare impacts; inequality; carbon tax;
frequent flyer levy; environmental policy.
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The Behavioural, Welfare and Environmental Impacts
of Air Travel Reductions During and Beyond Covid-19
1. Introduction
Not since the 2010 eruption of Eyjafjallajokull in Iceland, or the 9/11 attacks on the World Trade Center
in 2001 in New York, have the skies experienced such quiet. The Covid-19 global lockdown has seen
entire airplane fleets grounded across the world, resulting in an average 75% reduction in air passenger
capacity worldwide (Le Quéré et al. 2020). This has led to unprecedented declines in carbon emissions
and other pollutants associated with aviation. Although a global pandemic that has caused the deaths of
500,000 people as of 30 June 2020 (John Hopkins University 2020) and debilitated the world economy
should not be heralded as the way to bring about carbon emission reductions, it does however present an
opportunity to examine whether some of the reductions in air travel might be sustained beyond the
lifetime of the pandemic, and to identify the policy mechanisms that might support this reduction.
Although passenger air travel currently only accounts for about 2-3% of global carbon emissions (Graver
et al. 2019), this is largely generated by the fraction of the world population that flies regularly. Indeed,
high-income countries were responsible for 62% of CO2 emitted from passenger aircraft in 2018 (Graver
et al. 2019)4. However, demand has been rising by about 5.9% globally a year since 2010 (ICAO 2019)
with studies estimating that by 2050 aviation will account for about one quarter of all global carbon
emissions (Pidcock and Yeo 2016). Technological improvements and alternative fuels, such as biofuel,
have some potential (Prussi et al. 2019), yet studies show that these improvements will not be enough to
reduce emissions in the context of such pronounced growth in demand (Prussi et al. 2019; Pavlenko 2018;
Graver et al. 2019; Kousoulidou and Lonza 2016). It is therefore vital to identify opportunities to
moderate this demand, albeit with minimum impacts on welfare. What are needed are policy measures
that reduce demand for the least valuable flights while ensuring that those with limited resources maintain
access to acceptable levels of air travel.
Given the severe disruption to air travel due to Covid-19 and the huge financial losses suffered by airline
companies, the timing is propitious to curb the growth in demand for air travel and stimulate an enduring
shift towards sustainability in the air travel sector, and redirect bevhaiour towards more sustainable forms
of transport, such as trains. Attempts to stimulate a recovery in this sector through public spending (e.g.,
loans and bailouts) could be feasibly conditioned on stipulations requiring lowering of carbon emissions.
Indeed, there is increasing demand from civil society groups for such conditionalities attached to airline
4

. See Sager (2019) and Oswald et al (2020) on the inequalities of energy consumption and carbon emissions.
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bailouts (Watts 2020)5. We are in the midst of a critical juncture; the decisions made by government today
about how to rescue the ailing airlines will determine whether demand for air travel ‘bounces’ back to its
inexorable incline, or whether it follows a more sustainable long-term trajectory.
To help inform these decisions, this paper has two aims: first, it estimates the short-run behavioural,
welfare and environmental impacts of air travel reductions due to Covid-19; and, second, it explores the
potential for different policy measures to curb demand and reduce carbon dioxide emissions beyond the
lifetime of the pandemic with minimal impacts on welfare6.
With this in mind, the study starts by considering the most drastic approach to reducing emissions: the air
travel restrictions due to Covid-19 with a focus on estimating outcomes at different income levels. This
allows us, firstly, to identify whether the air travel restrictions have had uneven impacts along the income
distribution. Crucially, it allows us to establish an analytical framework for the second aim of the paper,
which is to examine the potential impacts along the income distribution of different low-carbon policies
beyond the lifetime of the pandemic. In particular, this paper aims to shed light on the effectiveness of
different policy measures to promote sustained, long-term reductions in air passenger travel in 2030 and
in 2050, so as to deliver meaningful carbon emission reductions without major losses in wellbeing. By
assessing the differential effects of policies along the income distribution, it is possible to identify those
environmental policy measures that minimise unfair burdens on the poor – a step closer towards offering
a just transition to a low carbon economy and society.
To do this, behavioural and environmental impacts are assessed using daily flight data, industry forecasts
of the recovery, and estimates of the relationship between air traffic and carbon dioxide emissions. The
large declines in air travel due to Covid-19 mean that it is necessary to identify the shape of the demand
curve to assess welfare losses. Therefore, welfare impacts are estimated using demand curves constructed
following a method developed in Fouquet (2018). This method (described in Section 2) offers an
opportunity to estimate the net benefits of air travel, and the losses from large reductions in consumption.
The analysis in this paper focuses on passenger air travel in the UK. Passenger traffic in the UK is
estimated to nearly double by 2050 (DfT 2018), which implies increases of about 68 mtCO2e emissions
with current technologies (see estimates below). Some of this increase may well occur as a result of
increasing incomes; for these consumers, the benefits from air travel are likely to be significant. However,
5
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‘green strings’ attached, and with 25% of all funding set aside for climate action (Simon 2020).
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. While distributional impacts of land travel taxation policies have been analysed (Bento et al. 2009, Rausch et al.
2011), to our knowledge, this is the first distributional analysis of environmental policies on air travel demand.
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the low costs of air travel promote travel that deliver minimal marginal benefits – weekend getaways,
short-haul flights, and business meetings that could be conducted online. A recent survey study conducted
in England by the UK Government (Kommenda 2019) found that only 1% of English residents are
responsible for nearly one fifth of all international flights; and 48% of residents had not flown in the
previous year. Thus, the challenge is to identify mechanisms that can reduce low-value air travel among
the frequent fliers, while allowing for growth in demand for air travel that generates substantial benefits to
individual passengers.
The analysis of the short-run impact of Covid-19 indicates that large reductions in emissions (41.5% for
the whole of 2020) can be achieved with relatively low losses in welfare (a minimum of 9%, – equivalent
to a loss of £155 per person, and a median of 31.1%) – see Section 5. However, the drastic measures
associated with the lockdown clearly cannot be used as a long run strategy to reduce emissions both for
reasons of civil liberty and because the welfare impacts disproportionately harm the poor. Analysis of
more pragmatic policy options (namely carbon taxes and frequent flyer levies) shows that demand for
low-value flights can be reduced substantially over the next 30 years with minor impacts on welfare,
whilst contributing significantly to carbon emission reductions - see Section 6. Frequent flyer levies are
found to impact the wealthy (who tend to fly more) more than the poor; they act as highly progressive
taxes. By 2050, a frequent flyer levy (starting at a real price of £50 per tonne of carbon for the second
‘flight’ and rising by £50 per tonne of carbon for each subsequent ‘flight’) could potentially reduce
carbon emissions by 12.7% compared to a scenario of growth in air travel, with a 16% reduction in
welfare among the top income quintile and a 0.7% reduction in welfare among the lowest income quintile.
Thus, such a levy is likely to be more politically-acceptable than a carbon tax charged on all flights.
It is important to acknowledge that aviation is responsible for other pollutants, such as nitrogen oxides
(NOx) aerosols, particle emissions and water vapour in the form of contrails. Research suggests that these
other non-CO2 emissions may increase the impact of aviation on the climate by a factor of 2 - 5 (IPCC
1999) via a process known as ‘radiative forcing’ (Lee et al. 2009). The impact of taking account of
radiative forcing in taxes or levies is considered in the scenarios analysed in this paper (Section 6).
This study is a timely contribution to the discussion around the recovery from Covid-19, and the types of
low-carbon policy measures that government could implement in tandem with bailouts for the airline
industry. It also more generally contributes to the debate around how to achieve the ‘zero emissions’
target of the aviation industry for 2050 (Sustainable Aviation 2020). More broadly, by investigating how
to maintain UK passenger air travel at reduced levels with minimal losses in welfare, it becomes possible
to identify the potential for similar measures to moderate the predicted increase in demand in developing
countries, whilst ensuring that first-time fliers are able to travel by plane. Finally, this paper contributes to
4

the wider debate on the inequalities of consumption and pollution generation (Sager 2019, Oswald et al
2020), and the policies that might seek to address socially and environmentally undesirable imbalances.

2. Method to Construct Demand Curves
To estimate the welfare losses from restrictions on air travel due to Covid-19, as well as those losses
associated with long run efforts to minimise the environmental impacts of passenger aviation, it is
necessary to identify the demand curves for air transport and calculate the area under the demand curve
and above the price line. Given the limited contemporary information on willingness to pay values along
the demand curve, this study uses a method developed in Fouquet (2018) which locates the demand curve
and estimates the consumer surplus7 using temporal benefit transfers8 to estimate willingness to pay
(WTP) values.
To do this, the analysis starts with the understanding that, in any year, a single WTP value on the demand
curve is known. This value is the price paid by the consumer and indicates the WTP for the marginal unit
of consumption (m) provided demand and supply are in equilibrium at the marginal unit of consumption
(m). Based on this assumption, it can be inferred that the average consumer’s WTP for the equilibrium
level of consumption (m) is equivalent (or very close) to the price level in the current period (t):
WTPim = Pit

(1)

The crucial insight is that this value also provides information about how much the representative
consumer will be willing to pay for that same marginal quantity consumed in the next year, assuming that
preferences remain unchanged, or change only gradually over time. This knowledge creates the
opportunity to transfer WTP values (or benefits) to different time periods. For instance, if all constraints
7

. For the purpose of the analysis, it is assumed that the demand for air travel is well-behaved, reflecting the
objective of the traveller trying to maximize utility by combining air travel and all other goods and services subject
to income and price constraints. Fouquet (2018) uses this framework to develop a method to identify the Marshallian
demand curve. Marshallian demand relates to the primal problem of utility maximization, representing the
relationship between quantity consumed and prices faced by the consumer. However, moving down the Marshallian
demand curve, as the price of good declines, utility is not held constant, because of the increase in purchasing power
due to the income effect. Thus, bundles of x and y are not comparable, in terms of their utility. Fortunately, Willig
(1976) shows that for goods and services where the budget share is small, the Marshallian demand curve
approximates the more desirable (utility-constant) Hicksian demand curve closely. Given that the expenditure on air
travel is less than 2% for all income categories (see the Supplementary Material), this approximation appears
satisfactory for generating meaningful values – though a project is underway to develop a method for converting the
Marshallian demand curves into Hicksian demand curves using the Slutsky equation.
8

. Benefit transfers have been traditionally used in not-marketed goods situations, where data availability on
willingness-to-pay values is limited. For these situations, the transfers are across space rather over time, and this
‘spatial’ benefit transfer methodology forms the foundation of numerous economic analyses and policy assessments
(Loomis 1992, Bateman et al. 2011, Johnston et al. 2015).
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(including budgetary ones) remain unchanged in the next time period (t+1), then it can be assumed that
the WTP for this marginal level of consumption of good i will be the same in both years.
WTPimt = WTPimt+1 (provided all remains unchanged)

(2)

More generally, WTP will be a function of income and price of other goods j,
WTPimt+1 = f(WTPim, Yt+1, Pjt+1)

(3)

Here, it will be assumed that this ’value function’ transfer holds across time, as well as across space, as is
traditionally done (Johnston and Rosenberger 2010, Bateman et al. 2011).
Using equilibrium quantity-price combinations for a wide range of quantities consumed (m) it is possible
to locate a large portion of the demand curve. For instance, in 1950, the equilibrium level of consumption
for a normal good is likely to have been smaller than in 2020, so, m1950 < m2000. Knowing the equilibrium
price for the level of consumption in 1950 (m1950) offers the opportunity to locate an additional point on
the demand curve in 2020, because
WTPim

1950

2020

= f(WTPim , Y2020, Pj2020)

(4)

1950

The greater the range of quantities consumed for which data exists (in combination with the price), the
greater the amount of the demand curve that can be located. Thus, historical data on equilibrium quantityprice combinations can provide useful information about the shape of the demand curve.
A critical question for generating demand curves - and ultimately, estimating consumer surplus - is how
exactly to transfer WTP values through time. The transfer will depend on the details of the benefit transfer
function in equation (3). Here, the assumption is that changes in WTP values are the outcome of changes
in income multiplied by the income elasticity of demand for air transport.
The income elasticity in question (3) is, however, not the standard income elasticity of demand for a good
or service, which is defined as the percentage change in the quantity demanded for a given increase in
income at constant prices. Instead, the objective is to determine the change in WTP for a given marginal
quantity following an income change - also known as the ‘price flexibility’ of income (Randall and Stoll
1980). Hanemann (1991) shows that this income elasticity of WTP (or price flexibility of income) is
analytically equivalent to the ratio of the income elasticity of demand for the good to the elasticity of
substitution between the good or service of interest and the composite good.
Here, it is helpful to use the Slutsky equation. Snow and Warren (2015) emphasize the relationship:
𝐻
𝜂𝑖𝑌 = −𝜂𝑊𝑇𝑃𝑌 / 𝜂𝑝𝑖

(5)
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where ηiY is the income elasticity of demand for i, ηWTPY is the income elasticity of the willingness to pay
𝐻
for good i, and 𝜂𝑝𝑖
is the Hicksian or compensated own-price elasticity of demand for good i.

This equation can be re-written to isolate the income elasticity of the willingness to pay for good i:
𝐻
𝜂𝑊𝑇𝑃𝑌 = 𝜂𝑖𝑌 / 𝜂𝑝𝑖

(6)

In other words, the income elasticity of the willingness to pay for good x, η WTPY, is equal to the income
elasticity divided by the Hicksian (compensated) own price elasticity, which can be calculated from
Slutsky’s equation. Flores and Carson (1997 p.293) highlight that the two income elasticities can indeed
be different, but in conclusion their analysis “suggests that the ... income elasticity for most values … are
reasonably close in magnitude to the income elasticity of WTP”. However, crucial to determining the
difference is the size of the elasticity of substitution – the closer to unity, the less the difference will be.
Here, the assumption is that the elasticity of substitution is equal to one, though a project is underway to
estimate elasticity of substitution.
The value of the income elasticity of the WTP for good x, ηWTPY, is fed into the following equation and
multiplied by the change in income to determine a part of the change in WTP for a marginal change in the
consumption of good i:
𝑊𝑇𝑃𝑚𝑖𝑡 (𝑚) = 𝑊𝑇𝑃𝑚𝑖𝑡 (𝑚) . [1 + 𝜂𝑊𝑇𝑃𝑌 .

∂𝑦𝑡
∂𝑦𝑡−1

𝐻
+ ∑𝑘𝑗=1 𝜂𝑝𝑖𝑗

.

∂𝑝𝑗𝑡
∂𝑝𝑗𝑡−1

]

(7)

Another of the assumptions in Fouquet (2018) was that the there were no cross price effects, implying
either prices of other goods were constant, that is, Pjt = Pjt-1, or the cross price elasticities were zero. This
was introduced due to the lack of data on other prices. Here, again, this restriction has to be maintained –
although a major project is underway to collect this price information, offering an opportunity to compare
the impact of including and relaxing this restriction.
Thus, the WTP for air travel for any marginal level of consumption is estimated as the previous year’s
WTP for air travel for the same marginal level of consumption multiplied by one plus the change in
income to determine a part of the change in WTP for a marginal change in the consumption of good i:
∂𝑦𝑡

𝑊𝑇𝑃𝑚𝑖𝑡 (𝑚) = 𝑊𝑇𝑃𝑚𝑖𝑡 (𝑚) . [1 + 𝜂𝑊𝑇𝑃𝑌 . ∂𝑦

𝑡−1

]

(8)

For each year, a series of points indicates the WTP at different particular marginal quantities of air travel.
In other words, this series “locates” the demand curve for marginal quantities where market information
was available. Given that this data is available since the beginning of the commercial air travel (discussed
below), the full demand curves can be constructed.
7

The information about income elasticities in each year is used to calculate ηWTPY in equation (8) and to
estimate the WTP at each marginal level of consumption in each year, for which data is available. Putting
together the WTP at each marginal level of consumption enables the demand curve for each year.

3. Data
This section presents an overview of the data used to construct the demand curves for analysis. Historical
data on consumption and prices for air travel has been compiled from various sources (Birkhead (1960),
Stone (1966), Mitchell (1988), DfT (2019), CAA (2020a), ONS (2019)) so as to cover the entire period of
commercial air travel, from 1920 to 2019. Given the interest in examining the demand and welfare effects
at different income levels, this study estimates travel behaviour by income quintiles. Data on travel
behaviour by income level has been collected by the Civil Aviation Authority (CAA 2020b), and
combined with more qualitative information for early years. Table A1 in the Appendix summarises the
shares by income quintile for each decade, as well as process for generating the data. Figure 1 presents the
long run trends in air travel by income quintile since 1920, as well as the total quantity travelled in
billions of passenger kilometres (bpk).
As the figure shows, for the first few decades, air travel was for the benefit of the wealthy. The
introduction of jet airplanes in the 1960s led to a reduction in price and attempts to expand the market for
air travel to the middle and working classes (Lyth 1993, 2009; Barton 2005). This expansion, combined
with major increases in income (see Figure 2), meant that a less wealthy segment of the population was
introduced to the joys of long-distance holidays. Rapid growth rates in air travel were experienced by all
income levels, apart from a slow-down in the 1970s due to the oil shocks and the recessions that
followed.
Nevertheless, in the early 1990s, the 20% of highest earners still accounted for 75% of all flights (see
Table AAppendix1 in the Appendix for estimates of shares by income quintile). It is estimated that, in
1990, the average person in the top income quintile (Q5) travelled close to 8,200km per year – close to
three return-flights to Alicante (in Spain) from London Gatwick. Indeed, the average person in the highest
income quintile flew 4 times more than the average person in the next highest (Q4) income quintile and
78 times more than the average person in the lowest (Q1) income quintile9. In 2000, air travel in the
wealthiest quintile peaked at an average 15,750km (see Figure 1).

9

The average person in the highest income quintile (Q5) flew 14 times more than the average person in Q3 and 29
times more than the average person in Q2.
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Figure 1. Air Travel by Income Quintile in the United Kingdom, 1920-2019

Source: Birkhead (1960), Stone (1966), Lyth (1993), (2009), Barton (2005), CAA (2019), GBTS (2020)

Interestingly, flying behaviour amongst the top income quintile was 13% lower in 2003. This drop may
be due to factors associated with the terrorist attack on the Twin Towers in 2001. Ito and Lee (2005) find
that travel within Europe (including the UK) did decline after 9/11, but that European air travel leaving
the EU was affected far more. The CAA (2020b) surveys (discussed in the data section) indicate that
British travellers in the top income quintile are most likely to undertake the longest journeys (i.e. outside
the EU) and, therefore, most likely to have been affected by factors related to the terrorist attacks. In
addition, Blalock et al (2007) find a decline in the demand for air travel due to the increase in security
screening. It is possible that wealthier travellers place a higher value on time and hence were more
impacted by the time spent on security controls than poorer travellers. This is supported by the fact that
average travel of other quintiles appears not to have been affected after 2001 and shows continued growth
until the financial crash of 2008. Most probably, due to the decline in income levels (see Figure 2), this
economic crisis led to a reduction in average air travel for all quintiles, with a rebound only in 2018. This
growth may represent the beginning of a new phase of expansion in air travel – and associated carbon
dioxide emissions.

9

Figure 2. Income by Quintile10 and Average Price of Air Travel in the United Kingdom, 1920-2019

Source: Income: Atkinson (2007), WID (2019), ONS (2019); Price of Air Travel: Stone (1966), ONS (2020)

4. The Demand for Air Travel
This section discusses the analysis of air travel demand undertaken to estimate income and price
elasticities. The demand for passenger transport services reflects individuals´ willingness to pay (WTP)
for travelling from one place to another (Button and Taylor 2000). Travellers’ responsiveness to changes
in prices and income has depended on a number of factors, most prominently income and real prices,
which constrain their WTP and consumption (Brons et al 2002). So, the demand for air travel (of income
quintile 𝐴𝑇𝑖𝑡 ) is a function of average income for quintile i (𝑦𝑖𝑡 ) and the price of air travel (𝑝𝑡 ):
𝐴𝑇𝑖𝑡 = 𝑓( 𝑌𝑖𝑡 , 𝑃𝑡 )

(9)

The data on air travel consumption by income quintile and explanatory variables presented in the previous
section are used to estimate the income and price elasticity in order to construct full demand curves, as
explained in equations (6) and (8). The estimates were generated using annual time series data on energy
10

. The income data was based on combining from Atkinson (2007), WID (2019) and ONS (2019) - for 2019, in
which the data is not yet available, it was assumed that there were no new changes in income distribution and each
quintile increased by the same amount as GDP per capita (ONS 2020).
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service consumption, prices, and average income per household by quintile from 1920 to 2019 –
following the method presented in Fouquet (2014). The method underlying these estimates is discussed at
length in the Appendix. Figure 3 presents the income and price elasticities over time.
Figure 3 shows that - as for land transport, and other energy services (Fouquet 2014) - income elasticities
decline with rising income levels (also discussed in Deaton (1975) in the context of Pigou’s Law, which
links income and price elasticities and how this relationship changes with rising income). For most years
and quintiles, air travel appears to be ‘luxury’ good – i.e., income elasticity is above one. The only
exception is associated with the early 2000s, when individuals in the top income quintile reduced their air
travel, most possibly as a reaction to the terrorist concerns following 9/11, as discussed above11.
Figure 3. Income and Price Elasticity of Demand for Air Transport by Income Quintile in the
United Kingdom, 1920-2019
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Here, elasticities are calculated as the average of elasticity estimates in which a particular year is included in a
regression. That is, regressions are run for 50-year periods (e.g. 1950-1999, 1951-2000, 1952-2001, 1953-2002,
etc..). The implication is that, for instance, the year 2001, in which travel dropped suddenly for the top income
quintile, may well have influenced the elasticity for a number of regressions in which 2001 was included and, thus,
the average elasticity estimates in previous years (e.g., 2000, 1999, etc..) - for more details on this method, see
Fouquet (2014) and the Supplementary Material. As a result, the decline in average elasticities for the top income
quintile appears to begin before 2001 (see Figure 3). However, the fact that the trough occurs in the early 2000s and
yet returns to earlier levels soon after (Figure 1 also shows the dramatic drop in 2001), suggests, in-line with Ito and
Lee (2005) and Blalock et al (2007), that demand was affected by factors associated with 9/11 (as discussed in the
previous section).
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Using the temporal benefit transfer method outlined in equation (8) and the income elasticities presented
in Figure 3, it possible to construct demand curves for air travel by income quintile. Figure 4 shows the
counterfactual of ‘normal 2020 year’ demand curves - i.e., what demand would have been without Covid19. The most recent annual data is for 2019. However, using temporal benefit transfers, and the
assumption of an increase in GDP per capita of 0.8% for 2020 (under the BAU scenario) based on the
OECD’s forecast (see Supplementary Material for further details), it is possible to construct these demand
curves for air travel in 2020. This projection will be vital for estimating the counterfactual of ‘a normal
2020 year’ (i.e., air travel in 2020 without Covid-19). Similarly, it is possible to produce a 2020
counterfactual scenario of air transport use for each quintile using the assumption of 0.8% rise in income
(taking account of the income elasticities) and a constant real price of air travel (which implies the supply
curve shifts also; see Figure 2 for support of this assumption). With assumptions (see the Appendix),
demand curves and air travel can be projected further into the future. Specifically, analysis of longer-run
impacts in Section 6 will focus on the demand curves and air travel in 2030 and 2050.

Figure 4. Counterfactual Demand for Air Transport in the United Kingdom by Income Quintile in
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Given the differences in income, it was expected that the demand curve would the highest for the richest
income quintile (Q5), descending to the lowest for the poorest income quintile. This is broadly correct.
However, as shown in Figure 4, the demand curve of Q4 (i.e., the top 20% to 40%) is actually higher than
the demand curve of Q5 (i.e., the top income quintile) for most of the first 1,500 km travelled per person
per year. This might reflect differences in lifestyle. For instance, the top income quintiles may own homes
in the UK and travel slightly less abroad than the second highest quintiles – certainly, half of the
individuals with additional properties are in the top income quintile, whereas one quarter of these
individuals are in the second highest income quintile (Gardiner 2017). Similarly, the bottom income
quintile’s (Q1) demand curve is higher than the demand curve of Q2 (i.e., the bottom 20% to 40%). The
lowest income quintile may also include retired and other non-workers with more flexibility about when
they can travel. On the whole however, it is clear that willingness to pay values are generally higher for
the richer income quintiles than the poorer income quintiles.
Figure 4 also shows that, as expected, estimated WTP is highest for the first few kilometres travelled12.
However, these values vary widely according to the income quintile. For instance, at the 10th km, the
WTP of the top income quintile (Q5) is 375 pence (£2019), whereas it is only 34 pence for the bottom
quintile (Q1). Naturally, the WTP for the marginal km is the same – 8.5 pence (£2019), which is the
current price. As a result, there are greater differences in the WTP from, say, the 10th km to the 100th km
(or the 100th km to the 1,000th km) of the upper quintiles than the lower quintiles. In other words, as
income rises, the demand curves become more convex – and the differences in convexity have crucial
implications for the welfare impacts of behavioural restrictions and carbon taxes, for instance, across the
income distribution, as discussed below.

5. The Short-Run Impacts of Covid-19
This section will focus on the behavioural, welfare and environmental effects of Covid-19 on air travel
over the course of the year 2020. Impacts over the whole year have been estimated because the demand
curves have been constructed on an annual basis and there is no information about WTP at a finer
timescale, thus, hampering the ability to construct monthly, weekly or daily demand curves for air travel.
In addition, as will be discussed below, it will take at least until the end of 2020 for air travel to approach
normality.
12

It is important to stress this is an average of millions of consumers. In reality, individual consumers value travel to
a certain destination and, therefore, would place equal waiting on each kilometre associated with a first flight
equally, and then presumably place equal waiting on each kilometre associated with the second flight equally, and so
on. For instance, 2,300km is equivalent to a return flight from London Gatwick Airport to Alicante in Spain. Thus,
this analysis is based on the average consumer for each income quintile.
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(i)

Behavioural impacts

The first issue to address is the impact of Covid-19 on air transport behaviour. The level of air travel is
affected both by the formal travel restrictions – which were imposed in the UK on the 23 March - as well
as by self-imposed travel restrictions and cancellations by passengers due to concerns about Covid-19
and/or restrictions in place in destination countries.
Despite the difficulty in identifying how much of the decline in air travel was specifically due to Covid19, daily flight data from Eurocontrol (2020) provides detailed insight into the timing of behavioural
change before the formal lockdown. Combining this data on daily flights in the UK, with data from the
Civil Aviation Authority on monthly averages of passengers per flight and average distance per flight
(CAA 2020a), it is possible to estimate the decline in passenger-kilometres – shown in Figure 5. This data
is discussed in more detail in the Appendix.
Figure 5. Estimated Daily Air Travel in the United Kingdom, 15 February-1 June 2020

23/03/2020: Lockdown begins

Source: Eurocontrol (2020), CAA (2020); for details, see Supplementary Material.
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Figure 5 shows that, in early March 2020, there were around 1.2 billion passenger-km travelled per day in
the UK. The decline began on Monday 16 March 2020 (1.03 billion passenger-km), with passenger-km
travelled 15% down compared to Monday 9 March. By Sunday 22 March, passenger-km had dropped
67% (368 million passenger-km) relative to the previous Sunday and on Monday 23 March, when the
lockdown began, levels of air travel dropped to an estimated 287 million passenger-km, representing a
76% decrease compared to Monday 9 March. As Figure 5 shows, this decline continued rapidly for one
week after the lockdown had started, and then gradually for another two weeks. Daily air travel in May
had fallen by 90% on average relative to February 2020, and also relative to its equivalent day in May
2019. Overall, it is estimated that the formal lockdown led to a 96.3% reduction in passenger air travel
compared with the equivalent days in 2019 and that this lockdown between 23 March and 31 May 2020
reduced passenger air travel by 17.7% compared with the whole of 2019 (and relative to the
counterfactual 2020). For details on these estimates, see the Appendix.
Regarding air travel reductions after 1 June (the last day for which daily data has been collected), various
sources offer insights. The European Commission (Iacus et al. 2020) has explored possible recovery
scenarios at a global level by considering past disruptions to air travel due to pandemics. For instance,
after the MERS outbreak in 2015 air travel took five months to return to normal and, during SARS in
2003, air travel behaviour in South East Asia took seven months to return to normal (Iacus et al. 2020
p.5). Based on this information, Iacus et al (2020) propose that the ‘return to normality’ may take seven to
twelve months. Eurocontrol (2020b) on the other hand considers the recovery of the broad European air
space, including the UK. It offers two scenarios related to flight recovery – a ‘managed’ and an
‘unmanaged’ recovery. These differ by about 20% in the first few months to 5% by December 2020. In
the managed recovery scenario, all EU commercial flights are forecast to be 22% of their 2019 level in
June, 38% in July, 50% in August, 60% in September, 70% in October, 80% in November and December.
The exact nature of the recovery is thus unclear, and will depend on numerous factors; for the purpose of
the current study, we have opted to use the Eurocontrol (2020) ‘managed recovery’ scenario for 2020
(given that coordinated efforts are being discussed) and assume that the UK will recover at the average
European rate of all (i.e. including cargo) flights. Flight number estimates are combined with UK CAA
(2020a) monthly passenger-km data for 2019 to generate a monthly forecast of passenger-kms until the
end of 2020. Figure 6 presents these forecasts. In addition, Figure 6 also presents air travel forecasts to
2025, as produced by Pearce (2020), chief economist for IATA. This additional information – described
in more detail in Section 6 - will form the basis for analysing the return of air travel towards its longer-run
trend. We present it here in order to locate short run forecasts of air travel behaviour within the broader
picture of air travel recovery over the next 5 years.
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Figure 6. Estimated and Projected Monthly Air Travel in the United Kingdom, January 2018December 2025

Short-run analysis period (i.e. 2020)

Source: Pre-June 2020 : CAA (2020),;June 2020-December 2020: Eurocontrol (2020); From 2021: Pearce (2020)

This forecast of the recovery shows a summer peak, as in other years. However, the gradual return to
normality implies that the summer peak will be less pronounced than in normal years. Summing the
estimates (up to 1 June) and forecasts (June to December) of monthly air travel, it is estimated that air
travel will be 52.6% lower in 2020 than in 2019 and 53% lower than the counterfactual 2020. This
forecast will be used as the basis for estimating the short-run welfare and environmental impacts
(presented in the next two sub-sections).

(ii)

Welfare effects of air travel reductions due to Covid-19

To understand the welfare impacts of the reductions in passenger air transport, this study estimates the
welfare loss from Covid-19 occurring and the restrictions (formal and self-imposed) on air travel. This
point is specified because there may have been a temporary shift in preferences and the demand for air
travel due to the health risks – people may no longer have wanted to fly because of Covid-19. There may
also have been changes in demand due to reductions in income triggered by the economic collapse from
16

the lockdown. Finally, there may have been supply changes. So, the market may be in disequilibrium
(e.g., during the lockdown) or there may be a new equilibrium (e.g., outside of the lockdown period).
However, this study remains agnostic about the causes of the reductions in air travel. Here, the
assumption is that, in the absence of Covid-19 and any associated factors, the counterfactual demand and
counterfactual supply would have met in equilibrium. As presented in the previous sub-section,
consumption in 2020 is estimated to be 53% lower than the counterfactual equilibrium in 2020.
With this assumption, the welfare analysis estimates the area under the counterfactual demand curves
(and above the price line) for each income quintile from the margin to the 47th percentile (i.e. 100%-53%).
This area indicates the reduction in welfare from being 53% below the equilibrium (see Figure A4 in the
Appendix for further clarification). The difference in net benefits is the estimated welfare loss from
Covid-19 and the restrictions being imposed. Thus, this study constructs a demand curve for 2020
assuming that Covid-19 had not occurred (the ‘counterfactual’), and estimates the loss in net benefits
from being 53% below the 2020 counterfactual equilibrium.
Table 1 presents the estimates of a 53% reduction in air travel for each income quintile. The minimum
average welfare loss (compared with the BAU counterfactual of air travel in 2020) is 9%13. This can be
found in the right-most column of the second bottom row. This indicates that the flights at the margin
create limited welfare gains, and that a large proportion of air travel can be reduced without a major
burden on average welfare.
However, there is substantial variation across the income distribution. For instance, at the second lowest
income quintile, the reductions in air travel due to Covid-19 lead to an estimated a 22.1% decline in
welfare; meanwhile, the second highest income quintile only experiences a 4.8% decline in welfare. As
discussed in the previous section, the convexities of the demand curves at different income levels imply
that, in relative terms, the poorer travellers have missed out on flights for which they have relatively high
WTP. By comparison, the higher income quintiles have demand curves with longer ‘tails’. The
implication is that, when the rich experience reductions of more than half of their annual air travel, they
miss out on flights that provide only relatively small levels of welfare – while still taking those flights
which they highly value. In sum, results suggest that the short-run reductions in air travel due to Covid-19
have negatively impacted the poor (i.e. the bottom two income quintiles) around two-and-a-half times
more than the wealthier segments of the UK population (i.e. top two income quintiles).

13

Another assumption is that travellers got their money back from any flights they bought but could not take.
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Table 1. Welfare impacts of Covid-19-related air travel reductions in 202014

Average household
income 2019
Air travel 2019
(% of total)
Air travel 2020
Counterfactual
(Average km per person)
Minimum welfare loss
from Covid-19 in 2020

Q1

Q2

Q3

Q4

Q5

Average

£11,115

£22,623

£35,890

£54,475

£110,661

£46,953

5.2%

5.7%

8.3%

22.8%

58.0%

1,521km

1,653km

2,427km

6,624km

16,836km

5,812km

25.6%

22.1%

6.9%

4.8%

9.1%

9.0%

Median welfare loss
50.8%
41.6%
25.2%
17.5%
17.1%
31.1%
from Covid-19 in 2020
Sources: Income (ONS 2020); Actual air travel 2020 based on the actual reductions in air travel up to 1 June 2020 and, from June
to December 2020, the Eurocontrol (2020) forecast of a ‘managed recovery’ – thus, an overall 53% reduction in air travel and a
41.5% decline in emissions in 2020 compared with the BAU counterfactual of air travel in 2020. Air travel counterfactual 2020
and Welfare losses: authors’ calculations – see Appendix.

So, far, this analysis has assumed that reductions to air travel occur at the margin; this is considered a
reasonable assumption given that – even during the lock-down period - people were still flying, albeit
only for the most essential flights. Analysis using alternative assumptions about the location of affected
flights (or passenger-km) along the 2020 demand curve indicates that even if we assume that reductions to
air travel occur at the median level of travel, the poor experience greater welfare losses than the affluent
(see Table 1 and the Appendix for the method of estimation). On average, a median welfare loss is
estimated to be 31.1% - substantially larger than the 9% minimum average loss.

(iii)

Short-run environmental impacts

This sub-section presents an estimate of the carbon dioxide emissions reduction in 2020 associated with
Covid-19. Using UK data on air travel and emissions (BEIS 2020), an estimate of the coefficient of the
influence of air travel on emissions is 0.78 (see Appendix). That is, a 10% reduction in passenger-km
leads to 7.8% reduction in emissions. This result indicates that, although much of the reduction in air
travel feeds through into lower emissions, it is less than proportional.
The three-month period between the beginning of March 2020 and the end of May 2020 was associated
with an 87% reduction in air travel and a 68% decline in emissions (or 14.3 mtCO2e avoided) relative to
the counterfactual. In comparison, Le Quéré et al (2020) estimate that around the world, on average, the

14

Due to space limitations, additional information can be found in the Supplementary Material. These include the
assumptions made to generate the welfare impacts and the separate impacts of the official restrictions (i.e., the
lockdown) and the behavioural.
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aviation industry experienced a 75% reduction in activity and 60% in carbon dioxide emissions. In other
words, the UK appears to have been affected more severely than the global average. They argue that the
aviation industry has been the most crippled sector – and has been responsible for 10% of the global
reductions in CO2 due to Covid-19.
Looking at the whole year, assuming the same travel-emission coefficient, CO2 emissions from air travel
in the UK are estimated to be 41.5% lower as a result of Covid-19 and the associated travel restrictions
relative to the counterfactual 2020. This is equivalent to 34.8 tonnes of avoided CO2 emissions. Table 1
indicates that the minimum average welfare loss was only 9%. This implies an emissions-reductions-towelfare loss (E-W) ratio for the whole of 2020 is estimated to be a 5.9. Using the median average welfare
loss of 31.1%, the ratio is 1.7.

6. Covid-19 and Aviation’s Low Carbon Take-off
This section explores the longer run behavioural, welfare and environmental impacts of Covid-19.
Because of the disruptive nature of Covid-19 for the airline industry, it is impossible to offer robust
predictions of the long run impacts. This is especially the case given the current uncertainty around the
scale and conditionality of government assistance that may be disbursed to assist the airlines, and the
future of key environmental aviation policies, such as CORSIA (see below), that are currently under
discussion. In light of these uncertainties, this section presents an exploratory analysis of the possible
impacts of key environmental policy measures – specifically, carbon taxes and frequent flyer levies between 2021 and 2050. The impacts of these measures will be compared to a baseline scenario, in which
the aviation industry returns to a ‘business as usual’ scenario.
This section also considers the role of CORSIA (Carbon Offsetting and Reduction Scheme for
International Aviation), a voluntary but non-enforceable aviation industry agreement, in delivering CO2
emissions. CORSIA aims to stabilise CO2 emissions from aviation at 2019/2020 levels via carbon offsets,
fuel substitution and technological developments. The disruption to air travel caused by Covid-19 has led
to considerable uncertainty about the future of CORSIA, and its ability to deliver emissions reductions
from air travel (Graver 2020). Furthermore, studies (Larsson et al. 2019; Winchester, 2019; Pavlenko,
2018) suggest that CORSIA alone will be insufficient in the face of increasing demand for air travel.
Hence, finding policy measures that can contribute towards demand reduction and maintenance is
essential.
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This paper remains agnostic about what level of air passenger travel is desirable or required to ensure zero
emission targets. The central aim of this section is to identify which policies have the greatest potential to
maintain reduced consumption – and associated carbon dioxide emissions – with minimal impacts on
welfare. The criticality of addressing this issue at this particular point in time could not be greater. The
severe impact of Covid-19 on the airline industry, and its inevitable reliance on government assistance to
support its recovery, means that governments are potentially in a position to condition bailouts on
environmental and low-carbon clauses. Thus, the year 2020 is a critical juncture for the aviation industry,
during which decisions made by government and the aviation industry about the scale and type of
recovery will lead to dramatic differences in the long-run behavioural, welfare and environmental
outcomes.
With this in mind, this section presents four main long run scenarios: (i) business-as-usual, in which
travellers return to the pre-Covid-19 long-run trend; (ii) net emissions associated with air travel are
stabilised in line with the CORSIA agreement; (iii) introduction of a carbon tax; and (iv) introduction of a
frequent flyer levy. Scenarios (iii) – (iv) are assessed in comparison to the baseline scenario and estimate
how passenger air travel behaviour, consumer welfare and carbon dioxide emissions might be affected.
Scenario (ii) does not consider behavioural and welfare impacts, as the scheme aims to reduce carbon
emissions by targeting the industry directly; this does not mean that industry will not pass on the costs of
offsetting their carbon footprint to consumers, however, due to the uncertainty and complexity inherent in
such an analysis, welfare estimates are not produced here (see footnote 11 for a brief discussion).
Together, these four scenarios cover the range of likely outcomes following negotiations within the airline
industry and with governments at this critical time.

The business-as-usual (BAU) scenario would see a return to the long-run trend with no efforts to
address carbon dioxide emissions, albeit taking account of the recovery following Covid-19. Inevitably,
there are many uncertainties around GDP growth, travel-related policies, airline industry survival and
bailouts, and traveller concerns about health and other risks. Acknowledging but without explicitly
addressing these uncertainties, Pearce (2020), as chief economist for IATA, offers a forecast to 2025. He
suggests that air travel will take two to three years for demand to return to ‘normality’ – 2021 would be
70%, 2022 would be 90% and 2023 would be 100% of the 2019 level. These forecasts, shown in Figure 6
as monthly data, create the link between the recovery of air travel with the long run trend in air travel
presented in Figure 7.
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Figure 7. Scenarios of Net Carbon Dioxide Emissions from UK Air Travel, 1990-2050

Source: Pre-2019: BEIS (2020); 2019: see text and Supplementary Material. Note that the BAU scenario takes account of the gradual recovery
to 2025 presented in Eurocontrol (2020) and Pearce (2020). However, the Carbon Tax and Frequent Flyer Levy Scenarios do not take account of
the recovery., and are based on demand curves that are unaffected by Covid-19. Thus, for the first few years after Covid-19, emissions in the
BAU Scenario are lower than the emissions related to the Carbon Tax and Frequent Flyer Levy Scenarios..

This scenario uses OECD’s (2019) long run projection of UK GDP up to 2060 and ONS’s (2019)
projection of UK population to 2100 to estimate per capita GDP growth (discussed in more detail in the
Appendix). By assuming no changes to the income distribution between 2018 and 2050, estimates of
average income by quintile are produced. By combining them with income elasticities of demand for air
travel, and constant real prices and constant emissions-to-flight coefficients, the BAU scenario anticipates
a rise in passenger-kms travelled of 42% by 2030, and 91% by 2050, compared with 2019. Based on these
assumptions, emissions from air travel in the UK are estimated at 114 million tonnes of carbon dioxide by
2030 and 152 million tonnes by 2050. Figure 7 shows the pathway of emissions for this (BAU) scenario
from 2020 to 2050. As way of comparison, these would be equivalent to 36% and 81% of the total
emissions for the UK in 2019 (BEIS 2020). Thus, given the anticipated shrinkage of emissions from the
power sector, and possibly car travel with a shift to electric vehicles over the next thirty years, air travel
unchecked could become the single most important source of carbon dioxide emissions in the UK by
2050.

21

Scenario (ii) (implementation of CORSIA) is particularly interesting in the context of Covid-19. From
2021, the CORSIA scheme will come into effect. This resolution was agreed in October 2016 by the
International Civil Aviation Organization (ICAO), a UN specialized agency, as a means to address CO2
emissions from international aviation as of 2021. As noted, CORSIA aims to stabilise CO2 emissions at
the average of the 2019 and 2020 levels by requiring airlines to offset the growth of their emissions after
2020. Based on actual levels of air travel to 31 May 2020 and forecasts from June to December 2020
discussed in the previous section, Figure 7 shows the extreme scenario in which air travel net emissions
are indeed stabilised at the 2019-2020 average level – 22% below the 2019 level – at 65.5 million tonnes
of carbon dioxide equivalent (mtCO2e). The challenge is actually achieving this net level of emissions.
To meet CORSIA targets, airline companies will essentially rely on carbon offsetting, at least initially,
since the introduction of alternative jet fuel is currently non-viable due to prohibitive production costs,
regulatory uncertainty and competition with demand from other sectors (Prussi et al. 2019, Pavlenko
2018, Kousoulidou and Lonza 2016). Technological improvements in aircraft efficiency are an even more
distant prospect, with no alternative propulsion technologies yet certified for commercial use let alone
considered for market penetration (Kousoulidou and Lonza 2016). Thus, what will be required are very
large levels of offsetting, especially for a sector that is experiencing such a steep increase in demand, as
shown in the BAU scenario.
Crucially, the Covid-19 crisis has caused levels of CO2 from aviation to plummet. Based on the BAU
projections, by 2030, the airline industry associated with UK air travel would need to offset 42% of its
emissions and, by 2050, 57% of its emissions to meet the CORSIA emissions target. Assuming a real
price of £20 per tonne to offset emissions, and that offsetting is the only method of reducing emissions,
the industry would spend annually £0.96 billion by 2030 and £1.7 billion (in real terms) on carbon offsets
related to UK passenger air travel. To put this in perspective, between 2005 and 2013, as a whole, the UK
airline industries managed to make a pre-tax profit of more than £1 billion in only one year, 2013 (CAA
2020c). Thus, the scale of the offset (or alternative fuel) expenditure would impose a major new burden
on the airline industry, from 2024, once air travel had risen above 2019 level (see Figure 7). An
alternative option currently under discussion is that CORSIA should use 2019 emission levels instead of
the 2019-2020 average as the baseline. A modified CORSIA agreement implies that the UK airline
industry would need to maintain its net emissions at roughly 86.6mtCO2e. Using the BAU projections, by
2030, the airline industry associated with UK air travel would need to offset 26% of its emissions by 2030
and 45% of its emissions by 2050. Again, with a real price of £20 per tonne, the industry would spend
£0.6 billion by 2030 and £1.3 billion (in real terms) on carbon offsets related to UK passenger air travel still a very large burden.
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Nonetheless, even if the airline industry could shoulder this burden, the ability of CORSIA to deliver the
required emissions reductions is under debate, with studies showing that carbon offsetting may reduce
only a fraction of airline emissions (Larsson et al., 2019; Scheelhaase et al., 2018; ICCT, 2017). Hence
CORSIA will not be sufficient to counteract the increase in emissions due to increasing demand15; for this
reason, it is essential to consider other options that actively reduce demand, as we do below.

Scenario (iii) (introduction of carbon tax) assumes that CORSIA is neither maintained nor modified
and is replaced with a carbon tax imposed on consumers by the British government 16. There are many
possible values suggested in the literature for an aviation carbon tax17. Based on recommendations by
Burke et al (2019), which provides a review of the literature on the social costs of carbon and possible
carbon taxes for the airline industry, the carbon tax considered in this paper is imposed on the consumers
and starts at £50 per tonne of carbon dioxide in 2020 and rises linearly to £160 by 2050. On current
technology, this is equivalent to a rise from 0.3 pence to 1 penny per passenger-km travelled – note that
the average price of air travel is 6 pence per passenger-km. While there is much debate about the social
cost of carbon (Burke et al 2019), this tax can be seen as a reflection of the marginal benefits of
abatement. If the consumer is faced with a tax, the demand curve (and particularly the consumer surplus
underneath the curve and above the price line) can be seen as the marginal costs of reducing air travel to
the consumer, i.e. the net loss from not flying.
Figure 8 shows the demand curves in 2030 and 2050 for two income quintiles. For each income quintile
in each year, the point where the price line plus the carbon tax meets the demand curve identifies the
optimal level of consumption. Thus, this scenario identifies the optimal consumption pathway for
consumers when faced with the proposed carbon tax on aviation.
15

Regarding effects on demand and consumer welfare, it is proposed that CORSIA will have minimal direct
consumer welfare impacts. Of course, some of the cost of the offsets could be passed on to the consumer. The extent
to which airlines can pass on this additional expenditure depends on the price elasticity of demand. The less priceelastic the demand, the more the industry can pass costs onto to the consumer. Attempts to pass on the burden by
imposing higher prices would lead to reductions in air travel, lowering the offsets required, but also lowering
industry revenue and profits. Given the high price elasticities presented in Figure 2, the airline industry may have to
carry much of the burden, passing on perhaps a small proportion to wealthier customers (who are less, but still
fairly, price-elastic). Given the uncertainty and complexity of the analysis, estimates of the welfare impacts of
CORSIA cannot be presented in this paper.
16

While demand-reducing measures, such as a carbon tax, could be implemented in conjunction with offsetting
policies such as CORSIA, we consider alternative measures in isolation in order to avoid the uncertainty and
complexity of analysing two overlapping and interacting systems, and disaggregation of the respective impacts of
each policy measure.
17
For a richer discussion of the introduction of a carbon taxation, its incidence and its revenue, see Goulder (1995),
Parry et al (1999), Hassett et al. (2009), Rausch et al. (2011).
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Figure 8. Demand for Air Transport in the United Kingdom in 2030 and 2050

Source: see text and Supplementary Material. For presentational purposes, Q2 and Q4 are displayed, as they lie on the extremes – as shown in
Figure 4 and discussed in Section 4 on the demand. All income quintiles experience shifts in the demand curves between 2030 and 2050.

Table 2 presents the behavioural, environmental and welfare impacts of introducing this carbon tax.
Assuming that average prices remain constant (in real terms) - apart from the carbon tax - air travel by
2030 would be 7.5% lower and 12% lower in 2050 compared to the BAU scenario. Emissions would fall
by 5.8% in 2030 and 9.1% in 2050. This leads to an average welfare loss of 4.6% in 2030 and 6.5% in
2050. Here, the poorest income quintiles would lose 2.1% in net benefits from the tax while the richest
quintile would lose 6% in net benefits in 2030. In 2050, this loss increases to 2.5% for the lowest income
quintile and 14.8% for the top quintile. However, the second income quintile (Q2) would experience, say,
in 2030, 5.6% fall in welfare for a modest 2% reduction in emissions. Thus, a carbon tax on aviation
would not be a fully progressive tax.
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Table 2. Welfare impacts of a Carbon Tax in 2030, 2040 and 2050
Q1

Q2

Q3

Q4

Q5

Average

2030 % Reductions in:
Air travel
CO2 Emissions
Welfare

2.6%
2.0%
2.1%

2.6%
2.0%
5.6%

6.8%
5.3%
4.5%

5.5%
4.3%
5.1%

9.9%
7.6%
8.9%

7.5%
5.8%
5.8%

2040 % Reductions in:
Air travel
CO2 Emissions
Welfare

2.3%
1.8%
2.3%

3.8%
3.0%
6.7%

11.5%
9.0%
7.4%

7.9%
6.1%
6.5%

11.7%
9.1%
14.3%

9.2%
7.2%
6.8%

2050 % Reductions in:
Air travel
CO2 Emissions
Welfare

2.2%
1.7%
2.5%

4.8%
3.7%
7.5%

16.1%
12.5%
10.8%

10.9%
8.5%
7.9%

14.8%
11.5%
17.8%

11.7%
9.1%
7.5%

Sources: authors’ calculations. Carbon tax starts at £50 per tonne of carbon dioxide in 2020 and rises linearly to £160 by 2050.

To offer additional information about the impact of carbon tax, the carbon tax is increased to take account
of the increased climate impact from non-CO2 aviation emissions, otherwise known as ‘radiative forcing’
(Lee, 2009; 2018). Following UK government guidelines for company greenhouse gas reporting (Hill et
al., 2015), we use an emissions multiplier of 1.9 times the effects of CO2. Although we recognise that
multiplication of CO2 emissions by the ‘radiative forcing index’ (the multiplier) to account for non-CO2
impacts is not correct, given the different lifetimes of the various pollutants in the atmosphere (Lee, 2018;
2009), we use this as the next best option to account for non-CO2 impacts in the absence of a more
superior method to account for radiative forcing. It also serves as a sensitivity analysis for the
introduction of a carbon tax.
Under this assumption, the carbon tax starts at £95 per tonne of carbon in 2020 and rises linearly to £304
by 2050. On current technology, this is equivalent to a rise from 0.57 pence to 1.8 penny per passengerkm travelled. With the same assumptions as before, air travel would be, by 2030, 14% lower and, by
2050, 24% lower than in the BAU scenario (see Table 3). Emissions would fall by 11.% in 2030 and
18.6% in 2050 relative to the BAU scenario. The average welfare loss would be 7% in 2030 and 9.5% in
2050. Again, this tax would hit the top income quintile much more than the bottom quintile, though the
second income quintile would suffer substantially for modest reductions in emissions.
When a carbon tax is introduced, two factors alter the traveller’s welfare. First, the cost of air travel rises
– that is, every km travelled becomes more expensive. Second, on average, people travel less. It turns out
that the former dominates the losses. As an example, in the standard carbon tax scenario presented in
Table 2, the higher cost of flying accounts for 99% of the welfare losses of the bottom quintile (Q1) and
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83% of the top quintile (Q5) welfare losses. The losses due to the travelling smaller distances are
negligible because WTP values for the marginal km (say, the marginal 10%-20% of air travel in any year)
are low. The net benefits of these marginal kms are especially low for the higher income quintiles, as
discussed in relation to the convexity of the demand curves shown in Figure 4 and 8. Thus, a carbon tax
reduces welfare to consumers mostly by charging more, rather than by discouraging travel18.

Table 3. Welfare impacts of a Carbon Tax (with Radiative Forcing) in 2030, 2040 and 2050

2030 % Reductions in:
Air travel
CO2 Emissions
Welfare
2040 % Reductions in:
Air travel
CO2 Emissions
Welfare
2050 % Reductions in:
Air travel
CO2 Emissions
Welfare

Q1

Q2

Q3

Q4

Q5

Average

4.9%
3.8%
3.9%

5.9%
3.9%
10.6%

13.1%
10.2%
8.3%

10.1%
7.9%
9.4%

18.6%
14.5%
17.0%

14.2%
11.1%
12.0%

4.3%
3.4%
4.3%

7.4%
5.8%
12.4%

21.8%
17.0%
13.2%

15.0%
11.7%
11.9%

22.3%
17.4%
25.6%

17.5%
13.7%
12.3%

4.2%
3.3%
4.6%

9.0%
7.0%
13.9%

31.1%
24.4%
18.8%

28.2%
22.0%
14.4%

27.8%
21.7%
31.4%

23.9%
18.6%
13.5%

Sources: authors’ calculations. Carbon tax starts at £95 per tonne of carbon dioxide in 2020 and rises linearly to £304 by 2050.

Scenario (iv) (frequent flyer levy) considers an alternative policy measure that has been receiving
increasing attention in recent years. The measure aims to discourage excessive travel with minimal
welfare loss. Recently, the CCC (2019) published a letter urging the UK government to introduce such a
policy measure. While the proposal did not provide detail on specific features of the frequent flyer levy,
the basic idea is that the levy would target individual consumption of air travel and increase with each
additional flight taken by an individual. For the analysis presented here, it is assumed that the first flight
would be exempt from the levy, the second flight would be at the rate of the proposed carbon tax (i.e., £50
per tonne of carbon, which is currently equivalent to 0.3 pence per km – in scenario (iii)), the third flight
would be double the proposed carbon tax, the fourth flight triple the carbon tax and so on, with linear

18

The higher cost charged to the traveller is revenue to the government, which could be used to alleviate the welfare
losses. So, in overall terms, the sum of the welfare losses to the consumer and the gains to the government cancel
each other out, apart from the administration costs of the tax. However, this focus on the overall picture ignores the
fact that the traveller suffers a welfare loss in the context of air travel, which affects the political acceptability of the
policy – and this remains the focus of this paper.

26

increments in cost with each additional flight19. Here, because the demand curves are constructed based
on the kilometres travelled by the average consumer, it is assumed that each (return) flight is equivalent to
2,500km to a return flight (e.g., roughly London to Alicante in Spain, and back)20. Thus, the frequent flyer
levy becomes increasingly expensive with each individual’s additional flight (or distance travelled) and,
therefore, discourages excessive and ‘unnecessary’21 travel.
The emissions related to Scenario (iv) are displayed in Figure 7 (see above). It shows that passenger-kms
travelled and associated emissions in the Frequent Flyer Levy Scenarios reduce air travel compared to the
baseline and carbon tax scenarios22. Table 4 summarises the behavioural, environmental and welfare
impacts of a frequent flyer levy. The estimates indicate that in 2030 a 15.6% reduction in air travel and a
12.2% fall in carbon dioxide emissions can be achieved with only a 7% welfare loss on average. By 2050,
a 16.2% reduction in air travel and associated emissions can be achieved with only a 4.3% loss in welfare
on average, and almost no welfare impact on the bottom two quintiles.
While the frequent flyer levy does not reflect the marginal cost of flying (since each kilometre flown
broadly generates the same amount of CO2 – with variation dependent on aircrafts, wind directions and
altitudes), it minimises the consumer welfare losses while discouraging excessive travel. It also has the
virtue of being highly progressive, focussing on the higher income quintiles, which tend to be made up of
the more frequent flyers. Thus, it is likely to be politically more acceptable than a blanket carbon tax
applied to all flights23.

19

As with the carbon tax, the assumption is that the levy is imposed on the consumer. However, there is a difference
in how the instrument escalates. With the carbon tax, the escalation is over time – rising between 2020 and 2050.
With the levy, it escalates as individuals consume more in any year, but it does not change over time.
20

Given that emissions are related to distance travelled, a levy might be best placed on kms travelled rather than
flights.
21

Here, ‘unnecessary’ travel is assessed at a personal level and refers to travel which generates relatively little
welfare to the individual. Each person faced with a rising cost of each additional flight can assess which flights are
necessary and which ones are unnecessary.
22
It is worth stressing that a particular tax or levy (e.g., £50 per tonne of carbon) will lead to the same reduction,
because, in this analysis, the optimal level of consumption is identified as the point where the demand curve (i.e., the
marginal benefits of consumption) are equal to the price plus the tax or levy. Thus, the optimal level of consumption
will be the same whether it is using a carbon tax or a frequent flyer levy.
23
While the frequent flyer levy might be seen as logistically more complicated, the passport controls help to monitor
behaviour and, therefore, identify the number of flights taken and the total levy due by each person.
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Table 4. Welfare impacts of a Frequent Flyer Levy in 2030, 2040 and 2050
Q1

Q2

Q3

Q4

Q5

Average

2030 % Reductions in:
Air travel
CO2 Emissions
Welfare

0.1%
0.1%
0.2%

0.0%
0.0%
0.0%

4.0%
3.1%
0.7%

0.9%
0.7%
3.6%

28.2%
22.0%
16.7%

15.6%
12.2%
7.0%

2040 % Reductions in:
Air travel
CO2 Emissions
Welfare

1.4%
1.1%
0.5%

0.2%
0.1%
0.0%

4.6%
3.6%
1.5%

9.5%
7.4%
3.8%

26.5%
20.6%
15.9%

15.5%
12.1%
4.8%

2050 % Reductions in:
Air travel
CO2 Emissions
Welfare

1.4%
1.1%
0.7%

0.1%
0.1%
0.4%

10.2%
8.0%
2.5%

12.2%
9.5%
4.0%

27.3%
21.3%
16.0%

16.2%
12.7%
4.3%

Sources: Air travel Reductions (in average km per person), emissions and welfare losses: authors’ calculations. Frequent Flyer
Levy: 0 for the first flight; £50 per tonne for the second flight, £100 for the third flight, etc. i.e. FFL(f)= (f-1)*£50 where f=flight
number taken in any year.

Table 5. Welfare impacts of a Frequent Flyer Levy (with a Radiative Forcing Multiplier) in 2030,
2040 and 2050
Q1

Q2

Q3

Q4

Q5

Average

2030 % Reductions in:
Air travel
CO2 Emissions
Welfare

3.0%
2.3%
0.3%

3.0%
2.4%
0.1%

0.7%
0.6%
1.5%

12.3%
9.6%
5.7%

43.2%
33.7%
28.1%

26.3%
20.5%
11.8%

2040 % Reductions in:
Air travel
CO2 Emissions
Welfare

3.7%
2.9%
0.9%

0.6%
0.4%
0.0%

9.3%
7.2%
2.7%

18.0%
14.0%
6.5%

38.7%
30.2%
24.1%

24.1%
18.8%
7.6%

2050 % Reductions in:
Air travel
CO2 Emissions
Welfare

3.9%
3.1%
1.3%

2.9%
2.3%
0.7%

20.5%
16.0%
4.2%

19.1%
14.9%
6.9%

39.8%
31.0%
24.2%

25.1%
19.6%
6.9%

Sources: Air travel Reductions (in average km per person), emissions and welfare losses: authors’ calculations. Frequent Flyer
Levy: 0 for the first flight; £95 per tonne for the second flight, £190 for the third flight, etc.. i.e. FFL(f)= (f-1)*£95 where f=flight
number taken in any year.

As with the carbon tax, a multiplier to take account of the radiative forcing was applied to the frequent
flyer levy. This leads to greater reductions in travel and emissions and to larger welfare losses. For
instance, the average air travel and emissions fall by 20.5% in 2030, causing 11.8% of welfare losses (see
Table 5). By 2050, travel and emissions have fallen by 25.1% (relative to the baseline scenario) but only
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lead to welfare losses of 6.9%. Again, the large air travel reductions, emissions and welfare losses are
focussed on the top income quintile.

Summary Findings of Long-Run Scenarios
Table 6 summarises the results from the various carbon taxes and frequent flyer levies. Notably, travel
and emissions reductions increase over time, as do the welfare losses, as a consequence of the assumption
that the carbon tax rises from £50 in 2020 to £160 by 2050. Instead, the frequent flyer levy ramps-up as
an individual travels more in any particular year. However, here, it is assumed that the levy does not
change over time. Naturally, if a higher levy is introduced (as with the multiplier sub-scenario (iv) –
shown in Table 5 and the fourth column of Table 6), reductions and welfare losses would increase. Based
on the assumptions presented, the frequent flyer levy achieves the greatest reductions in emissions.
However, both taxes and frequent flyer levies have the potential to achieve almost any level of reductions
in emissions.

Table 6. Average air travel, carbon dioxide emissions and welfare impacts of policies in 2030, 2040
and 2050

2030 % Reductions in:
Air travel
CO2 Emissions (E)
Welfare (W)
E-W Ratio
2040 % Reductions in:
Air travel
CO2 Emissions (E)
Welfare (W)
E-W Ratio
2050 % Reductions in:
Air travel
CO2 Emissions (E)
Welfare (W)
E-W Ratio

Carbon Tax

Carbon Tax
(with radiative forcing)

Frequent Flyer Levy

Frequent Flyer Levy
(with Multiplier)

7.5%
5.8%
5.8%
0.9

14.2%
11.1%
12.0%
0.9

15.6%
12.2%
7.0%
1.6

26.3%
20.5%
11.8%
1.6

9.2%
7.2%
6.8%
0.7

17.2%
13.7%
12.3%
0.8

15.5%
12.1%
4.8%
2.0

24.1%
18.8%
7.6%
2.0

11.7%
9.1%
7.5%
0.6

23.9%
18.6%
13.5%
0.7

16.2%
12.7%
4.3%
2.2

25.1%
19.6%
6.9%
2.2

Sources: authors’ own calculations - see text. As a reminder: (i) the Carbon Tax (column 1) starts at £50 per tonne of carbon
dioxide in 2020 and rises linearly to £160 by 2050. (ii) the Carbon Tax with Radiative Forcing (column 2) starts at £95 per tonne
of carbon dioxide in 2020 and rises linearly to £304 by 2050; (iii) the Frequent Flyer Levy is £0 for the first flight (i.e., 2,500km);
£50 per tonne for the second flight (2,501km-5,000km), £100 for the third flight (5,001km-7,500km), etc.. in any year; (iv) the
Frequent Flyer Levy with Radiative Forcing is £0 for the first flight (i.e., 2,500km); £95 per tonne for the second flight (2,501km5,000km), £190 for the third flight (5,001km-7,500km), etc.. in any year; (v) to ensure a comparable analysis, both taxes and
levies are imposed directly on the consumer; (vi) the reductions in travel, emissions and welfare in any particular year (e.g.,
2030) are compared with a BAU scenario in the particular year (i.e., 2030).
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One way of determining the effectiveness of the policy measures is the welfare loss from a particular
level of emissions reduction. The first column of Table 6 indicates that the carbon tax has a ratio of
emissions-reduction-to-welfare-loss (E-W Ratio) of 0.9 in 2030 and 0.6 in 2050, suggesting that it
becomes less effective over time. Raising the carbon tax increases the reductions in travel and emissions
and the welfare losses by similar amounts – thus, a similar ratio (as shown in the second column). In
comparison, the ratio associated with the frequent flyer levy is about 1.6 in 2030 (see the third column).
Thus, in 2030, the frequent flyer levy is twice as effective at reducing emissions. Increasing the levy
simply increases both reductions and losses in the same ratio (fourth column). Furthermore, the ratio is
2.2 in 2050, suggesting that the frequent flyer levy becomes increasingly effective as demand increases.
As mentioned in relation to carbon taxes (above), the largest source of welfare loss is the extra
expenditure paid for each km. This monetary penalty for travelling explains the low E-W Ratio (0.9 in
2030) of the carbon tax. The reductions in air travel associated with the carbon tax impose relatively little
loss because the willingness to pay values are low at the margin. As a result, the frequent flyer levy
imposes relatively less harm – with an E-W Ratio of 1.6 in 2030. This also explains why the reductions in
air travel and emissions associated with Covid-19 impose relatively minor welfare losses. In fact, the
emissions-reductions-to-welfare loss ratio for the whole of 2020 is estimated to be between 1.7 (assuming
the median loss) and an impressive 5.9 (based on the minimum average welfare loss), because travellers
were not required to pay a penalty for flights they did take. Thus, the Covid-19 experience highlights the
potential effectiveness of environmental policies that achieve behavioural reductions without imposing
monetary penalties.

7. Conclusion
As we move from the Covid-19 lockdown to recovery, we face a unique opportunity to assess our current
economic trajectory, and to identify the mechanisms needed to shift direction onto a more sustainable
pathway. Decisions made by policy makers today will inevitably lead to path-dependent processes which
will constrain future policy developments to a point where change becomes difficult or even impossible.
It is therefore critical to start identifying key opportunities to recover from Covid-19 via an equitable and
low-carbon pathway that exacts minimal welfare losses from the UK public.
This paper seeks to do this, by examining opportunities for a low-carbon recovery and longer-term
sustainable pathway for the airline industry specifically, with a focus on the UK. We ask to what extent
the reductions in air travel due to Covid-19 - and corresponding carbon emission reductions - might be
sustained beyond the lifetime of the pandemic, and the policy mechanisms that might support this
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reduction. The importance of addressing this issue with regards to air travel and the airline industry at the
present time cannot be overstated; global demand for air travel is growing at 5.9% a year since 2010
(ICAO 2019), and it is predicted that by 2050 it will be single largest source of carbon emissions
worldwide. Given that air travel was particularly hard hit by the pandemic, with airlines suffering huge
financial losses (Pearce 2020), attempts to stimulate a recovery in this sector through public spending
(bailouts) could be feasibly conditioned on stipulations requiring lowering of carbon emissions. Thus, we
are at a critical moment during which the government’s decisions about how to proceed with rescuing the
airlines - if at all – will determine the future sustainability of air travel.
The evidence indicates that, in the short-run (i.e. over the course of the year 2020), the restrictions on air
travel due to Covid-19 - which include mandated restrictions as well as self-imposed restrictions by
passengers concerned about Covid-19 – affect the poorest 40 per cent of the income distribution about
twice as much as the wealthiest 40 per cent. This uneven impact mirrors the broader picture of
inequalities associated with Covid-19 impacts. The reasons for this uneven impact, is that poorer air
travellers tend to fly less, and highly value those flights they take; high income air travellers however tend
to fly more regularly, so restrictions may not be felt so keenly. Thus, in the short run, drastic reductions in
air travel - generate uneven welfare impacts, with the poor suffering more than the wealthy.
In the long-term however, demand reduction and associated CO2 reductions can be achieved via pricing
mechanisms which ensure minimal welfare impacts – particularly among the lower income groups.
Carbon taxes are one such mechanism for reducing carbon emissions. Using a carbon tax of £50 per tonne
of CO2e which increases linearly to £160 by 2050, it is estimated that air travel and corresponding CO 2
emissions would decline by 5.8% in 2030 and 9.1% in 2050 compared with a business-as-usual scenario.
In absolute terms, the burden of such a carbon tax on passenger air travel would be imposed
predominantly on the wealthy, who tend to fly more regularly than the less affluent. Analysis of welfare
losses associated with a carbon tax suggests that - in 2030 - the wealthiest 40 per cent of UK travellers
would experience relative welfare losses about 1.6 times greater than those of the least wealthy 40 per
cent; in 2050, their welfare losses would be two times greater.
An alternative measure considered here is the ‘frequent flyer levy’, which aims to discourage excessive
travel through increasing costs per distance travelled. The evidence indicates that the same reductions, in
CO2 emissions can be achieved using frequent flyer levies (which would focus on the margins) with only
half the welfare losses than those resulting from the carbon tax mechanism. The frequent flyer levy
becomes more effective at delivering emissions with minimal welfare costs as demand grows. It also has
the virtue of being highly progressive, focussing on the higher income quintiles which, as noted, tend to
be made up of the frequent flyers.
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A key insight from the Covid-19 experience and the analysis of environmental policies beyond the
pandemic is the value of achieving behavioural reductions while minimising monetary penalties. At the
margin, consumers appear to not suffer greatly from reducing travel, but they suffer from paying more to
reflect the environmental costs. Because travellers pay more for each km travelled, a carbon tax leads to
an emissions-reduction-to-consumer-welfare-loss (E-W) ratio of less than 1 (see Table 6). A frequent
flyer levy manages an E-W ratio of between 1.6 and 2.2, because it does not charge an environmental cost
for the first flight a person takes in any particular year. Finally, the Covid-19 experience achieves an E-W
ratio of between 1.7 and 5.9 – for the median and minimum average loss, respectively. Although the
restrictions and behavioural changes associated with Covid-19 are not desirable or replicable, they
highlight the potential benefits from developing environmental policies that achieve behavioural and
emission reductions without imposing large additional expenses on consumers – increasing the political
acceptability of environmental policies.
Inevitably, there are numerous limitations associated with the analysis, which have been discussed at
length in Fouquet (2018). These relate to the data, the method for constructing demand curves through
temporal benefit transfers, econometric analysis of income and price elasticities, assumptions made about
the behaviour, environmental and welfare impacts and projections of future variables. These issues are
also discussed in the Appendix. Furthermore, there are still many uncertainties about how Covid-19
experience will unfold. First, it is unclear how Covid-19 restrictions will continue. Second, it is unclear
how quickly air travel behaviour will return to normal – indeed, the peak season is the summer and it will
be heavily affected by national policies about tourist restrictions and quarantine regulation.
In addition, it was assumed that the carbon tax and frequent flyer levy would be imposed on the
consumer. This assumption enabled a direct comparison between policies and a focus on behavioural
changes. Instead, policies imposed on the supplier will help to encourage technological substitution and
innovation within the aviation industry. However, as mentioned in relation to CORSIA, airlines may
struggle to pass on any additional costs to consumers, with negligible impacts on behaviour.
Finally, taxes or levies are unlikely to be imposed in isolation. CORSIA has been discussed. There are a
number of additional aviation policies that could also affect travel behaviour. Indeed, given the relatively
high prices required to generate meet stringent emission reduction targets, it is likely to be politically out
of reach, and the balance between pricing and complimentary policies may tip towards the latter under a
net zero target. It is beyond the scope of this paper to identify the combined effect of the tax or levy with
the complementary measures. For further discussion on the possible complementarity between climate
policies, see Burke et al. (2019), Winchester (2019) and CCC (2020). So, there is considerable uncertainty
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about the nature of environmental policies that would be introduced, and whether they focus on achieving
technological innovation or behavioural changes.
In the longer term, other factors also play a part in modifying air travel from its historical long run trends.
Consumers may have reduced their travel because they have found substitutes for air travel such as ICT,
especially business-related travel. This substitution has been a long run ongoing process, which has been
associated with using communication technologies and their advances (including mail, telephone, mobile
phone, texting, emails, WhatsApp, Skype, MS Teams and Zoom). The lockdown experience has
encouraged many to adopt these technologies or software. For instance, Zoom use globally has increased
3000% between December 2019 and April 2020 (Iqbal 2020).
In addition, consumers may increasingly reduce air travel for environmental reasons. The lockdown and
news on improvements in air and atmospheric pollutants may have raised individuals’ awareness of the
potential for improvements through behavioural changes.
The final crucial factor is the negotiations between the airline industry and government. Government will
inevitably have the upper hand as it negotiates financial assistance to ailing airline companies. It can
condition bailouts on compliance with existing environmental standards and/or on the acceptance of
binding new environmental agreements. These political economy considerations are hard to anticipate.
Yet, they will, more than any other factor, determine the long run environmental trajectory of air travel.
As Figure 7 shows the year 2020 is a critical juncture for the airline industry. Without external pressure,
the financial woes of the industry could convince ICAO to abandon or simply ignore the CORSIA
environmental standards. This would place air travel on a long run trajectory of potentially becoming the
single largest source of carbon dioxide emissions by 2050. Instead, the ICAO could modify CORSIA (to
use 2019 as the baseline for net emissions) and encourage the airline industries to genuinely offset a share
of its emissions. Alternatively, in light of the weaknesses in CORSIA, the UK government could
introduce national-level measures aimed at extending restrictions on air travel behaviour or, at least,
making customers pay a reflection of the social costs of their behaviour. Either way, Covid-19 has made
2020 a pivotal year for air travel and our broader ambitions for achieving a low carbon economy.
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Appendix

A1. Data on air travel by income quintiles
This section explains in more detail the process for quantifying long run trends in air travel at different
income levels. As mentioned in the main text, data on air travel behaviour by income level has been
collected by the Civil Aviation Authority (CAA 2020b), using surveys conducted in the UK since 1968.
Unfortunately, due to travel restrictions, only the digitalised studies are currently available, which go back
to 1991 (the CAA agreed to digitalise and send the authors the earlier documents after the lockdown).
Thus, to address the gap in the data (due to the lockdown), historical accounts providing qualitative
information about behaviour by income are used to estimate the share of travellers from each income
quintile (Birkhead 1960, Lyth 1993, 2009, Barton 2005). Table A1 in the Appendix summarises these
shares by decade, as well as the total quantity travelled in billions of passenger kilometres (bpk). Figure 1
presents the long run trends in air travel by income quintile since 1920.
Table A1. Estimates of Share of air travellers by income quintile, and total passenger-kms travelled
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2019

Q1
0%
0%
0%
0%
0%
0%
0.3%
1.0%
3.6%
6.3%
5.2%

Q2
0%
0%
0%
0%
0%
0.2%
1.1%
2.6%
3.4%
6.4%
5.7%

Q3
0%
0%
0%
0%
0%
0.5%
2.9%
5.3%
6.4%
8.6%
8.3%

Q4
0%
0%
0%
0%
1.0%
6.6%
18.1%
16.8%
15.8%
25.5%
22.8%

Q5
100%
100%
100%
100%
99.0%
92.7%
77.6%
74.5%
70.8%
53.1%
58.0%

Total bpk
0.0009
0.03
0.13
2.5
12.7
34.8
95.2
125.9
262.1
289.3
387.8

Source: Shares: CAA (1991, 2019); also see text; Quantity: Birkhead (1960), Stone (1966), Mitchell (1988), DfT (2019).

ONS (2020) has data on air travel expenditure by income quintile between 2002 and 2019. When divided
by the average income by quintile (see below), this provides an estimate of the share of expenditure on air
travel (see Table A2). Before 2002, estimates can be generated by combining travel data and price data,
and dividing by average income. This table confirms that air travel expenditure is a small share of the
overall budget.
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Table A2. Estimates of Share of Air Travel Expenditure in Total Expenditure by income quintile
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2019

Q1
0%
0%
0%
0%
0%
0%
0.1%
0.2%
1.3%
1.4%
1.7%

Q2
0%
0%
0%
0%
0%
0%
0.1%
0.4%
0.8%
0.7%
0.7%

Q3
0%
0%
0%
0%
0%
0%
0.3%
0.5%
1.0%
0.6%
0.7%

Q4
0%
0%
0%
0%
0%
0.1%
0.6%
0.7%
1.0%
0.6%
0.6%

Q5
0%
0%
0%
0.1%
0.2%
0.4%
0.8%
0.8%
1.1%
0.4%
0.4%

Average
0%
0%
0%
0%
0.1%
0.2%
0.6%
0.7%
1.0%
1.1%
0.9%

Source: Shares: 2010-2019: ONS (2020); pre-2010; see text.

A2. Data on average income by quintiles
The gross income data used is based on combining data from Atkinson (2007), UNU-WIDER (2019),
WID (2019) and ONS (2019). The data starts with the pre-tax average income by decile in 2018 provided
by ONS (2019). This is linked to the WID (2019) which provides annual estimates of the UK’s gross
income by decile from 1980 to 2017. This is linked to the UNU-WIDER (2019) World Income Inequality
data, which provides gross income by income decile starting in 1954. Atkinson (2007) offers evidence on
the share of the top 10% and bottom 90% average income back to 1918. To generate average income
deciles for the bottom 90% during the period 1918 to 1953, it is assumed that the shares amongst the
bottom nine income deciles were the same as in 1954 – clearly, there must have been variation, but at
least it provides a guide to the values, based on the variation in the top 10%. Finally, the average gross
income by decile are combined to provide an indicator of the average income by quintile (by averaging
decile 1 and decile 2 to create to quintile 1 (Q1), decile 3 and decile 4 to create to quintile 2 (Q2), etc..)
from 1918 to 2018. For 2019, in which the data is not yet available, it was assumed that there were no
changes in income distribution between 2018 and 2019, and each quintile increased by the same amount
as GDP per capita (ONS 2020).
A3. Daily Data on Flights and Air Travel (15 February 2020-31 May 2020)
This sub-section explains how the daily passenger-km estimates were produced shown in Figure 5.
Eurocontrol (2020) provides the number of daily flights over the UK air space up to 31 May 2020. This
includes domestic flights, international flights and fly-overs (i.e. flights that neither take-off nor land in
the UK). Every two weeks, Eurocontrol (2020) also indicates the share of flights that are domestic flights,
international flights and fly-overs. Thus, using a bi-weekly average, it is possible to remove the fly-overs
and estimate the number of flights leaving and arriving in the UK.
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The Eurocontrol (2020) data includes UK passenger and cargo flights. Fortunately, the CAA’s (2020)
monthly data indicates whether flights are passenger or cargo flights. In February 2020, cargo accounted
for 5.2% of all flights landing and/or arriving in the UK. In March 2020, cargo accounted for 12.3% of
flights (CAA 2020). So, failing to take account of the cargo flights would bias the estimates upwards.
Cargo flights average just over 100 flights per day. In March 2020, there were on average 101 cargo
flights per day. Cargo flights in March 2020 increased by 0.1% on February 2020. Thus, it is assumed
that cargo air travel has been broadly unaffected by the lockdown. With this assumption, the daily cargo
flights average (using the monthly averages in 2019) is subtracted from the total UK daily flights. This
provides an estimate of the daily passenger flights landing and/or leaving the UK, shown in Figure A1.
Figure A1. Number of Flights over UK Air Space and Estimate of UK Passenger Flights, 15
February-31 May 2020

23/03/2020: Lockdown begins

Source: Eurocontrol (2020), CAA (2020).

The number of daily passenger flights provides the foundation for estimating the amount of daily
passenger-km travelled, shown in Figure 5 in the main text. To do so, the number of daily passenger
flights needs to be multiplied by the number of passengers per flight and the distance per flight. The CAA
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(2020) provides monthly data up to March 2020 on the number of passenger km flown, the number of
passenger km available (i.e., capacity), the number of flights, the average distance per flight and the
average number of passengers per flight. The percentage of capacity used in March 2020 was down to
63.2% (CAA 2020) compared with January 2020 (82.3%) and February 2020 (80.5%). The percentage of
capacity in March was likely to be an average of two extremes – of around 80% in early March and below
50% in late March. Given the pressure to ensure social distancing, it is assumed that capacity fell to 30%
in April and May 2020. Interestingly, distance travelled per flight was up – to 4,047km in March 2020
from 2,705km in January 2020 and 2,675km in February 2020. It is assumed that this longer distance was
maintained throughout April and May 2020. These two forces imply that the daily passenger-km fell
slightly more than daily number of flights - for example, Eurocontrol (2020) data indicates that flights
into the UK air space fell by 68%, UK passenger flights declined by 71% and passenger-km dropped by
76% on Monday 23 March compared with two weeks before (i.e. Monday 9 March). In the trough, on the
13 April, there were an estimated 80 UK passenger flights on that day providing an estimated 18.5 million
passenger-km, which was a 98.5% drop on the 9 March.
One piece of information of interest is the reduction in air travel associated with the government-imposed
lockdown. Combining CAA (2020a, 2020b) monthly data and the information presented in Figure A1
enables an estimate to be made. The official beginning was 23 March 2019. The end is a little more
ambiguous, and here has been placed at 31 May, as the ‘easing of the lockdown’ began on 1 June 2020.
Using the CAA (2019) data on monthly air travel in 2019, the share of passenger air travel in each month
was calculated (column 2 of Table A3). By summing daily air travel presented in Figure A1, monthly
passenger-km can be produced for 2020 and compared with the equivalent month in 2019 to estimate the
reduction in each month (column 3 in Table A3). This suggests that during the formal lockdown
(focussing on April and May, and not March, which was in lockdown only part of the month) air travel
was down 96.3% compared with 2019.
Also of interest is the reduction of the annual total due to the lockdown. Multiplying columns 2 with
column 3 estimates the reduction for each month in 2020 compared with the annual total air travel in
2019. Adding 9 days in March (i.e., 9/31) to April and May reductions on the 2019 annual level, indicates
that the formal lockdown between 23 March and 31 May 2020 led to a reduction of 17.7% of passenger
air travel compared with 2019. As will be explained in sections S5 and S6, this will be equivalent to a
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Table A3. Share of Annual UK Air Travel in each Month (in 2019) and Reduction in 2020 relative
to 2019* and to the 2020 Counterfactual**
Month

Share in

Reduction in

Reduction

2019

2020 from

in 2020

2019

Month

Share in

Reduction in

Reduction

2019

2020 from

in 2020

from 2019

2019

from 2019

Monthly

Annual

Monthly

Annual

Level

Level

Level

Level

Jan.

7.1%

15.6%

1.1%

July

10.3%

62%

6.4%

Feb.

7.0%

24.5%

1.7%

Aug.

10.6%

50%

5.3%

Mar.

8.3%

68.9%

5.7%

Sep.

9.1%

40%

3.6%

Apr.

7.8%

96.0%

7.5%

Oct.

8.3%

30%

2.5%

May

8.9%

96.6%

8.6%

Nov.

6.3%

20%

1.3%

June

9.8%

78%

7.6%

Dec.

6.6%

20%

1.3%

96.3%

17.7%

Reduction
(Lockdown)
Reduction*
(Total for 2020)

52.6%

Reduction** (rel. to
2020 Counterfactual)

53.0%

* see Section A4; ** see Section A5 and A6.

A4. Estimation of Air Travel (June 2020-December 2020)
The rest of Table A3 relates to future passenger air travel, and this section explains how this is calculated.
As explained above, monthly air travel data is only available until March 2020 (CAA 2020) and daily
flight data (converted into daily air travel data) is only available until 31 May 2020 (Eurocontrol 2020).
To estimate the impact of losses in welfare from air travel reductions using annual demand curves (for
each quintile, as shown in Figure 4), it is necessary to make projections of air travel from June until
December 2020.
For this period, the Eurocontrol (2020) forecast of a ‘managed’ recovery provides the foundation for the
projection, as discussed in the main text. Eurocontrol (2020b) considers the recovery of the broad
European air space, including the UK. In this scenario, all EU commercial flights are forecast to be 22%
of their 2019 level in June, 38% in July, 50% in August, 60% in September, 70% in October, 80% in
November and 80% in December. There can be debate about the exact nature of the recovery); for the
purpose of the current study, we have opted to use the Eurocontrol (2020) “managed recovery” scenario
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for 2020 (given that coordinated efforts are being discussed) and assume that the UK will recover at the
average European rate of all (i.e. including cargo) flights. The comparison with the 2019 level is used to
estimate the number of passenger flights by combining the data with UK CAA (2019) monthly flights
data for 2019. Then, the number of monthly passenger flights is multiplied by the monthly average
number of passengers per flight and the monthly average distance per flight in each 2019 month to
produce a monthly air travel projection (see Figure A2). Note that the data is identical to Figure 6, except
that it ends in December 2020. Based on this information, Table A3 (last column, bottom row) presents
an estimate of the reduction in passenger air travel in 2020 to be 52.6% of the 2019 level.

Figure A2. Estimated Monthly Air Travel in the UK, January 2018-December 2020

Source: Pre-June 2020 : CAA (2020),;June 2020-December 2020: Eurocontrol (2020); From 2021: Pearce (2020)

A5. Estimation of the Income and Price Elasticity of Demand
This sub-section discusses the analysis of air travel demand undertaken to estimate income and price
elasticities. The relationship between the demand for air travel and income and prices are mediated by the
income and price elasticity of demand, respectively. As a reminder, the income elasticity of demand for
air travel indicates the percentage change in the consumption of the energy service for a one percent
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change in income. For example, an income elasticity of 2.5 (or 1.5) implies that, if income rises by 10%,
consumption will increase by 25% (or 15%, respectively). Similarly, the price elasticity indicates the
percentage change in air transport for a one percent change in the price of travelling. That is, a price
elasticity of -2.0 (or -1.5) implies that, if prices rise by 10%, consumption will fall by 20% (or 15%,
respectively).
Income elasticities tend to reflect whether consumers perceived travel as a “luxury” or as a necessity. For
so-called “luxury” travel, as air transport has been considered for much of the twentieth century,
consumption increased more than proportionally as income rose (i.e., high income elasticity). As incomes
rose, consumption increased more than proportionally. As income increased further, saturation effects
may start to reduce consumption, such that expenditure of many previously “luxury” travel grew less than
income (Moneta and Chai 2010).
Individual regressions are estimated using time series analysis, following the same approach as Fouquet
and Pearson (2012). A vector error correcting model was used to provide an econometric analysis of the
data and the trends, and estimate the cointegrated relationship between travel, income and transport
prices. The emphasis should not be on the methods used, which are open to some criticism and could be
improved upon through the use of more time-consuming panel data analysis. Thus, the elasticity estimates
should act as a prosy for the actual values of the income and price elasticity.
Given the trended nature of the data (see Figures 1 and 2) and the tendency for long run transport, GDP
and travel costs to be cointegrated (Bentzen 1994, Fouquet 2012), the possibility of using vector errorcorrecting models (VECM) was test. From a statistical perspective, such models were appropriate.
First, for the long run trends in transport consumption, GDP per capita and the price of transport, nonstationarity could not be rejected. In addition to the standard tests for unit roots, an augmented DickeyFuller test where the time series is transformed via a generalized least squares (GLS) regression was used
to improve the power of the test (Elliott, Rothenberg and Stock 1996). Here, for up to 15 lags, and
incorporating the assumption of a time trend, the tau-statistics could not reject at the 10% confidence
level. Thus, unit roots (i.e. non-stationarity) were likely. Second, tests rejected the null hypothesis of no
cointegrating equations for the relationship between transport consumption, GDP per capita and the price
of transport – for the whole period between 1920 and 2019. Having selected the appropriate number of
lags from a series of different tests (Nielson 2001), tests for the existence of cointegrating equations were
performed and, when the null hypothesis of no relationship was rejected, almost always one cointegrated
relationship could not be rejected (based on methods developed in Johansen 1988, 1995).
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Finally, statistical tests of the causality indicate that the causal relationship runs from income and prices
to consumption, and not from consumption to income and prices – implying that any changes in income
by income quintile and prices were exogenous. Indeed, the likelihood of air travel by income quintile
(which is less than two percent of total consumer expenditure, see Table A2) altering GDP, GDP per
capita, and consumers’ budgets is low. Thus, the statistical analysis confirms the expectation that
endogeneity is not a problem for modelling the demand for air travel.
In this study, elasticities (presented in Figure 3 and Table A4) are calculated as the average of elasticity
estimates in which a particular year is included in a regression. That is, regressions are run for 50-year
periods (e.g. 1920-1969, 1921-1970, …, 1970-2019). To ensure additional estimates of values at the
beginning (i.e., 1920) and at the end of the series (i.e. 2019), the period is dropped by one year until the
regressions are run for 30-year periods. This follows the method presented in Fouquet (2014).
Table A4 provides the moving average estimates of the income and price elasticities of demand for air
travel in the United Kingdom over the last one hundred years by income quintile. The estimated
elasticities resulting from the analysis are strongly consistent with the expectations based on basic theory
(i.e., positive income elasticities and negative price elasticities). It is worth noting that income elasticities
are particularly large, especially in the early phases of expansion of air travel in a particular income
quintile. Elasticities decline over time and as demand grows. Although less pronounced, there is also
some evidence of a decline in the price elasticities. Although quite high compared to most goods and
services, these elasticities fit within the range of estimates on air travel found in the literature (Brons et al.
2002).
Section 2 of the main text goes into detail about the method in which the income and price elasticities are
used to construct the demand curves. The estimate of WTP values for 2020 are based on the WTP values
in 2019 augmented by the changes in income multiplied by the income elasticity. It is based on a forecast
of UK GDP by the OECD (2019), which was of 0.8% annual growth, and of UK population by the ONS
(2019). Sections S8 and S9 explains in more detail the source of the income projections. The demand
curves for 2020 are displayed in Figure A3, which is identical to Figure 4 except that it extends the values
on the x-axis to 3,000 passenger-kms and on the y-axis to 300 pence per passenger-km. This further
accentuates the convex nature of the demand.

46

Table A4. Estimates of Income and Price Elasticities of Demand for UK Air Travel by Income
Quintile, 1920-2019
Q1

1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2019

Income
Elast.
9.0
8.1
7.9
6.5
4.6

Q2
Price
Elast.
-3.8
-3.8
-3.8
-3.8
-3.8

Income
Elast.
3.1
2.5
2.5
2.7
2.2
1.2

Q3
Price
Elast.
-2.5
-2.1
-1.9
-2.0
-2.2
-1.8

Income
Elast.
7.0
5.1
4.4
4.1
3.2
2.1
2.3

Q4
Price
Elast.
-2.0
-1.7
-1.9
-1.6
-1.4
-1.4
-1.3

Income
Elast.
5.7
4.3
3.9
3.3
2.2
1.4
1.5

Q5
Price
Elast.
-3.2
-3.7
-3.5
-3.1
-2.7
-3.3
-3.1

Income
Elast.
6.0
5.6
5.4
4.7
3.3
2.3
1.7
0.7
-0.4
0.2
1.0

Price
Elast.
-2.0
-2.1
-2.2
-2.2
-2.7
-3.0
-2.9
-2.8
-2.9
-2.6
-1.7

Source: see text.

Figure A3. Counterfactual Demand for Air Transport in the UK by Income Quintile in 2020
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A6. Estimation of the Short-Run Welfare Impacts
This section looks at the details of the method (including the assumptions made) to estimate the welfare
losses in 2020 from Covid-19. These welfare losses combine losses associated with two parts. The losses
during the lockdown, between 23 March and up to 31 May 2020, which are based on data about air travel
(see Section A3), and the losses before 23 March 2020 and from June to December 2020, which are based
on predictions of the recovery from the Covid-19 lockdown (see Section A4). In the main text, the results
of these two phases are combined and summarised due to space limitations. Here, these two phases are
presented separately for additional detail.
To begin to understand the welfare effects of the reductions in passenger air transport, an estimate of the
formal restrictions’ impact is made. As mentioned in the main text, this is an estimate of the welfare loss
from Covid-19 occurring and the restrictions being imposed. This point is specified because there were
factors (either on the demand-side or the supply-side) that forced temporary reductions in air travel,
creating a disequilibrium. This study uses the counterfactual demand curves for 2020 assuming that
Covid-19 had not occurred, and measures the reductions in net benefits from the disequilibrium.
Using the counterfactual demand curves for air travel in 2020, it is possible to estimate the loss in
consumer surplus associated with the formal restrictions (i.e, the lockdown), as well as for the whole year.
However, to do so, assumptions will need to be made. First, Table A3 indicates that the formal lockdown
between 23 March and 31 May 2020 led to a reduction of 17.7% of passenger air travel compared with
the total for the year 2019. Table A3 also presents an estimate of the reduction in passenger air travel for
the whole year - 53% compared with the counterfactual 2020 level.
Second, it is assumed that the distribution of travel across the income quintiles in each month is the same
as the annual average in 2019 – thus, the distance flown in, say, April (or May) for the middle income
quintile (Q3), say - or the top quintile (Q5), for instance - is the same share as its annual share of total
travel (e.g., 32.3/387.8 of 8.3% for Q3 or 224.8/387.8 = 58% for Q5 – see the second row of Table 2).
The third assumption relates to the marginal benefits of the flights not taken. Some flights are highly
valued by consumers, and others generate only minimal benefit. It is challenging to know whether the
flights missed because of the lockdown were the most highly-valued or the least highly-valued. However,
since some flights are still being taken (i.e. 10% of flights), it is appropriate to assume that the most
highly-valued ones are still being taken. Thus, for this analysis, the minimum and the median welfare
losses will be shown (and not the maximum values).
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Armed with these assumptions and the demand curves for each quintile in 2020 represented in Figure 4
(and Figure A3), welfare impacts can be estimated. For each quintile, this study estimates the expected
consumer surplus had Covid-19 not occurred and compares it with the consumer surplus for the same
demand curve if consumption is (i) reduced (due to the lockdown) by 17.7% or (ii) reduced (due to the
combination of the lockdown and behavioural changes) by 53% (as shown in Table A4). As a reminder,
the consumer surplus is the area under the demand curve and above the price line (see Figure A4 for the
minimum welfare loss and Figure A5 for the median welfare loss). Thus, the consumer surplus associated
with the lockdown is equivalent to consuming only 82.3% (i.e., 100% - 17.7%) and the consumer surplus
associated with Covid-19-related reductions for the whole year is equivalent to consuming only 47% (i.e.,
100% - 53%) of the total counterfactual consumption in 2020 had Covid-19 not occurred (for details of
these estimates, see Section A8).

Figure A4. Minimum Welfare Loss due to Covid-19 and the Lockdown using the Counterfactual
Demand for Air Transport in 2020
Price

Counterfactual
Demand2020
Welfare
Loss from
Reductions
in 2020

Welfare
Loss from
Lockdown

Counterfactual
Supply2020

P2020

QLockdown

Q2020

17.7% below
QCounterfactual

53% below
QCounterfactual
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QCounterfactual

Quantity

Figure A5. Median Welfare Loss due to Covid-19 using the Counterfactual Demand for Air
Transport in 2020

Price

Counterfactual
Demand2020

Median
Welfare
Loss from
Reductions
in 2020

Counterfactual
Supply2020

P2020

Q2020

QCounterfactual

Quantity

50% of the
QCounterfactual

Table A5 shows the minimum and median welfare losses for the formal restriction period (up to 31 May
2020) – as a reminder, the short-term results (Table 2) in the main text only show the minimum values for
the two periods combined. To calculate the minimum value, it is assumed that the loss in consumer
surplus occurs at the margin. The margin is the final passenger-km (e.g., the 16,836th km for the top
income quintile (Q5) in 2019 – see Table A5). The median value removes the consumer surplus
associated with the middle section of the demand curve equivalent to the estimated reduction in air travel
(e.g., 17.7% for the lockdown and 53% for the whole year).
As Table A5 shows, the median values are substantially larger, as would be expected since they are
associated with WTP values in the middle of the demand curve (whereas the minimum estimate is
associated with marginal and, therefore, lower WTP values). However, the variation across the income
quintiles is similar for the minimum and the median welfare loses. Table A5 indicates that the losses are
substantially larger (in percentage terms) for the lower income quintiles than the upper quintiles. For
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instance, the median welfare loss for the top income quintile (Q5) is 5.1%; and 1% for the minimum
value. For the bottom income quintile (Q1), the median welfare loss is estimated to be 18.1%, and the
minimum value is 4.6% due to the lockdown.

Table A5. Welfare Impacts of Air Travel Government-Imposed Lockdown (23 March-31 May
2020)
Q1

Q2

Q3

Q4

Q5

Air travel 2019 (bpkm)

20.2bpkm

22.1bpkm

32.3bpkm

88.4bpkm

224.8bpkm

Average/
Total
387.8bpkm

Air travel 2020
Counterfactual
(Average km per
person)

1,521km

1,653km

2,427km

6,624km

16,836km

5,812km

Minimum welfare
loss from air travel
2020 (17.7% decline)

4.6%

3.3%

0.4%

0.7%

1.0%

2.0%

Max-Minimum
welfare loss from air
travel 2020
(see Table A6)

14.4%

10.7%

4.9%

3.0%

5.1%

7.6%

Median welfare loss
from air travel 2020
(17.7% decline)

18.1%

12.0%

20.1%

4.0%

5.7%

12.0%

Sources: Income (ONS 2020); Air travel 2019: CAA (2020); Air travel 2020: Eurocontrol (2020); Welfare losses: authors’ own
calculations – based on the actual reductions in air travel up to 31 May 2020 leading to a reduction of 17.7% of the entire air
travel in the year 2020 compared with the BAU counterfactual of air travel in 2020.

Table A5 also presents a max-minimum value. The max-minimum values can be explained in reference to
Table A6, and might be seen as a middle value. This value is almost three times larger for the bottom
income quintile (Q1) than for the top income quintile (Q5).
In the bottom row of Table A6 is an estimate of the minimum welfare losses associated with reductions
for the full year – equivalent to a 53% reduction in air travel. This combines the restrictions in air travel
associated with the lockdown (i.e., 17.7% decline in air travel) and the behavioural changes in 2020
outside of the lockdown period (i.e., 35.3% reduction in air travel). For the behavioural changes, people
will trade-off travel and health risks (or other behavioural factors) decisions at the margin. This implies
that the reductions in air travel associated with the lockdown will come next – from 35.3 percentile to the
53 percentile kilometres. Inevitably, the WTP values for these kms are greater than for the marginal kms.
The implication is that the 17.7% reduction associated with the lockdown might be greater than the 35.3%
reduction associated with behavioural changes. It is important to stress that it is impossible to know where
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on the demand curve were these 17.7% reduced (and kms missed) due to the lockdown and, therefore, to
know the WTP value of those kms. As represented in Table A5, the max-minimum values are between
the minimum welfare loss and the median welfare loss. As discussed above, the behavioural changes lead
to substantially larger welfare losses to the poor than the rich. The same is the case for the combined
value indicating the total reductions in air travel for the whole of 2020.
Table A6. Welfare Effects of Air Travel Government-Imposed Restrictions (23 March-31 May
2020) and the Behavioural Changes (Pre-23 March 2020 and Post-31 May 2020)
Q1

Q2

Q3

Q4

Q5

Average/
Total

14.4%

10.7%

4.9%

3.0%

5.1%

7.6%

Behavioural changes
minimum welfare loss
(35.3% decline)

11.3%

11.4%

2.0%

1.8%

3.9%

6.1%

Minimum welfare loss
from TOTAL
reductions in 2020
(53% decline)

25.6%

22.1%

6.9%

4.8%

9.1%

13.7%

Median welfare loss
from TOTAL
reductions in 2020
(53% decline)

50.8%

41.6%

25.2%

17.5%

17.1%

31.1%

Lockdown
Max-Minimum
welfare loss from
(17.7% decline)

Sources: authors’ own calculations – based on the actual reductions in air travel up to 31 May 2020 leading to a reduction of
17.7% of the entire air travel in the year 2020 compared with the BAU counterfactual of air travel in 2020.

A7. Estimation of the Short-Run Environmental Impacts
The estimation of the environmental impacts in 2020 from Covid-19 follows directly from the estimates
of air travel. BEIS (2019) provides estimates of carbon dioxide emissions associated with the aviation
industry. To understand the relationship between air travel and emissions, carbon dioxide emission were
regressed on air travel between 1990 and 2017. The coefficient was estimated to be 0.78. Thus, this
indicates that, for a 10% reduction in passenger-km, emissions would decline by 7.8%. While each
additional passenger and each additional kilometre travelled requires additional fuel, this result suggests
that the increase in emissions is less proportional. This makes sense because, first, in an normal year 3%5% of flights are associated with cargo (CAA 2019, see above) and, second, there are ‘fixed emission
costs’ associated with the aviation industry – for instance, some of the decline in passenger-km associated
with Covid-19 resulted in reductions in the number of passengers on each plane and with airports
remaining open and using electricity and other forms of energy.
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The first step is to estimate annual emissions in the UK in 2018 and 2019 associated with the aviation
industry. Based on changes in air travel and the estimated coefficient (of 0.78), emissions in the UK
would have risen from 72.2 mtCO2e in 2017 to 85.2 mtCO2e in 2018 and 83.6 mtCO2e in 2019. These are
then split into monthly emissions levels based on passenger-km in each month (while this will not be
exactly correct, the coefficient indicates this is broadly correct). So, using this method, for instance, this
suggests that in March 2019 the UK aviation industry generated 6.9 mtCO2e. Given that air travel was
69% lower in March 2020 than in March 2019, emissions were estimated to be 54% lower. In a similar
way, the three-month period between 1 March 2020 to 31 May 2020 was associated with an 87%
reduction in air travel and a 68% decline in emissions (or 14.3 mtCO2e avoided). For the whole year, air
travel was estimated to be down 53%, leading to a 43% fall in emissions (or 36.2 mtCO2e avoided).
A8. Projection of Business-as-Usual (BAU) Air Travel (2020-2050)
The business-as-usual scenario discussed in the main text is based on a model of the demand for air travel
for each income quintile. The air travel (of income quintile i) is determined by air travel in the year before
plus the change in the average income for quintile i (𝑦𝑖𝑡 ) multiplied by the income elasticity for quintile i
in year t (𝜂𝑌𝑖𝑡 ) and the change in the average price for air travel (𝑝𝑡 ) multiplied by the price elasticity for
quintile i in year t (𝜂𝑝𝑖𝑡 ):
∂𝑦𝑖𝑡

𝐴𝑇𝑖𝑡 = 𝐴𝑇𝑖𝑡−1 . [1 + 𝜂𝑌𝑖𝑡 . ∂𝑦

𝑖𝑡−1

∂𝑝𝑡

+ 𝜂𝑃𝑖𝑡 . ∂𝑝

𝑡−1

]

(S1)

To generate an estimate of air travel, it is necessary to have annual estimates of average income in each
quintile, average prices, income elasticity for each quintile and price elasticity for each quintile between
2020 and 2050. For each year, it is assumed that there were no new changes in income distribution and
each quintile increased by the same amount as GDP per capita. The forecast of UK GDP per capita is
based on dividing the OECD (2019) long-term forecast of UK GDP by the ONS (2019) population
projections (see Figure A6).
In the absence of clear information about a trend, average prices of air travel are assumed to be constant
in real terms between 2020 and 2050 – real prices have been fairly stable between the early 1990s and
2019 (see Figure 2 in the main text). For the income and price elasticities, the trend in elasticities between
1989 and 2019 are used to estimate to determine the trend in elasticities between 2020 and 2050. Figure 3
shows that there is (in absolute terms) a downward trend in the income and price elasticities of demand
for each quintile (apart from the top quintile Q5, as discussed in the main text). So, for instance, the
income elasticity of Q4 fell by 56% between 1989 and 2019 and, therefore, it is assumed that it would fall
by 56% between 2020 and 2050 – thus, declining from 1.49 to 0.65. For Q5, because of the anomaly
surrounding air travel after 2001 (and 9/11), the trend between 1979 and 2019 is used instead, which is
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associated with a 42% decline, and this value is used to project forward the income elasticity for Q5
between 2020 and 2050. In addition, the 30-year trend between 1989 and 2019 is used to project the price
elasticties from 2020 to 2050. The values of average income, of average prices, and of income and price
elasticities for each quintile are fed into equation (S1) to create the BAU forecast from 2020 to 2050.

Figure A6. Forecast of UK GDP per capita growth rate, 2020-2050

Source: GDP: (OECD 2019), Population: ONS (2019)

However, this BAU forecast needs to be linked in with the recovery following Covid-19. Clearly, there
are many uncertainties around GDP growth, travel-related policies, airline industry survival and bailouts,
and traveller concerns about health risks. Pearce (2020), as chief economist for IATA, offers a forecast to
2025. He suggests that air travel will take two to three years to return to ‘normality’ – 2021 would be
70%, 2022 would be 90% and 2023 would be 100% of the 2019 level. These forecasts, also shown in
Figure 6 as monthly data, create the link between the recovery of air travel and the BAU scenario.
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A9. Projection of Demand for Air Travel (2020-2050)
Section 2 of the main text explains the process for constructing the demand curves in the past. The same
method can be used to generate demand curves in the future. Equation (8) describes how to estimate the
WTP values for each marginal level of consumption. The estimate of WTP values for 2020 are based on
the WTP values in 2019 plus the changes in income multiplied by the income elasticity.
Similarly, 2021 WTP values are based on 2020 values plus the changes occurring in 2021. This process of
building on the previous year is extended to 2050. So, the only difference between the past and the future
demand curves is that the future WTP values are based on forecasts of the key variables. The most
important variables that feed into the process are the average income in each quintile and the income
elasticity of WTP (which is proxied by the income elasticity of demand, as explained in section 2). The
forecasts of these variables are explained in the previous section of this Appendix (on the Projection of
BAU Air Travel). That is, the forecast of UK GDP per capita is based on dividing the OECD (2019) longterm forecast of UK GDP by the ONS (2019) population projections, as shown in Figure A6. Figure 7
shows the demand curves in 2030 and 2050 for two income quintiles, and further details can be sought
from the authors.
An important point to note (which is mentioned in the text) is that the demand curves that are unaffected
by Covid-19 and, therefore, do not take account of the recovery. This is in contrast to the BAU Scenario
which does take account of the gradual recovery to 2025. The implication is that, for the first few years
after Covid-19, emissions in the BAU Scenario are lower than the emissions related to the Carbon Tax
and Frequent Flyer Levy Scenarios in Figure 7.
A10. Estimation of the Long-Run Welfare Impacts of the Carbon Tax and Frequent Flyer Levy
Scenarios
This section explains the welfare impacts of the carbon tax and frequent flyer levy scenarios. The
estimation strategy uses the consumer surplus curve and compares it with the tax or the levy. The level of
consumption where the consumer surplus curve crosses the tax (or the levy) will be optimal, if the tax (or
levy) is imposed. Thus, it is possible to identify the optimal levels of consumption for the average
consumer in each income quintile and in each year. The consumer surplus associated with this new
optimal level of consumption and including the expenditure on the tax (or the levy) is calculated and
compared with the consumer surplus without the tax (or levy). The difference is the estimated welfare
loss from the tax (or levy) and is presented in Tables 3, 4, 5, and 6, and summarised in Table 7.
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