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Abstract

The international oil market has been very volatile over the past
three decades. In industrialized economies, especially in Europe, taxes
represent a large fraction of oil prices and governments do not seem
to react to oil price shocks by using oil taxes strategically. The aim of
this paper is to analyze optimal oil taxation in a dynamic stochastic
general equilibrium model of a small open economy that imports oil.
We obtain that in general it is not optimal to distort the oil price
paid by ..rms with taxes. Extending the model in several ways this
result could be reversed depending on environmental considerations
and available ..scal instruments.
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1 Introduction

The international oil market has been very volatile over the past three decades.
In 1999 and 2000 signi..cant increases in oil prices have been observed, due to
restrictions in oil supply by OPEC, prompting economic agents to advocate
government policies to mitigate the ecects of oil price increases by cutting
taxes. Figure 1 represents the evolution of gasoline prices with and without
taxes [see International Energy Agency (2000)]. We observe that both series
follow similar paths; so we can conclude that governments do not seem to
react to oil price shocks by using oil taxes strategically. Given that taxes
represent a large fraction of oil prices in industrialized economies (especially
in Europe), governments have signi..cant scope to use taxes to accommodate
oil price shocks.

Figure 1: Unleaded Gasoline Prices (1998:1 - 2001:3).
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The purpose of this paper is to examine the role of oil taxes in small
economies that import oil and take as given the international oil price, for
example as in Spain. A fundamental question in this framework is, How
should oil taxes be set over the long run and over the business cycle? To
address this question we combine two dicerent strands of the literature:
the macroeconomic incidence of oil price shocks on one hand and optimal
taxation on the other hand.



The evects of energy price shocks on economic activity have long been
recognized in the literature. Finn (1991) and Kim and Loungani (1992)
focus on the analysis of energy price shocks, ..nding that this kind of shocks
can contribute to economic fuctuations. Rotemberg and Woodford (1996)
argue that modifying the standard neoclassical growth model by assuming
imperfect competition makes it easier to explain the size of the declines in
output and real wages that follow increases in the price of oil. Atkeson
and Kehoe (1999) explore implications of considering alternative models of
energy use, ..nding dicerent implications for how capital and output respond
to permanent dicerences in energy prices.

The literature on optimal taxation suggests that the government should
raise revenue by using the tax instruments with the lowest e€®ciency cost
[Diamond and McFadden (1974)]. Many authors, such as Bizer and Stuart
(1987) and Goulder (1994) point out that energy taxes have high e&ciency
cost, which becomes even larger under the imperfect competition assumption
[Rotemberg and Woodford (1994)]. If environmental damage is taken into
account, the e€ciency cost of energy taxes decreases by reducing pollution
[Goulder (1994)].

The framework used in this paper is a dynamic stochastic general equilib-
rium model of a small open economy that imports oil. The economy consists
of consumers and ..rms that behave competitively and a government that
.nances an exogenous fow of public spending by using consumption and oil
taxes. The government chooses taxes optimally by maximizing welfare and
taking as given the behavior of private agents.

We establish that, in general, the government should not distort the oil
price paid by ..rms with taxes, even when consumption of oil is considered
and the government distinguishes between the taxes paid by the households
and the ..rms. These results also hold over the business cycle: in general,
in a small open economy it is not optimal to use oil taxes paid by ..rms to
accommodate shocks. In such cases, consumption and household oil taxes
would be the optimal ..scal instruments that the government uses in response
to shocks. This result could change depending on environmental issues and
available tax instruments.

The paper is organized as follows. In the second section we present the
baseline model of a small open economy that imports oil. In the third section
we extend the model assuming that imported oil is also used by households
as a consumption good. Finally, in the fourth section we summarize the
conclusions.



2 A simple oil dependent small open econ-
omy

Consider a small open economy that needs to import oil to produce. We
assume that this economy is small in the sense that its actions do not acect
the rest of the world. In particular, the price of oil is taken as given. There
are two sources of fuctuations in this economy: technology shocks and oil
price shocks.

The economy is populated by a large number of identical in..nite-lived
households and ..rms. A constant return to scale technology is available to
transform labor (n;), capital (k;) and oil (e;) into output (y.):

Y = F(ng, ke, e ), 1)

where z; represents an exogenous stochastic productivity shock.
Output can be used for consumption (¢;), new capital (k;,), oil purchases
(peer), government spending (¢:) and non-oil net exports (tb;):

ct+ ki1 — (L= 0)ke + g + prey + th =y, (2)

where ¢ is the depreciation rate of capital and p; is the exogenous oil price
that follows a given stochastic process. Agents in this economy can buy and
sell foreign bonds (b;) in the international capital market at the international
real rate of return (r}):

thy = beyr — (1 4+ 7])be. 3)

The consumer’s problem is to maximize the expected lifetime utility sub-
ject to the budget constraint:

Mazx Ey EﬂtU(ct,nt)
i=0
s.t:
(1 4+75)c + ke — (1 —0)ky + by = weny + riky + (1 +77)by,

where [ is the discount factor, 7¢ is a consumption tax, w; is the wage and
r; IS the capital rate of return. The ..rst-order conditions are:

Ue
U, - =0 4
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(L4 1)t + ke — (1= O)ke +ber = weng +reky + (L +1)be. (7)

The representative ..rm solves:

Max F(ng, ke, eq 2¢) — weng — reky — (1 + 75)peex,

where 75 is an oil tax. Marginal productivities equalize input prices:

wt - Fnt7 (8)
(]‘ + Tf)pt - F€t7 (9)
Tt = Fk;t (10)

The government ..nances an exogenous fow of government spending (g;)
by using consumption and oil taxes. The government budget constraint is:

gt = T{Ct + Types. (1))

A competitive equilibrium is a set of paths of allocations {c;, n;, ki1, €,
by}, prices {wy, py, 1y, rF} and policies {7¢, 7¢, g;} that satisfy the following:
(i) the allocations {c:, n, ki1, be+1} SOlve consumer problem given {wy, ¢, r;}
and 7¢, (ii) the allocations {n, k:, e; } solve the ..rm problem given {wy, r¢, p: },
2, and 77, (iii) the government budget constraint holds at each period, (iv)
the goods, labor, capital, bonds and oil markets clear.

In the competitive equilibrium the government policies are arbitrary. We
now consider a government that chooses its ..scal instruments optimally, tak-
ing as given the behavior of the private agents. The government problem
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can be divided in such a way that the optimal allocations can be obtained
independently of the policies [see for example Chari and Kehoe (1999)].
The government solves:

Max Eo Y BU (e, mi)
t=0

s.t:
) B Uets + Uniru] = 7525 [(1+ 78)b0 + (1= 6 + 70)kko)
t=

ki — (1 =0)ke+ge+pres +bpq — (L+77)by = F(ng, kyeq; 24).

The ..rst restriction is the implementability constraint, that is the in..nite
horizon household budget constraint where consumer and ..rm ..rst-order
conditions have been used to substitute out prices and policies.

The implementability constraint is included in the objective function in
order to solve the government problem easily:

U,

Ey  B'W(ce,me, A) — Am

t=0

(L4 7r3)bo+ (1 — 6 +19)kol, (12)

where W(ct,ngy, A) = Uler,ne) + A[Ugq e + Up,ne], With X representing the
Lagrange multiplier that discounts the implementability constraint. Optimal
allocations are the result of maximizing this objective function subject to the
feasibility condition:

ki —(1—08)ki+ gt +prec +brv1 — (1+T£k)bt = F(ny, ke, eq; z1).

Given the optimal allocations, we can obtain the taxes that support these
allocations as a competitive equilibrium outcome by using the optimal rules
of private agents. The consumption tax is obtained combining (4) and (8):

U
Uy, + —2—F,, =0, (13)

ct
]‘ t

and the oil tax is pinned down from (9).

Because of the time inconsistency problem, we assume that the govern-
ment can commit itself to follow the optimal ..scal policy plan.

The objective function is an increasing function of 7§. Therefore the
government has incentives to set the initial consumption tax as high as pos-
sible. The reason is that 7§ changes the marginal value of the initial stocks
of capital and bonds for the household by rising the ecective price of the
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consumption good, and the individual cannot react to the tax by changing
the capital or bond stocks.

Proposition 1 At the optimum the government should not distort the oil
price paid by the ..rm with taxes {r¢ = 0},

Proof. Given that the government ob jective function is dicerentat ¢ = 0
from ¢ > 0, the proof must be divided in two stages:

1)t > 0.
Solving the government problem, we obtain the following ..rst-order con-
dition for e,:

_Wct (pt - Fet) =0.

Under standard assumptions, interiority can be assured, so W, # 0,
and:

pr — Fe, = 0. (14)

Since optimal allocations must satisfy the competitive equilibrium condi-
tions, (9) and (14) must hold simultaneously. Consequently 7¢ = 0, for all
t>0.

2) t=0.

Solving the government problem, we obtain the following ..rst-order con-
dition for e:

U,

— A——Fle ko —
L +75)
Ucoco
— — Ad————[(1 +7$)b 1- k —F,)=0.
(Wco )\(1+78) (T +7g)bo + (1 — 6+ 7o) o])(po w0) =0
Rearranging:
Sy WEE A
(pO _Feo) _ (14+75) ~ Foeo 0 ‘

Uc (& *
Wey = Air[(L+r5)bo + (1= 6 + 7o) ko]

As we have discussed abowe, the government has incentives to set an
initial consumption tax as high as possible, and:
lim (po — Fe,) = 0. (15)

TE— 00



Then, as in the ..rst stage, it follows that 75 = 0. ®

The result presented above implies that the government should not tax
oil purchases not only not in the long run, but also not in the short run,
because is not optimal to use oil taxes in response to shocks'. Therefore,
proposition 1 does not support the claims of private agents in many European
countries that advocate for cuts in oil taxes to accommodate changes in the
international oil prices.

Proposition 1 is equivalent to the result on intermediate good taxation
of Diamond and Mirrlees (1971) insofar as oil can be reinterpreted as an
intermediate good in this economy. This result implies that the tax on in-
termediate goods should be zero since an optimal tax system must maintain
aggregate production ecciency.

Proposition 2 In the presence of externalities, the optimal oil tax could be
dizerent from 0.

Proof. Wk assume that the use of oil reduces welfare. We therefore
introduce oil as a negative externality into the utility function:

Ulc,ne, e), with U, <0. (16)

Proceeding as above, we obtain an objective function that depends also on
oil: W(ct,me, e, A). Solving the government problem with this speci..cation
of the utility function yields the following ..rst-order conditions on oil:

We, — We, (r — F.,) =0, V£ > 0,

Ue
Weo — A 5 )Fkoeoko —

(147§
UCQCO

— (WCO — Am[(l +T8)b0 + (1 -0+ To)k’o]) (po — Feo) =0.

Comparing with the ..rst order condition (9) it follows that 7y # 0 for all
t>0. 1

LUnless an upper bound is imposed on the initial tax rate on consumption, the optimal
tax on oil would be 0 in the ..rst period.



This proposition explains the existence of optimal oil taxes when environ-
mental damage is considered. The oil tax acts as a pigouvian tax in the sense
that attempts to correct the negative externality. Optimal taxes involve a
compromise between the positive eaect of oil in the production function and
the negative ecect in the utility function, so as both exects are equal at the
margin (see Baumol and Oates (1988) for a general reference).

3 Household oil consumption

We extend the model assuming that imported oil (e;) is used not only by
.rms (e{) as an input, but also by households (ef') as a consumption good:

e =el + el 17)

We allow the government to tax e/ and el at rates 7/ and 7, respectively.
Solving the ..rm problem, we set marginal productivities equal to prices:

Wy = Fntv (18)
(L+7{)pe = F,y, (19)
Ty = Fkt . (20)

Now the consumers also obtain satisfaction from the consumption of oil.
The consumer’s problem is to maximize utility subject to the budget con-
straint:

Mar By AU (cel,n,)
t=0

s.t:
(1 + Tf)ct + kt+1 — (1 — 6)I€t + (1 +T?)pt€1’€1 + bt+l =
= WN¢ +T‘tl€t + (]_ —|—T‘£k)bt

The conditions that solve the consumer’s problem are:

Ue
U, - =0 21



Uen

€i

nt — VU, 22
U )
— B —tl (1§ + 7 23
(ETH R TE E e @
U, U
e il (] g 24
T e ) 9

(L 47 + ki — (1= 8k + (1 + 70 )peef + by =
= WNy —I—’f‘tk’t + (]_ +’I°t*)bt (25)

The government ..nances public spending using consumption and oil taxes:

gr = TSc, + Thprel +7{pre]. (26)

Finally market clearing requires:

ct+ ki1 — (L= 0)ke + g "‘pt(@? —I—G,{) + b1 —
— (147D = Fne, kel 21). (27)

A competitive equilibrium is a set of paths of allocations {c;, n;, ki1,
el el b1}, prices {w,,p,,m, 1} and policies {7¢, 0, 71, g,} that satisfy the
following: (i) the allocations {c;, n, e?, ki1, bi1} Solve consumer problem
given {wy, 7,77, pi} and {7¢, 711, (i) the allocations {ny, ki, e{} solve the ..rm
problem given {w;, p;, 7}, 2 and T{, (iii) the government budget constraint
holds at each period, (iv) the goods, labor, capital, bonds and oil markets

clear.

The government problem is solved following the strategy described in the
previous section, that is, by dividing the problem in such a way that optimal
allocations are obtained independently of policies.

The government solves:

Max Eo Y. BU (e, €l me)
=0



s.t:
Ey Y B'Uc,c + Upyny + Ugpell] =
=0
— (1—(fg§[(1 + r5)bo + (1 — 6 + 7o) ko]
e+ ki — (1 =0)ky + g + pe(e + ‘9{) + b1 —
—(]_ + T:)bt = F(?’Lt, k’t, 6{, Zt).

When the implementability constraint is included into the objective func-
tion, the allocations are obtained by solving:

& Uc *
Mazx  Ep t:ZOﬂtW(ct, et n, \) — )\(1—+¢°§[(1 +r85)bo + (1 — 6 + ro)ko]

s.t:
¢+ kg — (1 =8k + gr+ pi(el +ef) + by — (L+17)b = F(ny, ky el 2,),

where W (e, ni, \) = Uler, ne) + ANUe et + Unyne + Uegeﬂ

In next subsections we study optimal taxation for two dicerent cases: the
case of dicerent taxes on oil (7 # T,{) and the case of uniform taxation on
oil (1 = 77).

3.1 Dizerentiated oil taxes

Given optimal allocations, the taxes that support these allocations as a com-
petitive equilibrium outcome are obtained by using the optimal rules of pri-
vate agents. The consumption tax is obtained combining (18) and (21):

U
—Fn =0, (28)

U,
nt+1—|—7't

and household oil tax is pinned down combining (18) and (22):

Unt + #Fnt = 07 (29)

and ..nally, ..rm oil tax is obtained from (19).

Proposition 3 In the optimum the government should not distort the oil
price paid by the ..rm with taxes {7/ = 0152,.
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Proof. Similar to proof in proposition 1. m

Adding household oil consumption to the model does not change propo-
sition 1, and the Diamond and Mirrlees (1971) result still holds. Moreover,
under the assumption that government can distinguish between oil taxes paid
by consumers and ..rms, it is optimal to tax oil only as a consumption good.
Consumption and household oil taxes would be the ..scal instruments that
the government uses in response to shocks.

Proposition 4 If utility is weakly separable between consumption goods {c;, e/}
and labor {n;} and is homothetic in consumption, then consumption and
household oil taxation is uniform in the sense that optimal taxes satisfy
¢ = T across time.

Proof. Combining equations (28) and (29) we obtain:

1+7§ B U,
(1+T?) U

€t

Pe. (30)

Thus, 7 = 7 if and only if U, /U, = 1/p;.
Let consider the utility function U(c;, e}, ny) = V(Q(c, e}),n) with Q
homothetic in consumption. This utility function satis..es:

Ue,’} [Ct UCt e T eiz U

ceel

] = UCt [CtUe?Ct + e?Ue?ef]' (31)
To see this, notice that from homotheticity, it follows that:

Ue,(acp,me) — Ue,(cr,me)

L= 2 with C = (e €f). 32
Ueg(OéCt,nt) Ueg(Ct,nt) 0= (o e) (32)

Direrentiating equation (32) with respect to « and evaluating it at o = 1,
we obtain (31).

Consider now the ..rst-order conditions for ¢, and e from the government
problem:

UCt + /\[CtUCtCt + UCt + egUech - Nt = 07 (33)
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Ue? + A{CtUcte? + Uef + e?Ue?eg] — pepe =0, (34)
where 4, represents the Lagrangian multiplier on the aggregate resource con-

straint. Combining equations (33) and (34) we obtain:

(N~ e+l U
(1 + )\)Ue? — KDt B CtUcte? + e?Uefeg ‘

(35)

Finally, using equation (31):

U, 1

=
>
3

[

Under the assumptions of proposition 4, the government would tax con-
sumption and household oil at the same rate across time. This proposition
refects the validity of the classic result on uniform commodity taxation of
Atkinson and Stiglitz (1972) in the dynamic stochastic setting we consider.

3.2 Uniform oil taxes

In this subsection household and ..rm oil are forced to be taxed at the same
rate (7} = 7{ = 7¢). Competitive equilibrium conditions in which taxes are
involved represent an incomplete tax system [see Chari and Kehoe (1999)]
in the sense that we have more equations than ..scal instruments. These

equations are:

U,
U “_F =0 36
T = (36)
U Ve p g (37)
nt + e ng = 9
(1 + Tt)pt
(14 75)pr = Fy, (38)



and the ..scal instruments are (7¢, 7). An incomplete tax system implies that
anew condition on the allocations must hold to implement it as a competitive
equilibrium outcome. This condition is obtained by combining equations (37)
and (38):

Ueh Fef
—T = (39)

Equation (39) represents the competitive equilibrium condition that equates
marginal rate of substitution between oil and leisure with marginal rate of
technical substitution between oil and labor, representing the compatibility
between household and ..rm plans. So equation (39) must be added as a
restriction into the government problem:

Maz  Ey t;gﬂtw(ct, ey Ny A) — )‘(1%6708_)[(1 + 1§)bo + (1 — 6 + 7)o

s.t:
¢ + ki — (1= 8)ky + g¢ + pe(el + ‘9{) + b —
_(]‘ + Tzk)bt - F(nt7 kt7 6{.’ Zt)

" Un,  Fn,®

Proposition 5 In this economy with an incomplete tax system, optimal oil
tax is not zero.

Proof. Solving the government problem, we obtain the following ..rst-
order condition for e{:

— iy (pe — Fetf) - %(Fe[e{ Un, —I-Fnte{Ue?) =0, Vt>0,

UCO
—F ko=0
(L) ot ™0

where 1, and , are the Lagrange multipliers on the constraints of the gov-
ernment problem. Comparing these conditions to the ..rm oil condition (38),
we obtain 7{ # 0, forall ¢ > 0. m

—t1o(po — Feg) - VO(Fe{;egUno + F gUeg) — A

noe

Proposition 6 If the tax system is completed by adding a labor tax, a zero
optimal oil tax is found.

13



Proof. The inclusion of a labor tax (7;’) modi..es the household budget
constraint:

(1 + Tf)ct + kt+1 — (]. — 6)]45,5 + (]. + T?)pteil + bt+1 =

= (1 = 7 )weny + reke + (1 4+ 75)br. (40)
Competitive equilibrium conditions in which taxes are involved are now:

Un, U,

1—7¢ 147§

F,, =0, (41)

U'n,t Ueh
_|_ L
L—1y (1479

F, =0, (42)

(L+ ) = Fyg, (43)

which represents a complete tax system.
Optimal allocations arise from the problem:

Maz — Eo Y. B'W (ce, el ne, X) — Agass (1 + rf)bo + (1 — 6 + ro)ko]
t=0 0

s.t:

Ct +kt+1 - (1 _5)k7t + g¢ +pt(€? + 6{) + bt+1 - (1 + T:)bt = F(nh Ky, €{§Zt)a

and the proposition can be proved similarly to proposition 1. m

When the government cannot distinguish between agents that purchase
oil, optimal oil taxes depend on the tax system available. In this sense,
proposition 5 points out that in a ..scal system that consists of taxes on con-
sumption and oil, the classic rule of no intermediate good taxation is broken
and the optimal oil tax is not zero. To maintain Diamond and Mirrlees’
(1971) result, a new ..scal instrument is required. In this framework a labor
tax would complete the tax system.
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4 Conclusions

In this paper we analyze optimal taxation in oil dependent economies. Using
a dynamic stochastic general equilibrium model that includes oil as an input,
we study how oil taxes should be in both the long and the short run. The
standard literature points out that energy taxes have greater e¢ciency costs
than other kinds of taxes. In a general framework, this result holds, and the
government should not distort with taxes the oil price paid by the ..rm over
the long run or over the business cycle. When environmental damages are
considered, this result is reversed and a non-zero oil tax is optimal.

Extending the model by including oil consumption by households, two
dicerent situations arise. When the government can distinguish between oil
taxes paid by the household and the ..rm, it is optimal to tax the two dif-
ferent uses of oil at dicerent rates. Thus, whereas the zero taxation result
holds for oil used by ..rms, the government sets household oil taxes jointly
with consumption taxes to raise revenue and to accommodate shocks. More-
over, under suitable assumptions on preferences, the government would tax
consumption and household oil at the same rate across time. When it is not
possible to tax oil at dicerent rates, an incomplete tax system problem arises,
and it is optimal to distort the oil price paid by the ..rm. Otherwise a new
tax instrument is required and oil should not be taxed.
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