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Abstract Terrestrial carbon sinks and sources were introduced into climate change mitiga-

tion related policy relatively late in the design of the architecture of those policies. Much

literature addresses how terrestrial sources and sinks differ from emissions from fossil fuel

combustion and, hence, is a possible justification for differential treatment of them in policy

design. Late introduction in climate policy discussions and perceived differences appear to

have resulted in very different policy approaches for sinks versus fossil emission sources.

The attempt to differentiate has generated complexity in policy design and likely inefficiency

in the operation of these policies. We review these issues and find that the characteristics

claimed to apply to sinks apply as well to fossil sources, and differences that do exist are

often more a matter of degree than of kind. Because cap-and-trade has gained momentum as

the instrument of choice to control fossil emissions, we use as a starting point, how such a

cap-and-trade system could be altered to include terrestrial carbon sinks and sources.

1 Introduction

The role of land use and land use change as either a source or sink for carbon and other

greenhouse gases (GHGs) is a topic on which many volumes have been written. The In-

tergovernmental Panel on Climate Change (IPCC) completed a special report in 2000 that

alone approached 400 pages and included citations to nearly 1200 related articles and pa-

pers (Watson et al. 2000). Furthermore each of the three IPCC working groups in the third

assessment report addressed sink related aspects of land use and land use change. Working

group I addressed the role of terrestrial systems in the carbon cycle (Houghton et al. 2001).

Working group II addressed the impacts of climate change on forests and ecosystems, one

consequence of which is changing levels of terrestrial carbon storage (McCarthy et al. 2001).

Working group III addressed the potential for enhancing sinks, and the technologies and

policies that might bring about such enhancement (Metz et al. 2001). The fourth assessment
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report of the IPCC is in draft, and is not yet citable, but will contain updated reviews of land

use, land use change, and terrestrial sinks.

In the Kyoto Protocol (KP), sinks were added relatively late in the negotiation process.

Moreover, there was a relative vacuum of information as to how large these sinks were, and

how they might change over time for the Parties involved. The sinks issue was relatively new

and not afforded adequate time and consideration on how to include them. Despite this, the

Kyoto model for sinks has been borrowed in other proposals such as the McCain-Lieberman

Bill in the United States.1

Unfortunately, this policy architecture for including sinks has generated complexity and

potential inefficiency. More specifically, current carbon sink policy has focused on identifying

what specific types of sink-enhancement actions can and cannot be included along with

unwillingness to bring the entire terrestrial biosphere carbon stock within a policy target. In

doing so, it raises the following issues: the definition of a ‘forest’, the difference between

afforestation and reforestation, what constitutes ‘management’, the need to identify changes

in carbon stocks due to human activities from those due to natural causes, and consideration

of spatial and temporal leakage. Given this, a reevaluation of how land use activities could

be included within climate mitigation efforts seems worthwhile. This paper seeks to review

the policy history and the arguments for differentially treating carbon sinks with an approach

guided by the key questions:� Why was the current sinks policy architecture chosen?� Why does it differ from the proposed cap-and-trade architecture for fossil fuel carbon

which many environmental economists see as a more cost-effective approach?� Are issues that arise with sinks so different in degree that they cannot be effectively incor-

porated into a cap and trade system?

While a review of these issues, the paper is not intended as a review of the vast literature

on sinks.

2 Current climate policies, emissions trading, and the role of sinks

After advocating for sinks and emissions trading in the KP, the United States and Australia are

among the few countries that signed the KP initially and have now expressed their intention

of not ratifying it. Therefore, key Conference of the Party (COP) members who were most

influential in the decision to include sinks are no longer part of the KP. Canada, also a strong

advocate, has ratified and appears most active among the ratifying Parties in developing

sinks related measuring and monitoring techniques. The ratification by Russia moved the

KP across the threshold of 55 percent of Annex B Parties required for it to enter into force

(UNFCCC 1997; UNFCCC 2005).

Australia has indicated that it, while not ratifying the KP, would meet its KP obligation.

What this means is unclear, but it may affect the sinks issue. If not formally, Australia could

possibly pursue a strategy of meeting the numerical target while defining credits for land use

change beyond the limits of the KP. The prospect of crediting reduced rates of deforestation

against Australia’s target was identified in at least one study of the pros-and-cons of Australian

ratification (Kyoto Protocol Ratification Advisory Group 2003).

1 See Lewandrowski et al. (2004) for a detailed examination of sinks policy in the United States and a review
of lessons learned from modeling sinks in McCarl et al. (2005).
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At this point, the possibility that the United States will meet its KP numerical target seems

highly unlikely. Instead, the Bush Administration announced an emissions-intensity target

that would allow emissions to rise above the 2000 levels, contradicting the KP requirement

that the United States return to 93 percent of 1990 levels (White House 2002). For the time

being, the current Administration believes its intensity target will be met through voluntary

measures. Consequently, it is relatively difficult to rigorously determine whether the actions

proposed are sufficient to meet the intensity goal given the following: the nature of the target

and the promised actions, the varying changes in emissions intensity in different industries,

and changing industry composition over time. The other continuing effort in the United States

is a program whereby entities can receive recognition for reducing emissions or enhancing

sinks by being awarded “registered reductions” (US DOE 2002). The ‘incentive’ to do so is

either good-will or, more likely, expectations that at some point, there will be a mandatory

cap on at least some entities and that registered reductions could be applied to them.

Despite the absence of the United States and Australia, the push for emissions trading

appears to have taken-hold to some extent under the KP. The European Union (EU) has been

developing an emissions trading system, and introduced a test phase to run between 2005 and

2007 prior to the first KP commitment period (EC 2003, 2005; Betz et al. 2004). Although the

EU was initially hesitant on emissions trading, it now appears to be a major force in designing

a domestic system that could be a model for other Parties, thereby making the vision of an

international market for permits a reality (Ellerman 2001). There is, however, still a long

way to go to extend such a trading system among all ratifying Parties. The EU’s test program

is limited to large emitting point sources (>10,000 tons of CO2 per year), representing less

than one half of the EU’s total CO2 emissions. Other key Parties including Canada, Japan,

and Russia have not yet moved to establish emissions trading systems. Performance to date

in the EU’s trading system (2005-early 2006) has resulted in prices on the order of 20 to 28

/tCO2, surprisingly high to many analysts because the required reduction was estimated to

be only about 1 percent (Pew 2005; Point Carbon 2005a,b).

While emissions’ trading remains alive under the KP, the push for sinks was not nearly as

successful. Part of the reason that the agreement was not reached at the 6th meeting of the

COP in The Hague in November 2001 was that the EU desired limits on the total quantities

of sinks credits that could be applied against each countries emissions cap. However, this

was unacceptable to the United States, and probably made it impossible to obtain sufficient

votes in the Senate to ratify the agreement regardless of the outcome of the 2000 election

(Reiner 2001; Reilly 2003).

The different willingness to embrace sinks appears to derive from different views of the

climate change issue as a societal problem, and different implications for countries of the

negotiated targets. Many in Europe view the climate change problem as one of reducing

emissions typically stemming from the broader agenda of switching from fossil fuels to

‘renewable’ energy. Others view the use of sinks as denial/avoidance of these necessary

steps to move the economy away from fossil fuels. In the language of economics, this view

can be described as a situation whereby markets failed to price fossil fuels to include all of

the external social costs associated with them (e.g., security, air pollution, other health and

safety issues, their nature as exhaustible resource, etc.). Rather than try to correct each of

the problems, renewable energy proponents appear to regard the answer as simply switching

away from fossil fuels. Thus, sinks credits are considered a loophole to allow for continued

fossil fuel use. The targets of the EU were also seen as easier to meet because of German

reunification as well as the large-scale shift to gas for electricity production in the UK that

reduced emissions in these countries below 1990 levels. Forest sinks potential was also seen

as much more limited in Europe compared to the potential in most other countries. These
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various factors appear to have contributed to the EU’s climate negotiating positions and in

the formulation of EU domestic policies.

In contrast, the perspective of the United States and the Umbrella Group2 focused directly

on the climate-GHG problem, and key Parties among this group faced relatively larger reduc-

tions in emissions from projected reference levels. The direct focus on climate, as opposed

to the broader concern about fossil energy, meant that it did not matter whether fossil fuel

emissions were reduced, carbon uptake by vegetation and soils were increased, or carbon

was otherwise sequestered. One ton removed from the atmosphere was considered equivalent

to reducing emissions by a ton. This focus, along with a desire for cost-effectiveness, led

to a desire for maximum flexibility in choosing the least-costly way to meet the emission

reduction. Separate quantity limits on the use of sinks, if binding, would result in a two-tier

permit market – a higher price for emissions reduction and lower price for sinks reflecting

the fact that there were more relatively inexpensive sinks options available than allowed by

the restriction on their use. Among most analysts, the sinks quantities allowed in the KP, as

finally negotiated at COP 7 in Marrakesh in 2001, are seen as limiting in this way. Moreover,

the definition of what can be counted is flexible enough such that the agreement has been

widely modeled as simply a relaxation of the constraint on emissions (Babiker et al. 2002).

Underlying this view is the calculation that most countries are likely to have sufficient carbon

uptake in forests without any additional actions beyond filling their sinks limit. In particular,

the KP allows consideration of forest uptake within the period 2008 to 2012 to be credited

against emissions during the same period. This sequestration is associated with reforestation

and afforestation of pre-identified forests beginning in year 1990.

The KP language requires active management to receive credit for carbon uptake. For some

countries, the implicit definition of ‘management’ was very narrow involving: identified tracts

of land that were planted/replanted, and managed with the express intent of storing carbon.

Analysts began referring to ‘Kyoto forests’ to represent the idea that areas receiving credits for

forest activities would be expressly identified. However, the United States, leading up to the

COP meeting at The Hague in 2000, proposed that “forest management is an activity involving

the regeneration, tending, protection, harvest, access and utilization of forest resources to

meet goals defined by the forest landowner” (UNFCCC 2000). Under this relatively broad

definition, it would include essentially all forestland in the United States as well as most

developed countries, given the fact that property laws limiting access appear to qualify the

land as ‘managed’ under this definition.

While the logical basis for including sinks in climate policy is relatively strong, the “weak

link” in the argument is the lack of proven methods for measuring and monitoring them.

Even at the present time, a complete inventory of carbon sinks for all the major Parties is not

available, and there are legitimate questions concerning the accuracy of them. Negotiating

the KP caps, with sinks broadly included, implies that the negotiating countries were not

aware of their own 1990 net emissions baselines or what their magnitudes would be in 2010.

Lacking resolution on how to interpret key terms in the KP, the quantified limits on sinks

were finally agreed upon, giving up a portion of the 5 percent reduction that would have been

achieved.

The specific numerical limits insisted on by the EU at The Hague, and those finally agreed

at Marrakesh, ended, or at least tabled, a very confusing and complex discussion of just how

to include sinks. With these numerical limits, the other language that would limit sinks is

2 The Umbrella Group included the United States, Canada, Australia, Japan, and Russia and constituted an
informal group of Parties negotiating the KP.
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relatively unimportant. The ‘success’ of the negotiated limits is that countries can choose to

expand the plausibility of sinks accounting; the ‘failure’ is that, if it is possible to easily fill

up the sinks limit with sinks that would have otherwise occurred, the strict limits remove any

incentive to actually enhance biological sinks. With a cap-and-trade system, regardless of the

allowance price, the price for sinks credits would be limited, and could possibly approach

zero, because the use of credits is limited far below the amount that could be forthcoming.

For example, the EIA (2003) analysis of a cap-and-trade system in the United States, with

a limit on credits, projected a two-tier pricing result with a lower price for credits than for

allowances.

The combination of three (3) main factors have led some analysts (e.g. Bohringer 2001;

Manne and Richels 2001; Babiker et al. 2002) to conclude that the cap on the remaining Parties

may be non-binding in the first commitment period: (1) withdrawal of the United States and

Australia where emissions are growing rapidly; (2) a target for Russia and the transition

economies of Eastern Europe well above expected emissions (so-called ‘hot air’); and (3)

the sinks quantities that were ultimately allowed. Thus, even without relatively generous

sinks accounting, it is highly uncertain that the emissions target in the KP will generate real

environmental gains. If it does, it likely depends on countries doing more than they pledged to

do under the agreement, by implementing domestic policies and not fully availing themselves

of the excess credits above reference emissions from Russia.

Although the current stated policy of the United States is to reduce GHG intensity by

18 percent over the decade, other unilateral policies have been proposed, most notably the

Climate Stewardship Act of 2003 (S. 139), widely known as the McCain-Lieberman Bill.

If history is any guide, Bills that fail to pass in the Senate are often reintroduced at a later

date, or their language is borrowed for future attempts to draft a Bill with similar objectives.

Thus, despite its failure, the McCain-Lieberman Bill provides some insight as to how the

United States Congress may possibly approach the problem of mitigating climate change.

It was a cap-and-trade with year 2000 emissions as the benchmark, and relatively broadly

covered emissions of GHGs. The cap did not cover land use sources or sinks or small

sources (<10,000 tons of CO2 equivalent), although it did cover transport fuel by bringing

it under control at the refinery. Small sources and terrestrial sinks of any size were covered

under a crediting system, but the total number was limited to a percentage of the total

allowances. Paltsev et al. (2003) and EIA (2003) provide a comprehensive discussion of

the Bill’s provisions as well as an analysis of its economic implications. While numerically

different than the Kyoto target for the United States, the mechanism for sinks (i.e. project

credits produced outside the cap with a limit on how many could be applied under the cap)

is essentially the mechanism of the KP.

Having described the complexity of sinks inclusion in the KP, a final requirement here is

to briefly review the KP language involving sinks. In that language, there was an apparent

compromise among those preferring to limit sinks and those preferring broad coverage.

This resulted in an attempt to limit sinks by defining specific sinks projects on which all

could agree, referred to as “Article 3.3 sinks”. It allows “. . . removals by sinks resulting

from direct human-induced land-use change and forestry activities, limited to afforestation,

reforestation and deforestation since 1990, measured as verifiable changes in carbon stocks

in each commitment period . . .” to be used to meet commitments under the Article.

In lay terms, the definition of reforestation, as opposed to afforestation, has required

people to imagine how far back in history or pre-history one might go to determine whether

a forest was there or not. Moreover, defining a forest has required consideration of the

minimum density and height of the woody vegetation (Birdsey et al. 2000). The debate is

highly philosophical as analysts struggle with attributing some part of sink increase to “direct
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human-induced” change apart from that which is due to natural causes or indirect actions

by humans. Those pushing for broader inclusion of sinks remain hopeful for the “Article 3.4

sinks.”

Upon its entry into force, the KP allows consideration at the Meetings of the Parties (MOP)

to determine the “modalities, rules and guidelines as to how, and which, additional human-

induced activities related to changes in greenhouse gas emissions by source and removals by

sinks in the agricultural soils and the land-use change and forestry categories shall be added

to, or subtracted from, the assigned amounts for Parties . . .”.

3 An idealized CO2 cap-and-trade system with land use sinks

Now suppose we turn attention to how sinks might be included in a modified approach.

3.1 Simple scenario of two hypothetical countries

Consider the following hypothetical example illustrated in Table 1, parts A and B. Let there

be two countries: Country A and Country B. Assume both countries have the same 1990 fossil

fuel CO2 emissions and the same 2010 projected emissions. Further in Table 1A, Country A

has a large net land use sink, and Country B a moderate land use source. In the absence of

policy, increases are predicted in both Country A’s land use sink and Country B’s land use

source.

In Table 1B, we use a KP-type target of returning to 90 percent of 1990 emissions levels

and we see that reaching the target differs when we apply it to only fossil emissions versus

total net fossil and land use emissions (Policy 1). In such a case, Country B appears to gain

by including land use emissions because its allowance level based on total net emissions is

99, increased from 90 if only fossil emissions were included. In contrast, Country A receives

only 72 allowances compared with 90 and, hence, initially appears to be worse-off with the

total CO2 accounting. However, when achieving the reduction for 2010 (Policy 2), Country

A benefits from the more inclusive accounting because its sink requires reduction to 23 below

the projected reference, as compared to 30 percent if applied only to fossil fuels; Country

B is worse-off requiring a reduction of 41% with the total accounting compared to 30%.

This occurs because, in the absence of policy, sinks are projected to increase in Country A,

thereby reducing the need to lower emissions or further enhance sinks. In Country B, however,

the land use source is growing, generating more pressure over time to reduce emissions or

increase uptake to offset the land use source.

There are several lessons we gain from this simple exercise.� Moving from a fossil-only accounting to a total accounting, including both land use and

fossil emissions, does not necessarily benefit the country that receives more allowances or

the country with the larger net sink in the base year. Most importantly it is whether, in the

absence of policy, the land use sink or source is projected to grow or be reduced.� Including sinks in an accounting framework does not necessarily lower the real reduction.

From Table 1, including sinks results in a reduction below reference totaling 64 across

both countries, as compared to 60 if sinks were excluded. Note in other situations, which

readers can invent if they are so inclined, total accounting could lead to an increase in net

emissions.� Declines in net emissions to the atmosphere due to the inclusion of land use sinks can be

eliminated by adjusting the target reduction. If one has a projection of land use emissions
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for 2010, it is easy to calculate an adjusted percentage reduction from 1990 that will lead

to exactly the same reduction from the reference in 2010 for each country.3� Differentiation concerns arise with respect to fossil emissions where there are recognized

differences in projected growth among countries, and those projections were also highly

uncertain at the time the targets were set.

3.2 Additional implications for landowners

To implement a trading system that operates among private parties, the country-wide allo-

cation must be distributed to private parties. This raises some additional issues about the

implications for landowner participation in a cap-and-trade system. For illustration, consider

another hypothetical scenario in parts A and B of Table 2, focusing on the domestic situation

in Country C. Let us assume there exist two fossil fuel users with identical emissions in 1990

(Fossil Source 1 and Fossil Source 2). In addition, let there be two landowners, one with

net sequestration (Landowner 1), and one that is a net source (Landowner 2). Fossil Source

1 has a projected decline in emissions in the reference for 2010 and the reference path for

Fossil Source 2 is to increase substantially, relatively speaking. Landowner 1 remains a sink

in 2010, though its sink declines; Landowner 2, while a source in 1990, becomes a small net

sink in 2010.

It is important to note that it is almost inevitable that the gross sink amount in the country

(summing the sink for only those landowners or parcels that are net sinks) is much greater

than the country’s net sink. Much of the discussion of sinks credits, at least in the United

States and Canada, focuses exclusively on credits for carbon uptake. This focus eliminates

those landowners who are net sources from the program. If that is the case, then it is the gross

sink amount (not the net sink amount) that limits the amount of sink credit, and the gross

amount is almost inevitably a much larger number. The gross sink amount is not even well

defined unless the parcels of land are well defined and unchanging over time.

In the example of Table 2A, consider the possibility that Landowner 1 has some land that

is a net source, emitting 20 annually in 1990. To have a net sink of 40 in 1990, the remaining

areas are a sink of 60. If there is an incentive to only count net sinks, Landowner 1 might sell

the parcel that was a net source and, hence, get credit for 60 instead of 40.

This issue of deforestation is not ignored in the KP. Rather, reducing deforestation is

considered a potentially creditable action, but the failure to include the entire terrestrial

biosphere in tracking compliance with the policy targets creates problems. In particular, the

incentive to voluntarily produce credits depends on how the baselines are established for

each activity. Those emissions sources that do not voluntary enter a crediting system are not

covered at all and thus existing sinks may become sources, or existing sources may grow

larger. Lack of full coverage creates the problem of leakage – reductions among credited

sinks being offset by increases in non-covered land areas. However, allowing landowners

to voluntarily register credits when it is in his/her interest exacerbates the problem. This

is because it is almost certain to enlist those who intend to increase sinks anyway, while

producing no incentive to control for those who intend to become a large source.

In Table 2B, we identify some hypothetical allowance allocation policies, assuming that

a cap would cover terrestrial biosphere sources and sinks as well as fossil emissions. The

common implicit assumption in most discussions of sinks allowances is that one can only

3 Depending on the merit criteria, the inclusion of sinks could lead to a different optimal level of reduction or
split among countries. This example is meant to indicate only that through adjusting the allowance level any
reduction amount can be achieved, including the exact level one would have achieved without sinks.
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cap sources, not sinks. Of the five (5) allowance allocation policies in Table 2B, the first two

we propose do not distinguish between sources or sink in determining allowances.

Policy 1 is essentially the Kyoto allocation rule as applied to a country’s emissions, used to

allocate the allowances among entities within a country and including both fossil sources and

landowners. Like the Kyoto national allocations, it uses 1990 as a benchmark and allocates

the reduction to individual entities proportionally. As a result, Country C’s target is 90 percent

of 1990 net emissions such that each entity receives an allocation proportional to its 1990

emissions/sinks. For the land use source (Landowner 2), this is a reduction of its emissions

to 18 from the 20 emitted in 1990. For the land use sink (Landowner 1), the allocation is

−36 compared with emissions of −40 (i.e. a sink of 40 in 1990). Rather than receiving an

allowance of 0 (i.e. 40 more than it “needs’ as of 1990), Landowner 1 starts in a debit position.

However, it has sufficient sink to cover this debit and beyond, at least as of 1990. The varying

rates of growth of emissions and changes in sinks for the 2010 reference conditions reveals the

same issue that has plagued the Kyoto national allocations. If the targets are undifferentiated,

then these different expected growth rates lead to very different burdens. Although the Kyoto

allocations refer to 1990, differentiated reductions for individual countries took into account,

to some degree, expected differential growth in emissions. Here we see that Policy 1 results

in very different required reductions for individual entities; Fossil Source 1 and Land Owner

2 have allocations well above the projection of reference emissions. They could sell these

allowances and possibly reduce further at a relatively low cost and sell even more. The burden

of buying permits would fall on Fossil Source 2 and Landowner 1, even though Landowner

1 is a large sink. How large this differential growth effect can be, obviously depends on how

differently emissions and sinks are expected to change for different entities.

Policy 2 corrects this differential growth problem by making the allocations proportional

to the projected reference for 2010. This reveals a different issue that arises with simply

multiplying the base by 0.90. The mathematics produces the correct national cap of 72, but

the Policy means that any entity that is a sink will necessarily have excess credits to sell; this

occurs for both landowners in this example.

The algebra of this reduction is:

National target = %REDUCTION ∗ EMISSIONS + %REDUCTION ∗ SINKS (1)

Policy 3 seeks to make the burden reduction proportional to the level of emission source

or sink by altering Equation (1) slightly, indicating the percentage change (%�) as:

National target = (1 − %�) ∗ EMISSIONS + (1 + %�) ∗ SINKS (2)

Knowing the national target, projected emissions, and projected sinks, we can then solve

Equation (2) for the %�. This formulation simply generates an allowance allocation that,

without trading, would require sources to proportionally reduce their emissions and sinks to

proportionally increase their sink. For Policy 3, the %�=0.159. This means that emissions

sources receive an allowance that is 15.9 percent below projected reference emissions, and

sinks receive an allowance debit of 15.9 percent more than their projected sink. This again

leads to an allocation that meets the national cap. Here, however, no entity has allowances

that would allow them to sell credits without taking some additional action beyond what is

projected to occur in the reference. In other words, each entity bears a “proportional” burden.

This formulation is far from perfect. Note that Landowner 2 has a small net sink and,

hence, the equi-proportional change results in a small absolute change. Consider the case of

a landowner who inadvertently was at 0, neither a source nor a sink. He/she would have no
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burden, even though he/she may be in a position to become a significant sink with relatively

little effort. At first, this does not appear so very different than the problem for fossil emitters

– reductions may be costly and difficult for one and easy for another and so equi-proportional

reductions need not imply the same cost burden. However, for landowners, it is not unreason-

able to imagine an owner of 100 acres versus 1,000,000 acres. If the 1,000,000 acre landowner

has zero net emissions, it would have no burden under Policy 3. However, other things being

equal, there would be greater scope for increasing sinks on the 1,000,000 acres than on the

100.

The allocation principles in Policies 4 and 5 are more consistent with the view of the

majority of the land use community. The implicit equity principle is that, inadvertently being

a sink implies that one should be able to sell all of the sink allowances. In Policies 1 through

3, Landowner 1 receives zero allowances as opposed to a debit. Even though this entity’s sink

is declining, he/she has allowances to sell even without reversing the decline. Policy 4 treats

the landowner source symmetrically with the fossil emission source, requiring a proportional

reduction in emissions. Again, however, the zero problem is likely to occur. Large landowners

with a source approaching zero would have a very small required reduction, with potentially

the ability to easily become a large sink. This could be considered an asymmetric treatment

with that of fossil emitters, but it is a symmetric treatment with Landowner 1 (i.e. the net

sink). In a way, being a net source is villainous, but crossing zero on the number line makes

you virtuous with a generous allocation of allowances as your reward.

Policy 5 further distinguishes between land use emissions/sinks and fossil emission

sources by granting landowner sources an allowance equal to their emissions. This is most

similar to the implicit assumption that landowners would enter a program voluntarily and

have no burden to reduce unless they chose to do so. Thus, Landowner 2 could do nothing

to change its land use emissions, and still would not have to acquire additional allowances.

Although it initially appears that this is close to current policy approaches to include sinks

via a credit system, capping Landowner 2 is actually superior. While he/she receives al-

lowances equal to expected emissions, and not required to do anything, emissions cannot

increase without acquisition of permits to cover them. Thus, with this Policy, it prevents

spatial leakage within countries. Of course, the more allowances granted to landowners, the

more the burden shifts to fossil sources. Policies 4 and 5 use 1990 conditions as the basis

for establishing allocations. The same principles could be applied to reference 2010 emis-

sions as in Policy 2. We leave construction of these Policies to interested readers who are so

inclined.

The current community that is typically discussing sinks, views them primarily from a

profit standpoint, consistent with Policies 4 and 5 presented here. The moral premise for

realizing this “windfall” gain appears to be that sequestering carbon is virtuous and it should

be rewarded. However, the main reason the uptake is now occurring is that, in the past history

of this land, carbon-releasing deforestation or tillage practices occurred. Thus, today’s virtue

is only erasing yesterdays vice. As such, Policies 4 and 5 may not be as compelling.

In showing various policies through which a cap-and-trade system could be extended to

sinks and sources related to land use, we hope we have demonstrated that there is a logical

basis for treating sinks in a similar manner to a fossil source. It is possible to design a target

to achieve the same net effect on the atmosphere with land use sinks and sources included

and when they are not. To do so, requires an adjustment in the cap level to account for the

net land use sink or source. Given different changes over time among countries or entities,

their inclusion can have potentially large effects on burden-sharing. However, the burden-

sharing effect can be overcome through differentiation or choice of allocation policy. Blindly

excluding land use emissions and sinks, or giving landowners the choice to voluntarily sell
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credits, does not eradicate theses issues. It only limits/eliminates economic incentives to

reduce emissions or increase sinks in the most cost effective manner.

With this idealized system developed, we turn to issues that have been the subject of

considerable investigation with regard to inclusion of sinks, with the intent of identifying

which of these remain relevant, and which of them largely vanish when the policy architecture

is redesigned.

4 Sinks issues in policy discussions

As discussed previously, there are a host of issues that arise when including sinks in a

climate mitigation policy. We identify eight (8) main issues that reappear in the literature on

this subject: (1) How much to pay for an additional ton of sequestration as compared to an

avoided ton of emissions?; (2) What should be done about the high variability of ecosystem

uptake or large releases due to fire?; (3) How to resolve the problem of determining direct

human responsibility for sequestration?; (4) To use a broad cap or to treat sinks as credits

against a cap on fossil fuel emissions?; (5) Permanence and leakage, is it a special problem

for carbon sequestration?; (6) Pre-existing distortions; (7) Measurement, monitoring, and

enforcement; and (8) Carbon stored in products. Each of these are discussed in the following

sub-sections, with the goal of determining if these are unique problems for land use emissions

that prevent them from being included in broad cap and trade policy.

4.1 How much to pay for an additional ton of sequestration as compared to an avoided

ton of emissions?

Many issues have been included in this question, and various solutions proposed. Some would

like to pay landowners up-front for prospective storage once a forestation project has been

established. Concerned that the carbon may not remain stored, the concept of ‘discounted’

tons has been created, whereby a fractional discount factor would be applied to account for

possible return of carbon in the future (i.e. physical leakage). Others have proposed renting

carbon storage. This involves paying a price per ton each year stored so that, if the landowner

chose to do something differently in future, they could do so and would have received payment

only for the time they actually stored the carbon. This is a solution to the problem of paying

for a ‘permanent’ ton only to have the landowner abandon the activity that is keeping it

sequestered. Many of these approaches are based on solid economic analysis, approaching

carbon storage as an investment problem. McCarl et al. (2005) and Lewandrowski et al.
(2004), for example, provide comprehensive review of different approaches.

Key to investment problems is the net present value (NPV) of the stream of returns. A

landowner considering a sequestration project would compare the NPV of carbon storage

against the investment cost plus the discounted stream of annual maintenance costs, just as

he/she might compare the NPV of returns to installing irrigation to enhance crop production

or establishing a forest for purposes of harvesting the wood. Herzog et al. (2003) offers one

formulation of this NPV problem, formally expressed as follows:

NPV = p(0)a(0) +
∞∑
1

p(t)a(t)(1 + r )−t (3)

where: p(t) is the price of carbon in year t, a(t) is the net amount sequestered or leaked in

year t, and r is the interest rate. They use the formulation to estimate a ‘discount’ factor for
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ocean sequestration, assuming that the carbon would be sequestered in year 0 and would

gradually return to the atmosphere over an extended period of time. Thus, in their problem

a(0) is positive and a(t) is negative for t = 1, . . . ∞. The same approach has been proposed

for land use sinks. For conceptual purposes, the time periods could be of a length where

sequestration all occurred in period 0. For example, each period could be 10, 20, or 40 years,

and physical leakage then might occur in later periods.

Once a cap is established, the economically efficient approach for pricing carbon is to

allow the market to determine it. A landowner who sequesters a ton of carbon in period t may

choose to sell the ton at the market price in time t or hold it for future use or sales. At time

t + n, should he/she emit a ton of carbon back into the atmosphere, he/she would then be

responsible for purchasing a carbon allowance at the market price in year t + n or opt to use

the banked ton. This is symmetric treatment for a fossil fuel emitter (e.g., an electric power

producer) who might be considering different power plant options that would have different

streams of carbon emissions in the future. If the carbon stream was less than the allowance

stream, the power producer could sell the extra allowances into the market. Alternatively, it

could bank them against the possibility that it may not be of interest to continue the operation

of the carbon-saving power plant indefinitely just as the landowner might decide to change

his/her land use practice in such a way that carbon previously sequestered is released.

The alternative solutions, an established rental price or an established discount rate for

land use sinks, leads to potential economic inefficiencies by asymmetrically treating fossil

emitters and landowners. If a public entity setting the rental payment or discount factor

knew, with complete certainty, future carbon prices and market rate of returns, as well as

which sinks would leak at which rates (or at least the average physical leakage rate), then

it can establish an equivalency between rental rates, the carbon price, and a discount factor.

Such equivalency calculations are the basis for rental payments and discount factors in the

literature.

Herzog et al. (2003) calculate the discount factor, first by calculating the NPV as in

Equation (3), and then dividing it by the NPV of permanent storage (i.e. when a(t) is zero

for t = 1, . . .∞). Lewandrowski et al. (2004) calculate a rental payment (a) as:

a = r P (4)

where: r is the discount rate and P is the price of a ton of permanently sequestered carbon.

This result is derivable from a formulation like equation (3) under some highly simplified

assumptions, namely that the price of carbon is constant over time. As Herzog et al. (2003)

showed, if the price of carbon rises at the rate of discount, then the value of temporary storage

is zero. There are conditions under which we might reasonably expect the carbon price to

rise at that rate. In particular, with a stabilization target and no backstop, efficient allocation

of the reduction through time would require a constant discounted price (i.e. the actual price

rises at the discount rate). We do not insist that the actual carbon price will necessarily rise at

the discount rate, but use this example to illustrate that the rental rate for carbon is conditional

upon assumptions of the future carbon price path.

Each of these various cases derive from the same basic formulation and can be utilized

in practice, namely: sell or buy permits as you go, discounted tons, or renting carbon. While

the mathematics can be manipulated to derive one formulation from the other, two main

problems arise.

The first problem is due to the fact that calculating the discount factor or the rental price

requires an entity to observe or estimate future carbon prices and the appropriate discount

rate. If a public agency is to compute the discount factor or the rental value, it is necessary
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to produce a projection. This means that the public agency bears the risk of being incorrect

with rental or discounted tons calculation. In contrast, when the fossil emitter’s investment

decisions require forecasting, the risk is borne by the private entity. One can make a case

that the public agency should take steps to limit risk to private entities, but having some

segment of mitigators (e.g., fossil emitters) bearing the risk, and another segment (e.g., land

use sequesters or emitters) not bearing the risk leads to inefficiency.

The second problem is because, whether physical leakage occurs, and when, is not purely

a phenomenon of nature that transpires at a known frequency, but is partly under the control

of the landowner. This means that an up-front discounted payment with no requirement to

be responsible for the future of the carbon, creates no incentive for the landowner to take

actions that would prevent return of the carbon to the atmosphere. The rental formulation

partly avoids this by only paying as you go. However, because it produces incentives for

sequestering and not preventing emissions, it leaves land use emissions uncapped.

The discounted tons approach makes carbon sequestration less attractive. Those landown-

ers who might be willing to assure that the carbon was permanently stored will be less willing

to sequester at a discounted payment. If physical leakage were a purely natural and random

phenomenon, with no ability to know what its rate was for a specific parcel or to control

it, then the discount approach would on average credit the right amount. Since, with these

assumptions, the landowner had no control over physical leakage, the lack of incentive to

control it has no effect on leakage. However, these are unreasonable assumptions. Those

landowners who, a few years after accepting the payment, decide to do something else, face

no penalty for releasing the carbon.

Realistically, a program of up-front payment would likely include conditions that would

limit the landowner’s actions, or penalize him/her, for actions that led to sequestered carbon

being emitted. The efficient penalty is for the landowner to purchase carbon permits at the

market price the time the carbon is emitted. However, the notion of a penalty (i.e. that a

wrong was committed) mischaracterizes the decision. Simply allowing the landowner to

essentially “buy-out” of the commitment to store the carbon via purchasing credit preserves

the option to use the land in another way if it is more economically efficient. From a broader

economic standpoint, preserving this option is logical. If, for example, food is scarce and

agricultural commodity prices rise, the landowner can switch to crop production. As long as

carbon allowances are purchased to cover the emissions, the country will continue to be in

compliance with its GHG mitigation targets, yet it allows land to be used to solve another

pressing problem, specifically food supply. There is no net physical leakage not covered by

a reduction in emissions (or more uptake) elsewhere, and so it is not necessary to discount

the sequestered tons initially.

The concern above is relevant to a public agency implementing these formulas differently

for landowners than for fossil fuel emitting sources. Market approaches in capital and invest-

ment markets may develop in a carbon market if it follows the system we propose – selling

when sequestering at the then current price, and requiring allowances to cover emissions if,

at some point, the carbon is released back to the atmosphere. In particular, landowners who

desire an up-front payment may find intermediaries prepared to pay some amount for the

future stream of sequestration. The payment would reflect the intermediary’s expectations of

the future prices of carbon, thereby necessitating a contract structured to describe who bore

the risk if the landowner was later found not to have sequestered the carbon. In order to be

successful, this requires that that the sequestration agreement be legally enforced and that

the sequestration is monitored over time by a public agency. Landowners might simply bank

credits they have created through sequestration speculating that the price might increase.

Future prices and futures’ contracts may develop, and intermediaries may be willing to rent
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carbon based on their speculation of what temporary storage is worth (i.e. speculating on

how carbon prices would change). Such contracts and agreements between landowners and

intermediaries could be negotiated, or might vary depending on the interests of the landowner,

as well as the risks the intermediary is willing to accept. In short, the market could invent

solutions to illiquidity or the need for up-front payments to cover investment at some price,

just as it has for other investments if the overall carbon market is well-structured. Such a

price is likely to be discounted because the intermediary is bearing the risk, but the discount

will reflect the market assessment of that risk.

4.2 What should be done about the high variability of ecosystem uptake

or large releases due to fire?

The amount of carbon taken up by plants varies dramatically from year-to-year depending

on the weather (e.g. Felzer et al. 2004; Sarmiento and Gruber 2002). For example, rapid

growth in one year may produce a large amount of litter subject to rapid decomposition.

If followed by a year of poor growth, the result may be greater net emissions that year,

with decomposition release greater than the carbon taken up by new growth. Events, such as

wildfires, can also lead to sudden release of much of the carbon stored in the area subjected

to the fire (Zhuang et al. 2003).

These natural phenomena that generate variability appear to be no different from the

average situation landowners face. Inclement weather that leads to relatively little carbon

uptake, and possibly net emissions, is no different than the situation where inclement weather

leads to crop failure and financial loss because there is no revenue to cover cost of planting and

other costs of farming. Similarly, the forest manager who had planted a forest in anticipation

of harvesting the timber faces potentially large loss if there is a forest fire that wipes out the

young forest. Limiting financial liability for these risks in the case of carbon storage would

limit the incentives landowners would need to take actions to limit the effect of these events.

Specifically, the prudent landowner would enter into carbon sequestration with the same set

of risk calculations he/she would use in cropping or timber management, taking into account

an estimate of the carbon uptake variability over time. This might include carrying a bank of

credits from “good” years to cover “bad” years, the use of various financial instruments to

cover the risk (e.g., saving, insurance, forward options on purchase of allowances to cover

potential risks), fire prevention, or weather amelioration strategies (e.g., irrigation) that would

limit the effects of these natural conditions.

One element of the variability issue deserves some serious consideration. Public moni-

toring and enforcement will need to create a periodicity to inventory requirements. It is not

likely that land use carbon would be ‘continuously monitored’. Carbon is exchanged con-

tinuously over the day and seasons with periods of net uptake and net release. The preferred

method is likely to involve estimating a stock at time t, re-estimating the stock at some later

time, and the difference is the net uptake or release. Thus, there is a decision to be made

as to how often that inventory must be made and reported. The KP set a five-year commit-

ment period for countries, essentially allowing unlimited borrowing and banking within that

period. Countries may require fossil emitters to provide inventories more frequently (e.g.,

annually). Because of the variability of land use carbon, the difficulty and cost of accurate

measurement, along with the likely approach of measuring the stock instead of the continuous

flow, it follows that it is preferred to have a longer required inventory periodicity for land

use carbon. This would automatically allow for borrowing and banking over the established

period by the landowner. For example, assume an annual inventory period is required, and

the landowner has to be in compliance with the target each year. Then, if the first year is
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an inclement weather year (e.g., a forest fire), the landowner might be required to make a

relatively large purchase of allowances to have large net sequestration in subsequent years.

This is feasible such that explicit banking and borrowing provisions are created in order to

minimize this variability. However, inventory methods are likely to involve some cost, and

may not be sufficiently accurate to reliably measure year-to-year changes. This suggests that

the goal may be to set the periodicity of the inventory at least every five years and possible

as much as every ten or twenty years.

It is not essential that the periodicity be the same as either a national target period such as

in the KP or the same as for fossil emitters. If, however, one requires that allowances can only

be used once the carbon is actually sequestered (and has been certified as such), this could

mean that no sequestration could be credited until the second inventory was taken, possibly

twenty years in the future (if that is the official reporting period). This does not present any

fundamental problems, but for those hoping to use sequestration in early periods, this would

prevent it. It does not necessarily imply that landowners could not find intermediaries who

would pay them relatively early, on an early assessment of carbon sequestered as well as an

expectation of future carbon prices. However, one way to add flexibility without requiring

relatively frequent and costly inventories would be for the reporting rules to allow, while not

requiring, landowners to inventory more frequently. Landowners would determine whether

the cost of more frequent inventory was worthwhile given their desire to sell allowances

early.

4.3 How to resolve the problem of determining direct human responsibility

for sequestration?

The KP limits sinks credits against targets to those due to “direct human-induced. . . change.”

In retrospect, this may be among the most problematic passages on sinks in the agreement. Ni-

trogen deposition, along with increased ambient levels of CO2, likely enhances forest growth

and carbon uptake (Felzer et al. 2004). Moreover, tropospheric ozone and other pollutants

likely damage vegetation and reduce uptake. Felzer et al. (2005) estimated the tropospheric

ozone damage effect to be substantial. While it remains controversial as to the extent, CO2

fertilization, as traditionally modeled, strongly enhances vegetation growth and carbon up-

take. Climate change itself will affect plant growth. This is one possible interpretation of the

“indirect effects” that the KP excludes. The United States’ interpretation differed markedly,

proposing that simply protecting property rights constituted direct human action, and to the

extent that led to carbon sequestration, that carbon reduction could be included.

Even if one were to adopt a very narrow definition of actions (e.g., a specific forest

established with the express intent of sequestering carbon), and one could somehow assess

“intent,” the “direct human-induced” language would seem to require the ability to attribute

some portion of the carbon sequestered to the direct human action. It would mean deducting

that portion due to indirect actions (e.g., nitrogen deposition, CO2 fertilization), or even

giving credit for more than was sequestered, if some indirect action (e.g., tropospheric ozone)

damaged vegetation that otherwise would have taken up carbon. At some point, one would

need to confront the reality that, once trees are planted, it is nature that takes-over and grows

them. Thus, the distinction between what is due to direct human action and what is due to

indirect natural action is highly ambiguous.

Vegetation growth is a collaborative effort of humans and nature, where the result is not

uniquely attributable to either collaborator. Attempting to create rules followed by measuring

and attributing carbon uptake to different causes appears to be unproductive, increasing the

cost of monitoring and contributing to overall cost inefficiency. With clear property rights
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for land in conjunction with the ability of the landowner to sell allowances for anything

sequestered on it above the established baseline, or pay for emissions above (or sequestration

less than) the baseline, that landowner (or the country in the case of national targets) has an

incentive to correct the problems that lead to damage. Again drawing the comparison with

forest and agricultural products, products harvested by the landowner can be sold and are not

subject to a test of whether the products were “human-induced”. The public good nature of

the “indirect” human affects (e.g., air pollution) requires collective action to solve. Including

all carbon sequestration or emission within an incentive structure would not automatically

solve these problems. However, with landowners losing or gaining, depending on whether

these other environmental problems are solved, it would at least provide a motivation for

them to support collective action on pollution.

4.4 To use a broad cap or sinks as credits?

In the experience with emissions trading systems, two types of approaches to creating tradable

emissions reductions are identified (Ellerman et al. 2000). The first is a cap-and-trade system

that distributes allowances that must be used by entities under the cap to cover their emissions;

trading is among these allowances. Entities to whom they are originally distributed may

purchase more if they need them or sell extras they do not need, though they must hold

allowances to match their emissions.

The second type of system is a credit system. In a credit system, credits are earned by

reducing emissions below a baseline that is somehow established. Traditionally, entering

the credit system is voluntary. There is a market for the credits and it is in the economic

interest of an entity to produce credits at the market price if they can do so. However, other

entities may choose not to enter the credit system and, hence, they are not required to make

any reductions. A credit system is often an “add-on” to an allowance cap-and-trade system.

The cap-and-trade system forces the entities under the cap to reduce emissions regardless of

whether it is economically desirable. Hence, allowances have a positive market price. Those

entities outside the cap, though allowed to produce credits, can observe the price and sell

credits in if they chose to do so. Since producing credits is voluntary, no entity covered under

the credit system should bear net costs, unless they have miscalculated their own cost of

producing the credits. Those under the cap can be shown to gain from trading (as compared

with trying to meet the allocation without trading). However, in most cases, they are bearing

costs compared with not having the policy at all. In short, trading is beneficial because it

reduces costs. Of course, a generous allowance allocation can mean that, even under the cap,

there may be some entities that benefit from the policy compared to the case with no policy.

Despite these limits of a credit system, all of the major initiative for cap-and-trade systems

in place or proposed use a credit system to create incentives for sinks.

4.5 Permanence and leakage: A special problem for carbon sequestration?

Watson et al. (2000), Lewandrowski et al. (2004), and McCarl et al. (2005, 2006) provide

reviews and extensive discussion of the leakage issue. Here we discuss the leakage issue in

the context of a cap-and-trade system. Physical leakage, as discussed in Section 4.1, relates

to the idea of a specific project or land parcel where, over time, some of the carbon originally

stored returns to the atmosphere. This phenomenon is also often discussed as an issue of

the permanence of the sink. Leakage is a term that has also been applied to problems faced

by cap-and-trade systems where, having set a cap, presumably based on a solid assessment
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of acceptable emissions of carbon to the atmosphere, more emissions enter the atmosphere

because reductions taken by some entities are offset by an increase in emissions by entities

not under the cap. If the leakage occurs in a different place during the same period, we

refer to it as spatial leakage. There can also be a phenomenon of temporal leakage whereby

entities are induced to make reductions or sequester carbon in one period, but are outside

the incentive system in a later period. In the case of temporal leakage, the increase may be

from the entities that reduced emissions in an earlier period or from other entities. If the

former, it would also appear as physical leakage. In this case, however, it is a problem for

the broader carbon reduction goal because the increase is not offset by reductions by other

entities and, hence, the atmospheric goal is not achieved. From a public policy standpoint,

a well-designed carbon mitigation program should be concerned with whether the overall

environmental goal, in terms of reduced atmospheric carbon, is met.

Both spatial leakage (i.e. landowners not voluntarily entering the credit system) and tem-

poral leakage (i.e. a landowner selling credits this period with the sequestered carbon being

emitted in later periods) are particularly problematic with credit systems. A forest landowner

who forgoes harvesting to sequester carbon, reduces the supply of lumber. However, the

demand for lumber remains unchanged and, therefore, other lumber suppliers produce more

lumber. As a result, most of the sequestered carbon may be offset by higher emissions from

the forest harvest elsewhere, even though the carbon remains physically sequestered by the

landowner under the cap or credit system. Leakage will potentially occur anytime the pol-

icy is incomplete spatially or temporally. Cap-and-trade systems that are not geographically

comprehensive also suffer leakage. If a cap-and-trade system were only going to be in place

for a few years, one might expect temporal leakage in such a system as well. A meticulously

structured policy that covers all potential emitters and sinks across space and time eliminates

the problem of leakage. A credit system with voluntary coverage does not assure this whereas,

in contrast, a cap-and-trade can be easily structured to do so.

4.6 Pre-existing distortions

Equating marginal costs of carbon reduction and sequestration across the economy is an

economically efficient solution in an idealized economy where all other prices appropriately

reflect the real marginal cost of goods. Taxes, subsidies, and unregulated externalities (positive

or negative) result in prices not reflecting the full marginal cost of all inputs. Therefore, an

idealized policy that results in equating marginal costs of carbon reduction among countries

or across sectors may not be the most effective policy (Babiker et al. 2004). Some fuels are

taxed heavily in some countries and these pre-existing distortions affect the cost-effectiveness

of carbon policy (Paltsev et al. 2006). Agricultural subsidies likely interact to affect the

efficiency of carbon pricing as well but there has been no study of this effect. There also

exists the possibility of positive externalities (ancillary benefits) of both carbon sequestration

and emissions reductions. For example, emissions reductions by fuel switching may reduce

the emissions of many other air pollutants (Yang et al. 2005). In addition, carbon sequestration

may reduce soil erosion and leaching agricultural chemicals, thereby, reducing water pollution

(Marland et al. 2001).

All of these externalities and distortions mean that equating carbon prices across sectors

and economies is unlikely to result in textbook economic efficiency. The “first-best” solution

in these cases is to find a way to eliminate the other distortions by appropriately pricing other

externalities or to reduce the distorting effects of taxation. Clearly, this is an area that requires

more research attention. Our view is that it is important to avoid the initial impulse of adding
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a markup/markdown on carbon prices from activities with different pre-existing distortions.

The danger of such markups/markdowns is that the ancillary benefits (or additional costs)

are likely to vary by: fuel for fossil emissions, particular site where the emissions occur, and

sequestration option for land use activities; they may also change over time. Thus, it seems

preferable to work toward correcting the other problems directly, and pricing the “partial

interest” in the carbon mitigation options for its equivalent climate benefit. Wiebe et al.
(1996) provided a discussion of pricing such partial interests in land. There may be reasons

to make exceptions to this rule in some cases, but it seems most preferable to focus the carbon

cap instrument primarily on climate policy rather than to use it to collectively solve a myriad

other problems for which it may not be an effective instrument.

4.7 Measurement, monitoring, and enforcement

Much scientific attention is directed at developing and improving the reliability of techniques

to estimate the stock of soil carbon at a particular time, with Watson et al. (2000) providing

an extensive discussion. It is inevitable that there will continue to be uncertainty and inac-

curacy in these measurements. However, measurement error need not prohibit the inclusion

of carbon sequestration in a cap-and-trade system. A trading system can operate as long as

the measurement process is accepted as defining an authoritative measurement. The process

might include a technical approach to measurement, the ability to challenge a measurement,

a process for resolving questions/challenges, as well as final certification. While error in mea-

surement can be tolerated, it would be relatively difficult to create legal authority if errors

appeared to be so large and random that they lack any scientific foundation.

A subtle problem is compromise of the effectiveness of the system if there is a bias in the

measurement process. If, on average, the measurement process systematically underestimates

carbon stored, the system will provide too little incentive to sequester carbon. In contrast,

if it systematically overestimates carbon, the cap will be legally attained provided that the

measurement system is legally accepted, though the effect on the atmosphere will be less

than expected. This can be remedied by further tightening of the cap to meet the atmospheric

target. However, the carbon sequestration will be over-employed compared to emissions

reductions because pricing is not reflecting the actual carbon sequestered.

Another subtle problem is a measurement process that has been constructed to be unbiased

based on experimental measurement, but the incentives to participate lead to bias in the actual

application. Consider the following hypothetical situation. A practice is extensively evaluated

through experiment and an average sequestration level is attached to that practice. The average

sequestration achieved by the practice becomes a part of the measurement method (i.e. part

of the model by which carbon inventory is estimated). Under real conditions, the vigor with

which the practice is implemented may be subject to variation. If it costs more to vigorously

implement the practice, actual landowners may have an incentive to minimally implement the

practice. As a result, less carbon is stored on average under real conditions than the average

experimental result. Another way this may happen is if the cost of implementing the option

is correlated with an environmental condition that also affects the amount of carbon stored. If

the correlation is such that lower costs are associated with lower carbon uptake, the average

uptake under real conditions will again be less than the experimental average. The reason is

because the activity will be implemented at the relatively low cost sites, but it may not be

economic to implement at the relatively higher cost sites. Reliance on practice, as opposed

to actual measurements, tends to increase the chance of these incentive effects to create bias

in the estimates.
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Lastly, enforcement is a necessary element of a successful system and must be part of the

design. One of the surprising aspects of a cap-and-trade system as described by Ellerman

et al. (2000) is that enforcement has been relatively successful. Although there is no direct

economic reason for this, it appears regulators are more willing to enforce a cap when

they can identify allowances that can be purchased to meet the cap. Since all entities have

opportunities to purchase in the same market, the claim of “special hardships” by some

entities that prevent them from complying is less compelling. Hardship is more compelling

in systems where entities must comply with an individual limit. Consider the hypothetical

case of wildfire that resulted in carbon emissions. If the landowner were required to meet

some level of sequestration, as well as keep the carbon sequestered for some minimum period

of time, enforcement in the face of fire becomes problematic. The landowner may have little

ability to actually comply. The enforcement agency can levy a fine, but this can appear

unreasonable given the landowner could not prevent the fire. This would likely give rise to

hardship exclusions. In any event, the carbon is in the atmosphere, and levying a fine will

not remove it. With a cap-and-trade, where the landowner can purchase or sell allowances,

a fire is still a hardship. However, the landowner can still comply by purchasing allowances

and, thus, does not face a situation where there was no way to actually comply.

Once again, homeowners and businesses that choose to locate in areas prone to disasters

face the economic consequences of them. In doing so, they presumably try to limit their

exposure to, and the effects of, these disasters. The same principles should be applied to

carbon sequestration. To the extent emergency aid or disaster assistance would apply to carbon

losses, care is required to structure the aid so as not to undermine the incentives to reduce the

chance of losing the carbon. Completely exempting the landowner from any responsibility

to cover these emissions with credits would certainly undermine these incentives. One relief-

generating alternative worth further consideration would be if the landowner demonstrated

effort to reestablish the forest and restore the carbon. He/she could borrow against that

planned future replacement of carbon to cover the large loss; such borrowing automatically

occurs within the inventory period. Thus, a long-term period such as 20 years suggested in

Section 4.2 automatically gives the landowner an opportunity to restore carbon released in,

say, year three into the inventory period. Although the fixed period still creates the possibility

that a fire in year nineteen or twenty would create a severe hardship. An additional borrowing

provision may ease this concern.

4.8 Carbon stored in products

Harvested material from forests and farms end up in a variety of product streams. Some are

relatively short-lived such as food or pulp and paper. Others may remain “stored” for decades

or hundreds of years (e.g., lumber used in buildings or furniture). Schlamadinger and Marland

(1999) provide some estimates and discuss issues related to carbon in the product stream.

This raises the key question: In harvesting a forest, should the harvested product be tracked

until it actually decomposes, and only then counted as an emission of carbon requiring

an allowance? In principle, the answer is “yes” because this would provide an incentive

to not finally dispose of these products if they can be salvaged or reused. In doing so, it

would accurately account for the time between harvest and decomposition when the carbon

remained out of the atmosphere. In practice, this would require a complex tracking system

both of the product and of the product owners to ensure that they were liable for emissions,

if and when, they dispose of the product in such a way that the carbon was released to the

atmosphere.
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Simpler approaches would be to ignore this storage and assume the carbon will ultimately

return to the atmosphere. Another approach is to try to apply an average discounted ton

factor as an offset to the total harvest. Neither approach creates an incentive to prolong the

life of carbon stored by not destroying structures or by recycling used lumber. Crediting via

a discounted ton approach returns us to the problem of estimating this discount factor, which

we rejected earlier.

Bio-energy is a carbon-containing product of vegetation that has the potential to become

more important as a “carbon-free” energy source in a carbon-constrained world. It can be

carbon-free if the biomass used is from areas where the crops are continually regrown. The

carbon in the soil is not being depleted, and fossil energy is not used in its production. Given

the potential importance of bio-energy as a solution to climate change, creating incentives for

bio-energy is particularly important. If one simply exempted biomass energy producers from

the cap, ignoring emissions that occur in processing and combustion on the basis that these

are being taken up by next year’s biomass crop, it would provide no incentive to regrow the

biomass.4 Schlamadinger and Marland (1999) find that, in cases of clear cutting forest stands

with large amounts of biomass, the loss of carbon may never return to the pre-disturbance

level even when accounting for energy and long-lived stocks. Similarly, disturbed cropland

often has significantly less carbon than in its pre-disturbed state. To correctly account for

such land conversion losses of carbon or non-sustainable management of land, land used to

produce biomass would need to come under a cap to provide correct incentives to maintain

carbon stocks in soils or in standing vegetation/detritus. Because the bio-energy would be

combusted relatively quickly (e.g., weeks, months, a few years at most) after production, one

could then exempt emissions from combustion of the fuel completely (e.g., at power plant

or by vehicles using a liquid fuel). This approach could be applied to other product streams

that are short-lived, reducing the monitoring problem to the land parcel without the need to

follow the product stream.

The long-lived product streams create a more severe problem of tracking and monitoring.

More investigation is needed to determine the importance of long-lived product streams. An

important issue is whether this carbon pool would be substantially affected by creating proper

incentives to manage it. Any gain should then be balanced against the cost of establishing

the necessary monitoring and tracking system for the carbon.

5 Summary and conclusion

Many of the problems and concerns that analysts and policy makers have spent enormous

effort trying to solve relate to how sinks have been included in climate policy architecture.

Their limited inclusion in the architecture of the KP has been borrowed for further policy

proposals in domestic legislation in the United States. Most of these issues vanish if the one

brings land use fully under a cap-and-trade system. Doing so creates incentives to control both

land use emissions and enhance land use sinks. Whether the area is a defined as a forest or not

is irrelevant – all that matters is changes in the stock of carbon. The problem of market leakage

4 Ethanol as currently produced often results in significant CO2 emissions from fossil fuels because they are
used in various parts of the processing cycle such as in distillation. If fossil fuel use is fully under a cap –
including that potentially used in biomass, then this is not a problem because those emissions will be controlled
under the cap covering energy use emissions. In other policies where this carbon is not priced properly, the
net CO2 emissions from ethanol production could render it to be worse than using petroleum products in the
first place. So, this is an important concern in many policy contexts but here we are assuming carbon from
fossil emissions are priced appropriately.
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is best seen as a problem of incomplete policy, either in space or time; bringing land use fully

under the cap eliminates the problem of leakage. Physical leakage is not in itself a problem

if landowners are required to cover leakage by purchases of allowances. Any net effect on

atmospheric concentrations is eliminated. This treatment of physical leakage has the virtue of

maintaining the atmospheric carbon goal as well as preserving an important flexibility in how

land can be used in the future should economic conditions unexpectedly change. Coverage

under a cap allows landowners to sell current allowances at current prices, but requires them

to cover future emissions with allowances when the emissions occur. Although land use

carbon sinks/sources are subject to much variability, owners are accustomed to dealing with

variability regarding current uses of land. Specifically, farmers and foresters face risks of

natural disasters that damage their crops or their forest stands, and they make investments

in the face of these uncertainties. Increasingly, market intermediaries have come into being

to bear or pool risk, or to allow hedging against these uncertainties. There is reason to

believe that these same types of intermediaries would participate if there is a robust market in

carbon allowances. Cost-effectiveness in carbon mitigation actions requires, not only an equal

carbon price across sectors, but also that the risk of estimating future conditions be borne

equally across sectors. Publicly determined rental rates or discount factors applied to land

use emissions/sinks are unlikely to reflect the market assessment of future carbon prices that

are the basis for investments in fossil fuel emissions reductions, and would provide a certain

assessment of that future whereas fossil fuels sources would operate under uncertainty.

Redesigning the inclusion of land use activities in a cap and trade system requires careful

assessment of the implications for the appropriate level of a cap and has implications for the

distribution of the burden of reductions. The seven percent below 1990 fossil emissions in

the KP, or a return to 2000 emissions as in the proposed McCain-Lieberman Bill, have very

different implications if applied to the total of fossil and land use emissions (net of sinks)

than if applied to just fossil carbon with land use entering through a credit system that is

quantitatively limited. We argue that the inventory period for land use should be longer than

for carbon emissions. A required reporting requirement of every ten or twenty years may be

appropriate with the flexibility to produce an inventory more frequently (if so desired by the

landowner).

Measurement, monitoring, and enforcement for land use sources and sinks are also im-

portant issues. Measurement need not be exact, but the measurement process needs to be

unbiased, and more accurate measurements will be more broadly accepted. The measurement

process needs to include the ability to challenge results along with established procedures

to resolve those challenges. The ancillary benefits/costs and interactions with taxes and sub-

sidies are potentially important issues that can affect the cost-effectiveness of an idealized

system with an ultimate goal of achieving equal marginal cost abatement across sectors and

countries. The “first-best” solution in these circumstances is to correct these problems with

instruments designed to address them specifically, rather than attempt to markup or mark-

down different mitigation activities because they are associated with other benefits or costs.

There is inevitably interest group resistance to such “first best” solutions. It may still be

preferable to develop a clean carbon trading system, rather than to try to adjust the carbon

price from different sources to account for negative or positive externalities when there is

likely to be significant error in such an assessment. In particular, the value of these external-

ities are likely to vary by source, site, and the practice used for reducing carbon emissions

or increasing sinks. Inefficiency in using an average factor for ancillary benefits or costs,

when the actual levels were known poorly, could easily outweigh the hoped for gains seen

in studies that precisely differentiate carbon prices based on known externalities. Finally, the

issue of carbon contained in products presents a further measurement and monitoring issue
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that could add considerable complexity to any system. The lifetime of the product matters,

and further investigation is needed as to whether a monitoring system for long-lived products,

tracking their fate until their eventual decomposition, would improve efficiency or present a

costly burden with little benefit.

In our opinion, the role of sinks in climate policy has been made unnecessarily complex.

In part, this appears to be a relic of history, resulting from the fact that sinks were added

relatively late in the negotiation process that led to the KP. It was designed and emissions

targets advanced around the goal of reducing fossil fuel emissions. Accommodating sinks

later in the process led to rules that limit the impact their inclusion would have on the agreed

targets and on the distribution of the burden among countries. In addition, there was a relative

vacuum of information as to how large these sinks were, and how they might change over

time for the Parties involved. The Kyoto model for sinks has been borrowed in other proposals

such as the McCain-Lieberman Bill in the United States, which again, because of concern

for the impact of such credits, placed quantitative limits on their use. The crediting approach

in these climate policies has well-known problems that are difficult to correct. Therefore, it

seems worthwhile to rethink this approach and, if cap-and-trade is the proposed approach for

climate mitigation, to bring emissions from land use and land use change fully under such a

cap.
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