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Introduction

Since the seminal work of Weitzman (1974), it has generally been assumed
that, in a full-information setting, quotas and taxes are equivalent regulatory instruments.1 However, we demonstrate that, unless the government is
indi¤erent about revenues, the equivalence result holds only if the duration
of quotas is no longer than one decision period. This …nding suggests that
quota duration needs to be explicitly considered in policy analyses, an issue
that typically has been ignored.
Our analysis starts from the observation that taxes and quotas have di¤erent public …nance properties. If a system of quotas is in place a relaxation of
regulation results in an increase in revenues through the sale of an additional
quantity of quotas. If a tax regime is in place, however, a corresponding relaxation of regulation leads to a smaller increase in revenues, as the gain from
a larger tax base (quantity e¤ect) is counteracted by the lower tax rate (price
e¤ect). Conversely, tightening regulation involves a higher cost in the quota
regime than in the tax regime, as the reduction in tax base is compensated
for by a higher tax rate.
Figure 1 illustrates this di¤erence. The regulated activity, denoted by y,
is measured on the horizontal axis, while the tax rate t and the quota price
p are measured on the vertical axis. The downward-sloping curve indicates
the marginal bene…t to market agents of this activity. In the case of tax
regulation, when the tax rate is t0, government revenues are given by the
area of the rectangles A and B. If the tax rate is reduced from t0 to t1
revenues change from A + B to B + C; that is, they increase by C ¡ A.
Conversely, increasing the tax rate from t1 to t0 reduces revenues by C ¡ A.
In the case of quota regulation, the quota price resulting from an allocated
quota may be read o¤ the bene…t curve; for example, if the quota is y0 , the
resulting quota price is p0 . Revenues obtained from selling this quantity of
quotas equal the area A + B. If the government decides to sell more quotas
so that their quantity is increased from y0 to y1, revenues increase by C.
A corresponding reduction in quotas would require a government outlay of
C + D + E since in order to purchase the di¤erence y1 ¡ y0 the government
must raise the quota price from p1 to p0 .
The above analysis suggests, therefore, that from a revenue point of view
taxes and quotas are quite di¤erent. A tax instrument is ‘‡exible’ in the sense
that the e¤ect on government revenues is symmetric for upward and downward changes in the tax. In the quota case, on the other hand, a reduction
1 See

e.g. Baumol and Oates (1988, p. 57) and Fisher et al (1996, 11.2.3.1, p 405). The
contribution of Weitzman was, of course, to demonstrate that this equivalence broke down
under uncertainty; see Stavins (1996) and Hoel (1998) for discussions.
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Figure 1: Public Finance Properties of Taxes and Quotas.
in quotas has a larger impact on government revenues than a corresponding
increase in quota supply.
Moreover, the attractiveness of changing regulation depends on both the
choice of regulatory instrument and the direction of change. In particular,
easing regulation is more attractive in the quota case than in the tax case; in
the quota case revenues increase by C, while they increase by C ¡ A in the
tax case. The reason for this di¤erence is that there is no price e¤ect in the
quota case (or, rather, the price e¤ect is born by the initial quota holders, not
by the government). The opposite is true when regulation is made stricter;
then revenues are reduced by C ¡ A in the tax case, whereas the reduction
is C + D + E in the quota case. 2
Research on the choice of regulatory instruments has mostly relied on a
modelling framework in which these di¤erent public …nance aspects of taxes
and quotas are irrelevant. The focus in the literature following Weitzman
(1974) has been on how the choice of instrument a¤ects allocative e¢ciency in
the market in question. The partial equilibrium approach employed in these
analyses has consequently disregarded implications of regulatory policies in
2

Due to this asymmetry, we would expect a government with preferences for stricter
regulation to prefer tax regulation (since this would commit future governments to a
stricter level of regulation), whereas governments favoring a laxer policy would prefer quota
regulation (since this would commit future governments to a laxer level of regulation). We
explore this idea in Baldursson and von der Fehr (2004).
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other sectors of the economy; in particular, public …nance considerations,
such as using proceeds from regulation to reduce distortionary taxation, have
not been explicitly taken into account.3
In the literature on optimal incentive regulation, however, public …nance
concerns are important. There the source of the regulatory problem is private
information and incentives that are not in line with social objectives. If public
…nance is not an issue, the problem of regulation in some sense becomes trivial
since the regulator may then elicit desired behavior through use of arbitrarily
large economic incentives. Public …nance therefore has been an integral part
of this theory.4
We consider the implications of the di¤erent public …nance characteristics of taxes and quotas outlined above in a multi-period version of the static
set up of Weitzman and others (see e.g. Baumol and Oates, 1988). Regulatory policy may be adjusted in each period by setting the tax rate or by
selling/buying quotas. If quotas are long-lived …rms typically hold a positive
amount of quotas at the time of policy revision. The government then has
incentives to relax policy – sell more quotas – in excess of what it would have
done had there been no preexisting quotas. Agents will, however, rationally
expect this behavior and compensate for it by a lower valuation when quotas
are sold. The consequence is a slacker policy without any net revenue gains.
Long-lived quotas therefore create a problem of time inconsistency: public
…nance concerns lead the government to issue more quotas over time even if
there are no changes in fundamental market conditions.5 If the government
were able to commit to a quota policy then public …nance incentives as such
would not lead to intertemporal adjustments in quota allocation. In the
absence of such commitment possibilities, the time inconsistency problem
induces the government to reduce the lifetime of quotas or choose taxes.
3

Related problems have been studied in a general equilibrium setting where considerations of e¢ciency in a particular regulated market are balanced against e¤ects in other
sectors. In that case public …nance aspects enter naturally, for example through the possibility of reaping a ‘double dividend’ from the collection of environmental fees through
simultaneous reduction of distortionary taxes; see e.g. Bovenberg and De Mooij (1994)
and Goulder et al. (1999). These models are not, however, concerned with the comparison
of taxes and quotas and are typically static with full equivalence in the implementation
of price and quantity controls. Implicitly, in such models, quotas have a lifetime equal to
the length of the decision period and taxes are set for one period at a time.
4
Public …nance considerations may arise from distributional concerns as well as social
cost of public funds due to distortionary taxation; see e.g. Armstrong et al. (1994) and
La¤ont and Tirole (1993).
5 The seminal contribution on time inconsistency of optimal economic policy is Kydland
and Prescott (1977).
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The modelling framework

Consider a partial equilibrium model in which a group of agents, assumed
to be in…nitesimally small, identical and price-takers, is involved in the same
type of economic activity. This economic activity gives rise to some negative
externality and is subject to government regulation.
Time is divided into periods. The length of a period is determined by
the frequency with which the government can adjust its regulatory policy. In
any given period, the order of play is as follows: …rst, the government sets
(adjusts) its policy; next agents choose their levels of economic activity y;
and, lastly, payo¤s are realised. Payo¤s are discounted by a time-invariant
per period discount factor ± · 1. For simplicity, we shall consider a model
with two periods only. Results would seem to carry over straightforwardly
to an arbitrary number of periods.
We take decisions of agents in other markets, as well as their costs and
pro…ts prior to any activities to reduce the negative externality (‘abatement’),
to be exogenous and given. All agents produce the same amount prior to
abatement, which we take to be equal to 1 without loss of generality. However, agents have access to an abatement technology: if an agent produces
an amount y < 1 the cost to the agent is c (y) > 0, where c is a smooth
function, decreasing in y (the smaller the externality the larger the cost to
the …rm) and convex (unit costs of abatement are increasing in the amount
of abatement a = 1 ¡ y). Without loss of generality, we can take the mass of
agents to be equal to 1 and, since agents are perfectly symmetric and subject
to the same policy, aggregate output, denoted by Y , and aggregate cost of
abatement, denoted by C, are equal to y and c, respectively. Since aggregate
and individual level activity and costs can be identi…ed we do so and use the
lower case letters for both variables in what follows.
The government evaluates the damage of the externality according to
a social damage function D (y), which is assumed to be convex, smooth
and increasing in the level of the externality with D (0) = 0. Government
revenues - from taxation or quota sales - are valued at 1 + ¹, where ¹ ¸ 0 is
the (constant) marginal cost of public funds.
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Tax regime

We …rst consider the case in which the government regulates by a tax. Since
tax revenues in a given period are independent of tax rates set at other times
there is no intertemporal relationship between periods and hence we can
consider each one in isolation.
5

Given a tax rate t, agents minimise their total private cost associated
with the externality c (y) + ty, so that the …rst-order condition for optimal
abatement is
¡c0 (y) = t.
(1)
By the convexity of c the second-order condition for cost minimisation is
satis…ed.
The government chooses a tax rate to minimise the net aggregate cost of
the externality. This is given by the sum of damages and abatement costs less
the tax revenue multiplied by the marginal cost of funds to the government,
¹:
W T (y; t) = D (y) + c (y) ¡ ¹ty:
(2)
The government will minimise W T subject to (1) above. The …rst-order
condition for this problem may be written:
·
¸
¡ T¢
¡ T¢
1
0
0
D y + c y = ¹t 1 ¡ T :
(3)
"
Here yT is the optimal level of activity and
¡ ¢
¯
¡c0 yT
dy t ¯¯
T
" =¡
= T 00 T > 0
dt y ¯y=yT
y c (y )

(4)

is the elasticity of the level of activity with respect to the tax rate. Hence,
strictness of the tax policy depends on the elasticity "T :
¡ ¢
¡ ¢
D 0 y T + c0 yT ? 0 () "T ? 1:
(5)

In the tax case there is therefore a tradeo¤ between e¢ciency in the
market in question and public …nance concerns. Whether the optimal level
of activity exceeds or falls below the level that would be e¢cient were the
market considered in isolation depends on the relationship between the tax
rate and revenues. Dynamic considerations play no role here, however, in
contrast to the quota case.
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Quota regime

In the quota case we let yt be the total amounts of quotas available in period
t and assume these can be freely traded among agents.
In period t, given a rental price of quotas rt, agents minimise their total
private cost associated with the externality c (yt )+rt yt , so that the …rst-order
condition for optimal abatement is ¡c0 (yt ) = rt . Again, by the convexity of
6

c, the second-order condition for cost minimisation is satis…ed. Furthermore,
given the assumptions on c, for yt < 1 the equilibrium level of abatement
must satisfy yt = yt , and so the equilibrium value of the quota rental price
is given by
rt = ¡c0 (y t) .
(6)

The duration of quotas may be longer than a single period; in particular,
we assume that a fraction ¯ 2 [0; 1] of a quota issued in Period 1 can be
carried over to Period 2 (as the game ends after Period 2, there is no corresponding issue of quota duration for quotas issued in this last period). Note
that ¯ = 0 corresponds to the case in which quotas are good for Period 1 (or
a single period) only, while ¯ = 1 corresponds to the case in which quotas
last for both periods (or ‘forever’).
The value, or price, of a quota issued in Period 1, equals the discounted
sum of the rental price over the two periods, taking into consideration that
only a fraction of the quotas is carried over from Period 1 to Period 2:
p1 = r1 + ±¯r2:

(7)

For quotas issued in Period 2, the price simply equals the rental price:
p2 = r2:

(8)

Following the logic of backwards induction, we start by considering the
government’s regulatory problem in Period 2 - the last period - which is to
minimise
W2Q (y2 ; y1; ¯) = D (y2) + c (y2 ) ¡ ¹r2 [y2 ¡ ¯y1]
(9)

subject to (8) and (6) above. The term r2 [y2 ¡ ¯y1] represents revenues
from selling additional quotas in Period 2. The …rst-order condition for this
problem may be written:
½
·
¸ ¾
³ ´
³ ´
y1 1
Q
Q
0
0
D y2 + c y2 = ¹r2 1 ¡ 1 ¡ ¯ Q Q
(10)
y2 "2
where

¯
dy2 r 2 ¯¯
Q
"2 = ¡
dr2 y2 ¯

y2=yQ
2

³ ´
¡c0 yQ
2
³ ´>0
=
00 y Q
yQ
2c
2

(11)

is the elasticity of the demand for quotas with respect to the rental price of
quotas evaluated at the optimal quota.
Note that, for given optimal quota yQ
2 , the right-hand side of (10) is
increasing in the amount of quotas carried over from Period 1, ¯y1. This
7

suggests that the optimal quota in Period 2 exceeds the optimal activity
T
under tax regulation, y Q
2 > y , if ¯y 1 > 0. Indeed, di¤erentiating the …rstorder condition for the government’s problem, we …nd that the optimal quota
is strictly increasing in the duration of quotas:
@2 W Q

¡ @¯@y22
dyQ
2
= 2 Q > 0:
@ W2
d¯

(12)

@y22

The positive sign follows from the assumption that the second-order condition
Q
2
for the government’s problem is satis…ed (i.e. @ @yW22 > 0), and the fact that
2
³ ´
@2 W2Q
Q
dr2
00
y2 y1 < 0. Similarly, we have that the optimal
@¯@y2 = ¹ dy2 y 1 = ¡¹c
quota in Period 2 is strictly increasing in the amount of quotas issued in
Q
2
Period 1 dy
dy1 > 0 if quotas last longer than one period, ¯ > 0. If quotas only
Q

2
last for one period then there is no such connection, i.e. dy
= 0 if ¯ = 0.
dy1
In Period 1 - the …rst period - the government’s problem is to minimise
the discounted sum of costs over the two periods, or

V (y1 ; ¯) = W1Q (y1; ¯) + ±W2Q (y2; y1 ; ¯)

(13)

subject to (10), (7) and (6), where
W1Q (y1; ¯) = D (y 1) + c (y1) ¡ ¹p1y1

(14)

is the net social cost of the externality in Period 1.
Di¤erentiating (13) with respect to ¯, we …nd
dV
d¯

=
=
=
¸

dp1
dW2Q
¡¹
y +±
d¯ 1
d¯
"
#
dr2 dyQ
2
¡¹± r2 + ¯
y1 + ±¹r2 y1
dy 2 d¯
³ ´ dyQ
2
¹±¯c00 yQ
y
2
d¯ 1
0

(15)

with strict inequality if and only if ¹¯ > 0. In the second line of the above
derivation we have made use of the Envelope Theorem applied to the secondperiod minimisation problem of the government. The last inequality follows
from (12). In other words, if public funds are costly, the overall cost of the
8

externality is everywhere increasing in the duration of quotas, and so the
optimal duration is as short as possible; that is,
¯ Q = 0:
Given that quotas last for one period only, the dynamic problem collapses
into a series of independent static problems and so each period may be considered in isolation. In any period, the optimal solution in the quota case
can then be described by the condition
·
¸
¡ Q¢
¡ Q¢
1
0
0
D y + c y = ¹r 1 ¡ Q ;
"
which, of course, corresponds directly to that obtained in the tax case.
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Conclusion

We have demonstrated that a government will choose quotas with the shortest duration possible. Longer-term quotas create an intertemporal ’inconsistency’ problem, in the sense that the government would over time increase
the number of quotas beyond the globally e¢cient level. When regulation is
by taxes, no similar problem arises.
Essentially, this is similar to the insight that a monopolistic producer of a
durable good prefers leasing to avoid the problems of intertemporal credibility
associated with selling, see Coase (1972), Bulow (1982) and von der Fehr and
Kühn (1994). Here, tax regulation corresponds to leasing while regulation by
long-lived quotas corresponds to selling a durable good. Taxes and quotas
are equivalent policy instruments only if quotas have short duration, which
amounts to leasing.
In the literature on environmental regulation taxes and grandfathered
quotas are often compared as alternatives and in that case taxes are obviously
preferred from a public …nance perspective. The thrust of this paper is
that even if quotas are auctioned under perfect information there remains a
disadvantage which makes (long-run) quotas less attractive to policymakers.

References
[1] Armstrong, M, S Cowan and J Vickers (1994), Regulatory Reform: Economic Analysis and British Experience, Cambridge MA: MIT Press.

9

[2] Baldursson, F M and N-H von der Fehr (2004), A whiter shade of pale:
On the political economy of regulatory instruments, unpublished manuscript, University of Iceland.
[3] Baumol, W J and W Oates (1988), The Theory of Environmental Policy,
Second Edition, Cambridge: Cambridge University Press.
[4] Bovenberg, A L and R A De Mooij (1994), Environmental levies and
distortionary taxation, American Economic Review 94 (4), 1085-9.
[5] Bulow, J (1982), Durable goods monopolists, Journal of Political Economy 90, 314-32.
[6] Coase, R (1972), Durability and monopoly, Journal of Law and Economics, 15, 143-9.
[7] von der Fehr, N-H M and K-U Kühn (1994), Coase vs Pacman: Who
eats whom in the durable goods monopoly, Journal of Political Economy,
103 (4), 785-812.
[8] Fisher, B S, S Barret, P Bohm, M Kuroda, J K E Mubazi, A Shah and
R N Stavins (1996): An economic assessment of policy instruments for
combatting climate change, chapter 11 in James P Bruce, Hoesung Lee
and Erik F Haites (eds), Climate Change 1995 - Economic and Social Dimensions of Climate Change, Cambridge University Press, Cambridge.
[9] Goulder, L H, I W H Parry, R C Williams and D Burtraw (1999),
The cost-e¤ectiveness of alternatives for environmental instruments for
environmental protection in a second-best setting, Journal of Public
Economics 72 (3), 329-60.
[10] Hoel, M (1998), Emission taxes versus other environmental policies,
Scandinavian Journal of Economics, 100 (1), 79-104.
[11] Kydland F and E C Prescott (1977), Rules rather than discretion: The
inconsistency of optimal plans, Journal of Politcal Economy, 85 (3), 47391.
[12] La¤ont J-J and J Tirole (1993), A Theory of Incentives in Regulation
and Procurement, Cambridge MA: MIT Press.
[13] Stavins, R N (1996), Correlated uncertainty and policy instrument
choice, Journal of Environmental Economics and Management, 30, 21832.
10

[14] Weitzman, M L (1974), Prices vs. quantities, Review of Economic Studies, 41, 477-91.

11

INSTITUTE OF ECONOMIC STUDIES WORKING PAPERS 1987-2004
Formerly Iceland Economic Papers Series
Editor Tryggvi Thor Herbertsson
A complete list of IoES Working Papers and Reprints can be accessed on our World Wide Web site at
http://www.ioes.hi.is
W00:07 Alison L. Booth and Gylfi Zoega: Why do Firms Invest in General Training? ‘Good’ Firms and ‘Bad’
Firms as a Source of Monopsony Power
W00:08 Eduard Hochreiter: “Exchange rate regimes and capital mobility: Issues and some lessons from central
and eastern European applicant countries”
W00:09 Thorvaldur Gylfason: Fix or Flex? Alternative Exchange Rate Regimes in an Era of Global Capital Mobility
W00:10 Thorvaldur Gylfason: Natural Resources, Education and Economic Development
W00:11 Helgi Tomasson: Signal-noise Decomposition in Financial Markets: An Empirical Stochastic Process
Analysis for Infrequent Trading
W00:12 Thorolfur Matthiasson: Changing Rules for Regulation of Icelandic Fisheries
W00:13 E. Tumusiime-Mutebile: Economic Reforms and their Impact in Uganda
W00:14 Sveinn Agnarsson: Productivity in Icelandic Fish Processing Industry 1985 – 1995: A Comparison of
Methods
W00:15 Sveinn Agnarsson: Development of Efficiency in Icelandic Fish Processing Firms: A DEA Approach
W00:16 Jon Danielsson, Bjorn N. Jorgensen and Casper G. de Vries: Risk Management and Regulation in
Incomplete Markets
W00:17 Ragnar Arnason, Gylfi Magnusson and Sveinn Agnarsson: The Norwegian Spring Spawning Herring
Fishery: A Stylised Game Model
W00:18 Helgi Tomasson: Estimation of Correlations in Financial Markets when Trading is Infrequent
W00:19 Helgi Tomasson: Computations of Bayesian Estimators in ARMA Models
W00:20 Helgi Tomasson: Monitoring the trading intensity of a stock market under infrequent trading
W01:01 Tryggvi Thor Herbertsson: The Economics of Early Retirement
W01:02 Tryggvi Thor Herbertsson and J. Michael Orszag: The Costs of Early Retirement in the OECD
W01:03 Asta Herdis Hall and Solveig Frida Johannsdóttir: Generational Equality in Iceland
W01:04 Gylfi Zoega and Yu -Fu Chen: Exchange Rate Volatility as Employment Protection
W01:05 Tryggvi Thor Herbertsson and Gylfi Zoega: The Modigliani “Puzzle”
W01:06 Thorvaldur Gylfason: Lessons from the Dutch Disease: Causes, Treatment and Cures
W01:07 Tor Einarsson and Milton H. Marquis: Bank Intermediation over the Business Cycle

INSTIT UTE OF ECONOMIC STUDIES
W01:08 Tor Einarsson and Milton H. Marquis: Bank Intermediation and Persistent Liquidity Effects in the
Presence of a Frictionless Bond Market
W01:09 Tryggvi Thor Herbertsson, Edmund Phelps, and Gylfi Zoega: Demographics and Unemployment
W01:10 Tryggvi Thor Herbertsson: Shrinking Labour Forces and Early Retirement
W01:11 Tor Einarsson: Small Open Economy Model with Domestic Resource Shocks: Monetary Union vs.
Floating Exchange Rate
W02:01 Tor Einarsson and Milton H. Marquis: Banks, Bonds, and the Liquidity Effect
W02:02 Fridrik M. Baldursson and Nils -Henrik M von der Fehr: Prices vs. Quantities: The Case of Risk Averse
Agents
W02:03 Thorvaldur Gylfason: The Real Exchange Rate Always Floats
W02:04 Tor Einarsson: Small Open Economy Model with Domestic Resource Shocks: Monetary Union vs.
Floating Exchange Rate
W02:05 Gudmundur Magnusson and Saso Andonov: Basel Capital Adequacy Ratio and the Icelandic Banking
Sector: Quantitative Impact, Structural Changes and Optimality Considerations
W02:06 Alison L. Booth and Gylfi Zoega: If you’re so smart, why aren’t you rich? Wage inequality with
heterogeneous workers
W02:07 Alison, L. Booth, Marco Francesconi and Gylfi Zoega: Oligopsony, Institutions and the Efficiency of
General Training
W02:08 Asgeir Jonsson: Exchange rate interventions in centralized labor markets
W02:09 Alison, L. Booth and Gylfi Zoega: Is Wage Compression a Necessary Condition for Firm-Financed
General Training
W02:10 Tryggvi Thor Herbertsson and Gylfi Zoega: A Microstate with Scale Economies: The Case of Iceland
W03:01 Eirik S. Amundsen, Fridrik M. Baldursson and Jørgen Birk Mortensen: Price Volatility and Banking in
Green Certificate Markets
W03:02 Tryggvi Thor Herbertsson and J. Michael Orszag: The Early Retirement Burden: Assessing the Costs of
the Continued Prevalence of Early Retirement in OECD Countries
W03:03 Torben M. Andersen and Tryggvi Thor Herbertsson: Measuring Globalization
W03:04 Ingolfur Arnarson and Pall Jensson: The Impact of the Cost of the Time Resource on the Efficiency of
Economic Processes
W03:05 Gur Ofur and Ilana Grau: Bringing the Government hospitals into line: The next step of reform in the
healthcare sector
W03:06 Thorolfur Matthiasson: Paying paper by paper, the wage system of Icelandic University teachers
explained
W04:01 Fridrik M. Baldursson and Nils -Henrik M von der Fehr: Prices vs. quantities: public finance and the
choice of regulatory instruments

