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Where Is the Carbon2 Carbon Sequestration
Potential from Private Forestland in the

Southern United States

Christopher S. Galik, Brian C. Murray, and D. Evan Mercer

Uncertainty surrounding the future supply of timber in the southern United States prompted the question, “Where
is all the wood?” (Cubbage et al. 1995). We ask a similar question about the potential of southern forests to
mitigate greenhouse gas (GHG) emissions by sequestering carbon. Because significant carbon sequestration
potential occurs on individual nonindustrial private forest (NIPF) lands owned by individuals, the accuracy of
projections depends on how NIPF landowners respond to prices and their ability and willingness to participate
in carbon offset programs. Striving to produce a more realistic assessment of the potential for southern forests
to sequester carbon in response to future markets or policies, we use National Woodland Owner Survey data
from the Forest Inventory and Analysis program to link landowner demographic and behavioral data with forest
conditions. We also examine barriers to NIPF participation in carbon offset programs and offer recommendations

for overcoming those barriers.
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reduction policy framework, such as an

economywide cap-and-trade program,
increasing the carbon stored in forests and
other biological carbon sinks can provide a
pool of low-cost mitigation options, lower-
ing the overall cost of program compliance
(Amano and Sedjo 2006). The US forest
sector comprises a significant carbon sink,
with US nonsoil forest and harvested wood

I f included in a larger GHG emissions

product sequestration averaging approxi-
mately 700 million metric tons of carbon
dioxide equivalent (tCO,e) per year (US En-
vironmental Protection Agency 2011). Sev-

eral management options also exist to in-
crease the GHG emission mitigation
provided by US forest lands (Murray et al.
2005; Malmsheimer et al. 2008). Forest
management can increase the amount of
carbon stored in existing forests through
changes in management and longer rota-
tions, afforestation and reforestation can in-
crease carbon storage through the planting
of new trees, and avoided conversion pre-
vents loss of carbon stored in existing forests.
With a high enough carbon price, forest
management and afforestation efforts alone
might generate an additional 1.2 billion

tCO,e of forest carbon storage per year, na-
tionwide (Murray et al. 2005). Management
of existing forestland is thought to offer
some of the lowest cost and highest volume
opportunities in the South, representing
over 400 million tCO,e of annual potential
sequestration (Figure 1).

Looking at aggregate potential can ob-
scure several important factors, however.
For example, total forest carbon storage is
not distributed evenly across the country
(Figure 2). The eastern United States con-
tains higher total stocks of forest carbon and
a larger proportion of carbon stocks on pri-
vately owned lands. Private ownership is
particularly strong in the South, where tim-
berland tends to be managed more inten-
sively than in other regions. Southern forests
will likely play a crucial role in any successful
forest carbon market or program targeted to
private landowners that includes forest man-
agement, but concerns have surfaced about
the accuracy of estimates of the potential for-
est carbon supply from the region. These
concerns are driven in part by highly variable
results from estimates of the expected cost
and magnitude of supply of forest carbon
offsets in the United States (Stavins and
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Richards 2005) and the assumptions under-
lying the major carbon supply models.

Most supply models of aggregate car-
bon sequestration from US forests use a
dynamic optimization framework (e.g., the
FASOMGHG model used in Murray et al.
2005, Baker et al. 2010, Adams et al. 2011,
and Latta et al. 2011) that assumes that all
landowners seek to maximize land rents
(profits) on their landholdings. Models that
rely on strict profit maximization may over-
estimate actual mitigation supply potential
by assuming that all forest landowners and
their management responses to changing
market conditions have the same objectives.
This approach may be appropriate for large
industrial forest ownerships but may not
adequately account for the motivations of
many NIPF landowners, who manage for
diverse objectives, including, but not exclu-
sively, profit maximization (Beach et al.
2005). As nearly half of all US forestland
falls under individual NIPF (or “family”)
ownership (Butler 2008), understanding the
behavior of these landowners is critical to
our ability to design successful carbon offset
programs.

Variations in both offset cost and sup-
ply can have dramatic implications for the
performance of domestic climate policies
(US  Environmental Protection Agency
2009). Similar uncertainty surrounding the
future supply of timber in the southern
United States in 1995, prompted Cubbage
et al. (1995) to ask rhetorically, “Where is
all the wood?” Just as Cubbage et al. found
that NIPF “nontimber motivations are apt
to reduce the total . . . readily available tim-
ber supply,” (p. 19) they also may reduce
the readily available supply of carbon miti-
gation, a commodity that is less tangible and
arguably far more uncertain. On one hand,
these attributes could reduce supply incen-
tives. But managing forests to store more
carbon over time may also align with land-
owner nontimber objectives such as the
provision of wildlife habitat and other eco-
system services that sometimes constrain
timber supply.

As a first approximation response to the
question, “Where is all the carbon?” we re-
view previous literature on carbon supply
models and potential for NIPF participa-
tion. The literature on NIPF landowner par-
ticipation in carbon offset projects is infor-
mative but incomplete given the current
scarcity of these projects. Significant litera-
ture exists on the influence of offset project
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Figure 1. South-wide forest management potential at different carbon prices (derived from
Murray et al. 2005). The southeast includes the states of Florida, Georgia, North Caroling,
South Carolina, and Virginia, while the south central includes Alabama, Arkansas, Ken-
tucky, Louisiana, Mississippi, Eastern Oklahoma, Eastern Texas, and Tennessee.

requirements and benefits on landowner
participation incentives and on the relation-
ship between land and landowner attributes
and NIPF participation in other, noncarbon
related programs and activities (e.g., certifi-
cation, wildlife habitat conservation, cost
shares, conservation easements, etc.). What
is missing, however, are analyses of potential
NIPF contribution to future offset markets
given present land and landowner attributes.
We address this key information gap by in-
vestigating the distribution of carbon across
the southern forest landscape, using Forest
Inventory and Analysis (FIA) National
Woodland Owner Survey (NWOS) data
combined with plot-level forest inventory
dara.!

We begin with an assessment of the size
and distribution of existing forest carbon
stocks. Next, we use combined forest condi-
tion and landowner demographic and be-
havioral attributes to estimate the relative
amount of carbon likely to be brought to
market under a hypothetical carbon offset
program. Although such efforts do not rep-
resent the final word in NIPF offset supply,
they can help to focus attention on the role
of private landowner behavior in driving ag-
gregate carbon sequestration potential. This
is, in turn, a necessary first step in designing
programs and policies to successfully lever-
age the carbon storage potential of the pri-
vate landowner base in the southern United
States.

Management and Policy Implications

This analysis facilitates individual nonindustrial private forest (NIPF) landowner access and participation
in carbon markets by highlighting that portion of the landowner base most likely to participate in forest
offset activities. This allows for appropriate outreach tools to be developed so as to connect with key
components of the individual NIPF landowner community. It can also help in the development of
measurement and verification processes and carbon offset project aggregation services to further facilitate
the involvement of these landowners. From a policymaker perspective, the analysis refines estimates of
potential greenhouse gas (GHG) mitigation supply by examining landowner behavior, an aspect often
absent in existing national models. By helping to target policy design and outreach efforts to the needs
of landowners most likely to participate in an eventual carbon market, the findings also facilitate greater
production of forest offset credits, which in turn lowers the overall cost of climate policy.
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Figure 2. Total forest carbon by owner and region. Source: USDA Forest Service (2010).

What Does Existing Research Tell Us?

Forest offsets were a key part of multi-
ple pieces of comprehensive climate legisla-
tion offered in recent years in both the US
House of Representatives (e.g., H.R. 2454,
American Clean Energy and Security Act of
2009) and the Senate (S.3036, The Lieber-
man-Warner Climate Security Act of 2008;
S.1733, The Clean Energy Jobs and Ameri-
can Power Act of 2009). Though none
became law, these legislative efforts were
accompanied by a great deal of work by ac-
ademics, consultants, government agencies,
and other stakeholders to estimate the sup-
ply of forest carbon sequestration, generally
finding that US forests are capable of gener-
ating significant, relatively low-cost GHG
mitigation services.” Even in the absence
of comprehensive climate policy, several vol-
untary and compliance-based markets and
registries either have provided or presently
provide landowners with opportunities to
market recorded gains in carbon sequestra-
tion (e.g., Chicago Climate Exchange
[CCX], American Carbon Registry [ACR],
Climate Action Reserve [CAR], Regional
Greenhouse Gas Initiative [RGGI], Verified
Carbon Standard [VCS]).

As noted previously, most models used
to assess national and regional carbon supply
assume that all landowners are profit maxi-
mizers. For example, Murray (2003) ex-
presses the aggregate supply of carbon se-

questration in forests across a supply region
(e.g., the Southeast, the United States) as a
function of the share of land allocated to
forest and the carbon density of the forest,
each of which are a function of the price
paid for carbon in a carbon market or other
pricing scheme such as a tax, the price of
competing noncarbon commodities such
as timber or agriculture, and land quality.
Following the framework of Hartman
(1976), Murray (2000) developed a forest
stand-level model that captures the joint
output of carbon and timber and their con-
tribution to the stand’s bare land value. This
takes into account the timber value when the
land is harvested, replanting costs, the value
of carbon sequestration revenues received
over the length of the rotation, and the pen-
alty or “payout” costs of releasing carbon at
the time of harvest. Maximizing the bare
land value develops the supply of carbon as a
function of the prices of timber, carbon, and
other land characteristics. This framework is
similar to those used in large aggregate mod-
els of forest supply such as FASOMGHG
(cited earlier) and other global timber mod-
els (Sohngen and Mendelsohn 2003).

Our goal is to indirectly assess the im-
pacts of assuming all landowners want to
and are able to be profit maximizers. They
may wish to maximize the benefits they re-
ceive from producing a range of goods and
services from their land, some of which are

not typically traded in markets (e.g., scenic
beauty) and do not generate profits per se.
Moreover, some landowners may be con-
strained by financial or human capital short-
falls from maximizing financial profits.
With these factors in mind, we first examine
the literature on NIPF behavior to assess the
likelihood that different types of NIPF land-
owners would participate in future carbon
sequestration markets or government pro-
grams that paid specifically for changes in
carbon storage.

In addition to purely financial motives,
research suggests that willingness to partici-
pate in carbon sequestration activities is also
a function of program attributes and land-
owner characteristics. The few studies di-
rected specifically at NIPF participation in
carbon markets find that carbon revenue is
positively associated with willingness to par-
ticipate but differ on the effect of program
length (Dickinson et al. 2012, Fletcher et al.
2009, van Kooten et al. 2002). Thompson
and Hansen (2012) find that NIPF attitudes
toward carbon markets vary by a number
of forest, management, and demographic
characteristics, with those actively managing
their lands and those on smaller parcels
having a more favorable opinion of seques-
tration opportunities. Others (Markowski-
Lindsay et al. 2011,Wade and Moseley
2011) find that carbon price and the oppor-
tunity to earn additional revenue could en-

Journal of Forestry  January 2013 19



courage participation, while accounting and
compliance procedures and potential restric-
tions on property rights or future manage-
ment options tend to discourage it.

Compared to carbon market participa-
tion, a vast literature exists on NIPF forest
management behavior, participation in tim-
ber markets, nontimber objectives, and uti-
lization of easements, cost-share, or other
forest-related programs that may provide
indirect insight into NIPF carbon market
participation. Not surprisingly, timber price
is generally positively associated with in-
creased harvesting (e.g., Prestemon and
Wear 2000). In a meta-analysis of the NIPF
literature, Beach et al. (2005) find that forest
management activity is generally positively
associated with the availability of cost-share
and other incentives. Factors other than tim-
ber price and harvest cost that may also in-
fluence landowner harvest decisions include
parcel size, absenteeism, landowner income,
education, and bequest intentions, all of
which are significant in explaining harvest
activity (Conway et al. 2003, Beach et al.
2005, Stordal et al. 2008).

Participation in nontimber forest man-
agement programs, such as those fostering
biodiversity conservation and provision of
other ecosystem services, is also influenced
by a variety of factors, including absenteeism
and parcel size (Conway et al. 2003), educa-
tion (Martta et al. 2009, Kramer and Jenkins
2009), and nonforest income (Layton and
Siikamaki 2009). Previous management ex-
perience, including the use of professional
consultants or foresters (Rossi et al. 2010),
the importance of nontimber attributes of
their forest (Langpap 2004, Layton and
Siikamaki 2009), and participation in other
conservation programs (Kramer and Jenkins
2009) are also associated with increased
probability of program participation. Alter-
natively, male landowners (Layton and
Siikamaki 2009, Sullivan et al. 2005) and
those interested in bequeathing land to heirs
(Sullivan et al. 2005) are less likely to partic-
ipate in programs. Conflicting results have
been found on the influence of income and
wealth (e.g., Matta et al. 2009, Shaikh et al.
2007, Kramer and Jenkins 2009), respon-
dent age (e.g., Layton and Siikamaki 2009,
Shaikh et al. 2007, Matta et al. 2009, Lang-
pap 2004, Kramer and Jenkins 2009),
length of landownership (e.g., Matta et al.
2009, Langpap 2004), and size of holding
(e.g., Rossi et al. 2010, Kilgore et al. 2008,
Langpap 2004).

The specific requirements of programs
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also have a strong influence on landowner
participation. For example, restrictions on
forest management options reduce the like-
lihood of participation in forest conserva-
tion programs (Kilgore et al. 2008, Matta et
al. 2009). Longer contract lengths are also
associated with decreased probabilities of
program participation (Layton and Siika-
maki 2009, Kramer and Jenkins 2009), and
higher payments with increased participa-
tion (Matta et al. 2009, Layton and Siika-
maki 2009, Kramer and Jenkins 2009).

A variety of factors thus influence NIPF
management behavior, participation in tim-
ber markets, nontimber outputs, and partic-
ipation in easements, cost-share, or other
forest-related programs. Economic factors
such as timber price and harvest cost play a
prominent role, but so do landowner demo-
graphics (e.g., age, income, education), par-
cel size, and previous experience with either
timber management or government pro-
gram participation. Of these, parcel size and
previous management or program experi-
ence are perhaps the most likely predictors of
participation in a yet-to-be-defined carbon
market, as these are both attributes that can
lower the relative cost of participation. De-
mographic factors are inconsistent in the di-
rection of their association, while economic
variables will be most applicable to land-
owners actively seeking profits.

Observed Patterns of Carbon Storage

Using FIA forest inventory and land-
owner survey data we next assess the poten-
tial impact of forest and landowner attri-
butes on carbon supply in the southern
United States by comparing the distribution
of existing carbon stock across these attri-
butes. In doing so, we note that the available
literature on NIPF behavior is incomplete
and at times conflicting (Langpap and Kim
2010), and that even consistent results de-
rived from research in other regions of the
country may not be directly applicable to
forests landowners in the southern states.
Nonetheless, the exercise is helpful in iden-
tifying general trends and associations, refin-
ing and targeting future research, and assist-
ing in future carbon market development
and outreach efforts.

Methods and Materials

To examine the distribution of forest
carbon across the South, we use NWOS data
on private landowner demographics and be-
havior linked with FIA inventory data on
forest conditions and management for thir-

teen southern states—Alabama, Arkansas,
Florida, Georgia, Kentucky, Louisiana, Mis-
sissippi, North Carolina, Oklahoma, South
Carolina, Tennessee, Texas, and Virginia.
Raw NWOS data were obtained directly
from the USDA Forest Service, while carbon
estimates were compiled using state FIA data
tables downloaded via the US Forest Service
DataMart website (USDA Forest Service
2011). These data are not publicly available
and were acquired only after entering into
a memorandum of understanding with the
US Forest Service and agreeing to abide by
specific security and confidentiality require-
ments. Even with access to unique plot se-
quence numbers, the data cannot be used to
identify specific landowners.

For each condition within a forest
inventory plot, aboveground and below-
ground carbon totals were compiled for
all trees. Carbon in down deadwood, litter,
soil, standing dead, understory above-
ground, and understory belowground pools
was compiled in a similar fashion. All eight
pools were then summed across conditions
within each plot to generate carbon totals at
the plot level. A plot’s noncarbon attributes
were derived from the NWOS survey data.
When a plot had multiple conditions, attri-
butes of the dominant condition were as-
signed to it. Plots with conditions of equal
proportion had one condition selected at
random to represent the plot, as it is not
possible to simply take the average of “forest
type” and other characteristics that together
define a condition.

Once plot-level values for carbon and
all other attributes were estimated, the data
were grouped by landowner and manage-
ment attributes. Based on the literature re-
view of forest management behavior and
nontimber program participation, we as-
sume that different types of landowners will
respond differently to forest carbon offset
program opportunities. To understand the
influence on carbon offset program partici-
pation, we apply several management, de-
mographic, and land attribute filters that
could shape the pool of landowners most
likely to participate.

The first filter distinguishes between
landowner type. Not all private landowners
can be expected to manage their lands in a
similar fashion. A distinction can be drawn,
for example, between forest industry, firms,
timber investment management organiza-
tion (TIMOs), real estate investment trusts
(REITs), and individual NIPF (or “family
forest”) owners. The first three can be ex-



pected to manage their lands in a traditional
profit-maximizing fashion, while the behav-
ior of individual NIPFs is less certain. As the
NWOS data represent only a portion of the
total private carbon supply, namely the in-
dividual NIPF portion, we first generate a
rough approximation of the magnitude of
the individual NIPF contribution to the
total carbon pool. To do so, we estimate the
mean per-hectare carbon storage associated
with individual NIPF NWOS survey re-
cords and then multiply that by family forest
acreages reported in Butler (2008). We then
compare this to the total nonsoil forest car-
bon for all other private ownerships in the
region (retrieved from USDA Forest Service
2012) to estimate individual NIPF contri-
bution to total carbon storage.

A second important filter is manage-
ment history. Participation in future forest
management offset market activity will
likely require landowners to either actively
manage their lands, increase rotation ages, or
otherwise change management to generate
additional carbon storage. Accordingly, we
expect landowners with a history of actively
managing their lands would be more likely
(and perhaps more eligible) to participate
than those without a history of manage-
ment. We assume that individual NIPF
landowners identified in the NWOS data-
base as having either conducted a timber
harvest or completed a management plan
were actively managing at least some portion
of their lands.?

A third important filter is parcel size.
Scale economies suggest landowners on
larger parcels will be more likely to partici-
pate in carbon markets or programs (Galik
et al. 2012). Although recent research sug-
gests that smaller landowners may be more
motivated to participate in emerging carbon
markets than larger ones (Thompson and
Hansen 2012), landowners on small parcels
are also likely to face significant transaction
costs, sampling costs, and other barriers to
participation (Galik et al. 2012, Mooney et
al. 2004). In light of these expected barriers,
we assume that ownerships of less than 100
acres are unlikely to participate in offset
markets.

Results

Comparing storage  from
NWOS survey records to all other private
lands suggests that the individual NIPF por-
tion comprises roughly 60% of total private
carbon storage in the region. Note that this
is only current stock, and programs designed
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Figure 3. Distribution of total nonsoil carbon in the US South by growing stock level.

to mitigate GHG emissions will require that
“additional” mitigation be made to be eligi-
ble for participation. In other words, offset
credits can be generated only for reducing
emissions below (or increasing sequestration
above) what would be found under normal
(“baseline”) conditions. So it is not simply a
matter of how much carbon is on the ground
now but how much extra can be added.
Stocking levels, defined as the “basal
area and/or number of trees in a stand com-
pared with the basal area and/or number of
trees required to fully use the growth poten-
tial of the land (or the stocking standard)”
(USDA Forest Service 2004), can help to
shed light on the potential additional carbon
that could be brought to market. Of the data
available from the FIA darta sets, stocking
level is perhaps the most appropriate for in-
dicating rough potential for future carbon
sequestration, as it can provide insight into
the magnitude of opportunities for offset-
ting carbon through improved forest man-
agement activities. In the FIA NWOS data-
set, the majority of nonsoil forest carbon—
that portion found in aboveground and be-
lowground live trees, aboveground and be-
low ground understory, standing deadwood,
and litter—lies in medium-to-fully stocked
stands (Figure 3). Poorly stocked stands
also make up a sizable portion of total NIPF
holdings. Together, these two stocking
levels likely hold the greatest potential for
additional carbon storage, and collectively
hold 60.6% of current carbon stocks.
Turning to parcel size, slightly more
than half of the total nonsoil carbon in the

South is found on larger land holdings (Fig-
ure 4); carbon on medium (100-999 acres)
and large (greater than 999 acres) is approx-
imately 60.2% of total NIPF carbon. If one
assumes that only those landowners holding
larger parcels of land and with some history
of management (e.g., management plan or
recent harvest activity) will participate in
carbon markets, the potential carbon stock is
reduced to approximately 52% (Figure 5).
What this implies is that a good deal of the
South’s private forest carbon remains even
after removing the potentially nonpartici-
pating smaller parcels. In this respect at least,
the small landowner “problem” for market
participation may be overstated. Adjusting
for those individual NIPF landowners not
actively managing their land likewise has
little additional impact on the available car-
bon stock.

In addition to the contribution to total
carbon stock by individual NIPF landown-
ers, Figure 5 also includes the expected con-
tribution from all other private landowners
in the South, such as industrial holdings,
TIMOs, and REITs. This “other” portion
includes those larger landowners expected to
exhibit greater profit-maximizing behavior.
Although a gross oversimplification, we as-
sume here that these “other” landowners are
price responsive and so require less filtering
to gauge potential participation in carbon
markets.

Discussion and Conclusions
Returning to the original forest man-
agement supply curves produced by Murray
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et al. (2005) and shown in Figure 1, we can
attempt a rough first approximation of offset
supply based on the lessons learned here.
We do not estimate a new supply curve but
rather adjust the existing one to deduct the
proportion of carbon on fully stocked and
overstocked stands, lands without a manage-
ment plan or harvest activity, and landown-
ers owning less than 100 acres. In other
words, we assume that the distribution of
current carbon stocks on those remaining
lands can be used to qualify future supply.

22 Journal of Forestry ¢ January 2013

We assume that individual NIPF landown-
ers on large parcels with a history of manage-
ment and with poorly or medium stocked
stands are both profit maximizing and capa-
ble of generating additional carbon storage
and, therefore, that the original curve calcu-
lated by Murray et al. (2005) applies to this
portion of the carbon stock. We also include
here a proportion of carbon stored on “other
private” lands, likewise assuming that this
portion of landowners is also profit maxi-
mizing and capable of generating carbon.

The forest carbon supply curve shown
in Figure 6 thus represents a first attempt at
answering the question, “Where is the car-
bon?,” or rather, “Where is the carbon stor-
age potential, and at what price is it avail-
able?” It represents a point of departure, the
beginning of a deeper conversation of how
to refine economic estimates of private land-
owner potential, though admittedly much
remains to be done. For one, the sequestra-
tion supply curve in Figure 6 represents a
hypothetical maximum potential at differ-
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ent prices from changes in forest manage-
ment. Recall that we are adjusting the curve
by percentages of current carbon stock,
whereas offset potential is determined by
how much additional storage can be gener-
ated. Although the figure attempts to adjust
potential to account for stocking levels, the
link between current carbon stock, stocking
levels, and future potential is complex. For
example, fully stocked stands could still be
managed so as to generate additional carbon
benefits through extended rotation or stand
improvement interventions (e.g., Galik and
Cooley 2012). The extent of additional car-
bon potential in understocked stands is like-
wise unclear. Likewise, the present analysis
does not directly address leakage and other
market phenomena capable of reducing ag-
gregate storage, though these are present in
the original Murray et al. (2005) curve. Ef-
forts should, therefore, turn to integrating
behavioral and attribute screens such as
those employed here into traditional model-
ing approaches capable of assessing the im-
pact of these larger market effects.
Furthermore, we argue that a sizable
portion of sequestration potential may not
be fully price responsive, but a large portion
will be, implying that total mitigation deliv-
ered will depend on the market for both car-
bon and other agricultural and forest prod-

ucts (Mercer etal. 2011). Tied to pricing are
the program design elements that define the
rules for participation in forest offset pro-
grams. Program design can influence the
manner in which carbon is measured and
reported, which in turn can have direct ef-
fects on the financial viability of individual
offset projects (Galik and Cooley 2012).The
voluntary carbon market has likewise shown
some price preference for offsets sold under
more rigorous participation rules.

Program design can also affect partici-
pation in other ways, especially as it pertains
to long-term commitment requirements
or additional management encumbrances.
Targeted research on the willingness to par-
ticipate in carbon markets confirms land-
owner hesitance to accept such restrictions,
even when compensated (van Kooten et al.
2002, Markowski-Lindsay et al. 2011). Un-
fortunately, the data to explore such limita-
tions at the regional level are limited.” Until
this question can be answered definitively,
it is worthwhile exploring other options for
promoting sequestration on private lands,
including incentive-based policies and sup-
port programs (see, e.g., Langpap and Kim
2010, Mercer et al. 2011). Regardless of the
approach taken, outreach and education will
play an important role, especially in light of
documented gaps in landowner awareness of

carbon and other conservation programs
(e.g., Wade and Moseley 2011, Van Fleet et
al. 2012).

The information generated by this
study nonetheless has a strong and clear role
in the development of national carbon pol-
icy. From a forest landowner perspective, a
properly designed offset program may pro-
vide an additional revenue stream for work-
ing forests and promote forest retention. In-
formation generated from this analysis can
further assist individual NIPF landowner ac-
cess and participation to carbon markets by
identifying the outreach tools and methods
needed to connect with key components
of the individual NIPF landowner commu-
nity, the measurement and verification pro-
cesses likely necessary for adoption of offset
projects, and the need for and role of carbon
offset project aggregation services. From a
policymaker perspective, the findings serve
two primary purposes. First, they help to re-
focus efforts on the refinement of potential
GHG mitigation supply by examining an
aspect, landowner behavior, often absent in
existing national models. Second, in helping
to maximize individual NIPF landowner
participation in a forest carbon offset pro-
gram, the findings can also help to lower the
overall cost of climate policy by facilitating
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the generation of greater amounts of rela-
tively low-cost GHG reduction credits.

Endnotes

1. See www.fia.fs.fed.us/nwos/ (last accessed
May 16, 2012) and www.fia.fs.fed.us/ (last ac-
cessed May 16, 2012) for further information
on the National Woodland Owner Survey
database and plot-level forest inventory data,
respectively.

2. A full review of this voluminous work is be-
yond the scope of this short article. Reviews
can be found elsewhere (Lewandrowski et al.
2004, Stavins and Richards 2005, van Kooten
and Sohngen 2007). Stavins and Richards
(2005) find fairly wide agreement on esti-
mates of offset price and quantity up to ap-
proximately 1.1 billion tCO,e of additional
carbon supplied per year. Beyond that quan-
tity, cost estimates begin to diverge, but some
studies suggest a potential for low-cost miti-
gation opportunities to exceed 1.8 billion
tCO,e/year or more.

3. This can be viewed as a relatively benign cut-
off, as “harvest” is a catchall for a number of
activities, including the simple harvest of fire-
wood. Further exploration of the data, how-
ever, show that limiting harvest activity to
post, veneer, pulp, or sawlog removal retains
over 93% of carbon in lands between 100 and
999 acres in size, and 99% of the carbon in
holdings over 999 acres. Harvests only con-
sisting of firewood and other materials, there-
fore, make up a small portion of the sample.

4. The 100-acre cutoff is somewhat arbitrary
but is grounded in the increasing costs faced
by smaller landowners as noted in the refer-
enced studies.

5. One could attempt to gauge the potential of
such requirements to limit aggregate partici-
pation, but the closest proxies for carbon
market participation available in the NWOS
database are past experience with or future
willingness to enter into conservation ease-
ments and third party certification (e.g., For-
est Stewardship Council (FSC), Sustainable
Forestry Initiative (SFI), American Tree Farm
System, etc.). There are similarities between
both (e.g., long-term commitments with ease-
ments; verification requirements with certifi-
cation), but the pool of landowners willing or
even able to participate in these two activities
may be significantly less than those willing to
sell carbon. We thank an anonymous reviewer
for clearly articulating this last point.

Literature Cited

Apams, D.M., R. AuiG, G. LarTa, AND E.M.
WHITE. 2011. Regional impacts of a program
for private forest carbon offset sales. /. For.
109(8):444—461.

AMANO, M., AND R.A. SEDJO. 2006. Forest seques-
tration: Performance in selected countries in the
Kyoto period and the potential role of sequestra-
tion in post-Kyoto agreements. Available online
at  www.rfforg/rff/documents/rff-rpt-forest
sequestrationkyoto.pdf; last accessed Oct. 8,
2012.

24 Journal of Forestry  January 2013

BAKER, ].S., B.A. McCarL, B.C. MURRrAY, S.K.
Rosg, R.J. AuiG, D. Abams, G. LaTTA, R.H.
BEACH, AND A.]. DAIGNEAULT. 2010. Net farm
income and land use under a US greenhouse
gas cap and trade. Policy Issues 7, April 2010:
1-5.

BeacH, R.H., S.K. Parranavak, J.-C. YANG,
B.C. MuURrray, anD R.C. ABT. 2005. Econo-
metric studies of non-industrial private forest
management: A review and synthesis. Forest
Policy Econ. 7(3):261-281.

BUTLER, B.J. 2008. Family forest owners of the
United States, 2006. USDA For. Serv., North-
ern Research Station, Gen. Tech. Rep. NRS-
27.78 p.

Conway, M.C., G.S. AMACHER, J. SULLIVAN,
AND D. WEAR. 2003. Decisions nonindustrial
forest landowners make: An empirical exami-
nation. /. For. Econ. 9(3):181-203.

CuBBAGE, F.W., T.G. Harris, D.N. WEaR, R.C.
ABT, AND G. PACHECO. 1995. Timber supply
in the South: Where is all the wood? J. For.
93(7):16-20.

Dickinson, B.J., T.H. STEVENS, M. MARKOWSKI-
LinDpsay, anD D.B. KiTTREDGE. 2012. Esti-
mated participation in US carbon sequestra-
tion programs: A study of NIPF landowners in
Massachusetts. /. For. Fcon. 18(1):36—46.

FLETCHER, L.S., D.B. KITTREDGE, AND T. STE-
VENS. 2009. Forest landowners’ willingness to
sell carbon credits: A pilot study. North.
J. Appl. For. 26(1):35-37.

GaLk, C.S., anD D.M. CootLEy. 2012. What
makes carbon work? A sensitivity analysis of
factors affecting forest offset viability. For. Sci.
58(5):540-548.

GaLk, C.S., D.M. CoOLEY, AND J.S. BAKER.
2012. Assessing production and transaction
costs of US forest carbon offset projects. /. En-
viron. Manage. 112:128-136.

HarTMAN, R. 1976. The harvesting decision
when a standing forest has value. Econ. Ing.
14(1):52-58.

KILGORE, M.A., S.A. SNYDER, ]. SCHERTZ, AND
S.J. TarE. 2008. What does it take to get family
forest owners to enroll in a forest stewardship-
type program? Forest Policy Econ. 10(7-8):
507-514.

KRAMER, R., AND A. JENKINS. 2009. Ecosystem
services, markets, and red wolf habitat: Results
from a farm operator survey. Available online
at www.nicholas.duke.edu/ecosystemservices/
redwolf; last accessed Oct. 8, 2012.

Langrar, C. 2004. Conservation incentives pro-
grams for endangered species: An analysis of
landowner participation. Land Econ. 80(3):
375-388.

Langrar, C., AND T. Kim. 2010. Chapter 5: Lit-
erature review: An economic analysis of in-
centives for carbon sequestration on nonindus-
trial private forests (NIPFs), in Alig, Ralph J.,
tech. coord. Economic modeling of effects of
climate change on the forest sector and mitiga-
tion options: A compendium of briefing papers.
USDA For. Serv., Pacific Northwest Research
Station, Gen. Tech. Rep. PNW-GTR-833.
169 p.

Larra, G., D.M. Apams, R.J. AuG, aND E.
WHITE. 2011. Simulated effects of mandatory

versus voluntary participation in private forest
carbon offset markets in the United States.
J. For. Econ. 17(2):127-141.

Layron, D.F., AND J. StikAMAKI. 2009. Payments
for ecosystem services programs: Predicting
landowner enrollment and opportunity cost
using a beta-binomial model. Environ. Resourc.
Econ. 44(3):415-439.

LEWANDROWSKI, J., M. PETERS, C. JONES, AND R.
HOUSE. 2004. Economics of sequestering carbon
in the US agricultural sector. USDA ERS Tech.
Bull. No. 1909, USDA, Economic Research
Service. 69 p.

MALMSHEIMER, R.W. (Co-EDITOR), P. HEFFER-
NAN (Co-EDITOR), S. BRINK, D. CRANDALL, F.
DENEKE, C. GALIK, E. GEE, ET AL. 2008. Forest
management solutions for mitigating climate
change in the United States. /. For. 106(3):
115-173.

MARKOWSKI-LINDSAY, M., T. STEVENS, D.B.
KITTREDGE, B.J. BUTLER, AND P. CATANZARO.
2011. Barriers to Massachusetts forest land-
owner participation in carbon markets. Ecol.
Econ. 71:180-190.

Marra, J.R., J.RR. Aravararati, anp D.E.
MERCER. 2009. Incentives for biodiversity
conservation beyond the best management
practices: Are forestland owners interested?
Land Econ. 85(1):132-143.

MERCER, D.E., P. LAL, AND J.R.R. ALAVALAPATI.
2011. Chapter 4: Competitiveness of carbon
offset projects on nonindustrial private forest-
lands in the United States, in Alig, Ralph J.,
tech. coord. 2011. Effects of climate changes on
natural resources and communities: A compen-
dium of briefing papers. USDA For. Serv., Pa-
cific Northwest Research Station, Gen. Tech.
Rep. PNWGTR-837. 169 p.

MOONEY, S., S. BROWN, AND D. SHOCH. 2004.
Measurement and monitoring costs: Influence
of parcel contiguity, carbon variability, project
size and timing of measurement events. Available
online at www.winrock.org/ecosystems/files/
Mooney_et_al_ MMCosts-1-15-04.pdf; last
accessed Oct. 8, 2012.

Murray, B.C. 2000. Carbon values, reforesta-
tion, and “perverse” incentives under the
Kyoto Protocol: An empirical analysis. Mitiga-
tion and Adaptation Strategies for Global
Change 5(3):271-295.

Murray, B.C. 2003. Carbon sequestration: A
jointly produced forest output. Chapter 13 in
Forests in a market economy. Sills, E.O., and
K.L. Abt (eds.). Kluwer Academic Publishers,
Boston/Dordrecht/London.

Murray, B.C., B.L. SOHNGEN, A.J. SOMMER,
B.M. DEerrO, K.M. JONES, B.A. McCaRL, D.
GILLIG, B. DEANGELO, AND K. ANDRASKO.
2005. Greenhouse gas mitigation: Potential in
US forestry and agriculture. EPA-R-05-00. US
Environmental Protection Agency, Office of
Atmospheric Programs. 154 p.

PRESTEMON, J.P., AND D.N. WEAR. 2000. Link-
ing harvest choices to timber supply. For. Sci.
46(3):377-389.

Rosst, F., D.R. CARTER, J.R.R. ALAVALAPATI, AND
J.T. Nowak. 2010. Forest landowner partici-
pation in state-administered southern pine


www.fia.fs.fed.us/nwos/
www.fia.fs.fed.us/
www.rff.org/rff/documents/rff-rpt-forestsequestrationkyoto.pdf
www.rff.org/rff/documents/rff-rpt-forestsequestrationkyoto.pdf
www.nicholas.duke.edu/ecosystemservices/redwolf
www.nicholas.duke.edu/ecosystemservices/redwolf
www.winrock.org/ecosystems/files/Mooney_et_al_MMCosts-1-15-04.pdf
www.winrock.org/ecosystems/files/Mooney_et_al_MMCosts-1-15-04.pdf

beetle prevention cost-share program. South.
J. Appl. For. 34(3):110-117.

SHAIKH, S.L., L. SuN, AND G.C. vAN KOOTEN.
2007. Are agricultural values a reliable guide
in determining landowners™ decisions to create
forest carbon sinks? Can. J. Agri. Econ. 55(1):
97-114.

SOHNGEN, B., AND R. MENDELSOHN. 2003. An
optimal control model of forest carbon seques-
tration. Am. J. Agri. Econ. 85(2):448—457.

Stavins, R.H., AND K.R. RICHARDS. 2005. The
cost of US forest-based carbon sequestration.
Available online at www.c2es.org/publications/
cost-us-forest-based-carbon-sequestration; last
accessed Oct. 8, 2012.

STORDAL, S., G. LIEN, AND S. BAARDSEN. 2008.
Analyzing determinants of forest owners’ deci-
sion-making using a sample selection frame-
work. /. For. Econ. 14(3):159-176.

SuLLvaN, J., G.S. AMACHER, AND S. CHAPMAN.
2005. Forest banking and forest landowners:
Forgoing management rights for guaranteed
financial returns. Forest Policy Econ. 7(3):381—
392.

THompsoN, D.W., aND Hansen, E.N. 2012.
Factors affecting the attitudes of nonindustrial
private forest landowners regarding carbon
sequestration and trading. /. For. 110(3):129—
137.

USDA FOREST SERVICE. 2004. Common defini-
tions used by the FIA. Available online at
www.fs.fed.us/ne/fia/methodology/def_qz.htm;
last accessed Apr. 9, 2012.

USDA FOREST SERVICE. 2010. Carbon storage
in US forests, by state, sub-region, and owner-
ship group. Available online at www.fia.fs.
fed.us/Forest%20Carbon/docs/Total%20
Carbon%20storage%20in%20US%20Forests
%2020101028.xls; last accessed Dec. 19, 2011.

USDA FOREST SERVICE. 2011. FIA DataMart.
Available online at apps.fs.fed.us/fladb-down
loads/datamart.html; last accessed June 6,
2011.

USDA FOREST SERVICE. 2012. FIDO Standard
Reports, Tree Carbon. Available online at
apps.fs.fed.us/fido/standardrpt.html; last ac-
cessed May 16, 2012.

US ENVIRONMENTAL PROTECTION AGENCY.
2009. EPA analysis of the American Clean En-

ergy and Security Act of 2009 H.R. 2454 in
the 111th Congress. Office of Atmospheric Pro-
grams. 53 p.

US ENVIRONMENTAL PROTECTION ~AGENCY.
2011. Inventory of US greenhouse gas emissions
and sinks: 1990-2009. USEPA #430-R-11-
005. Office of Atmospheric Programs. 459 p.

VaN FLegT, T.E., D.B. KITTREDGE., B.]. BUTLER,
AND P.F. CATANZARO. 2012. Reimagining
family forest conservation: Estimation land-
owner awareness and their preparedness to act
with the Conservation Awareness Index. /. For.
110(4):207-215.

VAN KoOTEN, G.C., AND B. SOHNGEN. 2007.
Economics of forest ecosystem carbon sinks:
A review. Int. Rev. Env. Resourc. Econ. 1(3):
237-269.

VAN KooTeN, G.C., S.L. SHAIKH, AND P.
SUCHANEK. 2002. Mitigating climate change
by planting trees: The transaction costs trap.
Land Econ. 78(4): 559-572.

WaDE, D., aND C. MoseLEy. 2011. Foresters’
perceptions of family forest owner willingness
to participate in forest carbon markets. Norzh.

J. Appl. For. 28(4):199-203.

Journal of Forestry * January 2013 25


www.c2es.org/publications/cost-us-forest-based-carbon-sequestration
www.c2es.org/publications/cost-us-forest-based-carbon-sequestration
www.fs.fed.us/ne/fia/methodology/def_qz.htm
www.fia.fs.fed.us/Forest%20Carbon/docs/Total%20Carbon%20storage%20in%20US%20Forests%2020101028.xls
www.fia.fs.fed.us/Forest%20Carbon/docs/Total%20Carbon%20storage%20in%20US%20Forests%2020101028.xls
www.fia.fs.fed.us/Forest%20Carbon/docs/Total%20Carbon%20storage%20in%20US%20Forests%2020101028.xls
www.fia.fs.fed.us/Forest%20Carbon/docs/Total%20Carbon%20storage%20in%20US%20Forests%2020101028.xls
apps.fs.fed.us/fiadb-downloads/datamart.html
apps.fs.fed.us/fiadb-downloads/datamart.html
apps.fs.fed.us/fido/standardrpt.html

