
ARTICLE IN PRESS

UNCORRECTED P
ROOF

/typeset2:/sco4/jobs2/ELSEVIER/env/week.32/Penv208.001001ue Aug 28 15:11:20 2001    Page     Tue Au

Environmental Science & Policy 000 (2001) 000–000

Accounting for sequestered carbon: the question of permanence

Gregg Marland a,*, Kristy Fruit b,1, Roger Sedjo c,2

a En�ironmental Sciences Di�ision, Oak Ridge National Laboratory, Oak Ridge, TN 37831-6335, USA
b Energy and Geoen�ironmental Engineering Department, Pennsyl�ania State Uni�ersity, Uni�ersity Park, PA 16802, USA

c Resources for the Future, 1616 P Street NW, Washington, DC 20036, USA

Abstract

In its attempt to provide quantitative limits on greenhouse gas emissions, the Kyoto protocol accepts the principle that
sequestration of carbon in the terrestrial biosphere can be used to offset emissions of carbon from fossil-fuel combustion. Whether
or not the Kyoto protocol ever comes into force, it is worthwhile to understand how carbon sequestration might be treated in any
mitigation plan that provides a tax or ration on carbon emissions. Emission credits, as proposed for the energy sector, are based
on the idea that a prevented emission is prevented forever, and emission credits might be traded among parties. In the event that
sequestered carbon is subsequently released to the atmosphere, it would be advantageous to agree what the liability is and who
assumes that liability. We describe a system whereby emissions credits could be rented, rather than sold, when carbon is
sequestered but permanence of sequestration is either not certain or not desired. Our proposal is similar to that offered by the
government of Colombia except that it casts these temporary emissions credits into the traditional concepts of rental agreements
and it clarifies the opportunities for secondary transactions. A rental contract for emissions credits would establish continuous
responsibility for sequestered carbon; credit would be assigned when carbon is sequestered and debits would accrue when carbon
is emitted. © 2001 Published by Elsevier Science Ltd.
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1. Introduction

The Kyoto protocol to the United Nations Frame-
work Convention on Climate Change (1998) has
proposed a process for establishing quantitative,
enforceable limits on the emission of greenhouse gases
to the Earth’s atmosphere. The protocol contains
negotiated commitments on greenhouse gas emissions
for the period 2008 through 2012 for the 38 developed
countries and countries with economies in transition
(plus the European Community) listed in its Annex
B.

The protocol provides further that, within prescribed
rules, countries can remove the greenhouse gas carbon

dioxide from the atmosphere into living plants, se-
quester the carbon in the terrestrial biosphere, and use
the sequestered carbon to offset some of their green-
house gas emissions from other sources. Fig. 1 illus-
trates the concept that if we refrain from emitting a
unit of CO2 to the atmosphere, if CO2 emissions are
collected in a bottle at the point of discharge, or if
emitted CO2 is moved a short distance through the
atmosphere and then taken up in vegetation; there
should be no substantial difference for the atmosphere.

The concept of emissions trading has also been in-
cluded in the Kyoto protocol. An Annex B country
can carry out an emissions-reduction activity in an-
other Annex B country and use the reductions as
credits against its own commitments (joint implementa-
tion, described in Article 6 of the protocol), an Annex
B country can carry out an emissions-reduction activity
in a non-Annex B country and use the reductions
against its own commitments (the clean development
mechanism (CDM), described in Article 12), or an
Annex B country can simply trade emissions permits
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with another Annex B country (described in Article 17).
The protocol allows emissions offsets for carbon se-
questration in the biosphere as part of joint implemen-
tation,
but is silent on whether or not carbon sequestration can
be used as part of the CDM, i.e. whether carbon
sequestration in non-Annex B (developing) countries
can be used to offset emissions in Annex B (developed)
countries.

The Kyoto protocol is incomplete or ambiguous in
several ways that need to be resolved before it, or some
subsequent international accord, could be brought into
force as a functioning international agreement. Notable
among the issues yet to be resolved is that the protocol
prescribes emissions commitments without fully laying
out either the accounting rules for measuring emissions
and emissions offsets or the penalties for failure to meet
commitments.

The possibility of using carbon sinks in the terrestrial
biosphere to offset emissions from other sources has
been criticized on several grounds that need to be
considered in establishing the rules for accounting
(Schlamadinger and Marland, 2000). In particular, it
has been suggested that sequestering carbon in the
biosphere might be different from reducing greenhouse
gas emissions from fossil fuels in three fundamental
ways: ‘‘If activities succeed in increasing the carbon in
the biosphere, will it stay there (the permanence issue)?
If activities succeed in increasing the rate of carbon
accumulation in the biosphere, how long will it be
possible to continue at the increased rate (the satura-
tion issue)? If activities succeed in increasing carbon
stocks in the biosphere, is it possible to accurately and
precisely measure and affirm that it has been done (the
verifiability issue)?’’ (Schlamadinger and Marland,
2000). On close examination, saturation and verifica-
tion raise interesting questions, but do not seem to raise
compelling questions unique to land-use change and
forestry activities. The fundamental issue that is unique
to sequestration projects is the one of permanence, and
this is the subject of the current paper. In the simple
illustration of Fig. 1, we ask what has been gained if the
bottle breaks or the tree burns.

Is it appropriate to treat carbon sequestration in the
biosphere as the negative of emissions to the atmo-
sphere if we cannot guarantee that carbon once se-
questered will remain sequestered? In an ideal
accounting system it would be possible to treat carbon
flows in and out of the biosphere similarly to flows
from fossil fuels: flows toward the atmosphere would be
emissions and represented with a positive sign while
flows from the atmosphere would be treated symmetri-
cally and have negative sign.

We consider possible accounting rules for carbon
that is sequestered in the biosphere when the perma-
nence of that sequestration is in doubt. In fact, we

argue here that permanence of sequestration is unneces-
sary, that there is value in delaying emissions regardless
of the long-term fate of the sequestered carbon. We
propose that if emissions reductions are clearly perma-
nent (e.g. fossil fuel is not burned), then emissions
credits might be bought and sold. If emissions reduc-
tions are not clearly permanent (e.g. carbon is se-
questered in a forest), then emissions credits might be
rented instead. What is needed is to establish who is
responsible if and when the CO2 is released to the
atmosphere. In this paper, we develop an approach for
renting emissions credits and contrast this approach
with the now widely discussed ton-year approach for
dealing with sequestration that cannot be considered
permanent. The government of Colombia Ministry of
the Environment (2000) has proposed a system of expir-
ing credits which is very similar to our approach but we
broaden the ideas somewhat and cast them in more
familiar economic concepts.

The Kyoto protocol has not yet been ratified by
enough countries to enter into force and there is some
probability that it will never enter into force in its
original form. Nonetheless the protocol includes many
elements that have been widely agreed to and could
come into force as part of this, or some subsequent,
international accord. Among these elements is trading
of emissions permits where the trading partners have
unequal responsibility or where one partner is unwilling
or unable to accept long-term liability for managing a
stored pollutant. This trading would take place in an
environment where at least some parties have either a
tax on emissions or a ration on emissions permits, i.e.
where there is an established penalty for emissions.
Rental of emissions permits provides an opportunity
for reducing total emissions in this environment.

Fig. 1. Whether a unit of CO2 is never emitted, is emitted directly into
a bottle, or moves a short distance through the atmosphere before
being taken up by a tree, there is no impact on the atmosphere.
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2. The Kyoto context

Our basic question is whether it is appropriate to
treat carbon sequestration as the negative of emissions
or whether other accounting rules are necessary. Can
carbon sequestration be included as a part of national
commitments without compromising the objectives of
the Kyoto protocol (or some successor accord)? The
Kyoto protocol prescribes that net flows into or out the
biosphere will be represented by the change in carbon
stocks, and this simplifies the measurement and ac-
counting somewhat (See MacLaren, 2000, for a clear
discussion of measuring stocks and flows). Consistent
with this, the Intergovernmental Panel on Climate
Change (2000) defines sequestration as an increase in
carbon stocks in some reservoir other than the atmo-
sphere. Sequestration in a non-Annex B country would
be measured against a baseline (the protocol stipulates
that any CDM activity is to be measured with respect
to what would have happened in its absence) and hence
protection of the carbon or slowing the rate of carbon
loss in a standing forest might be permitted to qualify
as sequestration even if the carbon stock is not in-
creased in absolute terms— that is, if the base case
would have involved greater forest clearing and greater
loss of carbon.

The accounting challenge arises partly because the
Kyoto protocol does not equally count all emissions of
carbon to the atmosphere or all changes in carbon
stocks in the biosphere. Sequestration of carbon in an
Annex B country would yield emissions credits and
subsequent release of that carbon should yield corre-
sponding emissions debits. However, since countries
not listed in Annex B of the protocol do not have limits
on their greenhouse gas emissions, it is possible that a
project in a non-Annex B country could accrue emis-
sions credits (called ‘certified emission reductions’
(CERs) in Article 12 of the protocol) during a period of
carbon sequestration, but there would never be debits if
the sequestered carbon was subsequently released back
to the atmosphere, e.g. as the result of a fire or other
disturbance, or at the end of a project. Sequestration
would be used to offset emissions from an Annex B
country, but there would be no guarantee of perma-
nence for the carbon sequestered in a non-Annex B
host country. In fact, one of the fundamental objections
that non-Annex B countries have expressed regarding
the inclusion of carbon sequestration as part of the
CDM is the possibility of obligation in perpetuity, and
the implications for national sovereignty.

It should be noted that the same accounting
difficulties, with regard to permanence, might be en-
countered at the project level within Annex B countries.
If a landowner sequesters carbon in forest vegetation or
agricultural soil under a project contract, is it to be
assumed that the landowner retains obligation in perpe-
tuity for maintaining that carbon stock?

Other systems for emissions trading, e.g. the US
system of trading sulfur emissions and the trading of
CO2 emissions from fossil-fuel combustion under the
Kyoto protocol, differ in that they deal only with
current year flows and do not confront the problem
that decreasing emissions this year may result in in-
creased emissions in some future year. For sulfur emis-
sions there is no storage of sulfur with potential future
release. Long-term commitment to storage is required
for some other pollutants, such as radioactive wastes.

This paper addresses the design of an accounting
system that accommodates the lack of permanence of
sequestered carbon and yet allows inclusion of carbon
sequestration projects in the CDM, within national
mitigation programs, or within other carbon account-
ing frameworks. We believe that a system for renting
emissions credits can do this. We note also that al-
though any individual projects may be temporary, the
aggregate effect of economic incentives for carbon se-
questration will be to increase aggregate sequestration
on a permanent basis. That is, in a world where there
are incentives (payment) for carbon sequestration ser-
vices we would expect more sequestration to be pro-
vided at any future time than if no payments were being
made.

Related to the idea of providing incentives for delay-
ing CO2 emissions, ultimately, are the temporal issues
of whether current emissions reductions have the same
value as future emissions reductions, i.e. whether zero is
the appropriate discount rate for treating emissions
reductions over time or the temporary storage of car-
bon. Might conditions change so that emissions in the
future cause more damage than the same quantity of
emissions now? These temporal issues are discussed in
the context of carbon sequestration by Fearnside et al.
(2000), Richards (1997), Marland et al. (1997), Van
Kooten et al. (1997), and Meinshausen and Hare
(2000), and are not discussed further in this paper. For
this paper, we assume a zero discount rate for carbon
while acknowledging that any markets for trading car-
bon credits will adopt appropriate discount rates for
the value of carbon emissions credits.

Protecting the global climate through the CDM is
not the only motivation to find an accounting mecha-
nism that encourages sequestration or protection of
carbon in the forests and soils of developing countries.
This inclusion could provide another incentive for ac-
tivities that are generally considered desirable for other
reasons: reasons such as promotion of sustainable de-
velopment and protection of biodiversity, watersheds,
and other environmental values (Kauppi et al., in
press). The CDM was designed to provide emissions-re-
duction opportunities for Annex B countries but also to
provide incentive for Annex B countries to promote
and help finance sustainable development in non-Annex
B countries.
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3. Approaches that have been proposed for addressing
permanence

Chomitz (2000) has suggested a useful taxonomy for
approaches to deal with the issue of the permanence of
carbon sequestration. He suggests that there are two
primary approaches: (1) acknowledge that the seques-
tration is likely not permanent, assess the environmen-
tal and economic benefits of limited-term sequestration,
and allot credits in proportion to the time period over
which carbon is sequestered, and (2) provide reasonable
assurance of indefinite sequestration. The first alterna-
tive has lead to what has been called the ton-year
approach, a conceptually straightforward approach in
which activities would accrue credits for each year that
a ton of carbon is withheld from the atmosphere and
some quantity of ton-years would be equated with a
permanent ton. For the second alternative, Chomitz
suggests three mechanisms for providing reasonable
assurance of indefinite sequestration: (a) provide partial
credits according to the perceived risk that they will be
maintained for a specified time, (b) link temporary
sequestration projects with obligations for later action
to assure permanence of the emissions reduction, and
(c) tax sequestration credits to finance research and
development into emissions-saving technologies. Option
2a, providing partial credits, is essentially the creation
of an insurance fund of excess credits, risk adjusted, to
cover subsequent losses. Options 2b and 2c actually
acknowledge the potential impermanence of sequestra-
tion but try to ensure that credits for temporary seques-
tration will lead to permanent emissions reductions.

The ‘rental’ approach suggested below is consistent
with the first approach of Chomitz in that it recognizes
the benefit of limited term sequestration. The rental
approach differs in that it provides full credit at the
time of sequestration in return for full liability if the
sequestered carbon is later released. Financial markets
will allot values to emissions credits according to the
time over which carbon is sequestered and there is no
need to define a numerical equivalence between ton-
years and permanent tons.

There are a variety of reasons, both environmental
and economic, that it may be advantageous for some
parties to acquire temporary credits and others to
provide temporary credits for carbon sequestration,
even when it is understood that the sequestration is not
likely to be permanent. These reasons include, but are
not limited to:
1. It postpones climate change. Climate change and

associated damage is lessened for every year that the
carbon is sequestered.

2. It buys time for technological progress. Every year
that atmospheric CO2 is restrained provides oppor-
tunity to develop or discover alternate ways to
avoid greenhouse gas emissions.

3. It buys time for capital turnover. It can be very
inefficient financially to replace invested capital
short of its planned lifetime.

4. It may save money for reasons not already listed. If
sequestration is inexpensive and ‘‘if the marginal
cost of abating industrial emissions is declining, or
growing more slowly, than the discount rate, tempo-
rary sequestration may be a good bargain’’
(Chomitz, 2000, p. 12).

5. It allows time for learning to occur (Kolstad, 1993).
6. It may not be possible to arrange for formal in-

surance for perpetuity.
7. Hosts may be reluctant or unwilling to provide

guarantees in perpetuity, seeing it as an unaccept-
able intrusion on opportunity or sovereignty.

8. And, as suggested by Chomitz (2000), some tempo-
rary sequestration may turn out to be permanent.

3.1. Ton-years

The Special Report on Land Use, Land-Use Change,
and Forestry; prepared by the Intergovernmental Panel
on Climate Change (2000); describes the ton-year ap-
proach for dealing with the lack of permanence of
sequestered carbon. In a ton-year system, credit would
be awarded for the number of tons of carbon held out
of the atmosphere for a given number of years and
some equivalency factor would be defined to equate a
specific number of ‘ton-years’ with permanent
sequestration.

Several approaches have been suggested for defining
the equivalency factor, i.e. the number of ton-years that
is to be equated with permanence (Intergovernmental
Panel on Climate Change, 2000; Fearnside et al., 2000;
Moura Costa and Wilson, 2000). Basically one would
integrate over time the number of tons sequestered and
convert this to tons of carbon emissions offset by
dividing by the equivalency factor, i.e. ton-years/f=
permanent tons, where f is the equivalency factor. If,
for example, the equivalency factor were chosen to be
50, sequestering 1 ton of carbon for 50 years or seques-
tering 50 tons of carbon for 1 year would both entitle
the land owner (or the purchaser of the permit) to
offset 1 ton of C emissions from fossil fuels during 1
year. The accounting rules would have to establish both
the equivalency factor and when, over the period of
sequestration, the credit might be used (see below).
Nonetheless, a ton-year accounting system recognizes
that delaying the release of carbon to the atmosphere
deserves some credit regardless of the long-term fate of
the carbon.

Values proposed in the literature for the equivalency
factor range from 42 to 150 and are based on a variety
of reasoning (Table 1). Although the logic and the
mathematics differ, most values are based on the princi-
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Table 1
A variety of values have been suggested for the conversion rate
between ton-years of carbon sequestration and permanent tons of
carbon emissions reductions

Ton-years equal toAuthor
1 permanent ton

42–50Tipper and de Jong (1998)
46Fearnside et al. (2000)

Chomitz (1998) 50
55Moura Costa and Wilson (2000)
60Bird (1997)

100Fearnside (1997)
150Dobes et al. (1998)

that it is unnecessary to do so. From a financial per-
spective it is easy to shift between the value of an asset,
e.g., the value of permanent credits, and the annual
value (rental) of the services provided by that asset.
Furthermore, in a world where carbon credits are
traded, the market would provide the value of a perma-
nent carbon credit (the asset value). This would provide
a base price from which annual rental values for carbon
sequestration services could be determined. Addition-
ally, the market would consider the additional costs
associated with any extra monitoring (some monitoring
would need to take place for sequestration projections
whether temporary or permanent). Thus, rental con-
tracts could be arranged using information on the price
of permanent carbon credits, the discount rate, and
costs unique to quasi-temporary projects. In many re-
spects this market could be thought of like a used car
market with similar but not homogeneous goods.

Two principal objections to the ton-year approach
are (1) ton-year credits accumulate very slowly, and (2)
there is a lack of symmetry in credits and debits. On the
first objection, many participants in sequestration activ-
ities are likely to be motivated by immediate need for
offset credits and many of the activities contemplated
have large up-front costs. In a straight credit–debit
system any credit would be available at the time carbon
is sequestered, but a strict ton-year system would re-
quire 42–150 years before the equivalent of a perma-

ple that carbon storage should have the same net effect
on climate as does reducing carbon emissions and call
on the concept of the global warming potential, as
already accepted and endorsed in the Kyoto protocol to
define equivalence between emissions of different green-
house gases. A ton of carbon emitted to the atmosphere
does not result in a permanent 1-ton increase in the
atmosphere. Rather the increase in atmospheric concen-
tration decays with time as some of the carbon mixes
into the ocean and the biosphere. If we envision the
emission of one ton of carbon to the atmosphere and
integrate out to 100 years the number of ton-years of
atmospheric increase in carbon, we can find the ton-
years of atmospheric carbon increase that result from
the pulse emission (Fig. 2). Moura Costa and Wilson,
for example, write, ‘‘as understood by the protocol,
carbon sequestered at t=0 and stored until t=55 is
directly equivalent to an avoided emission at t=0 and
could be credited accordingly.’’ Using different mathe-
matical models for the behavior of the global carbon
cycle yields slightly different values for the equivalence
factor (Fearnside et al., 2000). Some of the analyses
recognize that a ‘pulse’ removal of 1 ton of carbon
from the atmosphere would also be compensated over
time by a change in the fluxes among the other reser-
voirs. A common practice with ton-year proposals is to
integrate out to 100 years, with the result that all things
that happen within the first 100 years are equal and all
things that happen after 100 years do not count at all.

As seen in Fig. 2 and Table 1, the equivalence
between ton-years and permanent tons will depend on
the logic assumed, the scenario chosen, and on the
carbon cycle model selected. Chomitz (2000) summa-
rizes that there is no unique way to determine a conver-
sion rate between ton-years and permanent tons and
that the choice among a number of justifiable possibili-
ties is thus a policy decision.

We agree with Chomitz (2000) view that there is no
unique way to determine a conversion rate between
ton-years and permanent tons. We suggest, however,

Fig. 2. The response of the atmosphere to an impulse emission of
CO2. The curve shows the response for current atmospheric CO2 and
for the model adopted by the IPCC 1990 and 1992 reports. For an
increasing baseline of CO2 concentration or for a different model of
the global carbon cycle, the curve will be similar in concept but
different in detail. (from Intergovernmental Panel on Climate Change
(1995)).
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nent ton of offset credit was available. In the simple
illustration of Fig. 1, the release of 1 unit of C from the
power plant might be compensated by 1 unit of carbon
sequestered but only 1/f ton-years of credit in the year
of emission, and then 1/f ton-years of credit per year
until the full 1 permanent ton of credit was achieved.
Like other investments, one would not expect full pay-
ment before the services were rendered. Contracts could
be made for full payment of credits in the initial year,
but in this evaluation the future values would be dis-
counted. Most of the advantages of temporary credits
(e.g. credit for delaying emissions), as listed above, rely
on the credits being available early in the project life, i.e.
at the time of actual sequestration.

It is, of course, possible to devise ton-year systems
where the credits: (a) are available from the beginning,
(b) are not available until the project conclusion, or (c)
accumulate in a pay-as-you go type accounting (Moura
Costa and Wilson, 2000). When the credits are available
at the time of sequestration, the gradual accumulation
of ton-years would gradually decrease the liability for
subsequent release. After 50 years, e.g. 50 ton-years of
credit would have been accumulated, the full permanent
ton of offset credit would have been satisfied, and there
would be no debits if the carbon was then released.

Regarding the second objection, a rental system
would provide the symmetry. Debits and credits would
both be accounted on a periodic (perhaps annual) basis
and would be counted in the time interval that the loss
or gain of carbon occurred. No one has yet proposed a
ton-year-like approach for dealing with ‘temporary’
debits.

Fearnside et al. (2000), conclude that ‘‘Mg-year (i.e.
ton-year) equivalence provides a needed mechanism for
comparing the global warming impacts of different
activities and the benefits of different mitigation
projects. It allows temporary sequestration to be com-
pared on an equitable and consistent basis with perma-
nent C sequestration or fossil fuel emission avoidance.’’
We suggest that a rental system achieves the same
objectives in a more attractive way.

3.2. Insurance

There are a variety of ways that insurance programs
might be used to provide reasonable expectation of
permanent sequestration. Chomitz (2000), however, be-
lieves it is likely not feasible to find commercial insurers
for these long-term commitments and suggests a mutual
insurance program. Chomitz (2000) suggests adjusting
credits downward according to the magnitude of the
risk of premature release, thus spreading the risk across
a portfolio of projects and creating a reserve of credits
held as a buffer to cover any premature losses. How-
ever, with the rental system suggested here, the role of
insurance would be substantially less critical and in-

vestors would have incentives to pay market rates for
credits to protect their flow of future annual payments.
Any insurance would be for defined contract periods
and with better definition of risk.

3.3. Other possibilities

Even if permanent sequestration is not certain, it is
possible to devise approaches to try to assure that
impermanent sequestration is linked to a permanent net
reduction in emissions. This can be accomplished by
continuing payments for carbon sequestered earlier,
perhaps by renewal of rental agreements. Continuing
payments provide continuing financial incentive. Thus,
while there is not initial commitment that the project is
permanent, the investor has reasons to try to extend the
period of sequestration. Permanence in a forest, for
example, might be accomplished by establishing a
steady-state forest on a previously unforested site. Once
the steady state biomass (and carbon) is attained, the
investor has a financial incentive to try to maintain the
steady-state function. Permanence might also be accom-
plished through a reserve of extra credits or through an
obligation to replace temporary credits with permanent
credits over time. As noted above, either third party or
self insurance programs or performance bonds could be
used to support these objectives (see below and e.g.
Chomitz, 2000).

And, as suggested earlier, even if individual sequestra-
tion projects are temporary, economic incentives for
carbon sequestration can be expected to result in perma-
nent sequestration in the aggregate, as more sequestra-
tion is provided over the long term.

An intriguing alternative approach for treating a
stock pollutant that society would like to retain from
release into the environment is a deposit-return system.
In a typical deposit-return system the holder of a
beverage container, for example, pays a fee upon accep-
tance of a ‘pollutant’ and is ultimately compensated for
control and return of the ‘pollutant’. The deposit and
return provide incentive for stewardship of the pollu-
tant. Stewardship in perpetuity, however, lacks an end-
point for return of the deposit and we have not been
able to envision a workable model for a deposit-return
system in perpetuity. On the other hand, a system could
be devised to reward stewardship over an extended
period, a period that is similar to the equivalency time
discussed under the ton-year approach above. If regis-
tration of sequestered carbon was accompanied by de-
posit into an escrow account with a third party, return
of the escrow (plus accumulated interest less account
management costs) could take place at the end of the
agreed equivalence time. While this might be well short
of ‘permanence’ it could establish minimum standards
for sequestration and motivate long-term stewardship.
See also (Schwarze and Niles, 2000).
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4. The fundamental issue-liability

The essential issue for permanence is liability. The
Kyoto protocol envisions a system whereby credits
against emissions commitments can be achieved by
sequestering carbon in the terrestrial biosphere. Carbon
sequestration is a reversible process, however, and the
Kyoto protocol does not fully prescribe who is respon-
sible if the sequestered carbon is subsequently released
and the basis for the credits thereby lost.

The system of credits and debits created by the
protocol does suggest that carbon sequestration in An-
nex B countries will create credits while subsequent loss
of sequestered carbon will create debits. However, since
developing countries (non-Annex B countries) do not
have emissions commitments under the protocol, it is
necessary to have an alternate description of the com-
mitment to retain carbon sequestered in non Annex B
countries. If credit is given when carbon is sequestered,
who then assumes the liability if the sequestered carbon
is lost? The discussion above suggests four alternatives
for who bears the liability for lost carbon, i.e. who will
be assigned responsibility for the carbon emissions if
sequestered carbon is released to the atmosphere,
against whose ration the emission will be changed: (1)
the host party that holds the carbon, (2) the purchasing
party that has paid for and used the carbon credits, (3)
a third party, such as an insurer or the holder of a
performance bond, (4) a collective of purchasers, who
maintain a risk-adjusted reserve of credits to compen-
sate for premature losses. Variations include systems
where liability declines to zero over time (e.g. the
ton-year system) and systems where liability is trans-
ferred from one party to another over time. The rental
system described below is such a transfer system, liabil-
ity would reside with the activity host so long as a
rental contract was in place but would revert to the
buyer/renter of credits when the rental contract expired.
With the proposed carbon rental system commitments
would be made one contract period at a time.

5. Renting credits

A traditional system for limited-term use of a capital
asset involves a rental contract, and rental contracts
seem ideally suited to transfer of emissions credits for
carbon sequestration where permanence is either not
guaranteed and/or not desired. A rental contract can
allow the ‘buyer/renter’ to enjoy the limited term
benefits of the asset while the ‘seller/host’ retains long-
term discretion. We consider how an accounting system
might work if credits for carbon sequestration in non-
Annex B countries were rented, rather than sold, to
Annex B countries to meet the Annex B countries’
emissions commitments. We envision a regulatory envi-

ronment, similar to that described by the Kyoto proto-
col, where emissions are rationed or taxed, creating
what is essentially a termination penalty on sequestered
carbon.

A principal feature of a rental system is that it
behaves like a direct credit/debit system for the renter
of credits, i.e. the Annex B participant. Credit is as-
signed when carbon is sequestered and debits accrue
when carbon is emitted. The credits and debits are
symmetric and instantaneous. The difference is that
credit is leased for a finite term, during which someone
else accepts responsibility for emissions, and at the end
of that term the renter will incur a debit unless the
carbon remains sequestered AND the lease is renewed.

At the end of the rental period the renter will have
received some of the benefits listed above (in the section
on ‘Approaches that have been proposed for addressing
permanence’) and can either renew the lease or incur
the emissions debit and replace the credit with one from
another activity. We would argue as an analogy that a
party renting a garage to park his car can, at the end of
the lease contract, either renew the release or find
another place to park his car. The car driver might have
used the rental term to either find a better lease agree-
ment elsewhere, build his own garage, or make the
decision to park his car on the street and suffer the
damages. The car driver might have found another
mode of transport and no longer need a garage.

At the end of the rental agreement the renter would
incur an emissions debit and the host would be released
from further liability. If the carbon remained se-
questered the host could: (a) renew the lease, at newly
re-negotiated terms, (b) lease the credit to another
Annex B Party, (c) retain the credit for its own use, or
(d) set free the sequestered carbon if it had a higher use
for the committed land. The emissions credit would in
fact be used only one time, but it could be transferred
among parties at any later time (so long as the carbon
remained sequestered) if the first party incurred a cur-
rent year debit and the new renter received a current
year credit. To continue the metaphor, our car driver
above would be looking for a new place to park his car
but the garage would be available for another driver.
And if the garage owner had become wealthy enough to
purchase a new car, he could decline to renew the lease
and use the garage for his own car.

A rental contract for emissions credits would estab-
lish continuous responsibility for sequestered carbon.
The host country would have to accept short-term
liability, over the duration of the rental contract (al-
though the liability could be transferred to an insurance
or bonding agent). The renter would need to have legal
and financial recourse for provision of the contracted
service, i.e. carbon sequestered. In fact, it is likely that
the renter would ultimately absorb the cost associated
with the risk of premature carbon loss. Presumably the
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Table 2
The flow of credits and debits for two different accounting alternatives when 1 unit of carbon is sequestered in year 1 and subsequently released
in year 11

1Year 2 3 4 5 6 7 8 9 10 11

1Carbon sequestered
Carbon released 1

(1) Ton-years earned
0.02 0.02 0.02 0.02 0.020.02 0.02Credits 0.02 0.02 0.02

Debits

(2) Rental
Credits 1
Debits 1

value of rented credits would vary with the credibility
and responsibility of the host.

Table 2 illustrates the flow of carbon and carbon
credits for two potential accounting approaches (ton-
years, and carbon rental) for a simple scenario. We
consider that one ton of carbon is sequestered in the
first year and that it remains in the terrestrial biosphere
until being released in the eleventh year. We assume
that sequestration occurs in a non-Annex B country
and 50 ton-years are taken to be equivalent to one
permanent ton.

A system that has been described with different
words but is essentially identical to our concept of
renting carbon credits has been introduced to the Ky-
oto negotiations by the government of Colombia Min-
istry of the Environment (2000) and elaborated by
Blanco and Forner (2000). The Colombia proposal
introduces ‘expiring CERs’, i.e. emissions reduction
credits that expire after some negotiated period. Colom-
bia envisions their proposal as a ‘simple liability
scheme’ that addresses the concerns of countries ‘preoc-
cupied about the sovereignty issue’. Colombia proposes
placing an expiration data on emissions credits from
sequestration activities so that emissions credits would
eventually have to be replaced by permanent credits or
additional expiring credits. Lands on which carbon is
sequestered would be released from any further obliga-
tion when the credits expired. Colombia recognizes that
the owner of a project might choose to extend the
lifetime of a project and thus the lifetime of expiring
credits.

Our proposal is similar to that of Colombia except
that we establish no expiration date. Expiration occurs
when it occurs, and the implication is that the rent
payments cease. The duration of rental contracts could
be left to the discretion of the contracting parties.
Thinking in terms of rental contracts also tends to
make clear the opportunities for secondary transac-
tions, a concept not addressed by the Colombia pro-
posal. Describing the approach in terms of rentals helps
bring the proposal into familiar financial terms and

concepts. In the words of traditional property transac-
tions it might also be appropriate to think in terms of
easements.

One question posed with regard to rental credits
involves the long term commitments of corporations or
other non-governmental organizations that engage in
rental agreements for carbon emissions credits. These
entities would essentially accept long-term, unsecured
obligations for carbon releases potentially many years
after the use of the credits, and there is no assurance of
their existence and responsibility by the time that the
rental contracts expire. In fact, it is governments that
will likely be bound by international obligations,
whether they be taxes or rations on emissions, and that
must ultimately determine the extent to which they will
choose to include rented credits as part of their report-
ing and long-term obligations. We cite student loans as
an example where the US government backs long-term,
unsecured obligations by students seeking to finance
their educations. The US government ultimately backs
these loans but imposes limits on the magnitude of
individual obligations. Similarly, individual countries
may chose to provide limits on the extent to which
individual investors can use rented credits to contribute
to meeting the national commitment.

Finally, we point out another interesting dilemma
that could arise under a ton-year accounting system but
is avoided under a rental system. Consider carbon that
is sequestered in growing biomass and later harvested
for use as a fuel. Under a ton-year accounting system
this circumstance could produce multiple credits. The
sequestered carbon would accumulate ton-year credits
(convertible to permanent tons) during the period of
sequestration and then permit an additional credit as it
was burned to avoid an equivalent amount of fossil-fuel
use. Under a rental system there would be 1 unit of
credit at the time of sequestration. At the time of
harvest and burning there would be 1 unit of debit for
the lost sequestration plus 1 unit of credit for the fossil
fuel avoidance, essentially the transfer of one tempo-
rary credit to a permanent credit.
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Rental of carbon emissions credits should ideally
bring benefits to both the renter and host. The attrac-
tion of rented credits for the renter would presumably
be financial. Those in need of credits could either buy
permanent credits, rent temporary credits, or borrow
money to purchase permanent credits as in taking a
mortgage on the garage. Rented credits would provide
revenue to the host. They would also, presumably,
bring a flow of development and environmental values
to the host. They would not, however, obligate the host
beyond the negotiated rental contract, a matter that has
been of considerable concern to potential host
countries.

6. Summation

The initial premise of the Kyoto protocol is based on
a real-time accounting of greenhouse gas emissions to
the atmosphere, with corresponding offset credits if
carbon is removed from the atmosphere and se-
questered. The protocol specifies integration over a
5-year commitment period and we assume that integra-
tion over some significant spatial scale might also be
used to even out small-scale variability and to minimize
the burden of monitoring and verification. Real time
accounting of credits and debits encounters problems,
however, if sequestration can occur where there is no
legal responsibility for subsequent loss of the se-
questered carbon, and this would arise if carbon se-
questration were permitted in non Annex B countries
under the CDM. Despite this concern over the perma-
nence of sequestered carbon, there are many reasons to
want to include carbon sequestration in non Annex B
countries within the formality of the Kyoto protocol
(or any subsequent international agreement on green-
house gas emissions).

The challenge is to design an accounting system that
provides appropriate incentives for carbon sequestra-
tion while preserving the integrity of the objectives of
the protocol. Ton-year accounting systems can provide
credits for temporary sequestration of carbon if we
define a time interval for sequestration that is consid-
ered to be equivalent to permanent sequestration. Al-
though ton-year systems do not reflect the reality of
changes in carbon stocks, they can be designed to
provide incentives for storing carbon in the terrestrial
biosphere. However, ton-year accounting does not treat
emissions to and removals from the atmosphere simi-
larly and it introduces unnecessary complexity in defin-
ing a numerical equivalence between permanent and
temporary sequestration. These problems can be
avoided if we accept that transactions involving emis-
sions permits could involve either their sale or rental.
The financial markets will establish their relative value.
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