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Abstract
E-cigarettes have become a substitute for tobacco cigarettes. This brings
about the question of how to best levy excise duties on them. By assuming
partial equilibrium conditions and tobacco excise rates as exogenous, we derive a set of expressions for the ad-valorem excise rates which maximise tax
revenues or social welfare. Using own price and cross-price demand elasticities for vape and tobacco; public data on the costs of tobacco externalities;
and recent estimations of the relative harmfulness of vape, the expression
are applied to EU countries and US states. Using Monte Carlo uncertainty
analysis, some tentative recommendations are made for vape market shares
at which imposition of excise duties would increase social welfare. The developed framework can be applied to other cases as well, e.g. taxes on sugary
beverages.
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Introduction
Since their introduction in 2007, e-cigarettes have established themselves
as a substitute for tobacco cigarettes. The total market for e-cigarettes, or
vaping, was estimated at $8 billion in 2016, of which about $6 billion in
5

the European Union and the United States. Although the harmfulness of
e-cigarettes is still debated, the scientific consensus currently is that they
are substantially less harmful than other tobacco products. Because of the
fiscal and health implications of e-cigarettes, it is not surprising that many
governments are considering how to regulate this market and which excise
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regime is optimal. In most countries e-cigarettes only attract the general VAT
or sales tax but some countries (e.g. Italy, Romania and Finland) and states
(e.g. California, Minnesota and North Carolina) have actually implemented
excise taxes on e-cigarettes.
In this paper we put forth a partial equilibrium framework to determine
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what an optimal excise regime for e-cigarettes may look like under different
government objectives. The basic premise is to treat tobacco and electronic
cigarettes as partial substitutes and to incorporate their respective externalities. The framework is applied to the EU and United States.
Literature Review
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This article contributes to the economic literature on optimal taxation. It
also contributes to the health policy literature that is concerned with the use
and regulation of tobacco products. Taxation of tobacco and other inelastic
or luxury goods is typically justified by economists for two reasons. First, it
is considered an efficient tax. Ramsey (1927) showed that in absence of other
2
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taxes, goods should be taxed inversely proportional to their price elasticity
of demand, which is typically low for tobacco (Chaloupka & Warner, 2000).
Second, tobacco taxes compensate for the cost of negative externalities, i.e.
Pigouvian corrective taxes. Notwithstanding some theoretical objections,
the Pigouvian principle has been validated in the context of a more compre-
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hensive system of indirect taxation (Sandmo, 1975). An important practical
problem of Pigouvian taxes is that one cannot always quantify the cost of
externalities at either the individual or group levels accurately enough for
the purposes of calculating an optimal tax. Baumol (1972) argued that it
nevertheless can be perfectly reasonable for a social planner to set minimum
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standards of acceptability and to determine a tax based on them. Individual
tobacco consumption patterns affect externalities but cigarettes can only be
taxed uniformly. A defensible cigarette tax could then be one that is equal
to the average cost of externalities per unit of consumption. Although quantification of these externalities is often highly uncertain, one can arrive at
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some reasonable estimates, as will be shown later.
Methodology
In this section we develop a partial equilibrium framework to determine
what an optimal excise regime for e-cigarettes might look like under different
government objectives. The basic premise is to treat tobacco and electronic
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cigarettes as partial substitutes and to include their respective costs of externalities, accepting that there are still substantial uncertainties regarding
those costs. The framework is then applied to the EU and the USA.

3

A Model of E-Cigarette Taxation
We take a single cigarette as the basic unit of consumption. For now,
50

suppose that an equivalent vape consumption can be defined (we will come
back to this later). Each cigarette or vape equivalent has a market price,
which depends on the product-specific ad-valorem excise rate (if present)
and on the general VAT or sales tax. Assume also that a per-unit cost
of externalities can be defined (we will come back to this later as well).
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It then follows that the total excise and tax revenues as well as the cost
of externalities depend on the mentioned unit prices and costs and on the
volume of tobacco and vape products consumed. When tobacco and vape
products are imperfect substitutes, their respective consumption depends
not only on their own price elasticity of demand but also on the cross price
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elasticity of the substitute. Any change in product-specific excise of either
tobacco or vape thus affects the consumption of both.
As mentioned in the introduction, governments can have different objectives when levying excise duties. We here consider two of them: (i) maximisation of fiscal revenues (i.e. pure Ramsey taxation); and (ii) maximisation
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of social welfare, which we here define as fiscal revenues minus the cost of externalities (i.e. combined Ramsey and Pigouvian taxation). The above logic
can be expressed mathematically as is done in the Table 5 in the Appendix.
The bottom four rows of the table indicate respectively the change of (i)
consumption volume; (ii) fiscal revenues; (iii) costs of externalities; and (iv)
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social welfare, all in response to a change of the fiscal regime (excise and/or
VAT or sales tax). By assuming tobacco taxes as exogenous and not subject
to change (i.e. ∆Tt = 0), one obtains the most general expression for the
4

vape excise rate change (∆ev ) needed to maximise social welfare:
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One can optimise the required change of vape excise by considering the
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vape and tobacco categories together or by regarding the former as separate
from smoking, i.e. taking Vt = 0. And one can set ct = 0 to discard externalities and obtain the excise rate which solely maximises fiscal revenues. The
solutions to the four different possibilities are summarised in Table 1.
Table 1: Four different optimal excise duties for vaping derived from Eq. 1
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The table shows that the four optimal excise rates can be expressed as
80

the sum of the excise rate that maximises the fiscal revenues (Ramsey tax)

5

axV apeF
from solely the vape category (∆eM
) and one or more of three adjustv

ment terms that express the compensating tobacco excise revenue (Ramsey
correction) and the Pigouvian corrections for the cost of vape externalities
and the prevented costs of tobacco externalities. In case of a zero VAT or
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sales tax and no existing excise duty on vape (i.e. τ = ev = 0) the excise duty
that optimises fiscal revenues from vape products is inversely proportional to
the price elasticity of vape demand. This is consistent with Ramsey’s finding
axV apeW
axV apeF
on efficient taxation of goods. One can see that ∆eM
≥ ∆eM
v
v

because the costs of vape-related externalities justify a higher excise duty.
90

Similarly, a higher vape tax excise rate is also justified because users that
switch from vape products back to tobacco will generate tobacco excise revaxF
axV apeF
enues. Hence ∆eM
≥ ∆eM
(note that ∆eTv obF isAdj ≥ 0 due to the
v
v
axV apeW
axW
and
≤ ∆eM
negative own price elasticity of vape). Finally, ∆eM
v
v
axF
axW
because the costs of tobacco related externalities become
≤ ∆eM
∆eM
v
v
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smaller when more smokers switch to vaping, thereby justifying a lower vape
excise duty.
When the unit costs of tobacco externalities are equal to the unit tax
revenue of tobacco (i.e. ct = Pt (τ + et + τ.et ) ) the tobacco tax and health
adjustment terms in Table 1 cancel each other out and there is no net effect
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on the optimal excise rate for vape. When tobacco tax revenues are higher
than the tobacco health cost, consideration of the tobacco category increases
the optimal excise tax on vape, essentially to help prevent people switching
from tobacco to vape. The opposite is true of course when tobacco taxes
are less than the tobacco externalities. When tobacco sales have vanished

105

completely the tobacco adjustment terms equal zero.

6

Equivalent consumption of vape and tobacco
As was mentioned already, the framework assumes that a vape consumption unit can be defined which is equivalent to a single cigarette. Because
the addictive substance is nicotine one preferably looks at the amount of
110

vape liquid which, when consumed, delivers the same amount of nicotine as
the average cigarette. Such equivalence is difficult to establish unequivocally.
Nicotine content of vapour depends on the nicotine content of the vape liquid
and on the delivery device used, with technology still improving. In addition,
absorption of nicotine in the vaper’s bloodstream depends on many circum-
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stances including the actual consumption patterns, as shown by Farsalinos
et al. (2015). An alternative to product nicotine equivalency is to assume
that an average smoker becomes an average vaper. The rationale here is
that a user who substitutes one for the other will unconsciously consume the
quantity which is sufficient to satisfy their daily craving. Based on observed
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cigarette and vape liquid consumption it seems that 1 cigarette equals about
0.2 ml of vape liquid. We will use this value in this paper.
Assumptions
The framework relies on a number of assumptions. First, in this paper we
do not include the deadweight welfare loss (i.e. loss of economic efficiency)
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of imposing excise taxes. The deadweight loss is 0 for completely inelastic
demand and increases when demand becomes more elastic. Deadweight loss
can be included but renders the expressions in Table 1 more complex (the factor

1
2

in the expressions must be replaced by a factor

1
,
2+f (φv,v )

where f (φv,v )

depends on the price elasticity only). One can show that non-inclusion of
130

deadweight loss causes a maximum overestimation of the optimal excise rates
7

by a factor 12 (1 − ln(2)) ≈ 0.15. For the price elasticity in this paper (-1.2,
see next section) the overestimation is a factor of 0.14. Second, we assume
constant price and cross-price elasticities of vape and tobacco demand with
respect to vape prices. Although this assumption could be relaxed and price
135

and income dependencies could be considered, little information is available
on the demand curve for vape products and any information can be expected
to change as the rate of product innovation is still high. Moreover, a more
complex elasticity formulation will likely prohibit closed-form expressions.
A third assumption is that the framework is a partial equilibrium approach
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which only captures the demand side for two products and not the supply
side. It has been shown Hamilton (2008) that changing excise rates on different products are likely to affect firm behaviour, something which is not
considered here. The fourth assumption is that vape and tobacco externalities are expressed on a unit product basis whereas it is well known that
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they depend on actual usage patterns. For example, doubling consumption
may more than double the cost of externalities. Finally, we assume tobacco
excise rates to be exogenous in order to have one variable (∆ev ) to optimise.
The optimal excise rates derived in this way are thus local optima and it is
possible that a different mix of tobacco and vape excise rates may achieve
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higher fiscal or welfare outcomes.
Data and parameter specification
VAT or sales tax rates and data on vape and tobacco pricing are available
for all EU countries and for individual states in the USA. It is convenient
to write the ratio of tobacco and vape sales in the expressions in Table 1 in
8
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terms of a single variable, the market share of vape γ
1
St
= −1
Sv
γ

(2)

When using the vape market share as a variable, the four excise rate
expressions depend on one or more of four remaining parameters: the price
elasticity of vape demand (φv,v ); the cross price elasticity of tobacco demand
with respect to the price of vape (φt,v ); the unit costs of tobacco externalities
160

(ct ); and the relative harmfulness of vaping (α). Each of these is discussed
in more detail below. Because of the estimations involved; uncertainty in
the data; and because we just aim for some reasonable parameter values to
illustrate the framework, the quantification of the parameters is high-level
rather than detailed.
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Price elasticity of vape demand
Most studies indicate that demand for vape products is more price elastic than tobacco, which is typically in between -0.4 and -0.8 (Chaloupka &
Warner, 2000). A range between -1.2 and -1.9 has been reported by Huang
et al.
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(2014) whereas Stoklosa et al. (2016) found a range from -0.82 to

-1.15. We use a value of -1.2 in the remainder of this paper, meaning that
demand for vape decreases by 12% when prices increase by 10%. This value
is roughly double the demand elasticity observed for tobacco.
Cross-Price elasticity of tobacco demand
Not much evidence exist on the cross elasticity of tobacco demand with
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respect to vape prices. Using a simulated rather than revealed demand experiment in New Zealand, Grace et al. (2015) find a cross elasticity of e-cigarette
9

demand with respect to tobacco price of 0.16. One can argue that the price
elasticity of tobacco demand with respect to vape prices, i.e. switching in
the other direction, is likely be lower due to health and other considerations
180

playing a role. Marti et al. (2016) collected stated demand preference data
for three groups: smokers, vapers and dual users. From this data we infer
a cross elasticity of tobacco demand for all three categories together of 0.05
(ranging from 0 for smokers to 0.16 for dual users), which we use in this
paper.
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Cost of tobacco externalities
A considerable body of literature exists on the costs of externalities of
tobacco. The unit cost of tobacco externalities consists of several components: direct externalities experienced by other individuals; collectively borne
cost, like publicly funded healthcare; and revenue externalities, e.g. absence
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and sickness-related productivity loss. Although considered controversial accounting, these negative externalities are partially offset by savings in public
health and pension costs due to premature mortality. Based on estimates
of the various externalities Vicusi (1995) concludes that on balance ”overall
cigarette taxes exceed the associated externalities.” Some have even argued
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that smoking lowers public spending because many smokers do not live long
enough to incur the health and pension expenditures that come with old age.
But this conclusion is not undisputed (Rasmussen et al., 2005). One may
also consider the loss of so-called quality adjusted life years (QALY) resulting
from premature death. Strictly spoken this is not an externality but rather a
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so-called internality because the costs are borne by the individual. When individuals are sufficiently aware of this and thus rationally consider it in their
10

decision making, this internality cannot serve as a purely economic justification for tobacco taxes, although there can of course be other reasons. In this
respect, Gruber & Koszegi (2008) point to the time inconsistency of smokers:
205

many would prefer to stop smoking tomorrow but also want a cigarette now
and forget about future health effects. Such individuals need commitment
devices to overcome lack of self control. But the private market cannot provide such devices since it lacks the power of compulsion of the government
with its ability to tax and make tobacco consumption more costly to oneself.
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Because we are interested in the application of the taxation framework
to individual EU countries and USA states, we quantify the tobacco externalities based largely on information from DG SANCO in the EU (Jarvis et
al. , 2012) and the Center for Disease Control (CDC) in the USA (see Table
2). These sources state healthcare expenditures of e 25.7 billion in the EU
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and $133.4 billion in the USA, which comprise 2.9% and 4.2% of total health
spending respectively. This is somewhat below the 5.7% share of smoking
attributable diseases of total worldwide health expenditures (in PPP terms)
found in Goodchild et al. (2017). The DG SANCO estimates are probably on
the low side. For example, healthcare expenses of e 7.5 billion in Germany
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in 2003 are reported by Neubauer et al. (2006), which is about double of
DG SANCO’s 2012 estimate for Germany of e 4.8 billion when taking into
account annual inflation of 3% inflation.
Productivity losses are caused by smoking-related absenteeism and incapacity. The e 7.3 billion reported by Jarvis et al.
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(2012) seems low

compared to other studies. For example, Neubauer et al. (2006) estimated
smoking-attributable absenteeism and early retirement costs at e 8.8 billion

11

Table 2: Quantification of smoking externalities (data is available for each EU
country and USA state)

Smoking-

Smoking-

attributable health

attributable

care expenses

ductivity losses

Smokingpro-

attributable
mature

pre-

mortality

losses
EU27 (2012)

e 25.7 billion

e 7.3 billion

e 516.7 billion

USA (2016)

$ 133.4 billion

$ 30.0 billion

$ 318.0 billion

in Germany, which is almost 8 times the DG SANCO estimate of e 1.1 billion.
Estimates in the USA vary considerably: Stewart et al. (2003) found smokers
to have 75% higher loss of productive time than non-smokers, equivalent to
230

about $1,200 per year; Bunn et al. (2006) report a difference in productivity
between smokers and non-smokers of $1,807; and the best estimate of productivity loss by Berman et al. (2014) is $4,056 (with a lowest estimate of
$2,282). Using the average 16.7% incidence of smoking among USA adults
and a workforce of 150 million this translates into a range of $30 - $100 bil-
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lion. Even before discounting for inflation since time of publication, these
numbers seem high compared to the $3.8 million per 10,000 workers (i.e. $57
billion for all employees in the USA) in total health and productivity related
work loss found by Mitchell & Bates (2011). We will therefore adopt the
lower value ($30 billion) in the remainder of this paper.

240

The monetised value of premature mortality is considered the largest burden of smoking. According to the DG SANCO report (Jarvis et al. , 2012),
695,000 deaths (i.e. 15% of all deaths in the EU) in 2009 were attributable
to smoking, which was equivalent to a QALY loss of 9.9 million years. Us12

ing a value of one QALY of e 52,000, the report values smoking-attributable
245

premature mortality at e 517 billion, an order of magnitude larger than the
health care expenditures and productivity loss estimates. The CDC reports
that in 2016 there were 441,680 smoking-attributable premature deaths in
the US. Using the same number of QALYs per premature death this means
a loss of 6.3 million years. Adopting a value of one QALY as the customary
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(but arbitrary) $50,000, this means a cost of premature death of $318 billion.
We note however that much higher values of up to $200,000 seem justified
as well (Neumann et al., 2014).
Finally, the values in Table 2 must be translated into a cost per cigarette.
Although for productivity losses using the current cigarette consumption is

255

justified, this is not so for the health care costs and premature mortality because they depend on historic consumption, which was about 2-3 times higher
than current consumption. For example, the gap between peak cigarette consumption (1960) and peak lung cancer mortality (1990) is 30 years. On the
other hand, cigarettes have become deadlier over the last decades because of
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additives and filter systems (US Dept. Health and Human Services, 2014).
For reasons of simplicity we therefore assume the cigarette consumption used
for normalising the health care and premature mortality costs as double the
2016 consumption, which amounted to 581 billion cigarettes in the EU and
254 billion in the US. However, for the smoking-attributable health care ex-
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penses in the EU we have omitted this correction because the data provided
in the DG SANCO report seem very low, as mentioned before. The resulting
costs per cigarette are provided in Table 3.
In dollar terms, the values for smoking-attributable healthcare spend-

13

Table 3: Quantification of smoking externalities per cigarette (data is available
for each EU country and USA state)

Smoking-

Smoking-

attributable health

attributable

care expenses

ductivity losses

Smokingpro-

attributable
mature

pre-

mortality

losses
EU27 (2012)

e 0.044

e 0.013

e 0.445

USA (2016)

$ 0.263

$ 0.118

$ 0.626

ing between the EU and the USA differ by a factor 4.5. When considering
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the 1.5x difference between per capita GDP and the 1.7x factor in healthcare spending as percentage of GDP, the difference reduces to 1.8x which is
not unreasonable given the different methodologies and measurements used.
Even when corrected GDP per capita, the productivity loss in the USA is
about 5.0x times higher than in the EU. As stated before, the EU-level data
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reported by Jarvis et al. (2012) are probably a considerable underestimation.
Apart from the substantial uncertainty of the data used, we re-emphasise the
tentative nature of our estimates of the societal cost of tobacco. But for the
purpose to illustrate the framework we think it is adequate.
Relative harmfulness of vape
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Few studies have been done on the harmfulness of vaping. In addition to
the nicotine-related health risks of vaping, experts point to inhaling cancercausing chemicals like formaldehyde or toxic metals like nickel. Because of the
many uncertainties and for reasons of simplicity we here adopt the finding of
Public Health England (McNeill et al., 2015) that vaping is 95% safer than

14
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smoking. In terms of the framework this means that the residual risk or
relative harmfulness of vape (α) is 0.05. This residual risk does not account
for the possibility that e-cigarettes could be a gateway product for (youth)
smoking (Watkins, 2018), although there is no consensus in the academic
literature on this (Kozlowski & Warner, 2017).
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Results and discussion
Optimal excise rates for a vape market share of 10%
Using the parameter values as discussed in the previous section and assuming a vape market share of 10% (which is higher than current market
shares in all EU and USA markets), Table 4 quantifies all the excise rate
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expressions presented in Table 1. In addition to the weighted average EU
and USA values we provide the minimum and maximum rates for individual EU countries or USA states. The quantification of tobacco externalities
at the individual country or state level, however, is subject to more uncertainty than at the EU and USA level. The weighted average pre-tax price of
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one cigarette used in the calculation is e 0.041 (e 0.192 market price) in the
EU and $0.192 ($0.345 market price) in the USA. The pre-tax prices of the
equivalent vape consumptions are e 0.042 and $0.059 respectively.
axV apeF
The expressions that depend solely on the sales and excise taxes (∆eM
v
axF
and ∆eM
) exhibit fairly little variation within the EU and the USA bev
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cause tax rates are comparable. For example, all EU countries have VAT
rates in between 18% (Malta) and 27% (Hungary) and the sales tax rates
in the USA (including local taxes) vary from 0% (e.g. New Hampshire) to
10% (Louisiana). Because VAT rates in EU countries are higher than sales
15

Table 4: Quantification of the excise expressions in Table 1 assuming a vape
market share γ of 10%. Excise rates are given as a percentage of the before
tax prices of vape liquid
Excise tax

Calculation

EU27

USA

component
Avg

Min

Max

Avg

Min

Max

axV apeF
∆eM
v

I

33%

31%

34%

39%

37%

42%

∆eVv apeExtAdj

i

25%

5%

79%

40%

29%

65%

∆eTv obF isAdj

ii

15%

14%

17%

9%

6%

12%

∆eTv obExtAdj

iii

-52%

-103%

-16%

-58%

-132%

-30%

axV apeW
∆eM
v

I+i

58%

34%

113%

78%

67%

103%

axF
∆eM
v

I+ii

48%

46%

50%

47%

44%

50%

axW
∆eM
v

I+i+ii+iii

21%

-19%

93%

29%

-18%

72%

Note: Average value is weighted with market size. Calculations indicated are
valid for the average (except for small rounding errors) but not necessarily
for the minimum and maximum values because the latter reflect different
countries/states.

tax rates in the USA, the vape excise duty which maximises fiscal revenues
310

axV apeF
(∆eM
) is lower in the EU. But the higher tobacco excise rates in the
v

EU cause the tobacco tax adjustment term to be higher as well. The net
axF
result is that the vape excise rate which maximises fiscal revenues (∆eM
)
v

is virtually identical in the EU and USA. Because tobacco externalities in
Table 4 are larger, the vape health adjustment terms (which are 5% of the
315

tobacco externalities) are higher in the USA. Similarly the tobacco health ad16

justment is more negative in the USA as well. The welfare maximising excise
axW
rate on vape (∆eM
) however is very similar in the EU and the USA. The
v

EU value of 21% of the pre-tax price of vape liquid is equivalent to 14% of
the market price, a value that can be compared to the EU minimum tobacco
320

excise rate of 60%.
The size of the tobacco externalities adjustment term in Table 4 highlights the importance of whether only externalities are taken into account
or internalities as well. Non-inclusion of the costs of premature mortality,
which are born by the smoker and not by society, causes ∆eTv obExtAdj to de-
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crease from -52% to -6% in the EU and from -58% to -22% in the USA. This
increase is partially offset because the externality cost of vape would decrease
as well but the social welfare maximising excise rate on vape increases from
21% to 45% in the EU and from 29% to 41% in the USA.
Market share dependence of welfare maximising excise rate
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The social welfare maximising excise rate is strongly dependent on the
market share of vape, as is shown in Figure 1. For smaller vape market
shares the tobacco related tax and externality adjustments increase rapidly in
magnitude. Of these two the externalities adjustment is the larger one which
explains the rapid drop (to even negative values, i.e. Pigouvian subsidies)
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of the optimal excise rate for small vape market shares. When all tobacco
sales have ceased and vaping has captured the entire market the welfare
axV apeW
maximising vape excise (∆eM
) in the EU is 58% (see Table 4) which
v

is equivalent to 30% of the market price, half of the 60% EU minimum for
tobacco, due to the higher demand elasticity (i.e lower Ramsey taxation) and
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lower cost of externalities (i.e. smaller Pigouvian correction). Similarly, in
17

the USA the welfare maximising excise will go up to 78%.
Figure 1: Social welfare maximising excise rate on vape liquid (percentage of
pre-tax price) as a function of vape market share. EU and USA lines are based
on their respective average VAT, sales tax and tobacco excise duties.

Effect of parameter uncertainty on the welfare optimising excise rate
For small market shares the welfare optimising excise depends strongly
on the net effect on the two large but opposite tobacco effects. This implies
345

that the overall tobacco effect on the optimal vape excise rate is very sensitive to the parameter values used. However, as already mentioned, there is
considerable uncertainty about their quantification. To analyse the effect of
parameter uncertainty we have conducted a Monte Carlo simulation using
25,000 random combinations of parameter values for the own and cross price
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elasticity; the costs of tobacco externalities; and the relative harm factor of
vape. The parameters are drawn from uniform distributions around the parameter values used for the EU calculations. The minimum and maximum
values are taken as respectively half and one-and-a-half times the above-used
parameter values (hence the averages are equal to the above-used used pa-
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rameter values). The cumulative distribution functions (CDFs) of the social
welfare maximising excise rates are shown in Figure 2. for different market
shares of vape.
Figure 2: Cumulative distribution functions of social welfare maximising excise
rate on vape in the EU derived from Monte Carlo simulations for different
values of market share γ

18

Consistent with Figure 1, the CDFs move toward higher excise rates for
increasing vape market shares. For vape market shares lower than 6%, at
360

least 50% of the probability mass is for negative excise rates (i.e. Pigouvian
subsidies). This means that a policy to impose vape excise rates for market
shares below 6% has at least a 50% chance of being wrong. On the other
hand, above market shares of 12% there is a 95% certainty that imposition
of excise rates is the right policy. Although pre-tax prices, tax rates and the
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cost of smoking externalities are all different in the USA, the same analysis
yields very similar thresholds. Because we did not include deadweight welfare
loss, these market share thresholds indicated should possibly be somewhat
higher. We also caution against drawing country or state specific conclusions
from this: the variation between states in the USA and, especially, between
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countries in the EU is very substantial, both with respect to the costs of
externalities used in the Monte Carlo simulations but also cigarette and vape
equivalent prices.
Summary and conclusions
Electronic cigarettes (vape) and tobacco cigarettes are imperfect substi-
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tutes. By assuming tobacco excise rates as exogenous, four closed-form expressions have been derived for the tax revenue or social welfare maximising
ad-valorem excise rates on vape under partial equilibrium conditions. Using
parameter specifications based largely on DG SANCO and CDC dataas well
as selected other sources, application of these expressions to the EU and the
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USA shows that the vape excise rates that maximise fiscal revenues or social
welfare are substantially lower than current tobacco excises, due to higher
19

demand price elasticity and lower costs of externalities. Although intra EU
and USA variation is substantial, parameter uncertainty makes excise rates
defensible above vape market shares of 12% while for market shares below
385

6% there is a more than 50% chance that excise imposition decreases social
welfare. Little research has been done regarding the cross price elasticities
of demand between vape and tobacco. Given the sensitivity of our results
to this elasticity we encourage additional experiments in this area. Finally
we recommend further research to be undertaken on how the vape external-
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ities depend on the nicotine content (or of other ingredients) of vape liquid.
A better understanding of that would allow the framework to be useful for
quantifying specific rather than ad-valorem excises. The framework can also
be applied to other sets substitute goods with different externality costs such
as sugary and sugarfree drinks.
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Appendix: Mathematical Framework

Table 5: Mathematical framework specifying all parameters and variables
Vaping
Tobacco
Volume (units)
Vv
Vt
Pre-tax unit price
Pv
Pt
Excise rate
ev
et
VAT or sales tax rate
τ
τ
Effective tax rate
Tv = (1 + ev ).(1 + τ ) − 1
Tt = (1 + et ).(1 + τ ) − 1
Unit market price
Market sales
Tax income
Unit externality costs
Costs of externalities
Own-price elasticity

= ev + τ + ev .τ
Pvm = Pv (1 + Tv )
Sv = Vv .Pvm = Vv .Pv (1 + Tv )
Fv = Vv .Pv .Tv
cv = α.ct
Cv = Vv .cv = Vv .α.ct
m
dVv Pv
v 1+Tv
φv,v = dP
= dV
m. V
dTv . Vv
v

= et + τ + et .τ
Ptm = Pt (1 + Tt )
St = Vt .Ptm = Vt .Pt (1 + Tt )
Ft = Vt .Pt .Tt
ct
Ct = Vt .ct
m
dVt Pt dVt
t 1+Tt
φt,t = dP
= dV
m. V
dTt . Vt
t dTt

Cross-price elasticity

φv,t =

φt,v =

Volume change

dVv 1+Tt
dVv Pt
dPtm . Vv = dTt . Vv
dPvm
dPtm
∆Vv = φv,v . P m
.Vv
.Vv + φv,t . P m
v
t
∆Tv
∆Tt
= Vv (φv,v . 1+Tv + φv,t . 1+Tt )

Fiscal revenues change

∆Fv = Vv .Pv .∆Tv + ∆Vv .Pv .Tv +

∆Ft = Vt .Pt .∆Tt + ∆Vt .Pt .Tt +

∆Vv .Pv .∆Tv

∆Vt .Pt .∆Tt

v

=

m

Vv .Pv (∆Tv +

∆Tv
[φv,v . 1+T
v

+

t

m

dVt 1+Tv
dVt Pv
dPvm . Vt = dTv . Vt
dPtm
dPvm
∆Vt = φt,t . P m
.Vt + φt,v . P m
.Vt
v
t
∆Tv
∆Tt
= Vt (φt,t . 1+Tt + φt,v . 1+Tv )

=

∆Tt
Vt .Pt (∆Tt + [φt,t . 1+T
t

+

Externalities cost change

∆Tt
φv,t . 1+T
].[Tv + ∆Tv ])
t
∆Cv = ∆Vv .α.ct

∆Tv
φt,v . 1+E
].[Tt + ∆Tt ])
v
∆Ct = ∆Vt .ct

Welfare change

∆Tv
∆Tt
= Vv .α.ct (φv,v . 1+E
+ φv,t . 1+E
)
v
t
∆Wv
=
∆Fv − ∆Cv

∆Tt
∆Tv
= Vt .ct (φt,t . 1+T
+ φt,v . 1+T
)
t
v
∆Wt
=
∆Ft − ∆Ct

=

Vv .Pv (∆Tv + (Tv + ∆Tv −

∆Tv
α.ct
Pv ).[φv,v . 1+Tv

∆Tt
+ φv,t . 1+T
])
t
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=

Vt .Pt (∆Tt + [Tt + ∆Tt −

∆Tt
ct
Pt ].[φt,t . 1+Tt

∆Tv
+ φt,v . 1+T
])
v
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