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Designing a U.S. Market for CO,

John E. Parsons,” A. Denny Ellerman’ and Stephan Feilhauer*

Abstract

In this paper we focus on one component of the cap-and-trade system: the markets that arise for trading
allowances after they have been allocated or auctioned. The efficient functioning of the market is key to
the success of cap-and-trade as a system. We review the performance of the EU CO, market and the U.S.
SO, market and examine how the flexibility afforded by banking and borrowing, and the limitations on
banking and borrowing, have impacted the evolution of price in both markets. While both markets have
generally functioned well, certain episodes illustrate the importance of designing the rules to encourage
liquidity in the market.
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1. INTRODUCTION

The United States may soon have a market for carbon. President-elect Obama has expressed
his support for a cap-and-trade system, targeting a reduction in CO, emissions to 1990 levels by
2020 and reducing them an additional 80% by 2050. CFTC Commissioner Bart Chilton
forecasted this past summer that “Even with conservative assumptions, this could be a $2 trillion
futures market in relatively short order.” Legislation for establishment of a cap-and-trade system
for carbon has been advanced before and failed, and no one can be sure a bill will pass anytime
soon. However, the possibility of change invites a host of questions about how a carbon market
would operate and what should be the rules.

Markets for pollution are not new to the U.S. The first Bush administration pioneered their
use with the creation of the SO, market under the 1990 Clean Air Act Amendments. The SO,
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market has generally been viewed as a success in terms of keeping the cost of emission reduction
low. In fact, during the Clinton administration, the U.S. used the widespread acclaim of the SO,
market to buttress its diplomacy in favor of incorporating market mechanisms into global
agreements regulating greenhouse gas emissions. Ironically, this diplomacy succeeded in making
market mechanisms an integral feature of the Kyoto Protocol which, under the second Bush
administration, the U.S. then declined to sign. The European Union took the next step and made
a CO, market the centerpiece of its own strategy for regulating emissions. The European Union’s
Emissions Trading System (EU-ETS) is now by far the largest emissions market in the world —
more than 20 times the size of the U.S. SO, market — and the European CO, price is the global
benchmark.

The design of a cap-and-trade system raises a myriad of fundamental choices that will be
hotly debated: how stringent should the cap be, which sectors of the economy should be covered,
how should the allowances be distributed, and what should be done with any revenues earned
from the sale of allowances. In this paper we focus on one component of the cap-and-trade
system: the markets that arise for trading allowances after they have been allocated or auctioned.
The efficient functioning of the market is key to the success of cap-and-trade as a system. How
well have the EU CO, market and the U.S. SO, market functioned? Are there any important
lessons for the better design of a U.S. CO, market?

The cap-and-trade approach to regulation stands as an important alternative to the traditional
command-and-control approach. And in its short history, cap-and-trade has had some major
successes in achieving significant pollution reductions at low cost. Nevertheless, these days,
perhaps more than ever, there is a great amount of mistrust in commodity markets in general and
financial trading in commodities in particular. This mistrust is especially great among some of
those people most fervently advocating action to reduce carbon emissions. The popular mistrust
in markets can lead policy makers to try to minimize the role of markets and trading. But such an
approach compromises the ability of a cap-and-trade system to work. After all, the principle
underlying a cap-and-trade system is that the forces of the market should be harnessed and
exploited to produce low cost emissions reductions. The efficient functioning of markets is
useful. The more market flexibility that can be built into the system, the better. Of course,
vigorous oversight and proper regulations to weed out and prevent abuses are essential
ingredients of an efficient market. But a regulatory structure that inhibits trading and thins the
market or that restricts flexibility in meeting the cap ultimately raises the overall cost of the
system.

The recent history of both the European CO, market and the U.S. SO, market can illustrate
these points. In both cases, the cap-and-trade system has worked relatively well, and the value of
trading and flexibility are clear. And in both cases, there have been problems that can be traced
back to insufficient flexibility and obstacles to trading that could have been avoided with modest
amendments to how the systems were designed. While these problems have been small, an
accurate diagnosis is important to shaping the future design of a U.S. system. Both the European
CO; and the U.S. SO, cap-and-trade systems allow some amount of inter-temporal flexibility in



meeting the cap, so that companies can bank already issued allowances for use in future years.
But in each system, where that flexibility has been restricted — whether in law or in practice — the
result has been an inefficient evolution of price and therefore a slightly higher cost to the system.
And where that flexibility has been expanded, the result has improved the efficiency of the price
process and lowered the cost to the system. Both systems allow unrestricted trade in allowances,
including the creation of futures markets. However, the decision to allocate allowances freely to
companies presumed to be the natural shorts immediately thins the size of the market that
actually develops — in both a direct and an indirect way — and reduces the ability of companies to
take advantage of the inter-temporal flexibility that is allowed. The lesson for the current debate
in the U.S. is that efforts to impose strict regulations and oversight are to be encouraged insofar
as the purpose is to encourage active trading and an efficient market, but efforts to impose limits
on trading and to minimize inter-temporal flexibility and the role of the marketplace should be
opposed.

2. THE EUROPEAN CO, MARKET

2.1 Structure

The EU-ETS is a classic cap-and-trade system. For the first phase, running from 2005 through
2007, emissions were initially capped at 2.1 billion tons CO, annually. The cap covered
emissions from more than 10,000 installations in the 27 countries of the EU, encompassing
electric power and industries such as pulp and paper, metals, refining and cement. Emissions
from households and transportation were notably not a part of the system. Allowances for
emissions equal to the total cap were distributed annually. Most allowances were allocated free
of charge to affected installations, although a small number were auctioned. Companies were
then free to buy and sell allowances throughout the EU, so that a market in allowances arose.
Each year a company would have to report the CO, emissions for each of its covered
installations, and then surrender sufficient allowances to cover those emissions. A company with
emissions greater than the number of allowances it had been allocated would have to cover the
deficit by purchasing additional allowances. A company with emissions less than the number of
allowances it had been allocated could sell the surplus.

The system is now in its second phase, which runs from 2008 through 2012. The level of the
cap has been reduced to 1.9 billion tons annually — slightly less than a 10% reduction from the
first period cap on a raw basis, not adjusting for changes in industries and installations covered
by the cap. Air transportation will be included within the cap starting in 2012 with a
corresponding adjustment to the cap, and steps are being taken to move to a markedly greater use
of auctions for distributing allowances instead of free allocations. As always, there is ongoing
debate about the right level for future caps, about which industries should receive any free
allocations, and about links to other countries. Otherwise the system largely continues in the
same form as originally designed.



2.2 Trading

An active market has developed for allowances. There is both a spot market in already issued
and valid allowances, and a futures market for allowance vintages not yet issued. Figure 1 shows
the growing volume of transactions through time. Total volume in 2005 was just over 262
million tons CO,, which is a turnover of 0.12 when compared against the annual allocation. By
2008, total volume had grown to over 2.68 billion tons and a turnover of 1.41. In comparison, the
CFTC Commissioner’s quote at the top of this article assumes a turnover of 10 times the
assumed annual allocation in the U.S., so it is clear that the $2 trillion figure is not likely to be
reached in the first few years of a U.S. system unless it is somehow markedly different from the
European system. Much of the trading is done over-the-counter (OTC) through brokers and on
electronic systems, but there are also several European exchanges. The largest exchange volume
is in the futures contracts offered by the European Climate Exchange (ECX) through the
Intercontinental Exchange (ICE) platform. Futures contracts are offered for maturities running
out a number of years. Options are also traded. The NYMEX is now attempting to establish a
foothold in the carbon market, although its presence is currently negligible.
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Figure 1. Monthly Volume in EU-ETS Allowances, Spot + All Futures.
Source: Point Carbon

As with other cap-and-trade systems, banking of allowances from one year into future years is
allowed. This increases the flexibility of the system as a whole. Inter-annual fluctuations in the
demand for emissions can be smoothed by a corresponding fluctuation in the allocation of supply



across years to minimize the annual variation in the marginal cost of abatement. This lowers the
total cost through time of reducing emissions to meet the cap.

The EU-ETS, however, has two peculiarities with regard to the banking of allowances. First,
it created multi-year compliance periods with fixed endpoints. Allowances issued for the first
period could be banked within the period, but could not be carried forward into the second
period. This created a clear seam between the two periods with a discrete difference in the price
at the close of 2007 and the opening of 2008.

Second, as an artifact of the details of how firms were to comply with the regulations, it was
possible for companies to borrow allowances from the next year’s allocation in order to cover the
prior year’s emissions. Although this was not an intentional design feature, this borrowing
increased flexibility and helped to smooth price fluctuations, but it too could only be done within
a given compliance period.

2.3 Price Evolution

Figure 2 shows the evolution of the CO; price in the EU-ETS through the first phase and into
the first year of the second phase. We show the spot price for a first phase allowance, good for
emissions in the years 2005-2007. We also show the futures price for a 2008 allowance,
deliverable in December 2008. There are four things to note in the evolution of these prices.
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Figure 2. EU-ETS CO, Price History.
Source: Point Carbon and ECX.



The first period price began slightly below €10/ton CO,, which is close to what many analysts
predicted at the time. However, the price then rose persistently to a range of €20-€30/ton into
April 2006, a range that was widely considered too high.

A common explanation for the persistently high price during this early period has to do with
the lack of the physical supply of allowances coming to the market. The initial allocation of
allowances displayed an obvious pattern: the various industry sectors were fully allocated
allowances equal to anticipated emissions, while the power industry’s allocation was reduced by
the anticipated reduction in emissions for the system as a whole. It was the power industry, now
short allowances, that was best prepared for the introduction of the system. Because of the large
size of many of the players in the power industry, because of their active engagement in other
commodity markets such as electricity and fuels where similar trading was occurring, and
because of the greater significance that a carbon price would have on their variable costs, the
power industry was quicker to understand how a cap-and-trade system would work. On the other
hand, many of the industrial players were smaller companies with less familiarity with trading
and how a cap-and-trade system would function. Thus, while the power industry which was short
allowances was carefully hedging its carbon exposure and buying allowances to match
anticipated power production on a short forward looking basis, many of the industrial players
who were long allowances, did not initially come forward and offer their supply into the market.

Also contributing to the shortage of supply in this early stage was the delay in the
establishment of allowance registries in several of the east European countries that were new
members of the EU. Although the EU-ETS is established by the Union as a whole, and although
allowances trade freely across the EU, the implementation of the system is done at the national
level. Much of the anticipated surplus of supply originated in these east European countries, and
the delay in establishing the registries meant that the supply could not come to the market.

There is some evidence that intermediaries stepped in to speculate against this high price, but
the shortage of the physical supply at this early stage of the new market affected as well the
ability of intermediaries to borrow a supply with which to execute an arbitrage. Because the
initial allocation of allowances was made specifically to those installations expected to be
emitting, only a marginal fraction of the total physical supply of allowances ever needed to be
brought to the marketplace to begin with, thinning the total level of the market. Had a larger
fraction of the allocations been made through auctions, then the physical market would have
been thicker and the opportunities for intermediaries to operate would have been greater.

The second notable event in the price chart is a discrete price drop in late April 2006, when
the price fell from €30/ton to around €15/ton. This followed the release of the verified emissions
data for 2005, which indicated a markedly lower level of emissions than had originally been
anticipated and therefore a lower marginal cost of meeting the cap than had originally been
expected. Arguably it would be wise to develop a more frequent reporting of inventories, to
lessen the discrete impact of each single information release and to lessen the store of unreleased
information that can be leaked at any date. But the annual reporting is most likely to remain for a
regulatory system that is in such an infant stage of development.



The third notable feature of the price path is the gradual drop in the spot price for the first
phase until it is almost zero throughout the final three quarters of 2007. This led to many ill-
informed statements that the European system had been “overallocated” allowances and that the
EU-ETS was a failure in reducing carbon emissions. The zero price is not a reflection of the
allocation. Instead, it reflects the seam between 2007 and 2008 built into the EU-ETS’s use of
discrete phases without any banking or borrowing allowed between the phases. The cap
remained what it had always been, and aggregate emissions were below the cap due to some
combination of error in estimating baseline emissions, abatement and the randomness of actual
emissions. So, in the first phase, the EU-ETS succeeded in capping emissions exactly where it
had started out to cap emissions, and there was no failure from the perspective of the original
system’s goal. However, the seam between the two phases of the EU-ETS built into the price
evolution a peculiar dynamic as the close of 2007 approached. The market as a whole faced a
binary outcome at the close of 2007. If the market as a whole had emissions more than the
remaining allowances, then companies that were short would have to pay a penalty equal to the
price of a 2008 allowance plus €40. On the other hand, if the market as a whole had emissions
less than the remaining allowances, then the unused allowances were worthless. As the year
marched on, the final price could only take on one of these two values. It was impossible to take
on a final value in-between. As it happened, the final outcome became relatively clear early on,
and the price fell close to zero.

The fourth notable feature is the futures price for a 2008 allowance, which ranged in the
neighborhood of €15-€25/ton CO, throughout 2007, despite the collapse of the spot price for a
first phase allowance. This separation between the prices for first and second phase allowances
shows the effect of the peculiar seam that is a feature of the EU-ETS. The positive price for a
2008 allowance also shows that, despite the collapse of the spot price for a first phase allowance,
corporate investment and operating decision with a horizon longer than a few months would still
have to take into account the cost of carbon. The separation between the prices for first and
second phase allowances also illustrates the virtue of permitting banking and borrowing of
allowances so as to smooth the marginal cost of abatement across years and avoid exactly this
sort of price development.

2.4 The Spot-Future Relationship and the Term Structure of Futures Prices

Within each phase of the EU-ETS, futures prices for delivery of allowances at different dates
exhibit a very simple relationship. Since a company is indifferent between which vintage of
allowance they deliver to cover their emissions, the only reason to pay a different price for
delivery of an allowance in December 2006 than for a delivery of an allowance in December
2007, for example, is the time value of money. Therefore, with the exception of the early part of
the first phase, when price quotes for futures did not necessarily reflect actual traded prices and
the physical market as a whole was illiquid, spot and futures prices of different maturities within
each phase have moved closely together, with the basis being an interest rate.



In other types of commodities, such as agricultural and fuels, futures prices of different
maturities often diverge, reflecting the different impact of short-term supply bottlenecks and
short-term demand pressures and the consequent varying marginal cost of storage and marginal
convenience yield. This differential pricing of different maturities is a useful tool for optimizing
resource allocation through time in the face of varying cost and other factors through time. But
for carbon, the social cost of a ton of emissions is always the same, regardless of the year of
emission. Therefore, designing the terms of trade accordingly, so that the prices of emissions at
different dates are distinguished only by the time value of money makes sense. In this type of
system, a change in the expected marginal cost of abatement — whether because of changing
technologies, changing economic growth, or an anticipated tightening of future caps — will affect
the level of the spot price and the level of the full term structure of futures prices, but it will not
affect the shape of the term structure as so often happens with other commodities.

3. THE UNITED STATES SO, MARKET

3.1 Structure

Prior to the creation of the EU-ETS, the U.S. SO, market was the premier example of a
successful cap-and-trade program. Created under the Acid Rain Program of Title IV of the 1990
Clean Air Act Amendments, trading in SO, allowances began in 1995. The program is widely
regarded as a success in cutting emissions at low cost. Early estimates placed the cost of cutting
emissions and therefore the price at $500/ton SO, or more. However, from its inception in 1995
through year-end 2003 the market price of an allowance never exceeded $220/ton. Although the
U.S. SO, market has been overshadowed by the EU-ETS’s CO, market, the SO, market recently
experienced an amazing price spike that exposed problems with the design of the market and that
offers important lessons for the design of a possible U.S. CO, market.

Under the Acid Rain Program, SO, emissions have been capped — since 2000 at 8.95 million
tons, 10 million tons below 1980 levels. The majority of allowances were allocated on a
grandfathering principle: existing emitting installations obtained annual allocations for 30 years
according to a specified formula. A small number of allowances are auctioned each year.
Allowance allocations are maintained in electronic accounts in an EPA database. Each year
companies must report their emissions, and then surrender allowances equal to those emissions.
Allowances are vintaged by year. Companies may bank allowances to cover emissions in future
years. But allowances cannot be used to cover emissions in a year prior to the vintage of the
allowance — i.e. there is no borrowing. Allowances can be freely bought and sold, with all
transactions in the actual allowances being recorded in accounts on the EPA database.

For most of its life, the U.S. SO, market has been a brokered market with relatively low
volume in a small number of transactions. All transactions are recorded in the EPA’s database.
Total turnover of allowances between economically distinct organizations (as opposed to
transfers between entities owned by the same parent) reached a peak of nearly 13 million tons in
2001 and equaled 10 million tons in 2005. Thus, turnover slightly exceeded the annual allocation
of allowances, which is a low ratio compared to most commodity markets and comparable to the



level reached in the EU-ETS in 2008. Early attempts to create exchange-traded futures contracts
failed, but the effort was recently renewed with some success. At the close of 2004, the Chicago
Climate Exchange (CCX) launched a futures contract, followed in mid-2005 by the NYMEX.
Options became listed in 2007. Volume in the CCX contract, the more active of the two, was
negligible in 2005. In 2006, it had climbed to 723,000 tons and in 2007 risen to more than 9
million tons, roughly doubling the level of trading in the underlying physical market. Mid-year
results for 2008 show volume continuing to increase markedly.

Initially, the ability to bank allowances across years worked as expected. The program had
been introduced in two phases, with the first phase (1995-1999) being less stringent than the
second phase (2000 and later). Companies chose to cut emissions more than required during the
first phase, accumulating a large bank of allowances. Then, when the second phase discretely
lowered the allowed level of emissions, companies drew on the balance of allowances in the
bank, producing a “smooth landing” to the lower emissions cap in the second phase. This
smoothed the marginal cost of compliance across the two phases, which was reflected in the
smooth price for allowances across the two phases, quite unlike the seam that characterized the
transition between the first two phases of the EU-ETS.

3.2 A Price Spike

There still exists a sizeable bank of allowances. Nevertheless, in 2005-2006, the SO, market
experienced a startling spike in the price — see Figure 3. During 2004, the price grew from less
than $220/ton up to slightly more than $700/ton. During the first three quarters of 2005 the price
continued its marked climb, passing $980/ton. Then, in the last two months of 2005 it rose
another $600/ton, reaching its peak on December 2 at $1,625/ton. With the turn of the year the
price began a nearly equally precipitous drop, falling almost to $600/ton by May. For the balance
of 2007, the price fluctuated between $400 and $600/ton. In 2008, the price began another
decline, including a precipitous drop in July to nearly $130/ton. It ended the year close to
$200/ton. This unprecedented volatility demands an explanation.

Two fundamental factors are often discussed as possible culprits in creating this spike. The
first is the implementation of the EPA’s 2005 Clean Air Interstate Rule (CAIR). Prospectively,
CAIR imposed a stricter cap on the SO, market, first in 2010, and then stricter still in 2015.
Clearly CAIR would raise the cost of an allowance. With banking allowed, anticipation of this
should increase the current price of an allowance, leading to a smooth transition to the lower cap.
Indeed, much of the price rise in 2004 and early 2005, after the rule had been proposed and while
it was under public discussion, reflects anticipation of this fundamental change in the stringency
of the cap.

Nevertheless, CAIR is not a good explanation for the full spike. The December 2005 peak of
$1,625/ton far exceeded estimates made during that time which forecasted that the cost of
meeting the stricter standards would not exceed $600/ton of SO,. More to the point, the passage
of CAIR cannot explain the key feature of a spike, which is a price run-up followed immediately
by a price drop. CAIR could justify a price increase that persists through time, but not a short-



term spike. The existence of a large bank of allowances should have smoothed the effect of any
price rise, leading to a gradual approach towards a persistently higher price level, and not to a
sudden run-up in prices followed immediately by a collapse.
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Figure 3. U.S. SO, Price History.
Source: Cantor-Fitzgerald. Data is the monthly index. Therefore, daily prices within the
month, e.g., at the peak of the spike, may exceed the monthly number shown.

Ultimately, in a surprise ruling in July 2008, the District of Columbia Appeals Court vacated
CAIR in its entirety. Then in December, the Court reversed itself in part by reinstating the rule
on a temporary basis, pending resolution of the underlying objection motivating the Court’s
decision. Obviously, the Court’s decision explains the price drop in 2008, some in rumored
anticipation of the decision and then a final sudden drop upon the official release. But the court
case is entirely irrelevant to the spike in 2005-2006. There were no interim procedural events or
other elements of the case behind those price movements, and the sweep of the Court’s ruling
was entirely unexpected at that time.

The second fundamental factor often discussed is a disruption in delivery of low-sulfur coal
from the Powder River Basin (PRB) of Wyoming to power plants in the Midwest. Track failures
struck both the Union Pacific and the Burlington Northern Santa Fe railroads in May and in
October 2005 creating a bottleneck that significantly reduced deliveries. In addition, a pair of
coal mines had extended outages. The price of low-sulfur coal trading in the Midwest peaked in
December 2005 at a level triple the price a year earlier. The shortage in low-sulfur coal forced
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power companies such as Xcel, WE Energies, Entergy and Alliant Energy, to shift to higher
sulfur coal with attendant higher SO, emissions. Consequently, the demand for allowances was
suddenly higher, driving the price up.

The railroad disruption to delivery of low-sulfur coal, in itself, is also not a satisfactory
explanation for the spike. While the disruption was real, the temporary nature of the disruption
was well understood. While the spot price of coal for immediately delivery understandably
spiked, an SO, allowance is a different commodity. There existed a large bank of valid
allowances that could readily be drawn upon to smooth the price across the temporary disruption.
The price level might have risen modestly in response to this unexpected draw on the bank, but
there should not have been a further doubling or even tripling of the price nor the subsequent
sudden collapse back to the level justified by CAIR.

3.3 The Restricted Float

Both the implementation of CAIR and the supply disruptions to PRB coal did raise the
immediate demand for allowances by specific companies. But ultimately, these companies found
themselves squeezed to pay a very high price during 2005, despite what would appear to have
been a plentiful supply of banked allowances. The owners of the banked allowances —
overwhelmingly other electric utilities — did not come forward to meet this demand and profit off
of the spectacular rise in price far above its long-term level. Why not?

There are three features of the design of the U.S. SO, market which together assure that the
float — the number of allowances actually available for trading in the market — is very small.

First, by originally distributing allowances to natural shorts, the system exploits trading only
for marginal adjustments across power plants and other shorts in response to evolving variation
in the cost of abatement. Most of the distributed allowances held by the natural shorts will
simply be kept in their accounts until they are eventually surrendered to cover emissions. This
dramatically thins the size of the overall marketplace, reducing liquidity.

Second, the original allocations are made free of charge, and so are held on the books of the
companies at zero tax basis. If a natural short ultimately uses the allowance, it recognizes a gain
in the value of the allowance, but, by definition, the gain is offset by the realization of a loss in
the form of an incurred liability to pay for the emissions. So the timing of the realization of the
tax asset naturally matches the timing of the realization of the pollution liability, leaving a
neutral tax implication. However, if a natural short attempts to profit from a temporary price
spike by selling a banked allowance, later covering its exposure by a repurchase at a lower price,
the short effectively accelerates the realization of the tax asset but does not accelerate the
realization of the tax liability. This acceleration of the taxable gain is a penalty that must be
weighted against the profit earned from arbitraging the developing price spike.

Third, many of the companies that are natural shorts and that hold the banked allowances are
regulated utilities. The regulatory rules, both explicit and implicit, mean that neither the
shareholders nor the management may capture any profit from arbitraging a developing price
spike. To execute the arbitrage, the company is “speculating” with its stock of emissions
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allowances. The regulatory body may view profits from such a speculation as something that
should be passed along to customers in the form of lower rates. On the other hand, a failed
speculation with the stock of emissions allowances may be viewed as imprudent gambling with
the electricity customers’ assets, so that the management is effectively penalized on the
downside. Consequently, allowance banks created from free allocations to regulated utilities
cannot be expected to fulfill the price smoothing function to the fullest degree possible.

In part as a consequence of these three features, financial intermediaries have not played a
large role in the marketplace, except as brokers. They have not generally held on their own
account a significant stock of the allowance bank. A number of financial intermediaries did
begin to step into the market to accumulate some of the allowances, starting primarily around
2005 and in connection with the attempt to start a futures market.

This lack of float in the U.S. SO, market set the stage for the price spike of 2005-2006. When
underlying fundamentals such as the implementation of CAIR and the interruption of deliveries
of low sulfur coal require a sudden increase in trading to reallocate the burden of abatement
across installations, the thin market is unable to handle the pressure and the allowance price
adjusts to reflect this short-run burden as opposed to the long-run equilibrium. The bank fails to
adequately serve the mission expected of it.

4. CONCLUSIONS

The histories of the European CO, market and the U.S. SO, market demonstrate the value of
inter-annual flexibility in the use of emissions allowances—i.e. the banking and borrowing of
allowances over time. Banking smoothed the SO, price in the U.S. across the transition from
Phase 1 into Phase 2 in 1999-2000. Where banking has been restricted, as in the EU-ETS CO,
market across the seam at 2007-2008, the prices in the two phases diverge sharply, and
opportunities to lower costs by reallocating emission reductions through time are lost.

Even where banking is legally allowed, the efficacy of banking depends upon the liquidity of
the market and other institutional design features that encourage or discourage companies from
exploiting the opportunities. The 2005-2006 price spike in the U.S. SO, market illustrates this
problem. The free allocation of allowances tends to restrict the full realization of the value of
banking. By its very nature, it reduces the need for trading and so thins the market. But also
through the interaction with the tax and regulatory system, it reduces the value of exploiting the
flexibility afforded by banking. As a consequence, the price impact of short-run shocks to the
system are magnified, and a sub-optimal allocation of emission reductions through time results,
raising the cost of the system.

The free allocation of allowances in the EU-ETS has presumably also thinned the market over
what it might otherwise have been. The only identifiable impact was in the early period of the
first phase, in 2005, when the market was imbalanced. As the EU-ETS is now committed to
auctioning more allowances over time, we may see liquidity increase in the market.

While banking an allowance for use in a future period is a widely accepted and valued feature
of cap-and-trade systems, borrowing from a later year’s allocation to cover an earlier year’s
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emissions has often been controversial. However, the initial period of the EU-ETS illustrates the
potential value that borrowing has. As noted earlier, the high initial price in 2005 reflected the
one-sided nature of the market at that time, with shorts in the market attempting to cover their
exposure, but longs not yet bringing forward their supply. The ability to borrow from the 2006
allocation in order to meet the compliance obligation in 2005 limited the consequences of this
initial start-up problem.

Although the concept of permitting borrowing is taboo for some, the same benefits can be
captured by structuring the annual allocations of allowances appropriately. The goal of the
system is to maintain a cumulative cap over a long period of time, without regard to the specific
years in which emissions are made. The practice has been to translate the cap into annual
allocations by simply dividing by the number of years in each phase so that each year’s
allocation is the same. In the current discussion of a prospective U.S. CO, cap-and-trade system,
a declining cap is achieved through a sequence of step wise lower allocations. Typically these
annual allocations are decided upon without the structure of banking and borrowing in mind, and
then permission for banking — but not borrowing — is overlaid on top. This leads to the potential
danger that the inability to borrow may be a binding constraint on the system in certain years. An
alternative would be to settle on an aggregate cap, and then choose a front-loaded path of annual
allocations which sums to this aggregate cap, but which also assures that the system builds up an
adequate bank in the early years. This nullifies the importance of a constraint against borrowing
and assures the system of the benefits of flexibility. A front-loading of allowance allocations
would also minimize the effect of start-up problems like the imbalanced market that afflicted the
EU-ETS in 2005. The ability to shape the time profile of the annual allocations — constrained by
the aggregate cap — is a degree of freedom in the design of a cap-and-trade system that has been
overlooked in the discussion.

If Commissioner Chilton’s forecast of a $2 trillion futures market in carbon is to come to pass,
it will take not only time and patience, but also careful attention to the design of the cap-and-
trade framework to assure the requisite flexibility in trading as well as the efficient functioning
of the market. Ultimately, a flexible and efficiently functioning market serves the purpose of
lowering the cost of reducing carbon emissions and advances the goals for which the cap-and-
trade system is intended.

Acknowledgments

The authors gratefully acknowledge the financial support for this work provided by the MIT Joint
Program on the Science and Policy of Global Change through a consortium of industrial sponsors
and Federal grants. This research was also supported by a grant from the Doris Duke Charitable
Foundation.

13



REPORT SERIES of the MIT Joint Program on the Science and Policy of Global Change

1. Uncertainty in Climate Change Policy Analysis
Jacoby & Prinn December 1994

2. Description and Validation of the MIT Version of the
GISS 2D Model Sokolov & Stone June 1995

3. Responses of Primary Production and Carbon Storage
to Changes in Climate and Atmospheric CO.
Concentration Xiao et al. October 1995

4. Application of the Probabilistic Collocation Method
for an Uncertainty Analysis Webster et al. January 1996

5. World Energy Consumption and CO. Emissions:
1950-2050 Schmalensee et al. April 1996

6. The MIT Emission Prediction and Policy Analysis
(EPPA) Model Yang et al. May 1996 (superseded by No. 125)

7. Integrated Global System Model for Climate Policy
Analysis Prinn et al. June 1996 (superseded by No. 124)

8. Relative Roles of Changes in CO; and Climate to
Equilibrium Responses of Net Primary Production
and Carbon Storage Xigo et al. June 1996

9. CO; Emissions Limits: Economic Adjustments and the
Distribution of Burdens Jacoby et al. July 1997

10. Modeling the Emissions of N.O and CHs from the
Terrestrial Biosphere to the Atmosphere Liu Aug. 1996

11. Global Warming Projections: Sensitivity to Deep Ocean
Mixing Sokolov & Stone September 1996

12. Net Primary Production of Ecosystems in China and
its Equilibrium Responses to Climate Changes
Xiao et al. November 1996

13. Greenhouse Policy Architectures and Institutions
Schmalensee November 1996

14. What Does Stabilizing Greenhouse Gas
Concentrations Mean? Jacoby et al. November 1996

15. Economic Assessment of CO. Capture and Disposal
Eckaus et al. December 1996

16. What Drives Deforestation in the Brazilian Amazon?
Pfaff December 1996

17. A Flexible Climate Model For Use In Integrated
Assessments Sokolov & Stone March 1997

18. Transient Climate Change and Potential Croplands of
the World in the 21st Century Xiao et al. May 1997

19. Joint Implementation: Lessons from Title IV’s Voluntary
Compliance Programs Atkeson June 1997

20. Parameterization of Urban Subgrid Scale Processes
in Global Atm. Chemistry Models Calbo et al. July 1997

21. Needed: A Realistic Strategy for Global Warming
Jacoby, Prinn & Schmalensee August 1997

22. Same Science, Differing Policies; The Saga of Global
Climate Change Skolnikoff August 1997

23. Uncertainty in the Oceanic Heat and Carbon Uptake
and their Impact on Climate Projections
Sokolov et al. September 1997

24. A Global Interactive Chemistry and Climate Model
Wang, Prinn & Sokolov September 1997

25. Interactions Among Emissions, Atmospheric
Chemistry & Climate Change Wang & Prinn Sept. 1997

26. Necessary Conditions for Stabilization Agreements
Yang & Jacoby October 1997

27. Annex | Differentiation Proposals: Implications for
Welfare, Equity and Policy Reiner & Jacoby Oct. 1997

28. Transient Climate Change and Net Ecosystem
Production of the Terrestrial Biosphere
Xiao et al. November 1997

29. Analysis of CO; Emissions from Fossil Fuel in Korea:
1961-1994 Choi November 1997

30. Uncertainty in Future Carbon Emissions: A Preliminary
Exploration Webster November 1997

31. Beyond Emissions Paths: Rethinking the Climate Impacts
of Emissions Protocols Webster & Reiner November 1997

32. Kyoto’s Unfinished Business Jacoby et al. June 1998

33. Economic Development and the Structure of the
Demand for Commercial Energy Judson et al. April 1998

34. Combined Effects of Anthropogenic Emissions and
Resultant Climatic Changes on Atmospheric OH
Wang & Prinn April 1998

35. Impact of Emissions, Chemistry, and Climate on
Atmospheric Carbon Monoxide Wang & Prinn April 1998

36. Integrated Global System Model for Climate Policy
Assessment: Feedbacks and Sensitivity Studies
Prinn et al. June 1998

37. Quantifying the Uncertainty in Climate Predictions
Webster & Sokolov July 1998

38. Sequential Climate Decisions Under Uncertainty: An
Integrated Framework Valverde et al. September 1998

39. Uncertainty in Atmospheric CO. (Ocean Carbon Cycle
Model Analysis) Holian Oct. 1998 (superseded by No. 80)

40. Analysis of Post-Kyoto CO. Emissions Trading Using
Marginal Abatement Curves Ellerman & Decaux Oct. 1998

41.The Effects on Developing Countries of the Kyoto
Protocol and CO: Emissions Trading
Ellerman et al. November 1998

42. Obstacles to Global CO; Trading: A Familiar Problem
Ellerman November 1998

43.The Uses and Misuses of Technology Development as
a Component of Climate Policy Jacoby November 1998

44. Primary Aluminum Production: Climate Policy,
Emissions and Costs Harnisch et al. December 1998

45. Multi-Gas Assessment of the Kyoto Protocol
Reilly et al. January 1999

46. From Science to Policy: The Science-Related Politics of
Climate Change Policy in the U.S. Skolnikoff January 1999

47. Constraining Uncertainties in Climate Models Using
Climate Change Detection Techniques
Forest et al. April 1999

48. Adjusting to Policy Expectations in Climate Change
Modeling Shackley et al. May 1999

49. Toward a Useful Architecture for Climate Change
Negotiations Jacoby et al. May 1999

50. A Study of the Effects of Natural Fertility, Weather
and Productive Inputs in Chinese Agriculture
Eckaus & Tso July 1999

51.Japanese Nuclear Power and the Kyoto Agreement
Babiker, Reilly & Ellerman August 1999

52. Interactive Chemistry and Climate Models in Global
Change Studies Wang & Prinn September 1999

53. Developing Country Effects of Kyoto-Type Emissions
Restrictions Babiker & Jacoby October 1999

Contact the Joint Program Office to request a copy. The Report Series is distributed at no charge.



REPORT SERIES of the MIT Joint Program on the Science and Policy of Global Change

54. Model Estimates of the Mass Balance of the
Greenland and Antarctic Ice Sheets Bugnion Oct 1999

55. Changes in Sea-Level Associated with Modifications
of Ice Sheets over 21st Century Bugnion October 1999

56. The Kyoto Protocol and Developing Countries
Babiker et al. October 1999

57.Can EPA Regulate Greenhouse Gases Before the
Senate Ratifies the Kyoto Protocol?
Bugnion & Reiner November 1999

58. Multiple Gas Control Under the Kyoto Agreement
Reilly, Mayer & Harnisch March 2000

59. Supplementarity: An Invitation for Monopsony?
Ellerman & Sue Wing April 2000

60. A Coupled Atmosphere-Ocean Model of Intermediate
Complexity Kamenkovich et al. May 2000

61. Effects of Differentiating Climate Policy by Sector:
A U.S. Example Babiker et al. May 2000

62. Constraining Climate Model Properties Using
Optimal Fingerprint Detection Methods Forest et al.
May 2000

63. Linking Local Air Pollution to Global Chemistry and
Climate Mayer et al. June 2000

64. The Effects of Changing Consumption Patterns on the
Costs of Emission Restrictions Lahiri et al. Aug 2000

65. Rethinking the Kyoto Emissions Targets
Babiker & Eckaus August 2000

66. Fair Trade and Harmonization of Climate Change
Policies in Europe Viguier September 2000

67.The Curious Role of “Learning” in Climate Policy:
Should We Wait for More Data? Webster October 2000

68. How to Think About Human Influence on Climate
Forest, Stone & Jacoby October 2000

69. Tradable Permits for Greenhouse Gas Emissions:
A primer with reference to Europe Ellerman Nov 2000

70. Carbon Emissions and The Kyoto Commitment in the
European Union Viguier et al. February 2001

71.The MIT Emissions Prediction and Policy Analysis
Model: Revisions, Sensitivities and Results
Babiker et al. February 2001 (superseded by No. 125)

72. Cap and Trade Policies in the Presence of Monopoly
and Distortionary Taxation Fullerton & Metcalf March ‘01

73. Uncertainty Analysis of Global Climate Change
Projections Webster et al. Mar. ‘01 (superseded by No. 95)

74.The Welfare Costs of Hybrid Carbon Policies in the
European Union Babiker et al. June 2001

75. Feedbacks Affecting the Response of the
Thermohaline Circulation to Increasing CO.
Kamenkovich et al. July 2001

76. CO; Abatement by Multi-fueled Electric Utilities:
An Analysis Based on Japanese Data
Ellerman & Tsukada July 2001

77. Comparing Greenhouse Gases Reilly et al. July 2001

78. Quantifying Uncertainties in Climate System
Properties using Recent Climate Observations
Forest et al. July 2001

79. Uncertainty in Emissions Projections for Climate
Models Webster et al. August 2001

80. Uncertainty in Atmospheric CO; Predictions from a
Global Ocean Carbon Cycle Model
Holian et al. September 2001

81. A Comparison of the Behavior of AO GCMs in
Transient Climate Change Experiments
Sokolov et al. December 2001

82. The Evolution of a Climate Regime: Kyoto to
Marrakech Babiker, Jacoby & Reiner February 2002

83. The “Safety Valve” and Climate Policy
Jacoby & Ellerman February 2002

84. A Modeling Study on the Climate Impacts of Black
Carbon Aerosols Wang March 2002

85. Tax Distortions and Global Climate Policy
Babiker et al. May 2002

86. Incentive-based Approaches for Mitigating
Greenhouse Gas Emissions: Issues and Prospects for
India Gupta June 2002

87. Deep-Ocean Heat Uptake in an Ocean GCM with
Idealized Geometry Huang, Stone & Hill
September 2002

88. The Deep-Ocean Heat Uptake in Transient Climate
Change Huang et al. September 2002

89. Representing Energy Technologies in Top-down
Economic Models using Bottom-up Information
McFarland et al. October 2002

90. Ozone Effects on Net Primary Production and Carbon
Sequestration in the U.S. Using a Biogeochemistry
Model Felzer et al. November 2002

91. Exclusionary Manipulation of Carbon Permit
Markets: A Laboratory Test Carlén November 2002

92. An Issue of Permanence: Assessing the Effectiveness of
Temporary Carbon Storage Herzog et al. December 2002

93. Is International Emissions Trading Always Beneficial?
Babiker et al. December 2002

94. Modeling Non-CO; Greenhouse Gas Abatement
Hyman et al. December 2002

95. Uncertainty Analysis of Climate Change and Policy
Response Webster et al. December 2002

96. Market Power in International Carbon Emissions
Trading: A Laboratory Test Carlén January 2003

97. Emissions Trading to Reduce Greenhouse Gas
Emissions in the United States: The McCain-Lieberman
Proposal Paltsev et al. June 2003

98. Russia’s Role in the Kyoto Protocol Bernard et al. Jun ‘03

99. Thermohaline Circulation Stability: A Box Model Study
Lucarini & Stone June 2003

100. Absolute vs. Intensity-Based Emissions Caps
Ellerman & Sue Wing July 2003

101. Technology Detail in a Multi-Sector CGE Model:
Transport Under Climate Policy Schafer & Jacoby July 2003

102. Induced Technical Change and the Cost of Climate
Policy Sue Wing September 2003

103. Past and Future Effects of Ozone on Net Primary
Production and Carbon Sequestration Using a Global
Biogeochemical Model Felzer et al. (revised) January 2004

104. A Modeling Analysis of Methane Exchanges
Between Alaskan Ecosystems and the Atmosphere
Zhuang et al. November 2003

Contact the Joint Program Office to request a copy. The Report Series is distributed at no charge.



REPORT SERIES of the MIT Joint Program on the Science and Policy of Global Change

105. Analysis of Strategies of Companies under Carbon
Constraint Hashimoto January 2004

106. Climate Prediction: The Limits of Ocean Models
Stone February 2004

107. Informing Climate Policy Given Incommensurable
Benefits Estimates Jacoby February 2004

108. Methane Fluxes Between Terrestrial Ecosystems
and the Atmosphere at High Latitudes During the
Past Century Zhuang et al. March 2004

109. Sensitivity of Climate to Diapycnal Diffusivity in the
Ocean Dalan et al. May 2004

110. Stabilization and Global Climate Policy
Sarofim et al. July 2004

111. Technology and Technical Change in the MIT EPPA
Model Jacoby et al. July 2004

112. The Cost of Kyoto Protocol Targets: The Case of
Japan Paltsev et al. July 2004

113. Economic Benefits of Air Pollution Regulation in the
USA: An Integrated Approach Yang et al. (revised) Jan. 2005

114. The Role of Non-CO, Greenhouse Gases in Climate
Policy: Analysis Using the MIT IGSM Reilly et al. Aug. ‘04

115. Future U.S. Energy Security Concerns Deutch Sep. ‘04

116. Explaining Long-Run Changes in the Energy
Intensity of the U.S. Economy Sue Wing Sept. 2004

117. Modeling the Transport Sector: The Role of Existing
Fuel Taxes in Climate Policy Paltsev et al. November 2004

118. Effects of Air Pollution Control on Climate
Prinn et al. January 2005

119. Does Model Sensitivity to Changes in CO. Provide a
Measure of Sensitivity to the Forcing of Different
Nature? Sokolov March 2005

120. What Should the Government Do To Encourage
Technical Change in the Energy Sector? Deutch May ‘05

121. Climate Change Taxes and Energy Efficiency in
Japan Kasahara et al. May 2005

122. A 3D Ocean-Seaice-Carbon Cycle Model and its
Coupling to a 2D Atmospheric Model: Uses in Climate
Change Studies Dutkiewicz et al. (revised) November 2005

123. Simulating the Spatial Distribution of Population
and Emissions to 2100 Asadoorian May 2005

124. MIT Integrated Global System Model (IGSM)
Version 2: Model Description and Baseline Evaluation
Sokolov et al. July 2005

125. The MIT Emissions Prediction and Policy Analysis
(EPPA) Model: Version 4 Paltsev et al. August 2005

126. Estimated PDFs of Climate System Properties
Including Natural and Anthropogenic Forcings
Forest et al. September 2005

127. An Analysis of the European Emission Trading
Scheme Reilly & Paltsev October 2005

128. Evaluating the Use of Ocean Models of Different
Complexity in Climate Change Studies
Sokolov et al. November 2005

129. Future Carbon Regulations and Current Investments
in Alternative Coal-Fired Power Plant Designs
Sekar et al. December 2005

130. Absolute vs. Intensity Limits for CO, Emission
Control: Performance Under Uncertainty
Sue Wing et al. January 2006

131. The Economic Impacts of Climate Change: Evidence
from Agricultural Profits and Random Fluctuations in
Weather Deschenes & Greenstone January 2006

132. The Value of Emissions Trading Webster et al. Feb. 2006

133. Estimating Probability Distributions from Complex
Models with Bifurcations: The Case of Ocean
Circulation Collapse Webster et al. March 2006

134. Directed Technical Change and Climate Policy
Otto et al. April 2006

135. Modeling Climate Feedbacks to Energy Demand:
The Case of China Asadoorian et al. June 2006

136. Bringing Transportation into a Cap-and-Trade
Regime Ellerman, Jacoby & Zimmerman June 2006

137. Unemployment Effects of Climate Policy Babiker &
Eckaus July 2006

138. Energy Conservation in the United States:
Understanding its Role in Climate Policy Metcalf Aug. ‘06

139. Directed Technical Change and the Adoption of CO.
Abatement Technology: The Case of CO. Capture and
Storage Otto & Reilly August 2006

140. The Allocation of European Union Allowances:
Lessons, Unifying Themes and General Principles
Buchner et al. October 2006

141. Over-Allocation or Abatement? A preliminary
analysis of the EU ETS based on the 2006 emissions data
Ellerman & Buchner December 2006

142. Federal Tax Policy Towards Energy Metcalf Jan. 2007

143. Technical Change, Investment and Energy Intensity
Kratena March 2007

144. Heavier Crude, Changing Demand for Petroleum
Fuels, Regional Climate Policy, and the Location of
Upgrading Capacity Reilly et al. April 2007

145. Biomass Energy and Competition for Land
Reilly & Paltsev April 2007

146. Assessment of U.S. Cap-and-Trade Proposals
Paltsev et al. April 2007

147. A Global Land System Framework for Integrated
Climate-Change Assessments Schlosser et al. May 2007

148. Relative Roles of Climate Sensitivity and Forcing in
Defining the Ocean Circulation Response to Climate
Change Scott et al. May 2007

149. Global Economic Effects of Changes in Crops,
Pasture, and Forests due to Changing Climate, CO:
and Ozone Reilly et al. May 2007

150. U.S. GHG Cap-and-Trade Proposals: Application of a
Forward-Looking Computable General Equilibrium
Model Gurgel et al. June 2007

151. Consequences of Considering Carbon/Nitrogen
Interactions on the Feedbacks between Climate and
the Terrestrial Carbon Cycle Sokolov et al. June 2007

152. Energy Scenarios for East Asia: 2005-2025 Paltsev &
Reilly July 2007

153. Climate Change, Mortality, and Adaptation:
Evidence from Annual Fluctuations in Weather in the U.S.
Deschénes & Greenstone August 2007

Contact the Joint Program Office to request a copy. The Report Series is distributed at no charge.



REPORT SERIES of the MIT Joint Program on the Science and Policy of Global Change

154. Modeling the Prospects for Hydrogen Powered
Transportation Through 2100 Sandoval et al.
February 2008

155. Potential Land Use Implications of a Global Biofuels
Industry Gurgel et al. March 2008

156. Estimating the Economic Cost of Sea-Level Rise
Sugiyama et al. April 2008

157. Constraining Climate Model Parameters from
Observed 20 Century Changes Forest et al. April 2008

158. Analysis of the Coal Sector under Carbon
Constraints McFarland et al. April 2008

159. Impact of Sulfur and Carbonaceous Emissions from
International Shipping on Aerosol Distributions and
Direct Radiative Forcing Wang & Kim April 2008

160. Analysis of U.S. Greenhouse Gas Tax Proposals
Metcalfet al. April 2008

161. A Forward Looking Version of the MIT Emissions
Prediction and Policy Analysis (EPPA) Model
Babiker et al. May 2008

162. The European Carbon Market in Action: Lessons
from the first trading period Interim Report
Convery, Ellerman, & de Perthuis June 2008

163. The Influence on Climate Change of Differing
Scenarios for Future Development Analyzed Using
the MIT Integrated Global System Model Prinn et al.
September 2008

164. Marginal Abatement Costs and Marginal Welfare
Costs for Greenhouse Gas Emissions Reductions:
Results from the EPPA Model Holak et al. November 2008

165. Uncertainty in Greenhouse Emissions and Costs of
Atmospheric Stabilization Webster et al. November
2008

166. Sensitivity of Climate Change Projections to
Uncertainties in the Estimates of Observed Changes
in Deep-Ocean Heat Content Sokolov et al. November
2008

167. Sharing the Burden of GHG Reductions Jacoby et al.
November 2008

168. Unintended Environmental Consequences of a
Global Biofuels Program Melillo et al. January 2009

169. Probabilistic Forecast for 21 Century Climate
Based on Uncertainties in Emissions (without Policy)
and Climate Parameters Sokolov et al. January 2009

170. The EU’s Emissions Trading Scheme: A Proto-type
Global System Ellerman February 2009

171. Designing a U.S. Market for CO; Parsons et al.
February 2009

Contact the Joint Program Office to request a copy. The Report Series is distributed at no charge.





