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Executive Summary
There is widespread recognition of the potentild forests can play in contributing to Green
House Gas (GHG) reductions through carbon seqtiestr&lon-industrial private forests
(NIPF) comprise a significant portion of forestdhe U.S. (approximately 40%). Thus, it is
crucial to assess the role that NIPF landownergtanin broader carbon sequestration efforts.
Management actions that could increase carbon stegtien on NIPF lands include
afforestation of agricultural land, longer rotapimtensive management, changing stocking
density, or choosing alternative tree species. Bg#he resulting carbon sequestration benefits
are to a large extent external to individual landerg, incentives such as carbon sequestration
subsidies and carbon release taxes, carbon reetldr cost-sharing agreements, may be
necessary to induce them to adopt these managemigos. A key question is how effective
these different policies can be in eliciting thesided management choices by NIPF owners.

In this report we assess the current state of kexbgéd about carbon sequestration in forests,
including afforestation of agricultural land, seqtration in existing forests, and sequestration in
NIPFs. We review the broader literature on the @asp of NIPF owners to incentives intended
to promote specific forest management activitiess tanconserve habitat for endangered species,
and discuss the literature on incentives for cadmquestration in agriculture as well. We also
discuss the issue of additionality in terrestraabon sequestration and briefly evaluate the
suitability of the data available to study NIPF aeior in the context of sequestration.

The literature on carbon sequestration and incestsuggest that various types of incentives
can effectively be used to promote afforestatioth fanest management practices to increase
carbon sequestration. However, the literature dPRdIsuggests that the effectiveness of

incentives programs depends on a variety of factoctuding the objective of the policy and



landowner and property characteristics. Theref@sylts from existing studies cannot
necessarily be extrapolated to draw conclusionthempotential effectiveness of incentives for
carbon sequestration on NIPFs. A separate studydbases specifically on this topic would
provide more reliable insights. Finally, our revisuggests that the issue of additionality is
relevant in this context, and that the design gfianentive scheme to elicit increased carbon
sequestration needs to carefully consider how tomize the costs caused by asymmetric

information about landowner’s baseline behavior.



1. Introduction

There is widespread recognition of the potentild forests can play in contributing to Green
House Gas (GHG) reductions through carbon seqtiesti@rand 1998; Metz et al. 2001,
Lubowski et al. 2006). Non-industrial private faie@NIPF) comprise a significant portion of
forests in the U.S. (approximately 40%). Thuss itiucial to assess the role that NIPF
landowners can play in broader carbon sequestrafforts.

Management actions by NIPF owners that could isgrearbon sequestration on their lands
include afforestation of land used for agricultunereasing rotation length, intensive
management (e.g. juvenile spacing, fire contratjlization), changing stocking density, or
choosing alternative tree species (Stainback aasgtadpati 2002; Sohngen and Mendelsohn
2003; Shaikh et al. 2007). Because the resultingorasequestration benefits are to a large
extent external to individual landowners, incentgiveay be necessary to induce them to adopt
these management options (Stainback and Alaval2ap@g). Specific incentives could include
carbon sequestration subsidies and carbon relaass, tcarbon rental fees, cost-sharing
agreements, and agglomeration bonuses. A key quéasthow effective these different policies
can be in eliciting the desired management chdgdsIPF owners. This includes assessing and
understanding: (i) Baseline behavior, i.e. NIPF@mmner management choices and implications
for carbon sequestration in the absence of anytiass; and (i) Whether and how management
choices could be modified by incentive-based pedici.e., how landowners would respond to
different types of incentives and the implicatidmscarbon sequestration and incentive policy
design.

Other factors to consider in assessing the potasftidIPFs for carbon sequestration include

forest fragmentation and other spatial considenationcluding the possibility of economies of



scale for carbon sequestration (e.g., aggregatosihe potential role of agglomeration
incentives; the impact of carbon markets on theevalf forestland and the implications for
transitions between forest and agriculture thromgheased afforestation or reduced
deforestation; and other forest management obgstivthich may prevent landowners from
undertaking carbon sequestration activities or cedhe extent to which they do so.

In this report we lay the foundation for researtwdt will begin to address these questions. In
section 2 we assess the current state of knowlalget carbon sequestration in forests,
including afforestation of agricultural land, segtration in existing forests, and sequestration in
NIPFs. In section 3 we review the broader literatom the response of NIPF owners to
incentives intended to promote specific forest nganaent activities and to conserve habitat for
endangered species. In section 4 we discuss tnardlliterature on incentives for carbon
sequestration in agriculture. In section 5 we disdine issue of additionality in terrestrial carbon
sequestration. In section 6 we briefly evaluatesthigability of the data available to study NIPF
behavior in the context of sequestration. Finallg,summarize and provide concluding

comments in section 7.

2. Carbon Sequestration in Forests

There is a large and growing literature that adtreshe general topic of carbon sequestration in
forests. Most of the attention to date has focuseissues related to the afforestation of
agricultural land. A smaller body of work addressahon sequestration in existing forests, but
does not necessarily focus on NIPFs. Only a redftismall number of studies deal specifically

with the issue of carbon sequestration in NIPFs.



2.1 Afforestation of Agricultural Land

Much of the literature that examines afforestatbagricultural land has focused on estimating
the costs of carbon sequestration. Parks and HElrfI85) simulate the impacts of subsidies for
sequestering carbon in new forests establishedjocuétural land. They derive a supply
schedule for carbon sequestered in marginal agui@illand converted to forest and use this
supply schedule to develop criteria for enrollingds in a national carbon sequestration
program. Plantinga et al. (1999), Stavins (199®wall and Stavins (2000), and Lubowski et al.
(2006) use econometric models of land use to sitmtitee effects of a payment (subsidy) for
forested agricultural land and a tax on deforektad. They find that sequestration increases
with a subsidy or a combined subsidy/tax policy, their main emphasis is on estimating
marginal costs of sequestration. Plantinga etl@P9) suggest that afforestation is a relatively
low-cost way of reducing carbon concentrationsvigta(1999) stresses that marginal costs of
sequestration are not trivial, and that land hefeneity leads to sharply increasing marginal
costs as higher quality agricultural lands are eot®d to forest. Newell and Stavins (2000) find
that costs of sequestration can be higher if taeedarvested periodically rather than
permanently established, that marginal costs iser@ath discount rates, that higher agricultural
prices lead to higher costs or less sequestraimhthat delayed deforestation can sequester
carbon at lower cost than increased forestatioboluski et al.’s (2006) estimated marginal
costs of carbon sequestration are greater thae fhas previous engineering cost analyses and
sectoral optimization models. They find that thenested sequestration supply function is
similar to the carbon abatement supply functiomfenergy-based analyses, suggesting that
forest-based carbon sequestration merits inclusiancost-effective portfolio of domestic U.S.

climate change strategies.



Plantinga and Wu (2003) simulate the response ivgterlandowners to subsidies for
converting agricultural land (cropland and pasttwdprest in Wisconsin. They examine the
environmental impacts of afforestation that go belyoarbon sequestration, such as modification
of wildlife habitat and reductions in agricultugdllution, and find that the additional
environmental benefits would be substantial, orstiae order of magnitude as the costs of the
subsidy program. Gillig et al. (2004) examine tRecats of carbon payments in the form of a
sequestration subsidy or an emission tax. Theynasti response functions that depict the effects
of carbon prices, energy prices, domestic agricalidemand, and foreign agricultural demand
on GHG emission reductions and sequestration. r Teégults suggest that restricting carbon
payments only to afforestation or deforestationmy to agricultural sequestration substantially
reduces potential mitigation. Policies that inclii¢h sectors consistently yield the largest
guantity of GHG offsets in their simulations.

Other papers have explicitly modeled the linksMeein agricultural land, forest land, and
timber markets, and examined the potential foretfisg changes in land use (from forest to
agriculture) resulting from price feedbacks. Adagnhal. (1993) address the link between forest
and agricultural sectors to capture price feedbaekseen forest, agricultural, and land markets.
They find empirical evidence of a rise in agricudiuprices, a fall in timber prices, and changes
in stakeholder welfare that could result from lasgale afforestation programs. They argue that
private landowners might need to be compensatkdep their land in forests. Otherwise, the
price changes resulting from afforestation coulavpte an incentive for offsetting land use
changes from forest to agriculture, creating carfleakage. Alig et al. (1997) use a model of the
U.S. forest and agriculture sectors in which lasd choices and forest management decisions

are endogenous. They examine the costs and laedadasstments from meeting a carbon



sequestration target to minimize net social weltargts. Their results suggest that policy-
induced land use changes to forestry may inducepeasating land use changes through their
impact on markets. They argue that land use dbiftseet policy targets may not be permanent,
and find that the main forms of adjustment to npegicy targets are to shift land use from
agriculture to forest and to manage forests maensively.

Finally, some papers have reported similar stuidiegher countries. For example, De
Jong et al. (2000) examine the response of smadls(stence) farmers and communities in
southern Mexico to incentives to switch from thairrent land use to forestry or adopt
management measures to increase sequestratiorasaghno forestry or improved forest
management. They calculate the expected respofiisatezial incentives in the form of carbon
sequestration rents ranging from $0 to $40 per Mega of C (MgC) sequestered. They find
that the amount of carbon sequestered would rgdlyafrom 1 million MgC to 38 million MgC
when the incentive level increases from $5 to $45N)gC, due mainly to natural forest
management and fallow improvement.

Van Kooten et al. (2002) examine the institutiond acentives needed to encourage
landowners in Canada to adopt tree planting onge lscale. They use data from a survey of
landowners in western Canada to provide insighte@ming transaction costs and the design of
appropriate institutions and economic incentivescfeating additional terrestrial carbon sinks at
least cost. Their results suggest the transactists ©f getting landowners to convert their land
from agriculture to plantation forests appear t@lsggnificant obstacle, possibly increasing the
costs of afforestation projects beyond what coriveat economic analysis suggests. Over one

guarter of their survey respondents indicatedtti&t would be unwilling to enter into an



afforestation program voluntarily, even if they &ty compensated for lost agricultural
revenues and tree planting costs.

Zelek and Shively (2003) measure the costs of casleguestration on tropical farms in
the Philippines. They empirically estimate the eaddi agricultural land and the opportunity cost
of converting fallow and agricultural land to foresd agro forest. They also derive the rates of
carbon sequestration for timber and agro forestsyesns and compute incentive compatible
compensating payment schedules for farmers whoesggjucarbon. To compute agricultural
opportunity costs, they use a combination of daienfhousehold surveys conducted in the
watershed and results from farm-level simulatidieey find that agro forestry systems are a
lower-cost alternative to pure forest conversiaoyling carbon storage at a marginal cost that
is up to 23% lower than the marginal cost of carstmmage through conversion to a pure tree
stand.

Shaikh et al. (2007) examine the costs of plarttiegs on marginal agricultural land in
western Canada and the compensation landownersiweguire for converting pasture and
cropland to forestry. They conduct a contingentiaiabn survey of landowners to incorporate
nonmarket values, risk attitudes, and unobservadhsaction costs. They find that farmers are
unwilling to plant trees on agricultural land witltdinancial incentives, but that the necessary
incentives would have to be less than net retwgticultural activities on marginal
agricultural land due to non-market benefits pemegiby farmers from trees. Nevertheless, they
find that average costs of carbon sequestratiorrgéed this way would exceed the projected
value of the corresponding carbon credits underbon emissions trading program.

Ahn (2008) uses an econometric land use share motteprovince-level data to

calculate the costs of carbon programs througtrestation in Korea. Estimation results show



that an increase in forest returns causes landewoeronvert agricultural land to forest, and
suggest that carbon sequestration can be a cestie#f mitigation policy in Korea, although it

is not necessarily the least cost option. The awhgues that enhancing the management of
timberland to increase of carbon stored per ueid & just as important as expanding
afforestation. Rodriguez-Vicente and Marey-Per@0f) analyze NIPF owners’ management
choices to transition between farming and forestijorthern Spain. They use a survey of NIPF
owners. They focus on past conversion of forestiéadow and marginal meadow to woodland.
They examine the structural attributes of the foneéding and past changes and future land use
intentions of NIPFs in the region for the 1999-2@@8iod. They find that the greatest forest
management activity was associated with largerdyetve) forest holdings, less divided forest
land, and more time available to dedicate to foyesttivities. Conversion of forestland into
meadow responded to increasing demand for agrialland and landowner’s occupation as a
farmer. Past transformation of marginal meadowotedt and future intentions to increase forest
area depended on past experience with forestryvéiether it had been profitable in the past,
and on the occupation of the landowner (retirech&as and non-agricultural professionals).
Intention to change forest species also dependéarest profitability.

This literature does not focus specifically on R$Ror on studying the effectiveness of
providing incentives for carbon sequestration. Hoevethese studies rely on financial
incentives, mostly tax/subsidy combinations, to soea the costs of afforestation programs. In
doing so, they strongly suggest that financial imises and changes in relative returns to land
use affect land owner behavior and can be usetttease carbon sequestration in private

forests.

10



2.2. Carbon Sequestration in Existing Forests
A number of papers focus more specifically on iasieg carbon sequestration in existing
forests. VanKooten and Sohngen (2007) provide tulusemmary of this literature.

Plantinga and Birdsey (1993) develop a carbon butigelel to examine the effects of
forest management practices on carbon storageviateiU.S. forests. The U.S. Forest Sector
Model is used to project changes in forest resauucgler the assumption of market equilibrium
for wood products. Changes in the forest carboentwy result from tree growth and
management activities, in particular harvestindgpase-run scenario projects increases in carbon
storage in private timberlands by 2040; howevas, iticrease is offset by carbon emissions
resulting from harvesting. The study concludes, tifi@urrent trends in private timberland
management continue, the effectiveness of thesks las a carbon sink may be limited. While
carbon budget surpluses are expected in near deaadeeasing deficits are projected in the
future as harvests increase to meet higher denmairwidoiod products.

Englin and Callaway (1993) investigate the impdaasbon payments on the optimal
rotation age of Douglas fir. Using a range of caralues from $10 to $200 per metric ton, they
find that with carbon payments the rotation age lwager than the traditional Faustmann
rotation age and was positively correlated withghiee of carbon. Plantinga and Birdsey (1994)
conduct a theoretical study to incorporate carkeyments into the forest rotation problem. They
conclude that in most cases the optimal rotationfisite when only carbon benefits are
included in the analysis, whereas when both cadmahtimber are included, the optimal rotation
would be between the optimal carbon-only rotatiod the optimal timber-only rotation. Huang
et al. (2001) estimate the annual financial comataos that utility companies would have to pay

private forest landowners to encourage sequestaddgional carbon, and calculate the average
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cost to sequester a ton of carbon. They calcul@amounts needed to compensate forest
landowners who apply economically sub-optimal ioted to sequester maximum carbon, or to
motivate private landowners to convert unstockadsanto productive forest lands to sequester
carbon. They find that the annual compensationegtand to increase as real interest rates
increase: the minimum annual compensation is $0eBhectare (ha) using an interest rate of
2.5%, whereas the maximum annual compensation2ig$per ha using an interest rate of
12.5%.

Murray (2003) uses an analytical model of timbet earbon rotation and data from
different forest settings to examine the effectsarbon sequestration incentives on the optimal
management of an individual forest stand. He fith@s the incentive modifies the optimal
timing of harvest and the return to forest land &#hngen and Mendelsohn (2003) add carbon
sequestration to an optimal control model of GH&®& model an incentive for sequestration
that takes the form of a carbon rental fee for emtidhitional ton of carbon stored. They find that
carbon rental payments increase the value of laed tor forests, causing more land conversion
to forest and increasing rotation lengths and mememt intensity (increasing stock density).
However, they argue that changing management ityaadess effective and more costly at
carbon storage than afforestation. Sohngen and B(@006) use a land use share model to
examine the mix of upland hardwoods and softwoondsthree-state region of the South Central
U.S. (Arkansas, Louisiana, and Mississippi). Thellase share model is combined with a
simulation model to examine the types of subsithas could be used to maintain the stock of
hardwoods in this region. The results suggestshbsidies of approximately $12—-$27 per ha per
year would maintain the area of hardwood forestsraduce carbon emissions over the next 30

years.
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Guthrie and Kumareswaran (2009) use a theoretiodkito examine the effectiveness
of carbon credit payments in providing incentivesgrivate forest owners to increase forest
land and lengthen rotations. They focus on altéregtayment systems that could be used to
allocate carbon credits to forest owners, includiligcation of credits depending on the amount
of carbon actually sequestered at a point in temeé, allocation according to the long-run carbon
sequestration potential of land, where landownegsive payment as long as the land is planted
with trees. They find that allocating carbon credian significantly alter harvesting decisions by
making forestry more profitable, lowering the timipeice at which the landowner abandons
forestry (i.e. switches land use) as well as theepat which it is optimal to harvest and replant.
Their results suggest that payments based on amdabdn stock lead to longer rotation periods,
while payments for long-run potential sequestrairaiuce shorter rotation periods. Payments
based on actual sequestration leads to greatefitsenem sequestration at a lower cost.

In research focused on other countries, van Koeteh (1995) examine the implications
of carbon subsidies and taxes for economicallynogitharvest decisions and for carbon
sequestration in forests in Western Canada. Sessade intended to encourage planting and
management activities that promote tree growth|enthixes discourage harvest and the
subsequent release of carbon. They find that @mntost likely range of parameters) rotation
ages would increase by roughly 20% over the le\edre no carbon costs or benefits are
considered. Van Kooten et al. (2002) examine tlom@aic aspects of the institutions and
incentives needed to encourage landowners in Canaatiopt tree planting on a large scale.
They argue that there are transaction costs assdaiath plantation forests in developed
countries that could make them more costly thagirally anticipated. Unanticipated transaction

costs could also thwart attempts by governmenitmpéement afforestation on a large scale. For
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an empirical study, they obtain data from a matlsurvey of farmers in Canada’s grain belt
region. Their results suggest that the transactomts of getting landowners to convert their land
from agriculture to plantation forests appear t@lsggnificant obstacle to afforestation, possibly
increasing the costs of afforestation projects bdywhat conventional economic analysis
suggests. Even if they are fully compensated fsir dgricultural revenues and tree planting
costs, more than one-quarter of survey respond@éhbtsf 177) indicated that they would be
unwilling to enter into an afforestation programurdarily. The authors argue that a possible
reason is that improving land by removing treesoissidered costly, both financially and in
terms of utility.

These papers examine carbon sequestration irngpleg do not focus specifically on
NIPFs. Nevertheless, their results broadly agree thiose from the literature that examines
afforestation. In particular, they suggest thaemtove programs including taxes or carbon
payments or other types of subsidies can impaatnreagement decisions of forest owners in

ways that can lead to increased carbon sequestratio

2.3. Carbon Sequestration in NIPFs

There is a small literature that discusses carbguoestration in the specific context of NIPFs.
Stainback and Alavalapati (2002) suggest that feresing managed for commodity production
could sequester additional carbon by lengtheniegatation and producing more products with
a long product life, such as sawtimber, and fewedpcts with a shorter product life, such as
pulpwood. They argue that, for private forestsemto/zes may be necessary to induce
landowners to consider carbon sequestration beneftheir production decisions. They
examine how internalizing carbon benefits onto ggewine plantations in the southeast U.S.

would impact forest management, specifically theénoal rotation age, the product mix
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produced, and the amount of carbon supplied irhgase forests. They set up a model in which
landowners are compensated for carbon sequesteteska grow and carbon is stored in timber
products (sawtimber and pulpwood) and are taxedddson emissions at harvest. They find that
a carbon subsidy and tax policy would increaseatheunt of carbon sequestered in a forest
stand in two ways: by lengthening the rotation age increasing the amount of biomass
produced in the stand, and by increasing the ptmpoof the biomass put into long-lived end
products such as sawtimber. This incentive systemidvhave a significant impact on the
management decisions of private forestland owrsitive values for carbon significantly
increase forestland rents. This increase in prif@testland rents induces landowners to use a
larger portion of their land for timber productighereby increasing timber supply at the
extensive margin. The increase in forestland reoisgd also reduce forest conversion to other
uses such as urban development. They also argutnh¢hiacrease in land values has
implications for the implementation of a carbonsdig and tax policy, since the fact that
landowners would gain substantially from such agyahdicates that it could be implemented
on a voluntary basis similar to the way the Consttom Reserve Program is implemented.

Alig (2003) summarizes land use and land cover ghsnidentifies the drivers of
deforestation, afforestation, reforestation, amtbgr harvest, and highlights the implications for
carbon sequestration in forests, including NIPFsakgues that U.S. landowners have responded
significantly to past government programs for fp&nting (afforestation), such as subsidized
tree planting for environmental goals, and thajgutions indicate that U.S. private timberlands
have considerable potential for additional wooddpiction and more carbon sequestration under
intensified management. However, he notes that MMRers' responses to incentives that try to

affect harvest decisions, such as delaying haraestcomplicated by the fact that many owners
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do not have timber production as a primary goaltaatisome owners have multiple land
management objectives.

Im et al. (2007) examine the welfare impacts arstof a carbon tax and subsidy
program for enhancing the sequestration of carlvothe existing private forest land base. Forest
owners are subsidized for the carbon they accumalad taxed for the carbon released by
harvesting. They develop a theoretical model afradt owner's response to the carbon tax and
demonstrate how the forest owner will adjust hariresarious circumstances. They employ a
model of the log market in Oregon to develop spee$timates of the impacts of the carbon tax
on harvest and management actions and to exanereo#t-effectiveness of the carbon tax as a
mitigation option in the forestry sector. The siated carbon tax leads to reduced harvest and
increased carbon stock in standing trees and utodgtiomass. Changes in the level of
silvicultural investments vary by owner, dependamgthe nature of their initial inventory.
Average rotation age increases, varying in exterdss ownerships and site qualities. Their
estimates of the marginal cost of sequesteringocaii Oregon private forests are shown to be
within the range of costs for projects consideaffgrestation alone in some eastern regions of
the United States.

Fletcher et al. (2009) examine the willingness t®F& in Massachusetts to sell carbon
credits in several hypothetical carbon sequestrgitograms. They use a pilot survey of 17
NIPFs in western Massachusetts, which containdtbee experiment for six alternative carbon
credit programs with different eligibility requiremts, time commitment, expected payment, and
penalty for early withdrawal. They use regressimdats to examine the relationship between
program ratings and attributes and socioecononacadteristics of NIPFs, as well as their

willingness to sell credits at various prices. Thieg that program rating increased with the
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expected payment and the length of commitment aededsed with the early withdrawal
penalty. They also find that at current carbon itnedgices, very few participants (less than 7%)
would be willing to sell. However, the small sampiee of this study suggests that these results
should be interpreted with caution.

Our review of the literature on carbon sequesiraitn forests reveals that little attention
has been paid to the potential effects of incestfee carbon sequestration in NIPFs. The
broader literature on afforestation of agricultlesld and carbon sequestration in forests
suggests that incentives can be effective in clmnigind use and forest management decisions
in ways that could increase the amount of carbguestered in forests. The extent to which
these general results apply specifically to NIPfesyever, remains an open question given that,
as Alig (2003) points out, their motivations for mwg and managing forest land may differ from
those of other forest owners and landowners. Tio gdditional insight into the behavior of
NIPFs, next we review the broader literature on oy respond to incentive programs with
alternative environmental goals, such as sustarfabéstry practices or biodiversity

conservation.

3. Incentives and NI PF Landowner Behavior

There is a large literature that explores NIPF tamaker characteristics, objectives, and forest
management decisions. This literature identifigargety of policy tools that may influence the
management decisions of NIPF owners, including &tilue, technical assistance, regulation, and
financial incentives. The most common financiakintives include cost sharing or grants for
developing forest management plans or implemeritirest management practices, including
planting and stand improvement, and tax incentikiesugh the federal income tax and state

property tax systems (Jacobson et al. 2009a; 20@@immaries of this literature include
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Amacher et al. (2003), Greene et al. (2005; 20Q#gore et al. (2007), and Joshi and Arano
(2009).

Many of these papers focus on how landowner ategand incentives shape forest
management decisions or sustainable forestry pesctSeveral authors have reviewed the
literature and conclude that NIPF owners are lgrgabware of the existence of incentives or do
not understand how they apply to them and that wmyld often carry out the supported practice
even in the absence of incentives. They find tH&A\bwners are largely unresponsive to
property tax and capital gains provisions, and fibigst property tax programs are only
modestly successful in achieving their goals (Geeetral. 2005; 2006; Kilgore et al. 2007,
Jacobson et al. 2009a; 2009b). They also idenpify@ches that have consistently been found
to provide adequate incentives for NIPFs to practigstainable forestry: technical and
management planning assistance, cost sharing,iesrad dontact with a forester or natural
resource specialist.

Jacobson et al. (2009a; 2009b) additionally usgéreey of forestry agency officials who
administer public incentive programs to examine tivbe given changing forest ownership
patterns and program emphases, financial incenitivikge northern and southern regions are
effective in promoting sustainable forestry pragsicwhether some programs are more effective
than others, and the characteristics of effectrograms. They evaluate eight federal incentive
programs and three nonfederal programs. They Fatforestry officials rated federal incentive
programs as only adequate for NIPF owner awaraaressppeal. They argue that one possible
reason for the low appeal is a general wearinepamicipating in government programs for fear
of loss of independence and fear of governmentabaover management choices. Overall,

forestry officials think that financial incentivase effective in promoting sustainable
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management practices. The results suggest thaniergl programs targeted specifically to forest
owners are rated higher than programs targeteahtchers and farmers in addition to forest
owners.

Joshi and Arano (2009) agree that NIPF ownersaaigely unaware of incentive
programs available to them, and thus argue thabhmemains to be done to encourage NIPF
landowner investment in forestry activities. Theggest that existing programs have had
limited success because they emphasize timber gtiodywhereas landowners usually own
forests for a variety of reasons, including recoeaaind wildlife or as a site for their home, and
timber production may not be their main priorith€ly use data from a mail survey of 2,100
NIPF owners in West Virginia to evaluate the fastaffecting their decisions to engage in
timber harvest, silvicultural activities (e.g., pling, fertilization), property management (e.g.,
road maintenance, access control), and wildlifatalmanagement and recreation improvement.
They find that age, education, profession, incoomeership size, length of ownership, distance
to residence, objective of ownership, and develograka management plan were significant
determinants of at least one of the categoriesasfagement activities.

Hardie and Parks (1996) examine how the level ef-sbharing might have affected the
number and size of forest tracts enrolled in tlierestation cost component of the Forestry
Incentive Program (FIP) in the southern pine regibthe U.S. They report acreage enrollment
predictions for government cost shares ranging 0émto 100%. They also develop predictions
that offer some insight into the potential effest@n education program aimed at informing
NIPF landowners about the reforestation componktiteoFIP. The data used in the analysis are
from an area-frame survey conducted by the Natidgalultural Statistics Service. The results

suggest that few acres would be planted after Baivthe cost-sharing programs did not exist.
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The results also show that total acreage predgti@erease much more rapidly with decreases
in the rate of cost-sharing when tract size is igted to respond to the level of program support.
The results also reveal that there is an effed¢tage-off between increasing the cost-sharing
percentage and informing more NIPF owners abouwtiexj cost-sharing programs.

Nagubadi et al. (1996) examine factors influendmtjana NIPF landowner participation
in forestry assistance programs based on actuétipation decisions. They use data collected
by mail survey from NIPF landowners (789 responsleint Indiana during the winter of 1994.
They find that information and management factoestlae most influential in predicting the
probability of participation in forestry assistarmm®grams. Landowners who are motivated by
commercial interests and are involved in commefoiastry activities have a higher probability
of participation in forestry programs. The resaliso suggest that the size of landholding is an
important determinant of participation in foreséigsistance programs in general, and classified
forestry programs in particular.

Conway et al. (2003) argue that bequest motivds, (@e the propensity to save), and
nontimber activities such as hunting, hiking, oldhfe observation could be important in
determining NIPF landowners’ harvest decisions.yTuee a survey of NIPF owners in the
Southeastern U.S. to obtain data for a model aditig$hese motives. Their results suggest that
there are significant differences between landowheiding large versus small forest properties,
between absentee and resident owners, high versugdbt loads, and those that have and do
not have bequest intentions. They find that abseoteners are less likely to harvest and engage
in nontimber uses of their forest, hold higher deldtive to income, and are more likely to
bequeath standing timber. They show that largetdrare more likely to be harvested and used

for nontimber activities and less likely to be begthed as standing timber. Finally, they

20



conclude that landowners with high debt are mdwylito engage in nonmarket activities on
their land but also more likely to harvest and ldsdy to bequeath standing timber.

Nagubadi and Zhang (2005) develop a modified maithiial logit framework to model
and predict land use changes by forest ownersiighdaest types and apply it to forests in
Alabama and Georgia. They find that land qualiégeral incentive programs that promote tree
planting, and better returns for forestry thandgriculture are the main factors driving the
increase in timberland in the two states. Higheome levels and a higher proportion of good-
quality land, on the other hand, decrease foréairy use. They find that higher forestry returns
increase the amount of industrial private forestsl nontimber values increase acreage of NIPF
ownership. Higher population density increases NdR#&ership, whereas a higher proportion of
better quality land decreases NIPF ownership. Hrgye that pooling all types of timberland
use into a single category can hide differencesrgnh@terogeneous ownerships and forest types
and lead to incorrect predictions of land use ckang

Ross-Davis et al. (2005) examine ownership chatiatitss and values of landowners in
Indiana who had planted trees between 1997 and &0@1heir motivations for planting trees,
and relate these ownership characteristics, vaaresmotivations to seedling survival during the
critical establishment phase. They gather datautiivonterviews of 151 individuals and field
data collection from 87 sites. They find that lawders value their land for the privacy it
provides, as a place of residence, and as a légabyture generations. Landowners afforested
primarily to provide for future generations, to plypfood and habitat for wildlife, and to
conserve the natural environment. Seedling survixza lowest on sites owned by individuals
who did not value their land as a legacy for futge@erations. Raunikar and Buongiorno (2006)

analyze the revealed willingness to pay of NIPF essnn the south central U.S. for the
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amenities of mixed age and mixed species forestsuineven-aged loblolly plantations). They
estimate nontimber value (NTV) by the income thahers are willing to forego to maintain
natural stands, instead of converting them to mpooétable plantations. The results show that
there are significant differences in the NTV ofurat plots by ownership. The average NTV of
natural plots was highest on public lands, seconi®F lands, and least on industry lands.
Specifically, they estimate that the average NIRRear is willing to forego 60% of the timber
profit for the NTV of their more natural stands quamed to a less diverse industrially managed
even-aged plantation.

Other papers focus on the effects of incentive famg to promote conservation of
biodiversity and preservation of endangered spdmegat on NIPFs. Kline et al. (2000)
examine the reasons why NIPF owners own forestdaadtheir willingness to adopt
management actions, such as restricting harveststore or protect riparian salmon habitat, in
exchange for a financial incentive in the form déderal income tax reduction. They use data
from a survey of NIPF owners in western Oregon \Afaghington. They classify forest owners
according to their timber and nontimber objectiaad develop an empirical model of
landowners’ willingness to forego harvest in riparareas for ten years as a function of the tax
reduction, their socioeconomic characteristics, fanelst ownership objectives. They find that a
significant proportion of forest owners are motadby objectives other than timber production
and that for many habitat protection is consistaltit their forest ownership objectives. They
suggest that participation of some NIPFs couldridisted through low cost programs that
include technical assistance and education regardamnagement practices that benefit riparian
species. They find that NIPF owners who have mdintper objectives tend to own larger

forests and a larger proportion of NIPF land, mgkireir participation desirable. Financial
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incentives such as tax relief or cost sharing mapdcessary to elicit their participation. They
find that mean incentive payments necessary tocagarticipation vary by ownership
objectives. Required payments to forego harveshigieer for owners who have primarily
timber objectives than for owners with either timaad nontimber objectives or mainly
recreation objectives.

Zhang and Flick (2001) examine the impact of finahiocentives (cost-sharing and a
tax incentive) and of potential regulatory land usstrictions imposed by the Endangered
Species Act on NIPF landowner investment behavVibey conduct an econometric analysis of
recorded reforestation activities under the ina@stiprogram and the regulatory threat, using
data obtained through a survey of NIPF owners irtiNGarolina and South Carolina. The
results show that incentives and regulatory thréatence NIPF reforestation behavior in
opposite directions: incentives increase reforgstahvestment, while the threat of land use
restrictions decreases it. The results imply tliaegnment financial assistance programs can be
used to alleviate the disincentive provided byEnelangered Species Act in reforestation
investment.

Langpap (2004; 2006) uses a survey to examinecjation in incentive programs for
endangered species conservation by NIPF ownergstenn Oregon and Washington and
analyzes the likely effects of assurances, cosirgiljaand compensation incentives on their
forest management decisions. He identifies landownd property characteristics that affect
participation decisions for an incentive programigeed to provide habitat for endangered
species, and examines how these characteristfes fitim those that determine participation in
more general incentive programs. His results sugbaslandowners who are younger, have

acquired property more recently, own more woodlamnd, are interested in conservation and
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providing habitat are more likely to participatee Fihds that compensation and assurances could
have a significant effect on landowners’ managerdenisions, but cost sharing may not. His
results also suggest that more effective incemgregrams would combine financial incentives
with assurances about future regulation. MayerTEkkia (2006) evaluate six voluntary

economic incentive programs for biodiversity comation from Europe and North America.

They find that important factors contributing tamgram success include an allowance for some
economic productivity in enrolled forests, a loregipd since the inception of the program, and
little interference from other incentive programs.

Nelson et al. (2008) develop an integrated modal phedicts private land use decisions
as a function of existing market conditions anceirtore-based conservation payments and
predicts the impact of land use changes on ecasystevices and biodiversity conservation.
They use data from Oregon to compare the provisi@arbon sequestration and species
conservation under five policies that offer paynsdot conservation. They compare the
performance of targeted and untargeted land ussecaation payment schemes relative to
baseline land use patterns with no land use coasenvpolicy as well as relative to the
efficiency frontier for various levels of land usenservation program budgets. Their results
suggest that incentives to restore land to natmatr increase both carbon sequestration and
biodiversity conservation, but that there are tadfdebetween these two policy objectives. They
show that policies aimed at increasing the prowisibcarbon sequestration do not necessarily
increase species conservation and that highly tedgmlicies do not necessarily do as well as
more general policies. Furthermore, they shownioae of the conservation payment policies
considered produce increases in carbon sequestiatb species conservation that approach the

maximum potential gains on the landscape.

24



Matta et al. (2009) examine the willingness of &hr@wners to adopt management
practices designed to enhance biodiversity. Theydasa from a 2005 survey of NIPF owners in
Florida to analyze how land, landowner, and progcaaracteristics influence NIPF landowner
participation in incentive programs designed tovpate habitat beyond existing Best
Management Practices. Their results indicate tlegtmwillingness to accept for adoption of
practices at their highest level of restriction Wbrange between $37 and $151/halyr, suggesting
that financial incentives would promote habitatsemvation on NIPFs. The results also suggest
that younger forest owners, with higher income,cation, and more years of ownership are
more willing to adopt the suggested practices.ddis¢ from urban centers, residence on the
property, and membership in forest or conservatigianizations also increase the probability of
participation.

Some papers have examined incentives for biodiyersnservation in other countries.
For example, Siikamaki and Layton (2007) assesiive payment programs relative to
centralized, top-down approaches to biological eoretion by comparing the cost and
conservation outcomes of an incentive payment pragind a top-down program applied to the
protection of small-scale biodiversity hotspots-inland. They estimate the opportunity cost of
conservation from a survey of forest owners in &l that asked them about enrolling land for
species protection in return for a payment. Thaylwoe landowners’ assessments of their
forests with data on species habitat to deriveredés of the biological benefits of enrolling a
site through a payment program or through a toprdm@&chanism, which are in turn used to
examine the cost-effectiveness of achieving diffel@ological targets through alternative
approaches. They find that a fairly simple progthat allows owners to enroll land can achieve

conservation targets in a cost-effective manneeyTHdiso find that the incentive payment
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program performed better than a species-only sleegon approach, and was nearly as cost-
effective as the cost-effective (hypothetical) siolu to the conservation program they use as a
benchmark.

To summarize, a review of the literature on the@# of incentives on NIPF landowner
behavior leads to sometimes conflicting conclusidtast of the literature agrees that the
response of NIPF owners to various incentives déperitically on the ownership motives of
the landowner, as well as other landowner and ptppbaracteristics. However, there is much
less agreement on the effectiveness of differgrasyof incentives. If the goal is to promote
forest management and/or sustainable forestry,ttheenonsensus seems to be that financial
incentives alone are largely ineffective in promgtthe desired behavior. The noteworthy
exception seems to be cost sharing incentivedditian, given landowners’ lack of knowledge
about incentives, information and technical asstanay be effective as well. An additional
noteworthy aspect of this literature is that susvegveal that landowners may often carry out the
desired management activities even in the absdnoeemtives. This highlights the issue of
whether there is additionality in incentives pragsa which will be discussed in Section 5.

If the goal is to promote biodiversity and habgahservation, on the other hand, the
existing evidence seems to suggest that finanuta&ntives can be effective in promoting
desirable management choices by NIPF owners. Funtire, there is evidence that in this case
cost sharing may again be the exception, withastlene study (Langpap 2006) finding that it
may not be effective. There is also some evidemd¢his literature that landowners whose main
ownership objective is not timber production mayiking to carry out some of the desired

management activities at lower cost, which agasesathe issue of additionality.
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This divergence in results suggests that it isaliff to make generalizations about the
impacts of incentives on NIPF owner behavior, dal their effectiveness may depend on the
specific policy goal, and may vary across regiams @ver time, as well as with the
characteristics of landowners. Thus, it might rtlbdequate to extrapolate from the existing
literature to infer how NIPF owners may responcdhtientives in the specific context of carbon

sequestration.

4. Incentivesfor Carbon Sequestration in Agriculture

To complement our review of the literature on carbequestration in forests, in this
section we provide a review of the recent econdit@ature on incentives for carbon
sequestration in agriculture. Many of these paprasnine how incentives affect agricultural
landowners’ decisions to adopt agricultural pradithat increase carbon sequestration in
agricultural soils.

Pautsch et al. (2001) examine different governmeadtmarket-based instruments to
increase soil carbon sequestration through incdeadeption of conservation tillage. They use a
model of the farmer’s adoption decision and dis¢heslesign of subsidy and market-based
instruments, focusing on the institutions and pecastsurrounding agricultural policy. Then they
use Natural Resources Inventory data (USDA NaReslources Conservation Service) to
estimate the probability that farmers adopt coretgmu tillage and combine the estimates with
physical models of carbon sequestration to estimatdecompare the costs of implementing a
variety of subsidy and market-based schemes. TihdytHat the lowest payment cost can be
achieved using a price discriminating subsidy,altfh such an approach would not be

politically viable. They find that a single subsidyless efficient, but would have lower political
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and administrative costs. Their results indicatg gayments associated with a price
discriminating subsidy would be up to four timewéw than a single price subsidy. They also
find that costs would be much higher when paymbat® to be made to all farmers employing
conservation tillage rather than just those adggtirresponse to the subsidy.

Feng et al. (2000) use a dynamic model that inculob¢h emission reductions and
sequestration as sources of GHG reductions to tigags the value of carbon sequestration in
agriculture, and demonstrate that this value ig arfraction of the value of emission abatement
unless the sequestration is permanent. They atse 8fat to optimally reduce the carbon stock,
sinks should be used as early as possible. Ttogope three instruments to efficiently
implement sinks: a pay-as-you-go system, a varikgolgth-contract system, and a carbon
annuity account. In a pay-as-you-go system, landeosvsell and purchase emissions based on
the permanent reduction of carbon. In a varialiegfie-contract system, independent brokers
would buy permits from sequestration sources aldhsgsm to carbon emitters, thus providing
the service of generating “permanent” carbon radastfrom a series of independent temporary
reductions. In a carbon annuity account, a landowwi® sequesters carbon is paid the full value
of the permanent reduction in GHGs achieved, beiptyment is put directly into an annuity
account. The earnings, but not the principal, efdbcount can be accessed as long as the carbon
remains sequestered. The principal is removeckitdrbon is released. If the carbon is
sequestered permanently, the landowner eventualhsell of the interest payments.

Antle et al. (2003) develop a method to investighteefficiency of alternative types of
policies or contracts for carbon sequestratiorraplkand soils, taking into account the spatial
heterogeneity of agricultural production systemd @@ costs of implementing efficient

contracts. They describe contracts being propaseitniplementation in the U.S. and other
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countries that would pay farmers for adoption @afied practices (per-hectare contracts), as
well as more efficient contracts that would payrfars per ton of soil carbon sequestered, and
show how to estimate the costs of implementingtioee efficient contracts. They conduct a
case study of a major agricultural region in th8.Uthe Northern Plains), which confirms that
the relative inefficiency of per-hectare contraasies spatially and increases with the degree of
spatial heterogeneity. The results also show teehpctare contracts are as much as five times
more costly than per-ton contracts. Measuremers ¢osmplement the per-ton contracts are
found to be positively related to spatial heteraggrbut are estimated to be at least an order of
magnitude smaller than the efficiency losses ofpfrehectare contract for reasonable error
levels. This finding implies that contracting pasgticould afford to bear a significant cost to
implement per-ton contracts and achieve a lowat tmist than would be possible with the less
efficient per-hectare contracts.

Hartell (2004) asks what payments must be recdweayricultural producers to induce
them to supply certain quantities of beneficial foma outputs. In the empirical application, this
study values carbon sequestration in agricultwiltisrough the adoption of no-till cultivation
using mathematical programming to derive represeetarice schedules. The shadow price
schedule for various levels of yearly carbon setagsn is derived by iteratively imposing
minimum quantity constraints. The results and d&tigupply schedules show that the level of
monetary incentive and total budgetary outlays ireguto induce multifunctional carbon
sequestration might be lower than anticipatedfigstdepends importantly on assumptions
about the level of producer risk aversion.

Pendell et al. (2007) study the carbon credit itigea needed to motivate adoption of

no-tillage and/or manure applications to enhandecadbon sequestration in corn production in
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Kansas. They examine the net returns from contiswoun production using conventional and
no-tillage with nitrogen fertilization from eithammonium nitrate or beef cattle manure for
sequestering carbon with and without incentive® fi@sults indicate that no-tillage and manure
fertilization increase carbon sequestration. Cadredits or government program incentives are
not required to entice risk-averse managers tomadélage since no-till systems have the
highest net returns and greatest sequestratios taieare required to encourage manure use as a
means of sequestering additional carbon even @tritally high nitrogen prices.

Graff-Zivin and Lipper (2008) develop a farm-lewebdel of the decision to adopt a
technology that generates soil carbon sequestratidrenefits. They explore incentives of poor
farmers to adopt production systems that increageabon sequestration, focusing on the
increased agricultural yield risk associated with transition to a new farming system. They use
a household dynamic optimization model of the deniso adopt conservation agriculture and
supply soil carbon sequestration, where farmersnige over expected utility of profits from
agriculture and carbon sequestration. They constbievo distinct impacts on agricultural
productivity: the technological effects of the neystem and the productivity effects of changes
in soil carbon on agricultural output. Comparattatic results indicate that increases in the soil
carbon sequestration price and the discount rate lilmambiguous impacts on equilibrium soill
carbon levels, the former leading to higher andatter to lower carbon sequestration levels.
Increases in the price of agricultural output ask aversion have ambiguous impacts,
depending on the relative strength of the proditgtand technology effects. The paper
concludes with a discussion of designing soil carpayment mechanisms to benefit low income
farmers. The results suggest that pooling soil@magequestration payments and devising other

group schemes to help farmers share risk offeptiential of providing an effective way of
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stimulating agricultural development and poveryugion through climate change mitigation
initiatives.

Finally, some papers report similar research lnreotountries. Antle and Diagana (2003)
argue that incentive mechanisms for carbon se@istrin agricultural soils could contribute to
alleviating rural poverty, enhancing agriculturastinability, and mitigating GHG emissions.
They assess the role that soil carbon sequestradiad play in addressing soil degradation
problems in developing countries. They concludé énaerging policies to mitigate GHG
emissions, such as global carbon markets or theaymtocol’s Clean Development
Mechanism, and other international and nationatjes, could be used to create incentives for
farmers in developing countries to adopt practtbas benefit them and simultaneously help
reduce GHG emissions. However, they caution thagrsé significant challenges, such as lack
of well-functioning legal and financial institutisror poorly defined property rights, would have
to be overcome before poor farmers in developingtiges are able to take advantage of these
opportunities. They cite a carbon loan that prosifileancing for conservation investments to be
paid back by generating carbon credits as an exaai@n institutional innovation that could
help farmers overcome adoption barriers causedipgifect capital markets.

Weersink et al. (2005) assess the extent to wigdwdture can be part of meeting
Canada’s Kyoto commitments through direct meansdad by a carbon market or indirectly
through the voluntary adoption of GHG-reducing fpicas, such as reduced tillage. They
consider three policy mechanisms that could atfeziextent to which net GHG emissions are
reduced: moral suasion, an offset market, and\amitory accounting system. They present a
conceptual model of a supply curve for carbon ¢seaind review the empirical evidence on the

factors influencing this supply curve, including thbotential price of carbon, the costs of a

31



contract, and the opportunity cost of sequestraimhemission reduction activities relative to
their emission reduction potential. Based on tha,dhey argue that involvement by farmers in
the offset market will be limited, but that theréllwe net GHG emission reductions from
agriculture through voluntary adoption partiallyppmpted by government extension efforts.
They find that voluntary adoption of beneficial mgement practices will be the main way by
which Canadian farmers will cut GHG emissions. iBigndtion in the carbon-offset market will
be limited due to relatively low prices offered layge emitters for carbon credits, discounts
applied to those prices due to temporary sequastrdtansaction costs and risk premiums
associated with carbon contracts, and the lowielgsof supply of CQ abatement.
Nevertheless, they argue that Canadian agriculuieely to contribute significantly to
reducing emissions through adoption of zero tillagd reduced fertilizer use, but that this
contribution will respond mainly to personal econowbjectives of farmers rather than to direct
incentives through the offset program.

Antle and Stoorvogel (2008) explore the impactpafments for agricultural soil carbon
sequestration on poverty of farm households andub&inability of agricultural systems. They
use a theoretical model combined with case studiEgnya, Peru, and Senegal. They find that
carbon contracts are likely to increase rural inesrand reduce the rate of soil carbon loss. This
suggests that carbon payments could have a positpeact on sustainability while also reducing
poverty.

To summarize, these papers suggest that, as oafieeof forest owners, incentives can
be effective in eliciting management decisions thetease carbon sequestration from

agricultural landowners. Some of these papers stgigat the issue of additionality may be
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relevant when implementing incentives programsgincalture as well. We turn to a discussion

of this issue in the next section.

5. Additionality
Within the framework of incentive programs for pision of ecosystem services, additionality
generally refers to whether agents supplying et¢esyservices in exchange for an incentive are
being compensated for services they would not paweided in the absence of the incentive.
The concern is whether the incentive actually &liadditional provision of the ecosystem
service.

For instanceMurray et al. (2007) address how credits generayearicultural soil
carbon sequestration (ASCS) activities can be &tju® account for the phenomena of
permanence, leakage, and additionality (PLA). Tingeulying objective is to understand and
guantify what the net carbon benefits of an ASG§equat are once we account for the fact that
(1) the sequestered carbon may be stored imperrtgn@) the project may displace emissions
outside the project boundaries, and (3) the prgjeeirbon sequestration may not be entirely
additional to what would have occurred anyway urmesiness-as-usual conditions. This article
examines the conceptual and policy rationale fqusdaoshg ASCS credits for PLA, describes
methods for making these adjustments, and presents evidence of the magnitude these
effects could have on the economic returns. Foatittionality of carbon sequestration, the
authors introduce baseline estimation approachesligouss data that could be used to develop
baselines for the two main ASCS activities of iagrand present an example of a calculation of

additionality.
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Ferraro (2008) discusses contract design issud ioontext of payments for
environmental services and argues that reduciragrimdtional rents (costs generated by private
information) is important in this context in ordermaximize the amount of services obtained
from limited budgets. He adds that reducing infaioreal rents also mitigates concerns about
additionality. Winscher et al. (2008) suggest atsgy to increase the additionality achieved by
payments for environmental services (PES) by targdtenefit-cost ratios, incorporating
multiple objectives, and explicitly considering ttigk of environmental service loss as a spatial
variable. They use data from Costa Rica to tespttential of the suggested targeting tool to
boost the efficiency of that country’s PES progiiarterms of additional environmental services
per dollar spent. Their results suggest that theieicy (benefit-to-cost ratio) of Costa Rica’'s
PES program could be increased by using a targptimgess that integrates spatial data rather
than a targeting system based solely on priorigasir

More generally, the issue of additionality carfianed in the context of asymmetric
information and contract design (see Salanié 20@otion and Dewatripont 2005 for
comprehensive modern treatments). There are a muhbecent applications in the context of
provision of ecosystem services. Gren (2004) examgificient contracts for converting arable
land into pollution sinks. Crépin (2005) examinies tise of incentives to create wetlands in an
asymmetric information context. She uses a thezaigpirincipal-agent model to show that
contract choice can create welfare gains, andieathoice of contract depends on the
distribution of the unobserved landowner type,dlasticity of costs and benefits to wetland size
changes, and on the costs of acquiring informatbreriff (2009) develops an empirical

methodology to use available data to develop ketiegarding the technology and distribution of
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types in a regulated sector characterized by hidafermation. He uses the results to calibrate a
second-best land conservation mechanism and eealilatcost relative to simpler alternatives.

In the specific context of carbon sequestratioforests, the issue of additionality is
mostly mentioned when discussing carbon offsetstia@dClean Development Mechanism
(CDM) of the Kyoto Protocol. Asuka and Takeuchi@pargue that non-additional certified
emission reductions in excess of a certain numéeeated by relaxing the additionality criteria
may eventually lead to economic losses for devalppbuntries. Trexler et al. (2006) review a
variety of suggested additionality tests basedirfstance, on whether GHG emissions are
reduced below regulatory requirements, if a projesets technology it otherwise would not, or if
the rate of return on a project would be too lowheut sequestration incentives, among other
criteria. They then discuss the potential for fadesitives and negatives in these tests, and how
they can be implemented as part of an additionpbticy that seeks to reduce type | and type I
errors.

Van Kooten and Sohngen (2007) define additionalgtgetting credit only for carbon
uptake above and beyond what occurs in the absémaebon-uptake incentives. The
additionality condition is satisfied if it can berdonstrated that a forest would be harvested and
converted to another use in the absence of inat@arbon sequestered by incremental forest
management actions, such as juvenile spacing,itignfire control, or fertilization would be
eligible for carbon credits only if these activitizould not otherwise have been undertaken.
Afforestation projects satisfy additionality if herovide environmental benefits not captured by
the landowner (e.g. water quality, wildlife habjtabd which would not be undertaken in the

absence of economic incentives.
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Schneider (2009) examines how the additionalitg DM projects has been assessed in
practice by systematically evaluating 93 projekis.concludes that current tools used for
evaluating additionality need improvement, as ttay be subjective and difficult to validate,
based on undocumented assumptions, and lackingpititgdManess (2009) argues that any
climate agreement will require clear and mutuatlgeptable methods for determining baseline
levels of carbon sequestration, so that carborebéiedits for projects are given only for the
additional carbon sequestered beyond what would baen sequestered in the absence of the

project.

6. Data Availability

In this section we briefly outline the data avaéabn carbon sequestration in forests and NIPFs
to assess the viability of conducting empiricatgts on the effectiveness of incentives for
carbon sequestration in NIPFs.

The USDA Forest Service, as directed by the RessuPlanning Act, conducts a
comprehensive national assessment of renewableroesy including forests. The 2007 Forest
Resources of the United States report includesXample, data on forestland area, net volume
of timber, annual growth, mortality, and removalsd average area planted and harvested by
regions, subregions, states, productivity classyeyship group, and various other categories
(USDA Forest Service 2008). It also includes estadaegional carbon storage and gross annual
sequestration for the year 2000 and mean carbohgutare by size-class and EPA Level Il
Ecological Region for the years 2001-2006. These, dewever, are highly aggregated, and do
not provide information at the individual forest v level.

The Forest Inventory and Analysis (FIA)'s Natioidbodland Owner Survey, conducted

by the USDA Forest Service, asks forest owners tatiwaracteristics of their woodland,
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ownership motives, woodland use and managemeatded future uses, and concerns, and
obtains demographic information as well. This dasgbprovides considerable information at the
individual landowner level, including: age, gendsucation level, and income of the forest
owner; year, method, source of acquisition, and efzheir holdings; harvesting and
management activities conducted, conservation earsson the property, and participation in
cost-sharing programs. However, it currently doasinclude any information on carbon, or
carbon management and sequestration.

The National Resources Inventory (NRI) is a stigh$ survey of natural resource
conditions and trends on nonfederal land in theddh$tates, including privately owned lands,
tribal and trust lands, and lands controlled byestéad local governments, conducted by the
USDA Natural Resources Conservation Service (NRE®)7). It provides nationally consistent
statistical data on how these lands are used awtiamges in land use patterns for the period
1982 - 2003. Land use categories analyzed inclgdewture and forests.

In terms of data on incentives, Greene et al. §20@ve collected a database of all
federal, state, and private incentives availablbI®F owners. However, this database only

provides a listing of available programs, not aktizda on their implementation or effectiveness.

7. Summary and Concluding Comments

In this report we have summarized the economiesditire on incentives for carbon
sequestration in forests, including afforestatibagricultural land and sequestration in existing
forests and NIPFs, as well as the broader liteeadureffectiveness of incentives for forest

management and biodiversity conservation on NIP#Esca carbon sequestration on agricultural
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land. We have also touched on the issue of addilitgrin the context of incentives for provision
of ecosystem services and briefly reviewed reledata sources.

There are large literatures on afforestation, @arkequestration in forests, and incentives
for NIPFs in general, but a very small literatureincentives for carbon sequestration on NIPFs.
The broader literature on carbon sequestrationirasahtives suggest that various types of
incentives can effectively be used to promote aftation and forest management practices to
increase carbon sequestration. However, the litexain NIPFs suggests that the effectiveness of
incentives programs depends on a variety of factoctuding the objective of the policy and
landowner and property characteristics. Theref@®ylts from existing studies cannot
necessarily be extrapolated to draw conclusiornthemotential effectiveness of incentives for
carbon sequestration on NIPFs. A separate studydbases specifically on this topic would
provide more reliable insights. Finally, our revisuggests that the issue of additionality is
relevant in this context, and that the design gfianentive scheme to elicit increased carbon
sequestration needs to carefully consider how tormize the costs caused by asymmetric

information about landowner’s baseline behavior.
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