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Abstract

This paper compares price-based and quantity-based environmental regulation policies
on efficiency grounds when the regulator is uncertain about the future price of fossil fuels and
the firms’ marginal abatement costs (MAC). In doing so, two key issues are considered. First, it
investigates whether assuming complementarity between fossil fuels and emissions in the face of
volatile oil prices alters the Weitzman results. Secondly, it examines how the choice between
permits and taxes is affected if innovations in the marginal abatement costs are unidirectional.
With regards to the first issue, Weitzman’s analysis remains intact. As for the second issue, it is
found that uncertainty in the marginal abatement cost does not affect instrument choice. The
paper thus provides new theoretical insights on the insignificance of the MAC uncertainty for the

choice of market-based environmental policies when innovations in MAC are unidirectional.
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l. Introduction

Economic theory has long established that in the presence of competitive markets and perfect
certainty, it does not matter whether a regulatory body announces a price for the regulated
substance or orders a quantity limit, as both instruments will lead to the same social welfare
(Weitzman, 1974; Baumol and Oates, 1988). Nevertheless, in an environment of uncertainty and
incomplete knowledge, the two regulatory instruments generate different expected welfare. In a
seminal paper, Weitzman determined that, under uncertainty, the choice between price-based and
quantity-based instruments depends on the relative slopes of the underlying curves; with price-
based instruments selected if the marginal cost curve is relatively steeper. Conversely, a
quantity-based policy is selected if the slope of the marginal benefits curve is greater that of the

marginal costs.

The goal of this paper is twofold. First, it evaluates the relative desirability of the two
instruments when fuel prices are volatile. In doing so, it is assumed that emissions and fuel
inputs are perfect complements, an assumption that is not considered in the literature, but
plausible given that greenhouse gas emissions are a by-product of fossil fuel inputs. It thus seeks
to answer the policy question; does complementarity of fossil fuels and emissions alter the

Weitzman results given the volatile nature of fuel prices?

Prices of fossil fuels have behaved erratically since the oil crises of the 1970s (Figure 1 in
the Appendix) and are generally believed to be more volatile than other commodities (Bookout,
1990; Verleger, 1994). In fact Regnier (2007) finds that, from 1986, crude oil, refined petroleum
and natural gas prices were more unstable than the prices for about 95% of commodities
produced in the US. In such a volatile environment, the expectation is that firms will substitute
away from fuel inputs when fuel prices are rising and increase their use in the production process
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when prices are falling. Correspondingly, many studies have shown that consumers respond to
rising gasoline prices by driving less and increasing their demand for fuel-efficient cars (Busse,

Knittel & Zettelmeyer, 2009; Gillingham, 2012).

Given that greenhouse gas emissions are directly proportional to fossil fuel combustion, it
is anticipated that volatile fuel prices have important implications for environmental policies
aimed at curbing GHG emissions. When fuel prices are higher, agents in the market respond by
reducing their consumption of fossil fuels. Consequently, emission levels are expected to
decline. The reverse is anticipated when prices are lower. Given this effect of fuel price volatility
on emissions, one would think that, between the two instruments examined in this paper,

emission taxes are excessive when fuel prices are rising and inadequate when they are falling.

On the contrary, permits are thought to deliver offsetting price adjustments in the face of
volatile fuel prices. For instance, decreasing emission levels under high fuel prices shifts demand
for permits inward, pushing permit prices down. This flexibility is lacking under emission taxes,
yet in 2008 when oil prices were highly volatile, jurisdictions such as the province of British
Columbia adopted a carbon tax as an environmental policy. In the summer of 2008, oil prices
surged to a record high of US$136 (in 2013$) per barrel before sharply plummeting to less than
US$40 a barrel by the end of that year. The analysis in the present paper hence provides insights

into whether such carbon tax policy is justifiable in the face of volatile oil prices.

The second objective of this paper is to investigate choice between the two instruments
when the stochastic components of the marginal abatement cost are unidirectional. Weitzman
assumes that both positive and negative innovations in the marginal abatement costs are possible,

yet there is a vast literature that models technical change as reduction in the marginal abatement



costs (Downing and White, 1986; Milliman and Prince, 1989; Montero, 2002a; Rosendahl,
2004). Moreover, several studies have shown that end-of-pipe technologies such as Scrubbers
and smokestacks lead to a uniform downward shift of the marginal abatement cost curve
(Bauman, Lee & Seeley, 2008; Amir, Germain & Steenberghe, 2008). Nevertheless, these
studies also show that technical changes in production process may in fact increase abatement
costs. In line with most literature, the second goal of the present paper is to evaluate the case

where innovations in the marginal control costs are always negative.

To conduct this analysis, standard micro-economic tools are employed. Assumptions in
the Weitzman model such as risk neutral agents, linear marginal benefits and marginal cost
curves, and additive error terms are maintained. Both forms of uncertainty (technological and
fuel price) are assumed to be uncorrelated, with their true probability distributions known to the
regulator. It is also postulated uncertainty exist only on the part of the regulator and not at the
firm level. As in Heuson (2010), environmental regulation can be thought of as a Stackelberg
game with two phases. In the first phase the regulator selects the instrument and in the second,
polluters respond to the policy choice. Firms will therefore utilize in their decisions new

information that is observed in the time lag between the first and second stages.

With regards to the first goal, it is found that Weitzman’s key proposition remains intact.
However, under fuel price volatility, the magnitude of the relative advantage coefficient is
amplified and proportionately increases with the variance of fuel prices. The key finding of the
second exercise is that, if innovations in the marginal abatement costs are unidirectional and fuel
and emissions are not modelled as complements (as in Weitzman), both instruments would yield

the same expected welfare. Consequently, the Weitzman analysis would collapse.



The next section reviews the literature on “prices versus quantities”. Section 1l presents
the extended price versus quantities model and characterizes the relative advantage of effluent
charges over permits for the case where both positive and negative innovations in marginal
abatement costs are possible. In Section IV, the analysis is extended to the case where

innovations in the marginal abatement costs are unidirectional. Section V concludes the paper.

1. Literature Review

Weitzman (1974) investigated the choice between prices and quantities as planning
instruments in the presence of uncertainty. Under the assumptions of linear marginal benefits and
marginal costs, risk neutral agents and additive shocks, he found that when marginal costs are
unknown to the regulator, the choice is contingent on the relative slopes of the marginal benefit
and the marginal cost curves. When the latter is steeper than the former, a price instrument yields
larger expected welfare. Conversely, a quantity instrument is preferred when the marginal benefit
curve is steeper than the marginal cost curve. Uncertainty in the benefit function is shown to
affect both instruments equally as firms respond to the regulator’s decisions along the cost curve.

It is therefore deemed irrelevant in the choice between price and quantity instruments.

Adar and Griffin (1976) and Fishelson (1976) have independently explored the topic
from an environmental regulation perspective and found similar results. Adar and Griffin also
considered firm attitude towards risk when genuine uncertainty exists both at the agency and the
firm level. Alluding to Sandmo (1971), they note that when permit prices are uncertain, risk
averse firms abate emissions where the expected permit price is greater than the marginal control
costs'. Consequently, the relative advantage of one instrument over the other will, besides the

relative slopes of the underlying curves, depend on the firms’ degree of risk aversion. However,

! If instead these firms are uncertain about the MAC, they abate emissions where ¢ = expected MAC



pertaining to risk aversion, the authors do not stipulate a systematic approach that ranks the two
instruments on efficiency grounds. In contrast, decisions of risk neutral firms do not depend on
the degree of uncertainty and hence preference between permits and effluent charges will still be

based on the relative slopes criterion.

Baldursson and VVon der Fehr (2004) similarly studied risk aversion and uncertainty at the
firm level. When markets are imperfect, permit prices may vary randomly in a cap-and-trade
regime. Risk aversion may thus influence firms’ behaviour vis-a-vis investments in abatement
technology to mitigate exposure to price volatility. Prospective permit buyers will invest more
while sellers will invest less in abatement technology, eventually limiting permit trade. As
marginal control costs will not be equalized across polluters due to the limited permit trade,
environmental standards will not be attained at the least cost. As a result, the relative

performance of tradable permits® is greatly reduced.

Laffont (1977) argued that the central planning problem involves comparison of three
policy options: ordering a fixed production at the least cost, announcing a price to the producer,
and announcing a price to the consumer with the consumer’s reaction communicated to the
producer. He articulated that, by limiting his analysis to the first two options, Weitzman in effect
utilized only half of his model. Laffont demonstrated that a relatively steeper marginal benefits
curve - a justification for cap-and-trade in Weitzman - is in fact in favour of announcing prices to
the consumer; effectively reducing the comparison to using prices on the production side and
using prices on the consumption side. Nonetheless, the relative advantage of one price

instrument over the other still rests on the relative slopes of the underlying curves.

? Tradable permits, cap-and-trade and permits are used interchangeably in this paper



Yohe (1978) extended Weitzman’s framework by including an additional source of
uncertainty. Unlike Weitzman, he presupposes that under the cap-and-trade system, firms do not
achieve the target set by the regulator with absolute certainty. With this assumption, the choice
between prices and quantities largely depends on the relative sizes of quantity variation
associated with each instrument. For this reason, a relatively larger variation under effluent fees
shifts preference towards cap-and-trade. Yates (2012) introduced non-constant tax and non-
constant permit supply functions into the canonical prices versus quantities model. He
established that, under these circumstances, the cap-and-trade system unambiguously dominates

the fee system.

Stranlund and Ben-Haim (2008) compared price and quantity-based policies in situations
where the stochastic errors in the cost and benefit functions cannot be modelled with accurate
moments of probability distributions. In this study, instead of the traditional expected social
welfare, the authors suggest an alternative policy evaluation tool, namely “info-gap robust-
satisficing” that “evaluates policies on the basis of robustness to loss when uncertainty is
unstructured” (p. 448). In light of this, it is shown that the standard relative slopes tenet ranks the

two policies in terms of their robustness to unstructured uncertainty.

When policy variables are fixed over time®, the two market-based instruments are
believed to respond differently to exogenous shocks. Butler and Maher (1982) analyzed the
relative performance of permits and emission charges in a growing economy and showed that, in
the face of increasing pollution sources and inflation, tradable permits perform better than
charges in terms of meeting a given emissions control target. This is because, with a fixed

allowance, permit prices adjust accordingly, maintaining the overall environmental quality

* Policy parameters fixed over time is typical of environmental regulation



standards. With a fixed charge, environmental deterioration would result as increasing pollution
sources raise abatement costs and inflation lowers the real charge. However, effluent charges are
relatively superior in improving environmental quality when there is advancement in abatement

technology (Tietenberg & Lewis, 2012).

Price and quantity based instruments have also been compared under incomplete
enforcement (Montero, 2002b). Incomplete enforcement of regulation coupled with uncertainty
considerably diminishes the relative attractiveness of effluent fees over permits. At the global
level, the fee system is also rendered ineffective by offsetting domestic fiscal policies (Wiener,
1999). Rohling and Ohndorf (2012) considered the risk of such fiscal cushioning and found that
the level of the marginal benefit curve and the variance of the error term in the cost function
determine instrument choice. Below a certain threshold level of the cost variance, the permit

system is shown to be strictly preferable.

Many other studies have attempted to compare emission taxes and permits by introducing
various assumptions into the Weitzman framework. Heuson (2010) incorporated imperfect
competition (Cournot oligopoly) into the model and demonstrated that emission taxes dominate
tradable permits. Roberts and Spence (1976) and Mandell (2008) investigated conditions under
which a mixed system is welfare-superior to either a tax or a permit regime. Moledina, Coggins,
Polasky and Costello (2003) included dynamic effects and discovered that, in steady-state,
emission taxes overabate while permits underabate. Newell and Pizer (2003), Hoel and Karp
(2002) and Karp and Zhang (2005, 2012) applied the model to stock pollutants such as GHG,
and using numerical illustration, showed that effluent charges fare better than permits. Stavins
(1996) and Shrestha (2001) demonstrated that if errors in the benefit and cost functions are

correlated, the marginal benefit uncertainty can be crucial to identifying the desired policy.



I11.  Fuel Price Volatility and the Case where E(u) = 0

The Weitzman model uses the total benefit and the total cost of abatement functions and takes
the stochastic term in the marginal abatement cost to be sufficiently small in order to justify
second order approximations to those functions. The quadratic approximations of the total cost
and benefit functions accordingly imply linear marginal benefit (MB) and marginal abatement
cost (MAC) functions. Adar and Griffin (1976) and Fishelson (1976) on the other hand, postulate
linearity of the MB and MAC curves from the outset. The present paper adopts the latter
approach with an additive error term in the marginal abatement cost. Additionally, prices of

fossil fuel inputs P are assumed to follow a random walk;*
Przpr—i-l'ar (1)
where 8, represents the stochastic component of fuel prices, unknown to the agency at the time

of the regulation adoption.

The specification of marginal benefit function used in this paper has been modified to
capture the realities in the current model. It has been augmented to include the price of fossil
fuels, effectively introducing uncertainty into the marginal benefits of abatement. Since
emissions and fossil fuels are modelled as perfect complements, a unit reduction in emissions
also entails a comparable unit decrease in fossil fuel usage. The social marginal benefit of
abatement therefore includes marginal environmental benefits plus the opportunity cost of fuel
usage (price of fossil fuels). Moreover, it is assumed that the marginal abatement cost curve

intercepts the origin; however, this is trivial and does not change the results of this paper.

* Several empirical studies support this view. See, for example, Coimbra and Esteves (2004), Geman (2007) and

Hamilton (2008).



MAC(q,u) =8g+u (2

MB(q,6) =a—fq+P,_, +6, 3

Where g = 0 represents the level of abatement undertaken by firms and w represents the

regulator’s error in estimating the firms’ marginal control costs. The error terms u and &, are
uncorrelated, with E [u] = 0, E [6,] = 0and E [u-8,] = 0.

To achieve the intended environmental quality goal, the regulator announces the control

policy (an emission charges or a tradable permit) that seeks to maximize expected social welfare.

Essentially, this can be accomplished by either naming an optimal tax t*and having polluters
choose their abatement levels, or ordering polluters to abate g* through tradable permits. Under

complete certainty, both policies would generate the same social welfare.
The permit system:

Under this emission control policy, the risk neutral regulator orders tradable permits for g

reduction in emissions that maximizes the expected social welfare:

E[W]=E Jq[Mﬂ(q, 8) — MAC(gq,u)]dq (4)

Taking the derivative of (4) with respect to g, and setting the resulting expression equal to zero,
yields expected marginal benefits equal to expected marginal abatement costs.

E[MB(q,6)] = E[MAC(q",u)] ®)

Using the expressions for ME(q) and MAC(g,u) in (2) and (3), (5) becomes:

Ela—fq" + P,y +6,] =E[dq" + 1]

Solving for g* in the above equation, the optimal reduction in emissions under the permit system

is thus



go= 2 e (6)
B+8

Since E [ul =0and E [6,] = 0.
Substituting the expressions for MB(g,8) and MAC(qg,w) into (4) and using (6), the expected

social welfare under the permit system is obtained by computing:

d o
EW@) = | [(a—Ba+Pey+0) — (5q +u)]da

o

The effluent fee system

In this model, emissions and fossil fuel inputs are assumed to be complements(E = aF),

where a is normalized to unity. A unit reduction in fossil fuel consumption entails a comparable
unit decrease in emissions and vice versa. In a competitive equilibrium, profit maximizing firms
purchase fuel so that its marginal product equals its total price (emission tax included).
Therefore, firms will abate where the marginal control cost of a unit of emissions equals the

price of the fuel input plus the emission tax.

Unlike the regulator though, firms in this model know the realized values of the random

variables u and &. Thus, their reaction to any possible tax t involves setting the realized marginal

abatement costs equal to the emission tax t plus the realized price of the fuel input (P._; +8,).

P,_,+8, +t=MAC(q" u) (8)
Using (2) the firms’ reaction function becomes:

q(t,u,8)=(P._,+6,+t—u)/6 9)
Given q(t,u, ) in (9), the risk neutral regulator announces a tax t* that solves the following

maximization problem.
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qltaf) (10)
Max EJ. [(a—fg+P._,+6,)— (dg+u)]dg
t o

Maximizing (10) with respect to t, setting the resulting expression equal to zero and
solving for t yields:

. _ ad —ffP,_; (11)

t
f+6

Substituting (11) into (9) gives the firms’ reaction to the optimal tax t* announced by the

regulator.

* _ (¢ + Pf_i) % _ E (12)
q“’“’gfj_(ﬁJrﬁ 375
Using (6), (12) becomes

. ., 8 u (13)
Q(t rurgrqu +§_E

The realized emissions reduction g(t*,u,8,) achieved under the tax regime generates the social

welfare:

(a+3-5) (14)
wey= [ 7 e Ba+ Py +8) — (Ga+u))da

o
Since the policy maker is uncertain about the marginal abatement costs and the future prices of

fossil fuels, decisions made ex ante have to be based on the expectation of (14):

(q-+5e-2 (15)

B =8 [ Vi@ Ba+ Pyt 6) - (80 +w)lda

0

The relative advantage of emission taxes over tradable permits is given by (15) - (7)
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(+3-%) (16)
B -EW@N=E | ° “laPa+Piy+6)- (Ga+wlda

q

=F [(Q+Pr—1+grjq _w:ﬂ_uf?]

a°

[q'+%-%}]

Evaluating the above expression and using E [6,] = 0, E [u] =0 and E [u- 8,] = 0, the relative

advantage of emission charges over tradable permits is given by

d—FB
262

(17)

EW()] - EW (@] = (S5 ) B@) +E(6)]

Equation (17) consists of two additively separable effects. The first effect, the marginal
cost uncertainty effect, is the fundamental Weitzman result, while the second effect is the fuel
price uncertainty effect. As evident from (17), the choice between effluent charges and tradable
permits solely depends on the relative slopes of the marginal benefits and the marginal abatement

cost curves (5 and & respectively). The regulator is indifferent between applying an emission tax
and issuing tradable permits when & and /8 are equal (in absolute value). Otherwise, emission
taxes are preferred to permits if & is greater 5 and vice-versa. Thus, in the presence of volatile oil

prices, Weitzman’s fundamental relative slopes proposition remains intact.

However, under fuel price uncertainty, the magnitude of the relative coefficient is
amplified by a factor of the fuel price variance. |If, for instance, & is greater than 5 (charges
selected in this case), the magnitude of the relative advantage of taxes over permits is greater
than in Weitzman. In the context of global climate policy, tax instruments have by and large been
justified on the basis that the marginal benefits of pollution control are relatively flat while

marginal costs are sensitive to the level of abatement (Pizer, 1999; Nordhaus, 2007). If this is the
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case, then (17) shows that complementarity of fuel and emissions does increase the gains from
adopting a tax policy. This increase can be more than double if the variance of fuel prices is

larger than that of the marginal abatement cost.

Given that the marginal benefits of pollution control are considered flat — and this was
rationale behind the 2008 Canadian petition in which over 200 economists urged the federal
political parties to adopt a carbon tax as a climate change policy (Laucius, 2008) — then, British
Columbia’s adoption of carbon tax in 2008 was in fact the correct policy. It is tempting to think
that, under fuel price shocks, emission taxes would be excessive when ex post fuel prices are
higher and inadequate when they are lower. However, the marginal benefits curve, which is a
function of fuel prices, shifts whenever fuel prices change and this moves the socially optimal

quantity of abatement to a new level depending on the direction of the fuel price shock.

If, for example, ex post fuel prices are higher, the marginal benefits curve (a function of
fuel prices) would shift upward increasing the socially optimal level of abatement. If, on the
other hand, ex post fuel prices are lower, the marginal benefits curve would shift downwards
decreasing the socially optimal abatement Level. In effect, emission taxes would not be that

excessive under increasing fuel prices and inadequate under falling fuel prices.

IV. Fuel Price Volatility and the Case of Unidirectional Innovations in the MAC

In this section the same analysis as in the previous section is applied, however, it is now assumed
that innovations in the marginal abatement costs are unidirectional. In line with the vast literature
that associates technological progress with downward shift of the MAC curve, this section
considers the case where innovations in the marginal abatement are always negative. Equation

(2) is thus modified to capture this unidirectional movement.
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MAC(q,u) =8g—u (18)
Where E [u] = 0, u~LN and Inu ~ N(0, ). Asin Section lll, E [u-8,] =0
The permit system

In the same manner as in the permit policy in Section Ill, the regulator orders tradable permits

for g reduction in emissions that maximizes the expected social welfare:

E[W]=E J. [MB(g,6) — MAC(q,u)]dq (19)

o
Taking the derivative of (19) with respect to g, and setting the resulting expression equal to zero,
yields expected marginal benefits equal to expected marginal abatement costs.
E[MB(q.6)] = E[MAC(q",u)] (20)
Using (3) and (18), and solving for g* in the above equation, the optimal reduction in emissions

under the permit system is thus

a+ P._; + E(u) (21)
L+ 4

q°=

The expected social welfare under the permit system is then obtained by computing:

: @
EW@) = | [(a—Ba+Pey+0) — (5 —w)]da

o
Where g* is given in (21).
The effluent fee system
In the same manner as in the emissions charge policy in Section IlI, firms react to any

possible tax t by setting the realized marginal abatement costs equal to the emission tax t plus

the realized price of the fuel input (F,_, +6,).
P,y +6.+t=MAC(q"u) (23)
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Using (18) the firms’ reaction function becomes:
q(tu,8) = (P_y + 6, +t+1)/8 (24)
Given (24), the policy maker announces a tax t* that solves the following maximization problem.

qlta.d) (25)
Max B[ [(a=Ba+ Pyt 8)— (Sg—wlda
t 4]

Maximizing (25) with respect to t, setting the resulting expression equal to zero and solving for t

yields:

_ ad —P,_; — FE(u) (26)
f+6

ti'c

Substituting (26) into (24) gives the firms’ reaction to the optimal tax t* announced by the

regulator.

a + F't_l) N B, +u B BE(u) (27)

qwmﬂﬂ:(ﬁ+5 5 S(B+9)

The expected social welfare achieved under the tax regime is thus given by

qlt b} (28)
EW@I =E [ [(a-Ba+Pey+6)— (57— w]dq

]
The relative advantage of emission taxes over tradable permits is given by (28) - (22)

glemwd,) (29)
W) -EW@=E | [(a=Pa+Pey+6) - (6a—wldq

q

Evaluating the above expression and using E [6,] = 0 and E [u- 8,] = 0, the relative advantage

of emission charges over tradable permits is given by

6—F

EW ()] - EW(g)] = (Sz3) B 0
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Even though equation (30) illustrates that the relative slopes of the underlying curves
determine the preferred instrument, it is interesting to see that, contrary to the Weitzman
conclusion, marginal abatement cost uncertainty vanishes. In the context of Weitzman analysis,
if innovations in the MAC are unidirectional, price-based and quantity-based instruments would
yield exactly the same expected welfare (abstracting from fuel price shocks). It would therefore
not matter whether the policy maker is uncertain about the marginal abatement cost of polluters
or not. If evidence shows that MAC decreases with technical progress, and this is indeed the case
for end-of-pipe technologies, then a remarkable symmetry is established between price and

quantity-based instruments even in the face of uncertain marginal control costs.

Accordingly, the analysis presented here provides new theoretical insights on the
insignificance of the marginal abatement cost uncertainty for the choice of market-based
environmental policies when innovations in MAC are unidirectional. Under this postulation, the
only uncertainty that affects instrument choice is that of fossil fuel prices. If the regulator’s errors
of the marginal control costs are always negative as in the case of advancement in end-of-pipe
technologies, effluent charges and tradable permits would yield the same expected social welfare
unless fuel price uncertainty is included in the model (assuming complementarity). Nonetheless,

incorporating the complementarity assumption reinforces the relative slopes argument.

V. Conclusion

This paper compared price-based and quantity-based environmental regulation policies on
efficiency grounds when the regulator is uncertain about the future price of fossil fuels and the
firms’ marginal control cost. It extended the canonical prices versus quantities model to include a
fundamental complementarity property that is characteristic of pollution abatement. This
complementarity property is justified on the basis that, in the real world, greenhouse gas

16



emissions are directly proportional to fossil fuel combustion. Additionally, the uncertainty on the

part of the policy maker can be attributed to the sluggish nature of environmental regulation.

In conducting the analysis, this paper considered two key issues. First, it answered the
question; does complementarity of fossil fuels and emissions alter the Weitzman results given
the volatile nature of fuel prices? Secondly, it investigated the choice between the two
instruments when the stochastic components of the marginal abatement cost are unidirectional.
Weitzman assumes that both positive and negative errors in the marginal abatement costs are
possible, yet a common understanding of technological change is that innovations are
unidirectional. There is a vast body of literature that models technical change as reduction in the
marginal abatement costs. Moreover, many studies have shown that end-of-pipe technologies
lead to a uniform downward shift of the marginal abatement cost curve. In accordance with these
studies, the present paper evaluates the case where innovations in the marginal control costs are

always negative.

In the first case, the results show that complementarity of fuel and emissions in the face
of volatile oil prices does not alter Weitzman's key proposition. The relative slopes criterion still
determines the instrument choice, however, the magnitude of the relative coefficient increases
proportionately with the variance of fuel prices. The gains from adopting the desired policy are
higher than what Weitzman would suggest. Given that the marginal benefits of pollution
abatement are considered flat, one could argue that British Columbia's adoption of carbon tax in
the face of highly volatile oil prices was in fact the right policy as the gains at stake were higher

than thought.
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As for the case where innovations in the marginal abatement cost are unidirectional, it is
shown that, contrary to Weitzman, uncertainty in the abatement costs does not affect the relative
advantage coefficient. Without the complementarity assumption, price-based and quantity-based
instruments would yield the same expected welfare, whether marginal costs are unknown to the
regulator or not. In effect, Weitzman's key proposition collapses. Nevertheless, incorporating

complementarity of fuel and emissions would reinforce the relative slopes argument.

One would think that, under fuel price shocks, emission taxes would be excessive when
ex post fuel prices are higher and inadequate when they are lower. However, Given the
complementarity assumption, the marginal benefits curve shifts in direct proportion to fuel
prices, increasing (decreasing) the socially optimal level of abatement whenever fuel prices rise
(fall). As a potential area of research, it would be interesting to include dynamic effects into
these models and extend the analysis. Such extension would certainly reveal a great deal about

the relative desirability of these two instruments.
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Appendix

Figure 1: US Imported Crude Oil Price Movements

Monthly Imported Crude Oil Price
USS$ per barrel Forecast
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