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Abstract
Countries with an active climate policy often use several other
policy instruments in addition to a price on carbon emissions, such
as subsidies to renewable energy. An obvious reason for subsidizing
alternatives to carbon energy is that the price of carbon emissions is
"too low". The paper derives implications for a second-best climate
policy if for some reason the price of carbon emissions is lower than the
Pigovian level, and also discusses reasons policy makers might have
for setting the tax rate at an ine¢ ciently low level. Even if the current
tax rate is optimally set, governments cannot commit to future tax
rates. In some cases this inabilty to commit may justify subsidies to
investments in renewable energy.
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Introduction

It is widely recognized among economists that a price on carbon emissions,
trough a carbon tax or a price on tradeable emission permits, is the most
important policy instrument to reduce such emissions. Standard economic
reasoning also implies that in the absence of other market failures, an appropriately set carbon price is the only instrument needed to achieve an e¢ cient
climate policy. In practice, however, most countries having an active climate
policy use several other policy instruments in addition to a price on carbon
emissions. One of the most frequently used instruments is explicit or implicit
(e.g. through portfolio standards) subsidies to alternatives to carbon energy.
This may be justi…ed by economic theory if there are market failures associated with the supply of such alternatives. For instance, it is often assumed
that there are various market imperfections associated with the development
of new technology. However, governments often subsidize alternatives to carbon energy even when this has no obvious e¤ect on the development of new
technology and there are no other obvious market failure associated with the
supply of the alternative. The focus of this article is on such subsidies, which
should not exist in a …rst-best social optimum.
One obvious reason for subsidizing alternatives to carbon energy is that
price of carbon emissions (henceforth called a carbon tax) is "too low", i.e.
lower than the Pigovian rate (equal to the marginal environmental cost of
carbon emissions). Sections 2-7 discuss the implications for a second-best
climate policy if for some reason the price of carbon emissions is lower than
the Pigovian level. The simplest case of one type of carbon energy and one
alternative is considered in sections 2-4. In this section the optimal subsidy
is derived. The results of these section are in section 5 generalized to the
case of many types and uses of carbon energy, and many alternatives. The
implications of some or all carbon emission being regulated trough a cap and
trade system are discussed in section 6. Finally, in section 7 it is shown that
if the tax on some type of carbon emissions for some reason is below the
2

Pigovian level, it is optimal for taxes on other carbon emissions also to be
below the Pigovian level, even if there is no constraint on these taxes. It
may in some cases even be second-best optimal to set the tax on one type of
carbon emissions below the constrained tax rate of another type of carbon
emissions, even though the latter is "too low".
An obvious question is why the carbon tax is set below the Pigovian level.
This is discussed in section 8, together with an analysis of the welfare costs
of setting the carbon tax lower than the Pigovian level.
To achieve a …rst-best optimum, it is not su¢ cient to set the current carbon tax equal to the Pigovian level. Since many current decisions related to
abatement and investment in renewable energy have long-term consequences,
a …rst-best optimum requires that also future carbon tax rates are set equal
to the future Pigovian levels. This would require that governments were able
to commit to a future tax path. In reality, this is not possible. Without
commitment, market agents who make investment decisions must base their
decisions on what they expect about future climate policies. In policy debates, it is often argued that lack of commitment may lead to ine¢ ciently low
emission reducing investments, and that emissions therefore will be higher
than they would be with commitment. For instance, Stern (2007, p. 399) argues that "lack of certainty over the future pricing of the carbon externality
will reduce the incentive to innovate".
With this motivation, the simple model of section 2 is in section 9 extended to a two-period model. It is shown that the inability of governments
to commit to future tax rates in some cases may justify a subsidy of renewable
energy.
Section 10 o¤ers some concluding remarks.

3
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A simple model for analyzing climate policy

The simple model presented in this section has the following features:
The model ignores all issues related to the international dimension of
the climate issue.
There is one …nal good and two endogenous inputs in the production
function for this good. These inputs can be interpreted as fossil fuels
and renewable energy.
Carbon in the atmosphere is not explicitly treated as a stock pollutant.
Aggregate consumption is given by
c = F (x; y)

px

b(y)

(1)

where F (x; y) is gross output. Of this output, px is needed to produce (or
import) fossil fuels, called carbon henceforth, in the amount x. Moreover,
b(y) of the gross output is needed to is needed to produce renewable energy
in the amount y.1
Social welfare is given by
W =c

vx

(2)

where vx represents environmental damage from using carbon energy, and v
is exogenous and positive. Henceforth, v will be called the valuation of emissions (or emission reductions). A more general damage function would have
1

The reason for letting the cost of y be given by b(y) instead of a linear function qy as
was assumed for x is that the analysis is simpli…ed if corner solutions can be ruled out.
If both x and y have linear cost functions corner solutions may occur, and will typically
occur if x and y are perfect substitutes.
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damages as a non-linear function of x. Even with a more general function,
environmental damages would only depend on the ‡ow of carbon emissions.
It is more realistic to let damages depend on the stock of carbon in the atmosphere, and not on the ‡ow. Most analyses of climate policy assume that
damages depend on the stock of carbon. The assumption (2) used in the
present analysis must hence be interpreted as a simpli…cation. Note, however, that if environmental damages are linear in the stock of carbon, it can
be shown that this is equivalent to having a damage function as in (2), i.e.
with damages proportional to the ‡ow of carbon emissions, see e.g. Hoel
(2011) for details.
The following assumptions are made:
1. F is strictly increasing and strictly concave in its arguments, and Fxy <
0.
2. p and v are exogenous and positive, and p + v is assumed to be so small
that a …rst-best optimum is characterized by x > 0.
3. b(0) = b0 (0) = 0; b0 (y) and b00 (y) are positive for y > 0.

3

The …rst-best optimum

Using (1) and (2), social welfare is given by
W = F (x; y)

(p + v)x

b(y)

(3)

Maximizing W with respect to x and y gives (since the assumptions above
imply an interior solution)
Fx (x; y) = p + v

(4)

Fy (x; y) = b0 (y)

(5)
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The interpretation of these two equations is straightforward: The marginal
productivity of using carbon should be equal to its total marginal cost, which
consists of production (or import) costs plus climate costs. The marginal
productivity of using renewable energy should be equal to the marginal cost
of producing this energy.
The optimal (x; y) depends on the climate cost parameter v, and it is
straightforward to see that x is lower the higher is v. Moreover, the assumption Fxy < 0 implies that y is higher the higher is v.
The market outcome follows from pro…t maximization of producers. Aggregate pro…ts are
= F (x; y)

(p + t)x

(b(y)

sy)

where t is a carbon tax and s is a subsidy on renewable energy. Pro…t
maximization gives
(6)

Fx (x; y) = p + t
Fy (x; y) = b0 (y)

s

(7)

Comparing with (4)-(5) it is immediately clear that the market outcome
will coincide with the social optimum if t = v and s = 0. In other words, the
social optimum is achieved be setting a carbon tax at the Pigovian rate, and
not subsidizing renewable energy.

4

A second-best subsidy

Assume now that for whatever reason, the tax rate t is set lower than v.
The next section will give some discussion of why policy makers might …nd
it di¢ cult or impossible to set t = v, and therefore instead set t to some level
below v (perhaps zero).
It follows from (6)-(7) that both x and y will be determined once t and s
6

are chosen. The second-best optimal s for an exogenous values of t is the
value of s that maximizes (3). To solve this maximization problem, it is useful
to consider y as a policy variable. The interpretation is the following: Once
t is given, it follows from (6) that the government can obtain whatever x it
wants by choosing a suitable y. Once x and y are both given, the appropriate
subsidy follows from (7).
From the discussion above, it is clear that the second-best value of y must
maximize
W = F (x(y; t); y) (p + v)x(y; t) b(y)
(8)
where x(y; t) is implicitly de…ned by (6). From (6) it follows that
Fxy
<0
Fxx
1
<0
Fxx

xy (y; t) =
xt (y; t) =

(9)
(10)

It follows from (3) that maximizing W with respect to y gives
(Fy

b0 ) + (Fx

p

v) xy (y; t) = 0

or, using (6) and (7)
s = (v

t)( xy (y; t))

Since xy > 0, it follows that the second-best optimal subsidy is positive if
t < v, and is larger the larger is v t.

5

Heterogeneous carbon taxes and many types
of renewable energy

An obvious extension of the model is to assume that fossil fuels are used for
di¤erent purposes in the economy, so that there is an input vector x =(x1 ; :::xm )
instead of only one input x. Similarly, there may be many types and uses
7

of renewable energy and other inputs a¤ecting the use of carbon, so that
there is an input vector y =(y1 ; :::yn ) instead of only one input y. With this
modi…cation, (1) is replaced by
c = F (x; y)

p i xi

i bi (yi )

Social welfare is a before given by (2), but with x replaced by i xi :
It is straightforward to see that the …rst-best optimum is now given by
Fxi (x; y) = p + v

(11)

Fyj (x; y) = b0j (yj )

(12)

and that the market outcomes given by
(13)

Fxi (x; y) = p + ti
Fyj (x; y) = b0j (yj )

(14)

sj

As before, the …rst-best optimum can be achieved by ti = v for all i, and
sj = 0 for all j.
Consider now the second-best problem for which carbon tax rates are
exogenous and at least some of them are below v. As before, the vector
y may be considered as a policy variable, with the corresponding subsidies
following form (14) once (x; y) is determined. The second-best value of y
must maximize (where t = (t1 ; :::tm ))
W = F (x(y; t); y)

(p + v) i xi (y; ti )

j bj (yj )

(15)

where x(y; t) is implicitly de…ned by (13). It is straightforward to verify that
maximizing W with respect to y gives
Fyj

b0j +

X

(Fxi

p

i
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v)

@xi (y; t)
=0
@yj

or, using (13) and (14)
sj =

X

(v

ti )

i

@xi (y; t)
@yj

(16)

The optimal subsidy of each type of renewable energy thus depends on
how it a¤ects all di¤erent types of carbon use. However, it is not the sum
of reduced carbon that matters for how large the subsidy should be. The
reduction of each type of carbon use following an increase in the use of a
renewable energy (or any other input) must be multiplied by the di¤erence
between the valuation of emissions and the tax rate for this type of carbon
use.
Since it is only the sum of emissions that matters for the climate, it
might seem strange that it is not simply the sum of emissions that enters the
expression for the optimal subsidy (16), but a weighted sum. To understand
this it is useful to rewrite (16) as
sj = v

@ [ i xi (y; t)]
@yj

X
i

ti

@xi (y; t)
@yj

(17)

The …rst term in this expression measures the environmental bene…t of increasing the use of yj , and depends on the sum of reduced carbon emissions
the increase in yj leads to. However, there is also a non-environmental indirect cost of increasing the use of yj . By increasing the use of yj the use of
goods causing carbon emissions declines. For each such good, this reduction
gives a social cost, since the marginal bene…t of using the good exceeds the
marginal cost of supplying the good. This di¤erence is due to the carbon
tax on the good, since the carbon tax is identical to the di¤erence between
the user and producer price of the good when the good is measured in terms
of carbon emissions it causes. If di¤erent goods (or di¤erent uses of the
same good) have di¤erent carbon taxes, these cost terms (second term in
(17)) di¤er between goods and thus carbon emission sources. Hence, the
9

optimal subsidy of each type of renewable energy depends not only on how
total emissions are a¤ected, but generally also on how each emission source
is a¤ected.
So far, nothing has been said about the geographical location of carbon
emissions a¤ected by renewable energy. The most obvious interpretation is
that the analysis is for a single country, and that all xi and yj refer to carbon
emissions and renewable energy in this country. However, the use of renewable energy in a speci…c country may also a¤ect foreign carbon emissions
in other countries. If e.g. Norway increases its production of wind power,
this may due to electricity trade across borders reduce coal power production, and hence carbon emissions, in e.g. Germany. The e¤ect on foreign
emissions should be included in the formula (16) or (17) in a similar way as
domestic emissions. However, there are two important di¤erences between
foreign and domestic emissions.
First, if the country under consideration is concerned about its own welfare and not that of other countries, the last term in (17) should not be
included for foreign emission. For domestic emissions this term represents
lost welfare due to taxation. There are similar welfare costs for the foreign
countries if they have carbon taxes. However, these costs are irrelevant for a
country that is only concerned with its own welfare.
Second, it is not obvious that a country values domestic and foreign emissions equally. Since it is only total global emissions that matter for the
climate, one could certainly argue that all carbon emissions ought to be valued equally. However, there may be political reasons why a county is more
concerned about its own domestic emissions than foreign emissions. An example of this is Norway: In 2008 the Norwegian Parliament set a policy goal
for Norway to contribute to a reduction of 24 million tonnes CO2 equivalents
from 1990 to 2020. In addition to this goal of global emission reductions,
the Parliament set a goal of domestic emission reduction for the same period
equal to 15 million tonnes CO2 equivalents. This additional domestic goal
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implies a much higher cost to Norway of achieving the global goal than if
the global goal could be achieved in a cost-e¤ective manner through international quota trade (see e.g. Fæhn, 2010). It is di¢ cult to interpret this
concern for domestic emissions in any other way than that vD > vF , where
the subscripts D and F stand for domestic and foreign.
With the two points above in mind, the formulas (16) and (17) should be
generalized to
sj =

X
i

sj = v D

(vD

ti )

@xF (y; t)
@yj
X
@xF (y; t)

@xi (y; t)
+ vF
@yj

@ [ i xi (y; t)]
+ vF
@yj

@yj

i

(18)
ti

@xi (y; t)
(19)
@yj

where xF stands for foreign emissions and xi as before stands for domestic
emissions of type i.
The analysis above suggest that all inputs that in‡uence carbon emissions
should in principle be subsidized (if sj from (16) is positive) or taxed (if sj
from (16) is negative). In practise, subsidies will be restricted to only a few
inputs that a¤ect the use of carbon. There are (at least) two reasons for this.
First, there are probably quite large administrative costs associated with
each subsidy, and these costs are likely to be independent of how large the
subsidy is. This implies that one should restrict subsidies to a limited number
of inputs. A second reason for limiting the use of subsidies is that the terms
in square brackets in (16) for many inputs are extremely di¢ cult probably
impossible
to calculate with any reasonable degree of con…dence. This
suggests limiting subsidies only to the inputs for which one feels reasonably
con…dent about the size of the terms in square brackets.
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6

Emission regulated by tradable quotas

So far, it has been assumed that emissions are regulated by a carbon tax.
An alternative type of regulation is tradable emission quotas. Consider …rst
the simple model of section 2 with only one type of carbon emissions and one
type of renewable energy. The market outcome is as before given by (6)-(7).
However, (6) must now be interpreted as the demand for emissions, and thus
for quotas, with t being the quota price. The supply of quotas, and thus
emissions, is a policy variable. For any given quota supply x and subsidy
s of renewable energy, (6)-(7) and the quota market equilibrium x = x will
determine y as well as the endogenous quota price t. Hence, t = t(x; s), and
by di¤erentiating (6)-(7) it is straightforward to verify that2
tx (x; s) =
ts (x; s) =

2
Fxx Fyy Fxy
<0
b00 Fyy
Fxy
<0
00
b
Fyy

This …rst-best optimum is achieved by setting s = 0 and x equal to the
value of x following from (4)-(5). This gives a quota price equal to v, making
the market outcome (6)-(7) identical to the social optimum (4)-(5).
If the government for some reason sets the quota supply x higher than the
socially optimal x-value but keeps s = 0, the equilibrium quota price will be
lower than than v, since tx < 0. If the government also introduces a subsidy
on renewable energy this will imply an additional reduction in the quota
price, since ts < 0. The interpretation is straightforward: Increased supply
of quotas reduces the equilibrium quota price, as does reduced demand for
quotas due to more renewable energy as a consequence of the subsidy.
In section 2 it was demonstrated that it would be optimal to have a
positive subsidy on renewable energy if t < v. If the supply of quotas is set
so high that the equilibrium quota price is below v, one might expect that
2

Strict concavity of F implies Fxx < 0, Fyy < 0 and Fxx Fyy

12

2
Fxy
> 0.

it also in this case is optimal to subsidize renewable energy. However, this is
not the case. Social welfare is as before given by (3), but with x exogenously
given. Maximization of W with respect to y therefore gives Fy (x; y) = b0 (y),
which is achieved by s = 0, no matter what value x has.
Moving to the more general model of section 3, with several sources of
carbon emissions, a relevant case is for some carbon sources to be regulated
by quotas, while other sources are regulated by a carbon tax or not at all.
An example of this is the EU quota system, where emissions from the power
sector and from manufacturing industry are regulated through a common EU
quota system. Most other sources of carbon emissions are regulated at the
national level, in many cases through carbon taxes. The sum of emissions
regulated by quotas is politically determined through the supply of quotas,
and is therefore not a¤ected by changes in the use of renewable energy. In
the expression (16) for optimal subsidies it is therefore only those sources of
carbon emissions that are not regulated by the quota system that should be
included.3
If the quota system is a common system covering several countries, such
as the EU quota system, an increase in domestic renewable energy may move
domestic emissions covered by the quota system to abroad. If domestic emission reductions are valued higher than foreign reductions (see the discussion
leading to (18)), the expressions for the optimal subsidy may include terms
for emissions covered by the quota system. Let xQ be domestic emissions
covered by the quota system. If an increase in yj reduces xQ and thus increases foreign emissions by the same amount4 , the expression (18) must be
3

If some of the carbon sources in the quota sytem also are taxed (such as CO2 from the
Norwegian petroleum sector), and an increase in yj reduces these emissions and increases
untaxed emissions elsewhere in the quota system, the reduction in taxed emissions represents a social cost for the reasons given in section 5. These social costs should be included
in the expression for the optimal sj , tending to make sj lower than it would have been if
all emissions in the quota system were untaxed.
4
General equilibrium e¤ects from increased foreign carbon emissions covered by the
quota system to other foreign carbon emissions are for simplicity ignored.
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modi…ed to
sj =

X
i

(vD

ti )

@xi (y; t)
+ vF
@yj

@xF (y; t)
+ (vD
@yj

vF )

@xQ (y; t)
@yj

The last term in this expression represents the value of moving carbon emissions from domestic sources to abroad. While it may seem strange that a
government should place a value on such a move of emissions, it is a direct
consequence of the government being more concerned about its domestic
emissions than emissions in other countries.

7

Second-best carbon taxes

So far, it has been assumed that all carbon taxes are exogenous, and perhaps
lower than their optional levels. Section 5 considered the case of many sources
of carbon emissions, each with an exogenous tax rate. But even if there is
an exogenous maximal tax rate for each emission source, and these tax rates
are all below v, it is not obvious that it is optimal to set each tax rate at
its maximal level. To analyze this, the model of section 2 is modi…ed by
assuming that y instead of renewable energy is a second source of carbon
emission (in addition to x). Social welfare is in the present case hence given
by
W = F (x; y) px b(y) v(x + y)
(20)
and the social optimum is characterized by
Fx (x; y) = p + v

(21)

Fy (x; y) = b0 (y) + v

(22)

The market outcome follows from pro…t maximization of producers. Ag-
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gregate pro…ts are
= F (x; y)

(p + tx )x

(b(y)+ty y)

where tx and ty are the carbon tax rates for x and y. Pro…t maximization
gives
Fx (x; y) = p + tx

(23)

Fy (x; y) = b0 (y) + ty

(24)

Comparing with (21)-(22) it is immediately clear that the market outcome
will coincide with the social optimum if both carbon tax rates are equal to v.
In other words, the social optimum is achieved be setting a uniform carbon
tax at the Pigovian rate.
Assume now that the tax on x for some reason is constrained not to
exceed some maximal level, but that there is no constraint on the tax on y.
It is easily veri…ed that it in this case is optimal to set tx equal to its maximal
level, henceforth tx is therefore regarded as given (equal to its maximal level).
Since ty is assumed to be unconstrained, is not obvious what its optimal value
is. In the …rst-best optimum ty is equal to both tx and v, which in this case
are identical. When tx < v it is not obvious what ty should be. The optimal
value of ty may be derived using a similar analysis as in section 2.
As before x = x(y; tx ), and maximizing
W = F (x(y; tx ); y)

px(y; tx )

b(y)

v(x(y; tx ) + y)

gives
(Fy

b0

v) + (Fx

p

v) xy (y; tx ) = 0

or, using (23) and (24)
ty = v

(v

tx )( xy (y; t))
15

(25)

As before, it is assumed that Fxy < 0, implying xy < 0. An obvious
example of this is if the two carbon sources are coal and gas, both used for
power generation. More of one of these fuels reduces the demand for the
other. A second example is taxation of fuels for two competing means of
transportation. A lower price of fuel for one type of transportation reduces
the demand for the other form of transportation, and hence also the other
use of fuel.
It is clear from (25) that if tx < v, the optimal value of ty is also below v.
The intuition is the same as the intuition for a subsidy to a non-carbon alternative: In both cases (a non-carbon and a carbon alternative) one should set
the price of the alternative (i.e. of y) below the social cost of the alternative,
in order to encourage production and thereby reduce the use of x.
It is not obvious whether ty should be set above or below tx , since (25)
implies
ty tx = (v tx )(1 + xy (y; t))
Hence, ty > tx if xy < 1 and ty < tx if xy > 1, where xy is given by (9).
To understand this result, consider an initial situation with ty = tx < v. In
this situation emissions are too high, but since ty = tx the allocation of emissions between the two sources is cost-e¤ective. A small change in ty at this
starting point only has a zero order e¤ect on cost-e¤ectiveness. Therefore,
one should change ty in the direction making total emissions decline (since
total emissions initially are too high). Total emissions decline if ty is reduced
if xy > 1, while ty must be increased to reduce total emission if xy < 1.
Clearly, if Fxy is su¢ ciently small, xy < 1 and ty > tx . To see that
ty < tx is possible, it is useful to consider the case of perfect substitutes in
more detail.
Let x~ and y~ be two carbon sources measured in energy units, and let gross
output only depend on the sum of energy, i.e. F~ (~
x + y~). Carbon emissions
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are x = ax x~ and y = ay y~, so
y
x
F~ (~
x + y~) = F~ ( + ) = F (x; y)
ax ay
Using (9) it follows that
F~ 00 a1x ayy
Fxy
ax
xy =
=
2 =
Fxx
ay
F~ 00 a1x
Carbon emissions per unit of energy are higher for coal than for natural gas.
So if x is coal and y is natural gas, the expression above gives xy > 1,
implying that the optimal tax per unit of carbon from natural gas should be
lower than the exogenous tax per unit of carbon for coal.

8

Implications for social welfare and government revenue

Returning to the simple model of section 2, the …rst-best optimum is achieved
by setting t = v. Obviously, placing a restriction of t being exogenous and
lower than v gives a welfare loss. How large this welfare loss is will depend
on the functional forms of F and b and on the size of p, t and v.
A slightly simpler comparison between …rst-best and second-best is the
case in which there instead of an environmental damage function vx is a given
emission target x that is lower than the "Business as Usual" (BaU) emission
levels, i.e. emissions following from (6)-(7) with t = s = 0. The …rst-best
way to achieve this goal is to use a carbon tax of an appropriate size and
no subsidy. Although this is rather obvious, it may be useful to derive this
formally. Given x, the …rst-best maximal social welfare is given by
W F = max fF (x; y)
y

17

px

b(y)g

(26)

implying Fy = b0 (y). From (7) this implies s = 0, so t follows from (6)-(7)
with x = x and s = 0.
Assume instead the carbon tax is zero. Then y must be set so x(y; 0) = x
giving a speci…c value y(x). Second-best social welfare is therefore
W S = F (x; y(x))

px

b(y(x))

(27)

The di¤erence between W F and W S may be high. An example of a
numerical comparison is Fischer and Newell (2008). They use a simple numerical model for the US electricity sector, and consider the costs of achieving
a target x that is 5% below below BaU emission levels. They calculate the
costs of achieving the target, de…ned as the reduction in W compared with
BaU- case (ignoring climate costs). In particular, they compare the case of
a carbon tax as the only instrument with the case of a renewable subsidy as
the only instrument. They …nd that the cost in the subsidy case is two and
a half times higher than the cost in the tax case.
Whether a tax or a subsidy is used as the policy instrument also has
implications for the government’s budget balance. With a carbon tax, the
government gets a revenue increase equal to
tx = Fx (x; y F )x
where y F is the solution to (26).
With a subsidy, the government gets an expenditure equal to
sy(x) = [b0 (y(x)

Fy (x; y(x)] y(x)

It is not obvious which is the larger of these two. It clearly may be the
case that tx < sy(x). This must hold if x = 0, giving zero tax revenue and
probably very large subsidy expenditures. However, it is also possible that
tx > sy(x). In the study of Fischer and Newell (2008), this is the case. In
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this analysis tx is about three and a half times as large as sy(x).
Since a carbon tax adds revenue to the governments budget balance, while
subsidies add expenditures, one might believe that governments would prefer
a carbon tax to a subsidy on renewable energy. However, this need not be
the case. Even if the government intends to fully recycle the revenues from
a carbon tax, each voter may focus on the visible tax increase and not trust
that the revenue from the carbon tax will be recycled in a way compensating
him or her. Moreover, some persons will be hurt more by the carbon tax than
others; this will typically be those who consume more than the average share
of fossil fuels due to their current preferences or earlier investments (e.g. a
large house with a long commuting distance). On the production side, some
industries will bear a disproportionately high share of the total costs from
the carbon tax. Consumers with a high use of fossil fuels as well as workers
and owners in such high emission sectors will often be successful in lobbying
against a carbon tax.
In contrast, the costs of subsidizing renewable energy are likely to be less
visible to the typical voter and also be more evenly shared by everyone in
the economy. Sectors in the economy producing renewable energy or inputs
to this production will gain from a subsidy to renewable energy, and might
thus engage in lobbying for the use of such subsidies instead of a carbon tax.
These arguments suggest that it might be easier to obtain political support
for a subsidy to renewable energy than for a carbon tax.

9

Uncertain future carbon tax

So far, the time aspect for the production of renewable energy has been
ignored. However, many types of renewable energy require large upfront
investments, and once the capital is installed operating costs are so low that
the production will be at full capacity. Examples of this are hydro, wind
and solar energy. Clearly, for such renewable energy the future price of this
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energy is important for the current investment decision. Since the future
price of renewable energy will depend on the future carbon tax, this tax rate
is important for investment decisions. This would not be of any importance
if the government could commit to a carbon tax path far into the future.
However, such commitment is in practice impossible, implying that decisions
on how much to invest in renewable energy must be based on market agents’
expectations about future carbon taxes. It is sometimes argued that this
impossibility of governments to commit to future carbon tax rates leads to
uncertainty, and that this uncertainty in turn leads to less investments in
renewable energy than what is socially e¢ cient. If this argument is correct,
it would be an argument for subsidizing investments in renewable energy (but
simultaneously having a carbon tax).
The argument above is discussed in detail in the present section within
the framework of a simple two-period model. Some of the points made here
were previously made by Ulph and Ulph (2011), but in the context of a
di¤erent model.
It is useful …rst to present the model when there is no uncertainty. Formally, the model is almost identical to the model presented in section 2. In
period 1 (the present), the carbon tax is assumed to be set optimally, and
investments in renewable energy take place at a cost b(y). In the second
period (the future) the renewable energy is used. Social welfare is thus
n
~ = max [f (z)
W
z

(p + v)z]

o
~b(y) +

1
fF (x; y)
1+r

(p + v)xg

where r is the discount rate. Since the optimal amount of carbon in the
present (z) is chosen optimally and does not depend on y, this part of the
~ is therefore equivalent
social welfare function can be ignored. Maximizing W
to maximizing
W = fF (x; y) (p + v)xg b(y)
where b(y) = (1 + r)~b(y). This expression for social welfare is identical to
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(3). Hence, the social optimum is as before given by (4)-(5), and the market
outcome is as before given by (6)-(7). Setting t = v and s = 0 thus gives the
social optimum in the present case.
The problem in the current case is that the government does not have
the ability to set t already at the time when investments in renewable energy
take place. Investment decisions must therefore be made in the presence of
an uncertain future t. Assuming …rst risk neutral producers, expected pro…ts
are
n
o
E = E max [F (x; y) (p + t)x]
(b(y) sy)
(28)
x

Notice that future use of carbon need not be decided before t is known.
However, the choice of y must be made in the presence of t being uncertain.
Maximizing E gives (using the envelope theorem)
EFy (x(y; t); y) = b0 (y)

s

(29)

For any probability distribution of the stochastic variable t, this gives a
particular value of y.
To compare the market outcome to the socially e¢ cient outcome two
types of uncertainty are considered:
"Scienti…c uncertainty", implying that v is uncertain for the present
and future government
"Political uncertainty", implying that v of the future government is
uncertain
The …rst type of uncertainty is the uncertainty of how harmful a given
amount of carbon emissions is for the economy. The magnitude of this harm
is currently not known, but will perhaps be better understood in the future.
In the present model it is assumed that the true damages, and thus the v to
be used in the future, will be known with certainty in the future. Moreover,
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market agents are in this case assumed to correctly anticipate that whatever
v turns out to be, the future carbon tax rate will be set equal to this value.
The second type of uncertainty is di¤erent. It is assumed that the current government knows that its valuation of future carbon emissions is v.
However, the current government also knows that there might be a di¤erent
government in the future, and that this government may have a di¤erent
valuation of emissions than itself, say v~. Seen upon from the present there
is a probability distribution over v~. As above, market agents are assumed to
correctly anticipate that whatever v~ turns out to be, the future carbon tax
rate will be set equal to this value.

9.1

Scienti…c uncertainty

In this case the government maximizes
n
EW = E max [F (x; y)
x

(p + v)x]

o

(b(y)

where v is a stochastic variable. This gives
EFy (x(y; v); y) = b0 (y)

(30)

For any probability distribution of the stochastic variable v, this gives a
particular value of y. Since it is assumed that t = v whatever v turns out to
be, this outcome is identical to the market outcome provided s = 0. In this
case uncertainty about the future carbon tax is in itself thus not an argument
for subsidizing investments in renewable energy.
The result above required that producers were risk neutral. It is widely
believed that various imperfections of risk and capital markets imply that
producers behave as if they have risk aversion. Risk aversion implies more
weight on "bad" outcomes. Bad outcomes for those investing in renewable
energy are outcomes with low prices on renewable energy, i.e. outcomes with
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a low carbon tax. Giving these outcomes more weight in the optimization
gives an equilibrium condition
EFy (x(y; t); y) = b0 (y)

s

(31)

where 2 (0; 1) is a term representing risk aversion. For (31) to coincide
with the social optimum given by (30) it is clear that
)b0 (y)

s = (1

which is positive if there is risk aversion. With risk aversion there is thus
a case to be made for subsidizing investments in renewable energy. Notice
however that the same argument can be made for any long-run investment
with an uncertain future price, provided producers are risk averse.

9.2

Political uncertainty

The current government in this case knows that its own valuation of future
emissions is v. However, the future government’s valuation v~, and hence
the future carbon tax t = v~, is uncertain. Given this uncertainty, the current government maximizes a similar expression as (8), except that t now is
uncertain:
EW = E fF (x(y; t); y) (p + v)x(y; t)g b(y)
Notice that v is known with certainty, while t is uncertain with some probability distribution. Maximization of EW with respect to y gives
E f(Fx

p

v) xy (y; t) + Fy g = b0 (y)

Whatever value t turns out to have, users of carbon will choose x so Fx = p+t.
Inserting this into the expression above gives
E f(t

v) xy (y; t) + Fy g = b0 (y)
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or
E(t

v) E(xy ) + covar(t; xy ) + EFy = b0 (y)

(32)

Comparing with (29) it is clear that the market outcome coincides with the
social optimum if
s = E(t

v) E(xy ) + covar(t; xy )

(33)

Since xy < 0 (from (9)), the …rst term is positive if and only if Et < v.
In other words, if the current government expects the future government to
have a lower valuation of emission reductions than it itself has, this tends to
make the optimal subsidy positive. However, if there is uncertainty about t
but nevertheless Et = v, this term is zero.
The sign of the second term is not obvious. The function x(y; t) was
de…ned by (6). This function is illustrated in Figure 1 for two values of t.
The curve is downward sloping and lower the higher is t. However, it is not
obvious what the curvature is. For the special case of perfect substitutes, i.e.
F (x; y) = F~ (x + y), it follows from (9) that xy = 1, since Fxx = Fxy in this
case. Provided x(y; tmax ) > 0, where tmax is the highest t in the probability
distribution, the second term in (33) is therefore zero.
In Figure 1 the curve for x(y; t) becomes gradually ‡atter as y increases.
Intuitively, this seems reasonable: The smaller x is, the more di¢ cult it is to
obtain a further reduction in x by increasing y. For the same reason, it seems
reasonable that the higher t is, and thus the lower x is, the the more di¢ cult
it is to obtain a further reduction in x by increasing y. In Figure 1 this is
represented by the curves for x(y; t) becoming ‡atter as one moves vertically
downwards. If the steepness measured positively, i.e.
xy , is smaller the
higher is t, xy is higher the higher is t, i.e. covar(t; xy ) > 0. If this is the
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case it is thus optimal to have a positive subsidy even if Et = v.

10

Concluding remarks

The paper has focused on renewable energy as an alternative to carbon energy. However, the analysis and results are valid for a much broader class of
activities that reduce carbon emissions. A main result is that such activities
should be encouraged (by subsidies or by other means) provided they reduce
carbon emissions that are taxed at a lower rate than the valuation of the
emission reductions. How much such activities should be encouraged does
not only depend on the total emission reductions they lead to, but generally
also on how the emissions that are a¤ected are taxed and whether the emissions are domestic or foreign. If emission reductions are at di¤erent points
of time this should also be taken into consideration, as the present value of
the valuation v typically will be declining over time.5
5

It seems reasonable to expect v to be increasing over time, but the present value of
v to be declining over time. For a further discussion see e.g. Ulph and Ulph (1994) and
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It may provide useful to conclude by illustrating these general points by
an example. Consider a bene…t-cost analysis of a public infrastructure investment such as a high-speed railway. Assume …rst that a standard bene…t-cost
analysis has been done, but has ignored all e¤ects on carbon emissions. If
the analysis has been done correctly, it has already included costs and bene…ts of changing the use of taxed goods, as represented by the third term
in (19). Examples of such costs could be reduced road and air transportation, to the extent that these goods are taxed.6 To extend this bene…t-cost
analysis to include climate considerations, one must calculate all emission
changes. Typically, there will be some emission reductions (less road and
air transportation, less emissions from lower overall consumption due to the
tax increase to …nance the public investment), and some emission increases
(from the investment in the infrastructure in addition to its operation). All
of these emission changes should be multiplied by their valuations, which
may depend on when the emission changes occur and may di¤er between
domestic and foreign emissions. Finally, all the terms should be discounted
and added to the non-climate present value of the bene…t-cost analysis.

Hoel et al. (2009).
6
For a tax on such a good to be relevant in the cost-bene…t analysis, the tax must
exceed the social cost of non-climate externalities, such as for instance local air pollution,
noice, and congestion costs.
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