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Abstract:

Climate policy requires that much of the world’'seeves of fossil fuels
remain unburned. This paper makes the case fdemgnting this directly
through policy to close the global coal industi@oal is singled out because
of its high emissions intensity, low rents per uratue, local environmental
costs and sheer scale. Direct supply policy —s#spuenced closure of coal
mines — may lead to less policy leakage (acrosetdes and time) than other
policies based on demand or price managemenisdtreas the advantage of
involving relatively few players and leading to adecut and observable
outcomes. Appropriately sequenced closure of thedacoal industry could,
we suggest, create the moral force needed to melbllective international
action.
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1. Introduction

Global warming is an extreme instance of a colectiction problem. To prevent the
stock of carbon in the atmosphere from crossingraydrous threshold we all need to
change our behaviour and reduce our emissionsiderse externalities of our
actions need, through some mechanism or otheedorbe internalized. Some of
these changes will be large — the developmentwftaehnologies and closure of old
ones — and others small, the myriad of changedsamlay to day behaviour of
households and firms. The advantage of carborstaxef pricing and trading
emissions is that it induces households and fiomadke these changes, potentially in
an efficient manner. However, despite being putdaethe past decade, the
approach has had limited traction: global emissamescurrently projected to continue
to increase until at least 2030.

Even if it were efficient in economic terms, thegent approach is very inefficient as
a strategy for mobilizing global action. The diféusature of the actions required
means that there is very little moral pressureexigion takers to act. Actions are not
readily observable and outcomes are highly uncertaeaning that there is little
apparent link between actions and their effectd,F@nce no way to attribute either
blame or credit. As a consequence countries fiedsy to free-ride rather than to
join a coalition of others pursuing active climatdicy. A small coalition controls
only part of world emissions, and its effectivenissiirther undermined by the
problem of leakage: countries outside may act igsthat offset or undermine
mitigation policies.

These observations motivate the proposal of thiepa which we argue the case for
policy to act directly on large and observable aggtes: in particular, policy to
progressively close the world coal industry. Atganet 43 percent of CO2 emissions
from fuel combustion and nearly 25 percent of t@i@2e emissions come from coal.
Further, both the level and share of coal in emaisshas been increasing (see figure
1). As we elaborate in Section 2, since coaleéskby polluting fuelany successful
strategy for combating global warming will have thesure of coal as a major
consequence.

Focusing on actions to directly reduce the supplpssil fuel has two important
advantages. One is that it provides new opporasior implementation, through
both market incentives and enhanced moral pressyrarticipate in collective action.
The other is that targeted supply side policy resusome of the leakage problems.
Of course, the myriad of small changes in behawoust still be made; existing
policy instruments remain important, and these bellreinforced by the price changes
that will follow from closing coal.



Figure 1
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Following our outline of the case for closing coabection 2, remaining sections
look at policy instruments. Our focus on the sypglfossil fuels contrasts with the
prevailing emphasis of carbon taxation and capsadk on demand. In each case, if
only some decision takers adopt the policies, aliton of the willing,’” their
effectiveness is diminished by leakage, and thikessubject of Section 3. Leakage
takes two broad types. One is international: atiatountries implement these
policies, and action to reduce carbon emissiommeagroup of countries may, via
general equilibrium reallocations, increase emissia other countries. The other is
inter-temporal: expectations of future policy antimay cause the burning of fossil
fuels to be brought forward, having the perverseceteferred to as the ‘green
paradox’. Although both demand-based and supplgdaslicies suffer from
leakage, we show that there are reasons to exgacde problems to be less severe
with targeted supply side policies, particularlytie context of coal.

In Sections 4-6 we turn to implementation. The atesof the global coal industry
requires a series of decisions by politicians aval mining companies which are not
currently in their interest. These decisions willyohappen if economic incentives,
moral pressure, or both, are brought to bear om tthe Section 4 we consider
economic incentives. Focusing on a single indusay a number of practical
advantages in incentive design. The number of aetbiose behaviour is to be
targeted by the incentives is drastically reducethfa vast and diffuse group of
consumers and producers to a small and precisg gifozpal mining companies.
Further, the pertinent decisions of these actasrarch easier to observe: mines must
close. Finally, the consequences of these decisimknown with certainty in
contrast to the imprecision of the demand-basedoappes. Beyond these practical



advantages, as Harstad (2012) has recently sh@ayments by the coalition of the
willing to secure closure of the global coal indystan achieve an outcome that is,
from the standpoint of the coalition, efficient. \W@nsider a modification of the
Harstad proposal in which instead of a coalitiomtypically moral countries, coal
producers are compensated by a ring-fenced caprade-scheme in which the rents
from oil are used to buy-out the much lower rensf coal.

All action on global warming relies to some degupen moral pressure. While the
collective action problem can be reduced if goveents adopt well-designed
incentives, moral pressure is essential for govenimto adopt these incentives. In
Section 5 we develop a theory of moral pressuresqpdl it to the process of closing
coal. Whereas Harstad treats the coalition of titleng/as exogenous — some
countries care about climate change, others de ntitmately participation is
endogenous to the degree of moral pressure broodeiar on each country. While
economists concerned with climate change have neped the need for moral
pressure, to date the strategy for achieving itdess the simple one of exhortation in
which the dangers of inaction are emphasised. &@nt advances in social
psychology are revealing moral pressure to be agptEx and sensitive to design
choices as the incentives with which economistsvaee familiar.

We draw on this work to suggest how it might be enfeasible to generate decisive
moral pressure for the gradual closure of coal thamfor other approaches to climate
policy. The essential insight is that moral pressigpends upon establishing a
sequence of moral responsibility for closure decisi At any one time only a very
few actors should bear the entire moral resporitsilidr action, but their compliance
would trigger a reassignment of responsibility.bBoaccepted, the sequence must be
perceived as fair, and this in turn must be derivech a moral context. This suggests
a scheme in which coal producers agree to sequdomgre, with high income
countries going first. This could be combined wathng-fenced cap and trade
scheme for fossil fuedxtraction While economic incentives can undermine moral
incentives, in this case trade in extraction pesmibuld amount to payments from oil
rents to countries closing coal (and potentiallpnpensating the lost earnings of
mineworkers), carrying the moral force of fairness.

2. The case for closing coal
If the probability of warming by 2or more is to be kept below 50 percent, some 60 —

80 percent of booked fossil fuel reserves are ‘unddole’ (Grantham Institute 2013).
The implication of this astonishing statistic that to date received most attention is
the problem of ‘stranded assets’: the current wadna of energy companies assume
that all these unburnable reserves are fully eigidte. We focus on another
implication: if most fossil fuels reserves will fe@to remain unexploited, there are
potentially large gains from a mechanism whichaslér extraction only those
reserves which maximize the net social benefityngrof CO2 emitted. We suggest
in this section that coal is the predominant fhek should be unburnt. As noted in
the Introduction, the closure of coal is esserittiahly due to its sheer scale. Not only
does coal dominate flow usage (Fig. 1), but it @lsminates proven reserves. The
estimated reserve to annual production ratio fat 110, as compared to 50 for oil
(BP 2013). However, coal is not just dominantsitlistinctive, both in terms of
emissions and rents.



Coal has markedly higher emissions of CO2 and qibkutants per unit of energy
than other fossil fuels. They are nearly twice thobnatural gas (in the range 75 — 95
percent higher depending on the type of coal) #ae®@-40 percent greater than for
oil.> We note that the prospect of carbon capture tordge (CCS), despite years of
investment, remains far away from large scale dara To quote from the

Grantham Institute’s ‘Unburnable Carbon 2013’ stuttize relatively limited
deployment of CCS that is expected before 20507 @van idealised scenario, means
that it is unlikely to significantly increase thmaunt of fossil fuels that can be
burned’?

While generating higher emissions, coal also geéaesiawer economic rents, and
hence smaller losses to owners from leaving cotilérground. Estimates of this
rent are hard to come by, but there are a numbiedafators. The share of extraction
costs in price suggests that costs are signifigdngher for coal than for other fossil
fuels, in particular oil. This is specific to pattlar mines or fields and some
estimates are given in table 1. Using years irctvlicoincidentally) the price per
tonne of coal is similar to the price of a barrebib (at $106 each), the table
illustrates that earning this price incurs ext@titosts on average 60 percent more
for coal than for oil. Only when the least-costldgdlaat from China, India and a few
other developing country producers) is matchedresgéine highest-cost oil (that not
from the Middle East) are costs comparabladditionally, coal has high transport
costs (cif, carriage, insurance and freight) whitdy reduce the price received by
producers (fob, free on board) by several tenbas per tonne. Even for
shipments within the US, transport costs accounafoaverage of 35% of the
delivered price of coal (Bowen and Irwin 2007) &odthe 15% of coal that is
internationally traded costs are higher.

Corresponding to higher extraction and transpastssaoal has much lower rent per
dollar of output. A nice summary way of thinkinigoat the economic surplus that
would be lost by closing coal is given by Granth@®13). For the top 200 fossil fuel
companies, coal accounts for around 36-42 perdeheo booked CO2 reserves
(p14) but just 16 percent of market value. Thiggasts that the present value of the

! See, for example, European Environment Agency&R6iF data on emissions from EU power plants
by fuel source.

2 Grantham Institute (2013), p 13.

% Rents include those accruing to owners and tataborities. Globally, coal receives public
subsidies, although these are relatively smali@irzd $6.5bn per year out of total subsidies teifos
fuels of $500bn a year, see Clements et al (2013)

4 This comparison benchmarks against the value giub\t.e. cost of producing $106 worth of
output) which is the pertinent economic metric.onte of coal produces four to five times as much
energy as a barrel of oil, so extraction costsupérenergy are significantly lower for coal tham 6il,
but this is offset by higher costs of transport lss valuable by-products.bhrrel oil = 6.1 GJ; 1
tonne coal, 27-30 GJ: 1 cubic metre of natural3ga8 MJ.
https://bioenergy.ornl.gov/papers/misc/energy_datml




rent loss associated with coal is relatively smedtimated (for these companies) at
approximately $640 bn (Grantham 2013 p27).

Table 1: Production, costs and rent for coal andib

Steam Coal: 2010, price $106.7 per tonne cif Oil: 2011, price $106 per barrel
Countries Production | Extraction Rent + cif Countries Production | Extraction Rent
tonnes pa cost $/tonne barrel pa cost S/barrel
(million) $/tonne (million) $/barrel

China 3235.0 37.8 69.0 | Saudi Arabia 4067 10.0 96.53
USA 983.7 74.0 32.7 | Russia 3836 28.0 78.53
India 573.8 22.1 84.6 | USA 2872 35.8 70.72
Australia 424.0 63.0 43.7 | Iran 1591 13.0 93.53
Russia 321.6 78.0 28.7 | China 1487 23.3 83.19
Indonesia 275.2 48.0 58.7 | Canada 1287 33.5 73.00
South

Africa 257.2 52.0 54.7 | UAE 1211 10.0 96.53
Germany 182.3 46.0 60.0 | Kuwait 1051 10.0 96.53
Poland 133.2 40.0 66.7 | Iraq 1022 9.0 97.53
Colombia 74.4 42.0 64.7 | Venezuela 1010 37.0 69.53
Canada 68.0 53.0 53.7 | Nigeria 898 28.0 78.53
Czech Rep. 55.2 53.3 53.4 | Brazil 800 21.8 84.75
Mexico 12.0 32.7 74.0 | Qatar 670 7.0 99.53
Venezuela 2.7 56.0 50.7 | Kazakhstan 642 14.9 91.60

Source: BP Statistical Review: Wealth of Natidiasa set, WB: IEA World Energy
Outlook.

A further cost of coal arises from thecalizedpollution caused by burning coal. New
research is highlighting the extreme levels of dgenthat these emissions cause. For
example, Chen et al. (2013) find that exposurddh tevels of particulates from coal
burning in Northern China reduced life-expectangyah astonishing five years. The
health costs attributable to coal burning in Eurapeestimated to run at between €15
and €40 bn per annum (Health and Environment Atka2013). While local
populations in the vicinity of where coalbsrnt would secure large gains from the
closure of coal, populations in the vicinity of wheoal isextractedwould suffer

large losses. Coal mining is distinctive in requgra large, specialized workforce,
which is spatially highly-concentrated and oftemoge from large centres of
employment. These features imply both that coakmsinvould suffer substantial
economic and social costs from closure, and theat Would find organized political
opposition to closure relatively easy. Hence, whitesing coal is economically
attractive, it is politically difficult and this @bacle has to be addressed by some
combination of financial incentives and moral ptgss

3. How supply side measures can address the probief leakage




Climate policy can be implemented through a varaétsneasures. Carbon taxes or
cap-and-trade raise the price of carbon to thoselwinn fossil fuels; they can be
complemented by measures to promote developmeiteshative sources of energy
or to manage demand directly (e.g. through efficyeregulations). Supply measures
operate directly on extraction of fossil fuels,stt@y down sources of supply. If
policies are implemented by all countries (or mur@adly, all decision takers), these
measures can achieve equivalent quantity effestisicing demand will lead to a
reduction in quantity supplied, and vice versaweer, the equivalence breaks
down if policies are implemented by some, but Hipdacision takers. This is the
problem of leakage, and it arises in two contex®se is international: not all
countries implement these policies, and policyettuce carbon emissions in one
group of countries may, via general equilibriumllceEations, increase emissions in
other countries. The other is inter-temporal: exgggons of future policy action may
cause burning of fossil fuels to be brought forwdwaving the perverse effect
sometimes referred to as the green paradox (Sio&, 2012).

International leakage:

On any conceivable practical scenario for the irm@etation of either carbon taxes or
cap-and-trade, the policy is initially implementgga coalition-of-the-willing
(henceforth ‘the coalition’) with many other couasr choosing not to participate.
International leakage concerns the responses sétbotside the coalition. Carbon
taxes and cap-and-trade have the effect of redwzntand for fossil fuels in the
coalition, and thereby reducing the producer (syjpmiice of the fuel. Policies which
directly reduce demand (e.g. efficiency regulatjdres/e the same effect. In the case
of carbon taxes or cap-and-trade the price to aoessiwill increase, while the price
received by producers will be lower. In both casles,price that holds in countries
outside the coalition is reduced and this creates@entive for consumption of the
fuel to increase in these countries, and for prodndo fall. The net effect on carbon
leakage and hence total emissions depends on teitonde of these quantity
responses, as determined by price elasticitiegwfaehd and supply. Broadly
speaking, leakage from demand policies will bedathe more price elastic is
demand relative to suppl.

Conversely, policies which operate to reduce supjillyincrease prices outside the
coalition; the price increase reduces non-coaliiemand but may increase supply.
Leakage from supply policies will consequently &ger the more price elastic is
supply relative to demand. The literature therefurggests that leakage will be
reduced by using policies targeted at supply (ratieen demand) if price elasticities
of demand are high relative to elasticities of $ygHarstad 20125.

® For careful analyses of these issues see Ho@#4{101996) and Harstad (2012).
® An additional instrument that could be used tdrads leakage is a border tax adjustment, see Jakob
et al. (2013).



How do these arguments play out in the contexbafZ The key point is the
existence of demand side substitutes for coaherfarm of oil, gas and renewables;
the long run price elasticity of demand for a sinfylel source (coal) is therefore

likely to be high, even if the elasticity of demdiod energy as a whole is low. These
substitution possibilities in demand have no anadogn the supply side; producing
less coal has no technological link to having atgmesupply of oil, gas or renewables.
This suggests that long run price elasticitieserhend are likely to be high relative to
supply elasticities, implying that supply side pas will result in less carbon
leakage.

There are sufficiently many moving parts in thiguanent that some formalisation
and an example are helpful. A model of supply @ehand for two fuels (C and G,
which we think of as coal and either gas or ‘greenewables) is presented in the
appendix. In the text we describe its operatiangia numerical example. We
suppose that demand for energy as a whole is pude inelastic (set at unity), but
there is a high degree of substitutability betwakernative fuel sources C and G
(elasticity of substitution set at 5). Supplystiities are set at unity for both fuéls
and the initial benchmark equilibrium has the twel$ used in equal amounts.

We look just at policy towards coal (C), focusingtbe question of whether leakage
is greater or less with demand or supply policiese demand policy is a 50 percent
downwards shift of the demand curvehalf the consumers of C (i.e. the coalition is
assumed to be half the world). The supply pol&cg 60 percent downwards shift in
the supply curve dhalf the producers of C. Crucially, half of the congusnand half

of the producers do not implement policy, althotlyky are affected by the ensuing
price changes and equilibrium reallocation. The pwbcies are scaled to be the same
size but their effects on equilibrium prices, qutzeg and emissions are quite different
and are given in the first two rows of table 2.

" Inter-temporal issues are developed in the reoticn



Table 2: International leakage: demand vs supply glicies.

Policy: R Ps Pc/Ps Xc X  Emission* Emission**
Supply reduction 1.10 1.05 1.05 0.82 1.05 0.89 0.82
Demand reduction 0.91 0.95 0.95 0.91 0.95 0.92 0.91
Carbon tax * 0.91 0.97 0.94 091  0.97 0.93

Carbon tax ** 0.91 1.04 0.87 0.91 1.04 0.91

All variables relative to value with no policy.
* G emissions per unit 1/2 of C; Row 3, Tax rates 40%,tc = 20% initial price.
** G has 0 emissions: Row 4: Tax rates 40%,tc = 0.

The first two columns give price effects and, agested, the supply policy raises
prices while the demand policy reduces them. YAtiables are expressed
proportional to their value in the absence of pgliSince the policy is on C, the
primary impact is on the world price of Cs,Rlthough R moves in the same
direction, albeit by a much smaller amount. (Thaspw 2, the lower Pcauses
some substitution from G to C which brings dovg). Pmportantly, the relative price,
Pc/Ps (column 3) moves in opposite directions under tie policies. The next two
columns give the quantity changes. The supplycgdirings about a much larger
reduction in C use (down18% rather than 9%), withmall increase in consumption
of G. The final two columns give the impact on ssions, the first column doing the
calculation when G has half the emissions of C,thedinal with G being completely
clean. The greater effectiveness of the supplicypad apparent: the reduction in
emissions is doubled.

The final two rows of the table look at emissioasets imposed by the coalition but
not in other countries. These taxes are propatitmemissions, so that G is taxed
less heavily than C, and this causes consumeiiition countries to substitute G

for C. Within the coalition this is as intendeddaeduces emissions. However, the
demand substitution means thatfg falls so (as with demand reduction) C becomes
relatively cheaper outside the coalition. Theefé#ct on emissions reduction is
correspondingly small, as indicated in the finab tsolumns.

This model and example serves to illustrate theengeneral arguments about leakage
under demand and supply policies and to demongtratenportance of substitution
between fuels. While just an example, the impamaessage concerns the relative
price changes and consequent impact on fuel chdfi@y countries are on the point
of installing very large amounts of electricity geating capacity. These choices need
to be made on the basis of an increase in the pficeal relative to other fuels, not a
decrease. This price signal is brought about igyactive countries pursuing




supply side policy. Demand policy and a carbont@ath have the perverse effect of
encouraging the wrong choice of technology in coestoutside the coalition.

I nter-temporal leakage:

Inter-temporal leakage arises when, for a finitesiiofuel, the expectation of future
policy brings a change in the rate at which the igiextracted and burnt. The green
paradox occurs if expectation of stronger policjuture causes current and near-
future emissions to increase in anticipation of thiange. Is this likely to be more or
less of a problem for coal than for other fuelg] @rso can supply measures mitigate
the problem?

The salient features of coal as compared to otyssilffuels (in particular oil) are high
extraction costs and large stocks. As a consegussarcity rents are low, as we saw
in table 2. If scarcity rents are entirely abgben the green paradox is inapplicable.
The resource is essentially unlimited and extractieases to be an inter-temporal
problem; expectation of future policy therefore hasbearing on current extraction.
However, if there is some rent element, even snmaér-temporal substitution may
occur® Furthermore, this will tend to be greater thrgéa are the stocks of the
resource simply because a large stock of the resoneans that proportionately
small changes in the time profile of extractiondavarge effect on the quantities
extracted at various dates. There are two aspetss size effect. One is simply the
large stock. The other is that because of higraetton costs and low rents the rate of
price increase (along a Hotelling path) is smé&lven demand curves, this means
that the extraction profile of coal, compared tp isirelatively skewed towards the
future; and since future extraction is large rgkto present, a policy change that
brings forward extraction will have a large curranpact.

This outcome is easily demonstrated in the simessible model that captures the
salient features of coal versus oil (althoughotsustness to a wider range of
situations remains to be tested). Suppose thetatdon costs (K) are constant per
unit output and independent of remaining stocker&hs a fixed stock of the resource
(S) and as a consequence there is scarcity rdrd.pfice of the resource will
therefore be equal to K plus a rent per unit. \O@gare two resources. One (coal)
has high K and high S; the other (oil) has low K &ow S. Comparison is most easily
made in a numerical example (formal model in theeaplix) which works with three
time periods and is reported in table 3. The fin&i rows represent ‘oil’ and the
second two ‘coal’, the latter having twice theialiteserves and (slightly more tiin
twice the extraction costs. Optimal depletionhefge stocks (given constant demand)
is computed for each industry, first with no policgws 1 and 3, tax in each period

8 Lemoine (2013) uses an event study (the unexpeciabse of the US Senate’s climate bill in 2010)
to demonstrate that green paradox effects are mreaseoal.

® Exact value chosen such that first period oukyis the same in both industries. There is no
demand for either fuel beyond period 3.



equal to zero) and then with an expected tax ingoséhe second and third periods
(t2=t3> 0, rows 2 and 4). In the initial situation lout policy (rows 1 and 3), the
share of rent in price (in the first period) is mdinan half in oil (0.51/(0.4+0.51) but
just 7 percent in coal (0.06/(0.85+0.06). As assmuence the Hotelling price path is
much steeper for oil than for coal. Given the sa@mand functions for the two
fuels, production in each of the three periodg &, X3) is much more skewed to the
present for oil than it is for coal.

For present purposes, the question is: how doassfeixpected policy affect current
extraction? Imposing the expected future tax= (s > 0, rows 2 and 4), we see that
the green paradox operates in both industries pé@tfod one production,
increasing in anticipation of the period 2 and>x3 telowever, while oil industry
output in period 1 rises from 2.5 to 2.8, coal prcitbn increases from 2.5 to 338.
This result will be surprising to some. The trarssion mechanism from future
policy to current production is expected loss déifa rents, and these rents are much
lower for coal than for oil. However, this transsion mechanism influences
decisions over larger stocks; the balance of foixesch that inter-temporal leakage
and the green paradox is more of a problem intt@ad in oil.

Table 3: Anticipated tax changes and inter-temporbleakage: oil and coal

S K Rent{=1) | Tax policy X Xz X3
Oil: no policy 3 0.4 0.51 180,6=t3=0. |25 0.45 0.07
Oil: future policy 3 0.4 0.50 1£#0,6=t=0.1| 2.8 0.21 0.04
Coal: no policy 6 0.85 0.06 130, 6=t3=0. | 2.5 2.0 1.52
Coal: future policy 6 0.85 0.02 130, 6=13=0.1| 3.8 1.18 1.07

Elasticity of demand = 10: 1 period discount fact®.75.

Once again, simple theory is only indicative, aatgmeter values for which this
result holds remain to be investigated. Howeuaipints to the need to have supply-
side policies in place for the coal sector. Thecpcal relevance of the ‘green
paradox’ remains a matter of debate (see van degR1013), but the arguments
above suggest that it could be more of an issgeahthan in other sectors. If so,
demand policies need to be complemented with sypgllgies that put in place a
phased reduction in coal output.

4. Closing Coal through Economic Incentives

% The higher emissions intensity of coal meansahzrbon tax would be 30 percent higher in coal
than in oil; = ;= 0.133 in which case coal output increases frdnt@4.1. The text uses equal tax
rates rate in order to focus on the effect of déffe stocks and extraction costs.




The preceding section made the case for supplymiliees in coal, given the
potential leakage problems that arise as manyidediakers are outside the coalition.
We now consider the design of economic incentigeschieve this.

Focusing directly upon closing coal production&ast of reducing the consumption
of carbon-emitting energy brings several practachlantages. First, precisely because
it aims to affect so many different activities, t@bon pricing approach is attempting
to change the decisions of a diffuse and very largaber of actors. The collective
action problem increases in severity both as tmebar of actors increases (Becker,
1983), and as their diversity increases (Ashraf@abbr, 2013). In contrast, the
production of coal is highly concentrated: it iggkely conducted by only a few firms,
employing a clearly identified group of workersgdded in only a few countries.
These are the only firms, workers and countrieshich decisions would need to
change in a major way.Of course, closing coal will also affect energpsomers,

but this is an indirect and diffuse effect andsanlikely to provoke collective action.
The decisions of consumers will automatically atdjoarginally as a result of the
changes in energy prices consequent upon the ela$woal.

Second, because the changes in the decisions bgrodaicers are major, they are
readily observable. Evidently, unless decisionsodxservable there is little prospect
of compliance. The way that climate policy currgrities to achieve observability is
through setting a target level for emissions, theiterning a continuum into
something discrete. However, this type of appradelays suffers from the weakness
that actors recognize that the target is arbitrsmythat the apparent necessity of
abiding by it is illusory, as is evident from thenited success of targets for fiscal
deficits. By focusing only on decisions which arajon, our approach achieves
observability without arbitrariness.

Third, other policies have outcomes that are higimgertain. To date, caps and
guotas have had wildly unpredictable effects onpitige of carbon; investments in
technological innovation have unpredictable pag;odihd the promotion of bio-fuels
has turned out to have unpredicted environmentaeguences. This is debilitating
for building consensus among those who must takel¢tisions because there is so
much scope for disagreements about their consegseAs Haidt (2012) discusses,
experimental psychology finds that decision taleeshighly prone to select from
among an array of evidence that which best suéis dwn interests. Hence, certainty
of outcome considerably improves the chances @eagent. In contrast to the
generic approaches that have been adopted tothateirect consequences of the
closure of coal can be known with a high degrepretision.

' There are also administrative advantages of aurating policy variables on a few agents, see
Mooij et al (2012). Metcalf and Weisbach (2009)wa for levying a carbon tax ‘upstream’ (e.g. mines
and ports rather than at the points of consumpfimmadministrative efficiency.



Given an exogenous coalition of the willing, Hads(2012) devised a straightforward
economic mechanism for closing the global coal #tidu The coalition should simply
buy up and close coal fields (more generally, lugst fossil fuel deposits)
worldwide. Harstad shows that the cost to theitoalof doing this (i.e. of
compensating producers for output foregone) istleas the benefit received from
moving closer to the coalition’s objective, whicitiudes a cost of damage from
emissions. Full implementation of this produce®attome which (assuming that
members of the coalition care about climate danaaglecountries outside are
completely indifferent to it) is first-best, in Brwith the Coase theorem.

This is a powerful result demonstrating how supptle policy, including the
purchase of deposits from outside the coalition,matentially be in the interest of all
parties and eliminate the leakage problem. Howewbkas various weaknesses. One
Is that the objective contains the coalition’s eradilon of damage from emissions, but
this is not necessarily that of the world. Thestibest’ result is therefore defined
(and achieved) relative to a subset of countriesthre world as a whole; if this subset
is very small, the outcome could be far away frofiirst-best’ outcome for the entire
world.** Second, the size and membership of the coalisitaken as exogenous
whereas, as we discuss in the next section, sdatessicy design should encourage
coalition membership® A third weakness is that the approach implicidgames that
property rights are absolute and uncontested. ¥ample, a Saudi-Arabian oil
company could buy and close an American coal mitieowt triggering any
countervailing political process. In the next secte suggest why such a
presumption is implausible.

Alternative market based approaches to managinglysopn be imagined. The
international community could establish a variamtize cap-and-trade system in
which permits are required not for carbon emissibns for theextractionof fossil
fuel. For the reasons set out above, such a spedadrrangement should be easier
than a generalized scheme. As with any cap-an@-seldeme, the allocation of the
rents accruing to the initial assignment of theypes would need to be determined.
Given the cap, such a system would produce aneaifiphasing down of fossil fuels.
The impact would fall largely on coal since thelegrents on oil would enable oil-
owners to out-compete coal owners for permits toaek Of course, the system
would depend upon fossil fuel producers adhering tBhis might be either because
of exogenous enforcement by the global commungynayeneralized cap-and-trade,
which implicitly rests upon moral pressure. Alteimaly, it could rely upon the
incentives faced by a coalition (i.e. cartel) addib fuel producers. Monopoly power

12 The coalition might care about the entire wobldt then consider what would happen if it were very
small (just Norway). The cost of buying up worlsht fields would be so (relatively) large that
Norway’s marginal utility of consumption relative its marginal valuation of climate damage would
increase, thereby reducing its willingness to belds.

'3 Harstad points out that the incentive to joindbalition depends on the division of the surplus
between members and non-members.



creates an incentive for this coalition to cut dy@md raise price, but this does not
mean that its actions (or objectives) are fullgaéd with reducing carbon emissions.
For example such a coalition might act to cut syppid raise price to a level just
below that at which investment in renewables idifaiole.

5 . Closing Coal through Moral Incentives
All proposals for collective action on climate clgarare partially reliant upon moral

pressure. While in economic analyses this is ugurlblicit, it is both feasible and
helpful to make moral pressure explicitly endogemddam Smith pioneered this
analysis inThe Theory of Moral Sentimen®e now know that moral values are
‘hardwired’ into human behaviour: natural selecti@s induced us, in some
situations, to generate chemicals that stimulateahahoices (Pagel, 2011; Zak,
2012). We typically hold several coexistent mow@ues, one of which, fairness, is
particularly pertinent for the collective actioroptem (Haidt, 2012). Behavioural
economics is establishing that across a wide afaioices, once the choice is
framed as a moral one, most people choose not xowize their self-interest if doing
so would be unfair. Fairness is not reducible ®lhilitarian calculus by which
economists have traditionally tried to incorpornaterality: Utilitarian ethical values
predominate in only a small minority of the glopalpulation. So strategies devised
on the basis of maximizing global utility may wk# regarded as unfair. Not all the
consequences of an action have moral force. P{2k€7) demonstrates how moral
attribution is embedded in language: ‘the concéphasation we apply when
choosing our verbs is also the concept we applynwhehold people responsible. We
single out the acts that a persotentionally, anddirectly, andforeseeablycaused.’
(p. 228, our italics). An important implicationttsat general equilibrium
consequences of actions have negligible moral fevea if they loom large in the
Utilitarian calculus.

Economic incentives interact with moral incentiviesleed, it is possible for the
former so to undermine the latter as to have pseveffects. In the recent literature
the most celebrated example of economic incentimelermining moral incentives is
the introduction of a fine for the late arrivalafildren at a nursery school in Israel
(Levitt and Dubner, 2005). The fine backfired: thechanism of internalisation
inadvertently stripped the decision of its morattemt and so eliminated the moral
incentive to arrive on time. Analogously, the afgno establish carbon markets
creates a tension between economic incentives anal pressure, which is why the
sale of indulgences was so catastrophic for theeith century Church.

The Dynamics of Collective Action

Many public goods problems are dynamic: people ta&e decision in sequence.
The dynamics of the economic incentives for frelag in a sequential game are
straightforwardly perverse: the returns to freeagdncrease the more that other
people have already behaved ‘decently’ by actintpéncollective interest. Just as the
agent who free rides does not take into accoungftieet of his decision on the
wellbeingof others, so he does not take into account igxebdn thedecisionsof

others. We will term this special sort of extertyalidecision externality



Although the specifics of our collective action pkem of closing coal are important,

it will be insightful to use a generic example oflective action, and for this we use
the canonical set-up of cows overgrazing the consmdre will imagine that villagers
have agreed that all their cows should be taketheftommons to let it recuperate,
but that the timing of each person’s journey todbmmons to remove their cows has
been is left to individuals and so will be sequainfThe economic cost of compliance
increases as the sequence of removal proceedss thiscumulative effect of the
decision externalitieaoted above. The more cows that have already teeeoved by
others the greater the benefit from leaving consotatinue grazing. But by viewing
the collective action problem in dynamics it is apgnt why the economic perspective
Is inadequate. As people remove their cows fronttdmemons, while the economic
cost of good behaviour increases, so does the mpmssure. The last person with a
cow on the commons indeed has the strongest econonoeantive to leave it there, but
will be subject to the strongest moral pressuré) bommunal and internal, to remove
it. That is,there are two opposing decision externalities, ecenomic, the other
moral. The moral decision externality changes the miantive for the agent to
leave his cows on the commons because it changesmtihis community’s judgment
of whether the decision is unfair. However, whitgtbeffects cumulate, the change in
the economic incentive can reasonably be seerr asfaller than the change in the
moral incentive. This can be seen by comparingpdwnning and the end of the
sequence: non-compliance with full compliance. aitgh the economic incentive to
leave cows on the commons is at its maximum imtighbourhood of full
compliance, it remains large even in the neighboodof zero compliance. In
contrast, the change in the moral incentive foe-ieing is huge. Whereas in the
neighbourhood of zero compliance, not to free-naelld be quixotic, in the
neighbourhood of full compliance to free-ride woblkel psychopathic. That the moral
decision externalities cumulate so strongly hasoirgmt implications.

In the neighbourhood of full compliance, collectation may not face a free-rider
problem: the moral pressure to comply may be smgtthat it overwhelms the
economic incentive to free-ride. In contrast, ia tieighbourhood of zero-compliance
there has been no accumulation of moral decisiterealities and so the moral
incentive to act is virtually non-existent. Sinaeather actor has yet behaved
ethically there is no moral pressure to do otheewl® summarize, in a sequential
collective action problem each decision generatestypes of decision externalities,
one on the economic incentive to free-ride andother on the moral incentivé.
Because moral pressure is at its weakest in thalistages of behavioural change, for
collective behaviour to be ignited, it is necesdargrovide a convincing argument as
to why and how change should $egquenced.

Can the moral decision externality be internalized?

As moral decision externalities cumulate, the oN@maentive to comply, consisting
of the sum of the economic and moral incentivesjgaker in the early stages of the
sequence than in the later stages. Presented wétvaype of externality,
conventional economic analysis has its standantisal of creating a market
mechanism for internalization. Since the moral edbties are most valuable in the

* The process by which a moral action spreads aerpsgulation is analogous to wildfire protests
analysed by Kuran (1989). As in that model, anmsaldeature for spreading is that there shoulesbe
wide gaps in attitudes: the more morally motivateduld not be readily distinguished from other
actors by some other observable feature. An evideakness of the Kyoto approach was that it
singled out developed countries as distinctivegpomsible.



early stages of achieving collective action, a rmarkechanism could offer a financial
reward to early compliers. We see something ofuked in global warming policies,
through financial incentives for the early adoptadrgreen technology. However, as
argued by Sandel (2011), resort to markets hasattinnplications. Since the need for
sequencing arises precisely because of the ndwttess the power of moral values,
it is important that the basis for selecting thgussce should not undermine the
moral force of the sequence itself. Were thoseyearthe sequence of collective
compliance differentially rewarded it would undenmithe moral force exerted later
in the sequence. Moral decision externalities aitg generated if early compliers
generate in others a sense that continued non-cmeplwould be unfaiAs a matter
of logic, moral goodness cannot be bought.

Principles for Determining Sequence

To solve the collective action problem, agents niustefore collectively agree a
sequence of compliance which has moral force wghaictors who are going to be
subject to the sequence. If it is not seen as iydegitimate by those early in the
sequence it will not ignite collective action. s not seen as morally legitimate by
those late in the sequence it will not harnesgtiential for the force of fairness to
grow with compliance and so drive an ignited preddsough to completion.

Viewed in isolation, there is only one basis fdeseng a sequence that can satisfy
the conditions for fairness, namely random assignniéhis is the only mechanism
which satisfies the Rawlsian veil of ignorance dtad: ex ante every actor has an
equal chance of attaining a favourable (that tg)lposition in the sequence of
compliance. However, the fairness of a sequenceatdre derived separately from
the underlying morality of the specific collectigetion with which it is concerned.
Whether a proposed sequence is regarded as fabbensissessed in the context of the
purpose to which it is being harnessed: namely diamge with some specific
collective action. Returning to the canonical odile action problem, suppose that
the villagers were to agree to a random assignuighe sequence in which they
should withdraw their cows. The random sequencedrapto assign the
responsibility for the first cow to be removed frén@ commons to a poor widow,
while letting the rich landowner leave his herdtibe commons until everyone else
has complied. The poor widow might feel underdittersonal moral pressure to
comply, and other villagers might be hesitant tadpthe force of moral censure to
bear on her. The random assignment of sequene# is fsolation, but the sequence
it has produced is judged unfair because its p@rosstop overgrazing, is linked to
another distribution, the ownership of cows ondbemon. If the collective action
problem is to be solved, the owner of the largesd lwill have to move before the
widow.

The moral basis for sequence must therefore bgneed as ethicah relation to the
larger purpose of the collective actiofis noted above, in assessing fairness actors
are not impartial assessors of the evidence (Ha@dt2). In respect of global
warming, as with cows on the commons, a randonseggience for carbon
reductions would self-evidently not induce comptienMost of the countries unlucky
enough to draw an early place in the sequence wmriltble to find some moral alibi
for non-compliance by contrasting themselves watime more culpable country that
was not obliged to comply until later.

Applying the Analysis to the Global Coal I ndustry



The essential feature, which focuses both on acpéat industry and its closure, as
highly targeted sequence of moral responsibikitiyany one time, responsibility for
progress on tackling global warming should resadiewith the population of a
particular country, and indeed specific actors iniih) rather than be diffused across
the global population, thereby dissipating its nheraergy. Further, as discussed, the
basis for sequence must be compatible with theiegisoral narratives of global
warming. Three distinct narratives have gained saceeptance. One is that action to
tackle global warming will be costly and so shobéborne disproportionately by
thosewho have the ability to payhus the sequence of reduction should be acagrdin
to income. A second is that the problem of globatming arises becaupeople in
some societies are emitting far more carbon thdmeiosocietiesthus, the sequence

of reduction should be according to current emissioA third is that the problem
arises because of tlkecumulated stock of past emissiahsis, the sequence of
reduction should be according to cumulative emissio

Note that in isolation none of these narrativestdeen sufficiently convincing to

exert significant moral pressure. They have be@oged much more vigorously as
alibis for inaction by those societies they exoteerthan as an impetus to action by
those societies they implicate. But to date theteptial moral force has been triply
dissipated. First, the narratives have not beed tesgenerate a finely grained
sequence, but rather to attempt to revive the wadislichotomous world of
developed versus developing countries, a classdicaf manifest irrelevance to
policies for global warming. No sequence which regfli‘developed countries’ to act
while ‘developing countries’ did not, was likely b@ regarded as fair by the citizens
of developed countries. The second reason why man@ has been dissipated is that
the narratives have not been linked to specifimast but only to aggregate targets.
This breaches the requirement that for moral farspecific action attributable to a
specific actor must be directly linked to a spectfionsequence. Actions must
therefore be readily observable and manifestly redt® global carbon emissions.
The final reason why moral force has been dissthstéhat none of these three
narratives has sufficient legitimacy to dominate tithers, but nor can any of them be
dismissed. As a result, they have competed with e¢her, thereby enabling each
actor to weight them according to whatever is nagistantageous for them (the Haidt
bias).

Closing down the global coal industry meets the fe@jyures that give an action moral
force. It is a concrete event, readily observadnhel directly under the control of
identifiable actors. It is also manifestly matetmthe global problem of carbon
emissions. Fortunately, there is little room foraguity as to an ethically reasonable
sequence of closure. There are only a few cownvlese coal industry is currently
material: a truly global sequence is unnecessaeatly simplifying the process of
agreement. These countries are China, USA, IndiafrAlia, Russia, Germany,
Poland, Indonesia and South Africa. They differ snady on all three criteria, but the
rankings are largely coincident. Any reasonablegiving of the three criteria —
income, current emissions, and past cumulative®ams - will produce a very

similar sequence among this group. Evidently, tls&UAustralia, and Germany are
sufficiently similar that, given the leeway to ineet criteria to one’s own advantage,
none of them would be willing to accept that thegdd close their coal industry
ahead of the others. They will therefore need toertogether. However, the three are
collectively sufficiently different from all the bér countries any each of the three
criteria, that they can readily be identified as tinst movers. The next group is
probably Russia and Poland, both upper-middle-irecoountries with a long history



of high carbon emissions. After them come China%odth Africa, followed by
Indonesia and India.

A deal to close coal thus requires gaining prigeagent from these salient coal
producers that the above sequence will be the andehich their coal industries are
closed down. Because the agreement can be conértbds small group, the closure
of the world’s coal industry may be a more vialitategy than the attempts to
negotiate a generalized global deal. In practiegptiations between so many actors
have proved to be very vulnerable to hold-outs. dgyeement would also cover the
timescale for closure, and rules concerning theniged production of countries later
in the sequence. For example, it might be reaserthbt the countries next in the
sequence for closure should not increase theiryotamh. Hence, the USA, Australia
and Germany would agree to a timetable for closfitheir own coal industries only
if, during this period, Russia and Poland agreddmoncrease their production.
China and South Africa would be permitted to insestheir production only until the
first group had completed their closure prograrmsyhach point, once Russia and
Poland began their own closure programs they wbetdbme bound by the rule of
non-expansion. Collectively, the group of saliemdilgoroducers would have an
interest in preventing free-riding from other prodts and potential entrants to the
industry. A possible rule would be for them to apwlate the bands from their own
group to global coverage: thus, the USA-Australes@any rule would apply to all
other countries judged to be sufficiently simiMfhile ex antethe agreement of all
these countries might not be sought, non-complidycany of them might be deemed
to freeze the entire agreement.

6. The interactions of moral pressure and economiacentives

We now consider how moral pressure might interattt warious designs of
economic incentives. First, we return to the Harstiaoposal for a coalition of the
willing to buy the rights to coalmines and closerthdown.

Moral pressure and the Harstad proposal

Although Harstad postulates an exogenous intemmaticoalition of the willing, no
such coalition would in fact be necessary in otdemplement his proposal. Any
country with a coal industry that valued a redutiio carbon emissions sufficiently
highly to be eligible for the coalition could imphent the policy unilaterally. That the
USA and Australia are exporting coal suggestsdkiah very wealthy countries are
not sufficiently motivated to implement it. Theembational dimension introduced by
a coalition makes such a policy considerably légggible because it introduces a
countervailing moral narrative of considerable &érEor example, the attempt by the
Australian company BHP-BIlliton to purchase the @dian potash company Potash
Corp, was blocked by the Canadian government dirggnse opposition from the
residents of Saskatchewan based on fears of cldsues had the motivation for the
bid been to reduce carbon emissions it is highlikaly that this would have affected
the outcome: the obvious Canadian retort would Heen ‘why us?’ A likely first
choice for a coalition of the willing would be ttbse coalmines in South Africa, due
to its combination of highly polluting coal andagVely expensive labour. But if
Australian money cannot close a mine in Canads,not difficult to assess the
prospects of American money been able to closabknioe in South Africa.
Economists schooled in Utilitarianism are inclirtednterpret such impediments as
revealing merely a lack of political will to confroself-interest. However, it is
important to recognize that this framework is mgie of many, and indeed one that



is relatively uncommon. The people on the streEd®bannesburg would be as
impassioned with moral righteousness as any eca@t@nd in a democracy their
moral perspective would rightly determine policy.

We conclude that the Harstad proposal is severaigrmined through its interaction
with moral pressure.

Moral pressure and generalized compensation for sequential closure

Would our proposed scheme for sequential closutatggted moral pressure be
reinforced by the addition of compensation forlthes of coal rents paid by other
countries?

A reasonable moral case can be made for compens@tidlectively the salient coal
producing countries would be sacrificing their eeah coal to provide a public good
that would benefit other countries. However, theralso a reasonable moral case
against compensation. Rents are by definitioearnedncome. Rents on natural
assets are unevenly distributed around nationsitdes without coal have not been
fortunate enough to own any coal rents. Furthacesthe closure of the global coal
industry would inflict losses of rents on c@ainsumersshould they also be
compensated? But consumers of coal, actual anggutige, are a vast and
amorphous group. The case against compensatioffigently tenable that those
whose self-interest is to weight it highly wouldepumably do so. The USA, Australia
and Germany would not receive compensation fromé¢beof the world for closing
coal.

Tradable extraction permits: sequential closurewith oil-for-coal compensation
Finally, we consider a variant of our morally baseduence of coal closure in which
compensation for closure is financed by allocatbpermits in the ring-fenced cap-
and-trade scheme for the extraction of fossil faelscribed at the end of Section 4.
As in a scheme without compensation, in the firgige the three high-income coal
producers would gradually close their coalmined. i, additionally, a limit would
be set to the extraction of all fossil fuels infligcome countries. The rights to
extract would be distributed among the high-incdassil fuel producers pro-rata to
their current production. Through this ring-fen@agh-and-trade market, oil producers
in the high-income countries would buy permits frooal producers. In effect, the
state oil companies of Norway and Saudi Arabia waadmpensate German
coalminers for the closure of their industry. OGxrmany, the USA and Australia
had closed their coalmines, the next income tieoaimines and oil wells would be
brought into the cap-and-trade scheme, joininghtgk-income oil producers. The
scheme could potentially be supplemented by anresfitent mechanism: producers
who did not abide by the scheme would not be péenhib sell their output in high-
income countries.

How might the addition of this cap-and-trade schaififect the moral pressure for
sequential closure? Oil extraction is dominatedibgarned rents whereas coal
extraction is dominated by hard-earned labour ireeohimus, compensation of
coalminers by oil companies could invoke a suppenoral narrative of fairness.
The Haidt bias might now work in favour of acti@@alminers in high-income
countries who accepted closure could tell themsabeth that they were in the
vanguard of action to address climate change, langlist recipients of the oil wealth
that fortune had assigned to others. The econondigveoral incentives would thus be
mutually reinforcing.



A final reality check

Any effective scheme for containing global warmimig) at some stage require
coalmines in middle-income countries to closehinking of the obstacles that need
to be overcome it is helpful to become concretesamaie consider the closure of
Polish coalmines. We compare the prospects formd3oland’s mines by three
different strategies: generalized carbon taxesHtstad proposal; and our targeted
sequence of closure supplemented by ring-fencecodgrade in fossil fuels.

The carbon tax approach would close Polish coalin reducing demand to the
point at which the industry was bankrupted. Howesgrce Poland could burn its
own coal, this would depend upon the Polish Govemtrimplementing the tax. In
turn, this would only happen if Polish citizensulgat in combination the moral and
economic incentives were decisive: compliance wasaity right, and non-
compliance would lead to trade sanctions. Thusghases apparent that the economic
incentive of sanctions would be liable to underntime moral incentive of solidarity
with global efforts to arrest climate change. Thaahnarrative of national solidarity
would most likely overwhelm that of global solidgriAs an analogy, President
Mugabe has just won an election in which reactandereign pressure trumped
moral arguments more powerful than any in the amnoticlimate change.

If global carbon taxation looks unlikely to closeliBh coal, the Harstad proposal
appears yet more doomed. A coalition-of-the-willingng to buy Polish coalmines
to close them down would be highly likely to bedimated by Polish nationalism.
Our proposed approach might also fail, but it wdudainess two powerful pressures.
Morally, Polish coalminers would hold the fate bétplanet in their hands; the
coalminers of Germany, America and Australia waltéady have accepted closure.
The economic incentive would be that Polish mirmensld, by selling extraction
permits, gain entitlement to a share of foreignaahlth. The incentive might be
strengthened were the opportunity to trade timeadotesistance would risk leaving
a doomed industry without a lifeline.

7. Concluding comments

Discussion of public policy on global warming hash dominated by two barely-
related approaches. Economists have proposed ¢jeadrsolutions based on
economic incentives for reduced emissions in coms$iam and production through
carbon taxes and cap-and-trade. Meanwhile enviratahactivists have attempted to
galvanize moral energy, usually through attributiegponsibility to affluent
consumers for highly specific actions such as caclpases. We have attempted to
integrate the two approaches by focusing on aaisglient decision: coalmining. We
have shown that even from the perspective of ecanmoentives, due to leakage
there are strong reasons for switching emphasis the generalized demand for
carbon emissions to the supply of coal. Theseandéarced when trying to harness
moral pressure. By switching from generalized gl@maissions targets to a highly
specific sequence of closure decisions for coaljrikensity of moral pressure can be
increased. While economic incentives have to dadvertently undermined moral
pressure, we propose how they could be reinfor@amgng-fenced fossil fuel cap-and-
trade scheme could provide compensation from aikréor the costs of closing
coalmines. Details of such schemes need to des@lomre fully and are, we think,
an urgent direction for research.
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Appendix

International leakage:

The two equations below give the equality of sumsig demand for fuels C and G
respectively. There are N countries in the warfdyhich M are in the coalition. The
right hand side of each equation is supply, withdpicer pricepc andps and
elasticityy. S is a supply shifter for C, taking value less thaity if supply is cut.
On the left hand side, the elasticity of demandiet ise, and fuel is a CES
aggregate of C and G with elasticity of substitansoand weights 35 y. The

coalition may uses taxeg, tg, which set the consumer price above the produdes,p
or reduce demand for C directly by shiftiDg below unity.

MDe ( Pc +ic )_U[(l V. )( Pc +ic )l_a + V( Ps +ig )1—01(5‘0) o

U](s—a) H(o-1)

+[N=M]pse]a-y) pse + ok = MS: pZ +[N -M]pZ,

Y _J o\e-orio-y
M(ps +1tg) [(1‘V)(pc +e )7+ Upg i) ]5 e

+[N=M]pza- ) e + 5[ = mpt [N -]z

Equilibrium prices are the solution of this paireafuations, and table 3 reports
comparative statics. It uses parametersl,c =5,7=1,N=1,M=0.5,y=0.5.
Initial equilibrium prices (with&c = D¢ = 1 andic, tc = 0) are all equal to unity.

I ntertemporal leakage:
The profits of a representative price taking firma &= (p, - K)Xrﬁ’wherepr is the

price in periodr, K the extraction cosk; the quantity produced arfithe one period
discount factor. The firm operates for periadg0, T], and has total resource stock

S, so maximises subject toZ::er < S. If production takes place in all periods
and the resource stock constraint binds, thendndgr conditions are
(p, -K)=(p, —K)B " forallz. The demand curve i, =(p, +t,) wheret, is

the periode tax rate. This, with first order conditions aneé tiesource constraint,
gives the usual Hotelling price path and associp#gll of quantities. The example
of table 3 ha3 = 2,5 =0.75, and = 10.



