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ABSTRACT

Long-run Implications of a Forest-based Carbon Sequestration Policy on the United
States Economy: A Computable General Equilibrium (CGE) Modeling Approach.
(August 2012 )

Juan Jose Monge, B.Sc.; M.Sc., University of Arkansas

Co-Chairs of Advisory Committee: Dr. Henry L. Bryant
Dr. James W. Richardson

The economic impacts of a government-funded, forest-based sequestration pro-
gram were analyzed under two different payment schemes. The impacts were ob-
tained by developing a regional, static CGE model built to accomodate a modified
IMPLAN SAM for a determined region in the United States for 2008. The IMPLAN
SAM was modified to accommodate the more conventional factors of production
(labor, capital and land) and to account for land heterogeneity using the Major
Land Resource Areas (MLRA). The regional aggregation considered included the
Southern, Northeastern, Southwestern and Midwestern regions. The two policy sce-
narios considered consisted of two COs-offset payment schemes: 1) the government
compensates the generation of COs-offsets only by the land converted to a carbon
graveyard and 2) the government additionally compensates the CO, offsets generated
as a by-product by the existing commercial logging activity. By doing an analysis of
the model with different budget magnitudes under the two scenarios, two different
COg-offset supply schedules were obtained with their respective COs-offset price and
quantity sets.

For a budget allocation of $6.9 billion, approximately 1 billion metric tons of CO,
offsets (15% of U.S. 2008 total GHG emissions) were produced in the first scenario
versus 0.8 billion metric tons (11% of U.S. 2008 GHG net emissions) in the second

one. Fifty million acres were diverted out of agriculture and commercial forestry



v
land to the carbon graveyard mainly in the Northern, Western and Central Great
Plains in the first scenario. Twenty two million acres were diverted out of agricultural
land to the carbon graveyard and commercial logging mainly in the Northern and
Western Great Plains; and the Eastern and Western boundaries of the Appalachian
mountains in the second scenario.

Both scenarios resulted in higher land and agricultural commodity prices, lower
consumption of agricultural commodities by households, lower agricultural exports
and higher imports. The payment structure of the second scenario benefited the
commercial logging industry, increasing its production and exports, and decreasing
its imports. The non-agricultural sectors mostly impacted by the two policy scenarios

were the manufacturing, construction and government employment sectors.
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1. INTRODUCTION

1.1 Background
1.1.1 Global climate change

In the last two centuries, starting with the industrial revolution, societies around
the world experienced a great deal of progress. The introduction of steam power,
large scale production of chemicals, the mechanization of agriculture, the develop-
ment of new petroleum distillation methods, electricity generation and distribution,
the invention of the internal combustion engine and the development of the automo-
tive industry are some of the major turning points that contributed to the greatest
economic and societal leap in the history of human kind. However, as economists
like to put it “there is no such thing as a free lunch.” An inevitable byproduct of
the standardization of the previously mentioned discoveries in every day activities
is the unprecedented amount of greenhouse gases (GHG) released and concentrated
into the atmosphere and the resulting climate-retaled damage (i.e. global warming).
The trend at which fossil-fuel emissions have been increasing is shown in figure 1.1
(Boden, Marland, and Andres 2012).

The United States is one of the nations that has greatly benefited from the
progress experienced, and the wealthiest nation in the world, accounting for approx-
imately a quarter of the global GHG emissions, or 6.8 billion metric tons in 2010.
COy is the most significant GHG produced by human activities, mainly the com-
bustion of fossil fuels, accounting for 83% of total United States GHG emissions.
However, land use, land-use change, and forestry acted as a net sink reducing total
GHG emissions by approximately 1 billion metric tons to a net total of 5.8 billion

metric tons in 2010 as shown in figure 1.2 (EPA 2012).

This dissertation follows the style of the American Journal of Agricultural Economics.
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1.1.2 Biological carbon sequestration

According to CBO (2007), the two main current alternatives to sequester car-
bon are: biological sequestration and CO, capture and storage (CCS). Hence, it is
important to differentiate among the two alternatives in this document. Biological
sequestration includes activities in the agriculture and forestry sectors that encour-
age the absorption of COy from the atmosphere into the vegetation and soil. The
carbon in the vegetation and soil is mainly quantified in terms of carbon mass, not
CO,. However, the carbon released into the atmospere is mainly in the form of CO,.
The conversion rule is that one metric ton of carbon is equivalent to 3.67 metric tons
of COs.

According to Stavins and Richards (2005), paying no serious attention to carbon
sequestration alternatives would lead to “incorrect and overly pessimistic conclusions
about the cost and feasibility of addressing global climate change.” The role of the
agriculture and forestry sectors as net carbon sinks has made policymakers become
aware of the great potential offered by these sectors to contribute to the national,
and global, effort to curb GHG emissions. Among the options to mitigate the risk
of global climate change, two are of great importance: 1) carbon source reduction
programs and 2) carbon sink enhancement programs. If the country implemented a
national program, the economic impact exerted by the first option to the private sec-
tor would require a great deal of investment in the development of new technologies,
which translates into time and capital. In contrast, Richards et al. (1993) concluded
that “trees could reduce the overall cost of stabilizing U.S. carbon emissions by as
much as 80%” compared to a policy that only addressed the reduction of fossil-fuel
emissions.

The most recent and ambitious attempt to address climate change in the country

was the House Resolution (H.R.) 2454 in the 111th Congress and included, in section



4

503 (b), the following activities in the agriculture and forestry sectors as eligible

domestic offset practices: !

1. agricultural, grassland, and rangeland sequestration and management prac-

tices;

2. changes in carbon stocks attributed to land use change and forestry activities;

and

3. manure management and disposal.

1.1.3 Forest-based carbon sequestration

To decide what alternatives to include in a hypothetical domestic portfolio of
compliance activities, the cost and price of the different sequestration options would
be a major inclusion criterion for policymakers. Among the most promising biological
sequestration alternatives to date, forest-based carbon sequestration has proven to
be a relatively inexpensive means of addressing climate change. The H.R. 2454,
section 503 (b) (2), included the following forestry activities as eligible domestic

offset practices:
1. afforestation or reforestation of acreage that is not forested;

2. forest management resulting in an increase in forest carbon stores including

but not limited to harvested wood products;
3. management of peatland or wetland;

4. conservation of grassland and forested land;

!The H.R. 2454, also known as the American Clean Energy and Security Act of 2009, was an energy
bill that sought to reduce global warming pollution among other objectives. The bill passed in the
House of Representatives on June 26, 2009. However, it did not pass in the Senate and was placed
on the legislative calendar under General Orders. Calendar No. 97. The H.R. 2454, section 722 (d)
(1) (A), allowed covered entities to collectively use offset credits to demonstrate compliance for up
to a maximum of 2 billion tons of GHG emissions annually.



5. improved forest management, including accounting for carbon stored in wood

products;
6. reduced deforestation or avoided forest conversion;
7. urban tree-planting and maintenance;
8. agroforestry; and

9. adaptation of plant traits or new technologies that increase sequestration by

forests.

1.1.4 Afforestation

According to EPA (2008; 2005); Lewandrowski et al. (2004) and Johnson, Ram-
seur, and Gorte (2010), afforestation is the sequestration alternative that would,
potentially, contribute the most towards the generation of domestic carbon offsets
from the agriculture and forestry sectors. Afforestation consists on planting trees
on land previously used for other purposes. Afforestation is the alternative with the
highest per-acre and total potential carbon sequestration for land used either for
cropland or pastureland (Lewandrowski et al. 2004). According to Birdsey (1992),
the estimated per-acre sequestration rates for forest coming from cropland and pas-
tureland are 0.79 - 1.72 and 0.73 - 2.09 metric tons per acre, respectively.

The potential generation of domestic carbon offsets from land-use change to af-
forestation depends on hypothetical carbon offset prices,? tree-establishment costs,
land rents for alternative uses, competing prices of agricultural products, carbon se-
questration rates for different geographical regions and tree species, and the effect

of key analytical parameters such as discount rates. Hence, to analyze the potential

2The offset price is the marginal cost of abatement for uncovered sectors and entities. When the
limit on offset usage is non-binding, the offset price is equal to the allowance price. The allowance
price is equal to the marginal cost of abatement for covered sectors and entities.



contribution from afforestation, an analytical approach is needed that accounts for
all these factors.
The literature cites several approaches to analyze such an encompassing issue.

Among the most cited ones are:

1. Bottom-up engineering studies,
2. Sectoral models, and

3. Econometric studies.

Each of these models will be treated in more detail in the literature review section

of this document, covering their strengths, weaknesses and conclusions.

1.1.5  Computable General Equilibrium (CGE) models

One appropriate approach to account for different agents in society (e.g. house-
holds categorized by annual income and different state and federal government divi-
sions) and their interactions with the different sectors in the economy is the Com-
putable General Equilibrium (CGE) modeling approach. CGE modeling would help
explain, identify and structure the intricate relationships between all of the factors
affecting potential generation of carbon offsets from afforestation and their impacts
on society and the economy. However, very few CGE models have considered af-
forestation. Even fewer, if not any, have considered the effect of afforestation on
land-use change in different regions in the nation. Hence, the literature lacks a CGE
model that analyzes the impact of afforestation program magnitudes on land-use

change for different geographically associated regions in the United States.

1.2 Objective

The main objective of the current dissertation is to analyze the impact of different

government budget allocations devoted to forest-generated carbon offsets on land-



use change in different Major Land Resource Areas (MLRA), land rents, and the
production and prices of related commodities using a CGE framework.

To achieve the main objective the following secondary objectives were accom-

plished:

1. Develop and modify a regional Social Accounting Matrix (SAM) from the Im-
pact Analysis for Planning (IMPLAN) Version 3.0, reflecting economic activity
for 2008 for different regional aggregations in the country at the state level

(MIG 1997) .3

(a) Balance the IMPLAN SAM using the Cross Entropy (CE) SAM-balancing

technique.

(b) Modify certain IMPLAN value-added accounts to acommodate the more

common capital and labor production factor accounts.

(¢) Modify the allocation of Indirect Business Taxes (IBT) to the appropriate

producing activities.

2. Modify the regional IMPLAN SAM to accomodate land as a production factor
for different MLRAs.

(a) Obtain and estimate per-acre land rents for different land-use categories

within the agricultural and forestry sectors for different MLRAs.

(b) Include land rent payments into any regionally aggregated IMPLAN SAM.

3. Develop a static IMPLAN SAM-based regional CGE model with special empha-
sis on the market for agricultural land in any arbitrary state-level aggregation

in the U.S.

(a) Develop and calibrate the CGE model using the General Algebraic Mod-
eling System (GAMS).

3Note that only the IMPLAN data have been used; neither the IMPLAN model nor linear activity
modeling have been used at all.




4. Include the afforestation component into the SAM-based regional CGE model.

(a) Obtain per-acre sequestration rates and establishment costs for different

regions and tree species.

(b) Include the afforestation component into the CGE model as a latent ac-

tivity reflecting the “carbon graveyard” practice.*

(c) Modify the model to accomodate carbon offset demand from the federal

government.

(d) Include the sequestration generated by the commercial logging activity as

a co-product.

4Carbon graveyard is the practice of leaving tree stands permanently without being harvested to
avoid further release of carbon.



2. LITERATURE REVIEW

For over twenty years, the literature on carbon sequestration methodologies has
claimed that it is possible to considerably counteract global GHG emissions by in-
creasing forested areas around the world. Starting from Sedjo and Solomon (1989),
there are dozens of carbon sequestration cost studies focusing on the entire globe, ge-
ographic regions, nations, national sub-regions, etc. Sedjo et al. (1995); van Kooten
et al. (2004); Richards and Stokes (2004); Stavins and Richards (2005) offer a com-
prehensive review of studies for different regional aggregations. van Kooten et al.
(2004); Richards and Stokes (2004); Stavins and Richards (2005) modified the costs
and potential total carbon sequestration of some of the most important studies cited,
if not all, to compare among them and give a unified conclusion. van Kooten et al.
(2004); Stavins and Richards (2005) went even further and performed a meta-analysis
of all the studies cited.! All of these comparisons were undertaken with the objective
of assessing the relative importance of the various factors affecting the estimation of

carbon sequestration costs such as:

the treatment of carbon accounting;

the estimation of land costs (i.e. opportunity costs);

e the choice of rates of return;

the consideration of leakage, additionality and permanence; and

the interpretation of the different cost curves (e.g. marginal and average costs).

However, to circumbscribe the type and scope of studies included and to provide a
greater insight into the regional costs of carbon sequestration, this literature review
focuses only on studies performed in the U.S.; mainly on the ones that used sector

optimization or CGE modelling.

Lyan Kooten et al. (2004) included studies from all over the world and Stavins and Richards (2005)
only from the U.S.
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The review starts by describing the three main approaches used to date to es-
timate carbon sequestration costs and listing their strenghts and weaknesses. The
discussion then focuses on the existing alternatives among optimization models in

the literature, mainly on CGE models.

2.1 Forest-based carbon sequestration studies

According to Richards and Stokes (2004); Stavins and Richards (2005), based on
the modeling of land costs, the three general categories of studies dealing with the

estimation of forest-based carbon sequestration costs are:
e bottom-up engineering cost studies,
e cconometric studies, and

e sectoral optimization studies.

2.1.1 Bottom-up engineering studies

Bottom-up engineering cost studies were among the first studies to consider the
estimation of land costs as a major part of a forest-based sequestration program.
They are also the first type of study that used the different accounting and reporting
methods for carbon sequestration costs, Moulton and Richards (1990) and Richards
et al. (1993) were the first to use the levelized and discounting costs approaches,
respectively.? Moulton and Richards (1990) and the New York State Energy Office
(1991) employed observed prices from agricultural land rental markets and Richards,
Moulton, and Birdsey (1993) from agricultural land purchase markets.

According to Richards and Stokes (2004), engineering cost studies have the ad-

vantage of being fairly simple and transparent to interpret. This reason makes them

2For a more thorough treatment of the different accounting and reporting methods for carbon
sequestration costs see Richards and Stokes (2004); Stavins and Richards (2005).
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Table 2.1. Normalized Sequestration Costs from Previous Bottom-Up
Engineering Studies

Potential Range of
Authors Scope normalized normalized
guantity costs
million T _
o S/MT of CO,
of CO, fyear
Moulton and Richards {1990) National 2591 -------------- i
Dudek and Leblanc {1990} Mational 124 18
Mew York State (1991) Mew York 250 2-16
Adams et al, {1993) Mational 2,331 7-21
Richards, Moulton and Birdsey {1993) Mational 1,492 3-24
Parl:s and Hardie {1995} Mational 400 1-11
Alig et al. {1997) Mational 146 8
Richards {1997) Mational 1,643 3-43

good sources to obtain regional cost information. There is a relatively narrow range
of sequestration cost estimates among this type of studies, claiming that considerable
amounts of carbon could be sequestered for less than $50/ton of carbon. Parks and
Hardie (1995) is the only exception, using a least-cost engineering approach, they
claim that the higher cost range is about $90/ton of carbon. According to Richards
and Stokes (2004), this difference in costs can be attributed to the fact that Parks and
Hardie (1995) considered much less land availability than other engineering studies.

As previously noted, Stavins and Richards (2005) performed a meta-analysis of
the sequestration studies published to date. Sequestration costs from different studies
were normalized and reported on a carbon short-ton basis. To compare to other more
recent studies, the estimates from Stavins and Richards (2005) were converted to a
CO4 metric-ton (MT) basis as listed in table 2.1.

Engineering studies have used several approaches to account for the opportunity
cost of land or increasing marginal costs of diverting land from agricultural purposes

to forest. Richards, Moulton, and Birdsey (1993); Richards (1997) used an exoge-
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nously determined elasticity of demand for agricultural land. Adams et al. (1993)
used a consumer surplus loss specification to reflect incresing food prices due to a
decreasing availability of agricultural land. Parks and Hardie (1995) accounted for
lost economic rents due to the movement of land out of agricultural production to
forests.

However, as cost estimation techniques have become more sophisticated (explic-
itly including more factors affecting sequestration costs), engineering studies present
some shortcomings. Due to the difficulty of estimating land costs, some studies as-
sumed a costless availability of land due to its public ownership status (New York
State Energy Office 1991). These studies do not consider landowners’ behavioral
responses or the responses of other economic actors. Hence, they treat land con-
version unidirectionally and irreversibly, giving landowners no flexibility for future
land use directions. In other words, once land has been converted into forest, it
cannot be converted back to agricultural land. This fact limits engineering models
in considering the leakage phenomenon.?

Due to the lack of general equilibrium effects, engineering studies do not con-
sider related market adjustments and may overstate the first order effects of carbon
sequestration programs (Richards and Stokes 2004). They do not consider “decision-
making inertia” and ignore the lagged effect of some economic incentives. They also
do not consider private market benefits or costs related to alternative uses of land

(Stavins and Richards 2005).

2.1.2 Econometric studies

This group of studies tries to circumvent some of the shortcomings presented

by the engineering studies. All the econometric studies are based on the revealed-

3Leakage is the phenomenon experienced when a sequestration program induces an increment in
agricultural land markets, thereby leading landowners to convert unregulated forestland to agricul-
tural land. Leakage offsets and decreases the efficiency of a sequestration program.
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preferences premise, which consists on identifying statistically significant relation-
ships between actual land-use choices (i.e. landowners’ responses) and changes in
timber and agricultural product prices. Once the relevant relationships have been
identified a response or supply function is statistically estimated and, with it, it is
possible to simulate the effect of a hypothetical economic shock (e.g. a carbon seques-
tration program subsidized by the government) on landowners’ land-use decisions.
The sequestration costs, from previous studies, listed and normalized in Stavins and
Richards (2005) where converted to a COy metric-ton (MT) basis as listed in table
2.2.

Table 2.2. Normalized Sequestration Costs from Previous Econometric
Studies

Potential Range of

Authors Scope normalized normalized
guantity costs
million MT

) S/MT of CO,
of CO, /year

Stavins {1999) Delta States 2,404 0-245
Plantinga, Maudlin and Miller {1999) ME, SC, Wi 256 0-79
Lubowski, Plantinga and Stavins {2003) Mational 5,600 2-83

The advantage of econometric analysis over engineering studies is that with the
former it is not necessary to understand and model the details of landowners’ de-
cision processes. Rather, econometric analysis depend on observable data to reveal
and estimate the opportunity cost of converting land from alternative uses (e.g. agri-
culture or urban areas) to forestry. The “decision-making inertia” or lagged effects
of some economic incentives are considered by these studies through lagged indepen-
dent variables. Agricultural subsidies are intrinsically reflected and capitalized into
land values; hence, the opportunity cost of switching land from agricultural uses to

forestry is more accurately determined (Stavins and Richards 2005).
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The regional focus of these studies goes from the national level (Stavins 1999;
Lubowski, Plantinga, and Stavins 2006), to the Delta states (Stavins 1999; Newell
and Stavins 2000), to Wisconsin, South Carolina and Maine (Plantinga, Mauldin, and
Miller 1999; Plantinga and Mauldin 2001). According to Richards and Stokes (2004),
Stavins (1999) is probably the most comprehensive, transparent and comparable
of all econometric studies. It accounted for timber harvesting by allowing carbon
stored in wood products. It also covered leakage by allowing land conversion in both
directions depending on the respective land returns. The method of discounting and
annualizing of carbon flows used in the study provides great comparability among
studies. By reporting both marginal and average costs, it also provides comparability
among both concepts. However, the meta-analysis by Stavins and Richards (2005)
uses Lubowski, Plantinga, and Stavins (2006) as the reference study to be compared

to the rest since it was the most recent study at that time.

2.1.3 Sector optimization studies

This group comprises two main sector optimization approaches: 1) partial equi-
librium (PE) and 2) CGE models. Most of the studies dealing with forest-based
carbon sequestration in the U.S. use the models from the first group. Studies using
models in the second group are mainly focused in analyzing a vast variety of GHG
reduction policies that cover not only the agriculture and forestry sectors but all
GHG-emitting sectors. This subsection focuses only on the models from the first
group. Section 2.2 will briefly list and describe existing global and regional CGE
models that have included a GHG component.

According to Richards and Stokes (2004); Stavins and Richards (2005); John-
son, Ramseur, and Gorte (2010), the two most commonly used models in carbon

sequestration studies are:
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Table 2.3. Normalized Sequestration Costs from Previous Sector Opti-
mization Studies

Source S3-45 $13- 615 530 - %34
Million MT of CO,/year
USDAstudy  0-31  105-264  224-493
EPA study 12 228 806

1. the Forest and Agriculture Sector Optimization Model with Greenhouse Gases
(FASOMGHG) used in Adams et al. (1999); Alig et al. (1997); Alig, Adams,
and McCarl (1998); and EPA (2005); and

2. the U.S. Mathematical Programming Regional Agriculture Sector Model (USMP)
used in Lewandrowski et al. (2004).*

Both are multi-period, price endogenous, spatial and PE models that seek to maxi-
mize the sum of consumer and producer surplus across all commodity markets subject
to policy constraints. Both also account for land conversion between different crop,
livestock and forestry management practices. FASOMGHG includes afforestation,
forest management, different tillage practices, livestock management, and feedstock
production for biofuels; and simulates changes over a 100-year period. USMP in-
cludes afforestation of cropland and pastures, shifting cropland to permanent grasses,
and different tillage practices; and simulates changes over a 15-year carbon storage
program. As listed in table 2.3, Johnson, Ramseur, and Gorte (2010) normalized
and reported the sequestration costs from two reports by EPA and USDA based on
FASOMGHG and USMP, respetively.

The great advantage of this type of models is that they can easily include leakage
in their specifications since landowner decisions are endogenous (Alig et al. 1997;

Adams et al. 1999). Opportunity costs of land are estimated as a component of both

4FASOMGHG is a modification of the original and widely-used FASOM. The USMP model is
currenlty known as the Regional Environmental and Agriculutural Programming Model (REAP).
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optimization models. The studies based on FASOM used econometrics specifications
to estimate consumer demand and measure the marginal cost from withdrawing land
from agricutural production.

Richards and Stokes (2004) raised the concern that the sequestration costs from
Alig et al. (1997) are substantially higher than the estimated costs from the en-
gineering studies. Richards and Stokes (2004) stated that, in the fixed-increment
scenario in Alig et al. (1997), the higher costs are a result of the artificially-imposed
constraint, rather than the more accepted cost-minimizing strategy.

According to Johnson, Ramseur, and Gorte (2010), among the studies that use
FASOMGHG and USMP, EPA (2005) and Lewandrowski et al. (2004) are two of the
most cited reports and were criticized by prominent researchers on the grounds of
being outdated and not including recent policy changes. Among the policy changes
not included in these two studies are the Renewable Fuel Standard (RFS) and the
increased federal support for farm-based bioenergy production. Furthermore, the
models were developed following a period of declining agricultural prices, stable net
farm income, and a reduction in agricultural land. EPA (2005) was also questioned
about the validity of estimates of the carbon offset potential of carbon offsets projects.
However, in March 2009, EPA announced it had updated the underlying model and

its estimates of the carbon offset potential from the agriculture and forestry sectors.

2.2 Optimization models

Asnoted in section §1.1.5, to analyze the impact of a government-funded afforestation-
based carbon sequestration program on different input and output markets it is nec-
essary to use an approach that considers the economic interlinkages between different
sectors in any regional aggregation or the nation. The literature on such models is
large and according to it the best models that apply to this study are input-output
(I0), partial equilibrium (PE) and computable general equilibrium (CGE) models.
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2.2.1 Alternative models

IO models are mainly based on economic IO tables and take into account the
economic linkages between sectors and regions needed for this study. However, to
model the substitutability between inputs (consumption and production), IO models
rely on a fixed elasticity of substitution (viz., ¢ = 0). In addition, due to its non-
parametric nature, 10 models also rely on a fixed input-output ratio or Leontief
production structure. Hence, by using IO models it is difficult to model response to
future changes in relative prices, to improvements in production technology or other
structural economic changes. All these aspects were central to this study; hence, a
more flexible approach was needed.

Besides 10 models, the second class of models applied in regional studies are
PE models. PE models concentrate on specific sectors of an economy taking the
other sectors as exogenous variables to the model. As noted in 2.1.3, models such as
FASOMGHG and USMP have been extensively used to model carbon sequestration
programs in the agriculture and forestry sectors. The main utility of these mod-
els is the detailed disaggregation of the sectors under scrutiny, which facilitates a
policy-impact analysis. However, besides the importance of direct policy impacts,
considering the impacts and feedbacks from other sectors, institutions and markets
to the relevant sectors can be of great importance. For example, most of the agricul-
tural PE models represent the land factor of production through reduced-form supply,
yield and area response equations and do not consider its demand side (Kretschmer
and Peterson 2010). In other words, PE models do not consider the market for the
land factor and, as a result, ignore the substitutability aspect of land use, which is
of great importance to this study. Hence, the approach that circumvents IO mod-
els’ fixed-substitutability limitation and PE models’ scope limitation is the CGE

modeling approach.
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2.2.2 CGE models and climate change

A CGE model is essentially a set of equations that explains the optimizing behav-
ior of the different actors in an economy through first order conditions. If PE models
maximize the sum of consumer and producer surplus, CGE models solve a set of
first-order conditions derived from utility and profit optimization theory. The inputs
and outputs of the production and utility functions to be maximized are reflected
by the production and consumption values recorded in the Social Accounting Matrix
(SAM) in a specific year. All of these transactions reflected in the SAM in a specific
year are assumed to be in equilibrium.

The SAM is a record-keeping framework of the payments between economic ac-
tors in a specific economic region and its regional context (i.e. trade). The economic
actors included in any generic SAM are: activities, commodities, institutions, pro-
duciton factors and trade. An activity represents an aggregated firm in any spe-
cific sector in the economy that consumes and produces commodities as inputs and
outputs, respectively. The institutions are the households, enterprises and the gov-
ernment. The production factors are capital, labor and, in the case of agriculture
and forestry, land. Each of these institutions receives payments for offering factors of
production (households) and for offering commodities and services (enterprises). The
government is modeled as a passive institution that collects taxes, receives transfers
and distributes these back into the economy.

In the literature regarding climate change, CGE models are used to analyze a wide
variety of GHG reduction policies that cover not only the agriculture and forestry
sectors but all GHG-emitting sectors. Among the most important CGE models used

in climate change that have focused on the U.S. there are:

EPPA: The Emissions Predictions and Policy Analysis (EPPA) model is a multi-
region, multi-sector dynamic CGE model of the world economy developed by

the Massachusetts Institute of Technology. It has been widely used to generate
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projections of global development and the GHG emissions produced as a by-
product. It has also been used in studies to analyze the impact of GHG-related
policies and the distribution of the cost of implementation among nations. It
is based on data developed by GTAP at Purdue University. GHG-emission
parameters are added to the dataset along with taxes and rates of technological,
economical and population growth. The GHG emissions sources included in
the model are the combustion of carbon-based fuels, industrial processes, waste
handling, and agricultural activities. There are two different versions of the
model: 1) the recursive dynamic (myopic) and 2) dynamic (forward-looking)
versions. The first and the second versions are documented in Paltsev et al.

(2005) and Babiker et al. (2008), respectively.

GTAP: The Global Trade Analysis Project (GTAP) model is a multi-region, multi-
sector CGE model of the world economy developed by Purdue University. The
model works on the premises of perfect competition, constant returns to scale,
non-homothetic CDE functional form for private households preferences, ex-
plicit treatment of international trade and transport margins, a global banking
sector and the treatment of bilateral trade under the Armington assumption.
The model has been mainly used in studies related to international trade pol-
icy. However, the basic dataset has been extended to include a more detailed
disaggregation of the energy sector (GTAP-E), the biofuel industry (GTAP-
BIO) and land into different agro-ecological zones (GTAP-AEZ). The model
has been used to analyze policies related to climate change and its effects on
international trade and land-use change. The model is documented in Hertel

(1997).

ADAGE: The Applied Dynamic Analysis of the Global Economy (ADAGE) model
developed by the Research Triangle Institute (RTI) is a dynamic CGE model

with the ability to analyze climate change mitigation policies at different geo-
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graphic scales: globally, nationally, regionally and at the state level in the U.S.
The model is divided into different modules depending on the regional scope
desired. These modules use datasets from different sources such as IMPLAN at
the regional level and GTAP at the global level. The model’s theoretical struc-
ture is the same for the different modules. The model has been documented in

Ross (2008).

IGEM: The Intertemporal General Equilibrium Model (IGEM) of the U.S. is a
multi-sector, dynamic model with perfect foresight. The parameters used in the
model are estimated econometrically using time series spanning 50 years. The
econometric approach offers an advantage over SAM-based CGEs in the sense
that it does not impose restrictions on the parameters describing technology
and preferences. On the contrary, using historical data, the model derives
responses of producers and consumers to changes in energy, environmental,

trade and tax policies. The models documentation can be found in Goettle

et al. (2012).
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3. SOCIAL ACCOUNTING MATRIX (SAM)

3.1 IMPLAN SAM

A method has been developed for rapidly constructing a SAM for regions consist-
ing of subsets of U.S. states (including the possibility of all states). By developing a
method for constructing a SAM, rather than a single SAM, we can rapidly implement
an aggregation scheme appropriate for a particular analysis. For example, a SAM
corresponding to a particular subset of U.S. states can be rapidly generated.

SAMs employ, as a primary source, data from the Impact Analysis for Planning
(IMPLAN) Version 3.0, reflecting economic activity for 2008. The IMPLAN dataset
contains information for 440 activity sectors at the national, state and county level.
Any generic SAM reflects transactions among sectors of the economy as well as
non-market transactions such as transfers to and from the government. The basic
structure of an IMPLAN SAM is shown in figure 3.1. For a more detailed structure
and the contents of every cell (transaction) please refer to MIG (1998) or figure A.2
in the appendix with its respective definitions in table A.3.

Any basic IMPLAN SAM contains the following institutional entities:
e Households (categories based on annual income of thousands of U.S. dollars):

— less than 10,

— between 10 and 15,
— between 15 and 25,
— between 25 and 35,
— between 35 and 50,
— between 50 and 75,
— between 75 and 100,

— between 100 and 150, and
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— more than 150.
e Government:

— federal
x defense,
* non-defense,
% investment,
— state and local
x education,
* non-education,

* Investment.

Enterprises (representative account)

Investment

Inventory

Trade:

— Rest of the U.S. (for regional aggregations)

— Rest of the World (for regional and national aggregation).

3.1.1 Aggregation of activities and regions

There are two types of aggregation for this study that were performed by IM-
PLAN:

Activity and commodity aggregation: since some of the 440 activities and com-

modities share common aspects,! these were aggregated into 32 representative

'Such as technology, inputs, outputs, regional location, etc.
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activities and commodities as shown in table A.2. Following the main objective

of this study, to analyze land use change, all the activities and commodities

related to agriculture and forestry were left at their original IMPLAN disag-
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gregation levels.? The crops included in the oilseed, grain, and all other crop

farming are listed in table A.4 in the appendix.?

a
implan 2 , (3.1)

where a and c are the sets of the 32 aggregated activities and commodities,

respectively; and implan is the set of the 440 activities and commodities.

Regional aggregation: the state-level aggregation on which this study is based
upon is presented in figure 3.2. The principal selection criteria was the po-
tential to convert great agricultural land extensions to afforestation based on
existing forest-type patterns. The Southern, Northeastern, Southwestern and
Midwestern regions of the U.S. offer the greatest potential for afforestation due
to their vast and continuous extensions of crop and pastureland. The Western
region (Pacific and Mountains) was left out due to the predominant presence
of high-value crops (fruits and vegetables), existing private and public forest

areas and desertic regions.

region C states, (3.2)

where region is a set representing the regional aggregation and states is a set

containing the 48 states included in the contiguous U.S.

Once the activity and regional aggregations have been determined, IMPLAN
automatically exports 26 files with the "dat” extension. Refer to MIG (1998) for

a detailed description of each of the 26 files. The core of these 26 files represent

2Qnly the “other agriculture” sector was composed of many other IMPLAN sectors such as vegetable
and melon (IMPLAN code 3); fruit (4); tree nut (5); greenhouse, nursery, and floriculture (6);
poultry and egg (13); animal production, except cattle poultry and eggs (14); forest nurseries, forest
products, and timber tracts (15); fishing (17); hunting and trapping (18); and support activities for
agriculture and forestry (19).

3For a more detailed list of the IMPLAN sectors, visit: http://implan.com
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Figure 3.2. Regional aggregation (in green color) considered for the anal-
ysis of the impacts of a forest-based carbon sequestration program on
land-use change

the submatrices included in figure 3.1 (i.e. a basic SAM). A basic IMPLAN SAM
includes two aggregated accounts for foreign and domestic trade, respectively. The
rest of the files are complementary and contain more dissagregated information on
employment, foreign and domestic trade.*

Complying with CGE-modeling conventions, the General Algebraic Modeling
System (GAMS) was used to include the trade information from the “satellite sub-

matrices” into the basic SAM.?

3.1.2 IMPLAN SAM trade adjustments

The satellite submatrices obtained from IMPLAN represent trade as transacions

between activities, institutions and commodities from and to outside regions (rest of

4These complementary files will be called “satellite submatrices.”

>The GAMS code to build a basic SAM and to include the trade information from the satellite sub-
matrices was obtained from Washington State University’s School of Economic Sciences website for
Regional CGE Models (Holland, Stodick, and Devadoss 2010). Three files were used: aggreg.gms,
check.gms and map.gms. The three files were modified and compressed into a single GAMS program
that produces a SAM.gdx file for any sectorial and regional aggregation from IMPLAN.
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the US and the world). However, following CGE modeling conventions, trade needs
to be represented in the SAM as transactions between commodities and outside
regions. Hence, the transactions obtained from the IMPLAN satellite submatrices
were added to their respective activity and institutional consumption and production
submatrices.

Considering that a is a set that includes the IMPLAN aggregated activities; ¢
is a set including the commodities produced by the aggregated activities; va is a
set including IMPLAN’s value-added accounts; inst is a set representing households,
governments, enterprises, investment and inventory; sectors is a macro set that in-
cludes a, ¢, va and inst; destin and source are sets representing trade to and from
outside regions, respectively; sam represents the transactions in the basic SAM and
SAM in the modified SAM; imports and exports represent trade transactions from
the satellite submatrices; trade represents commodity trade transactions by activi-
ties; trade&transf represents an aggregated value including commodity trade and
transfers by institutions and outside regions; va trade represents value-added factor
imports and is not changed in the modified SAM; TRADE and TRANSFERS
represent the modified commodity trade and institutional transfers to and from the

outside regions, respectively (see figure 3.3 and figure 3.4). Then, for exports:

SAM, . = samgc+ Z exportSy c.destin, (3.3)
destin
SAMinst,c = SMinst,c + Z exportsinst,c,destiny (34)
destin
TRADEc,destin = Z exportssector,c,destin> (3’5)

sector

TRANSFERSinst,destin = trade&transfinst,destin - Z exPOTtSinst,c,destin- (36)
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And for imports:

SAM., = same, + Z importse q source, (3.7)
source
SAMc,inst = Samc,inst + Z importsc,inst,sourcea (38)
source
TRADEsource,c = Z importsc,sector,sourcea (39>

sector

TRANSFERSsource,inst - trade&transfsource,inst - Z Z'mportsc,inst,sou'rce- (310)

c

As shown in equations (3.3) and (3.7), the trade transactions in the satellite
submatrices are added to the activity production and consumption submatrices,
respectively. Hence, the transactions in these submatrices are a composite of do-
mestic and foreign commodities. The same is done for the institutional production
and consumption submatrices and shown in equations (3.4) and (3.8), respectively.
Then, commodity exports and imports accross sectors in the satellite submatrices are
allocated to the commodity accounts as shown in equations (3.5) and (3.9), respec-
tively. This specification follows previous CGE-modeling conventions. And finally,
the residual transactions are allocated as institutional transfers coming from and

going to outside regions as shown in equations (3.6) and (3.10), respectively.®

3.1.3 IMPLAN SAM institutional transfers adjustments

Any regional IMPLAN SAM reflected negative transfers from low-income house-
holds to the government and from the government to high-income households. The
former could be modeled as subsidies on household income taxes in the CGE. How-

ever, to obtain a SAM with positive transfers and for SAM-balancing purposes,

6Since some residual transfers from domestic institutions to outside regions were negative, they
were subtracted from their counterparts (transfers from outside regions to domestic institutions) to
obtain a SAM with only positive transfers with outside regions.
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Figure 3.3. Basic IMPLAN SAM trade adjustment with satellite subma-
trices

these were subtracted from their counterpart transactions. Hence, the final SAM
reflected positive transfers from the government to low-income households and from

high-income households to the government.
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Figure 3.4. Complete trade structure including information from satellite

submatrices obtained from an IMPLAN SAM

3.2 Balancing the IMPLAN SAM

By convention, a balanced SAM is a square matrix where row totals (or total

receipts by account) should equal column totals (or total payments by account).

According to Pyatt (1988), T is a square matrix of SAM transactions where ¢; ; is a

payment from column account j to row account 7, then:

[ti ]

Yi = th‘,j = th,i~
J J

(3.11)

(3.12)

Equations (3.11) and (3.12) show that for an adequately balanced SAM, column

and row totals (y;) should be equal. In other words, the difference should be zero.
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Any basic IMPLAN SAM following any regional and sectorial aggregation, ful-
filled all of these requirements to a certain degree. The differences between row and
column totals were close enough to zero to appropriately represent the transaction
flows in a deteremined regional economy. However, for CGE-modeling purposes,
more specifically for the calibration stage, the difference between row and column
totals had to be more accurately refined. Hence, the cross entropy (CE) SAM es-
timation technique shown in Fofana, Lemelin, and Cockburn (2005) and Robinson,
Cattaneo, and El-Said (2000) was used to balance the basic regional IMPLAN SAM.
The GAMS code containing the CE-balancing program was obtained from Robinson
and El-Said (2000) and slightly modified to conform to the structure of a mixed
complementarity problem (MCP) and be solved by the PATH solver.

The CE technique estimates a matrix of coeflicients (A; ;) from the SAM trans-
actions and column totals:

Assuming that the coefficients obtained from the modified IMPLAN SAM form
a prior of equation (3.13), namely A, and that the column totals (y*) have been ex-
actly specified and estimated, the objective function to be minimized reflects the CE

distance between two coefficient matrices, the prior (A) and the one to be estimated

(A):

mm{A}] = [Z Z Ai,j In Ai,j - Z Z Ai,j In A_M]7 (314)
i J 1 J

subject to:

ZAi,jy* =y, (3.15)
J

d Aj=1land0< Ay <1, (3.16)

J
The final balanced basic IMPLAN SAM was then modified to include capital,
labor, land and a correct estimation of indirect business taxes as will be explained

in section §3.3, section §3.4 and section §3.5, respectively.
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3.3 Factor decomposition

A difficulty experienced in the construction of the SAM was the decomposition
of labor and capital from the somewhat vague value-added categories obtained from

IMPLAN. The IMPLAN value-added categories are:

e employee compensation,
e other property income,
e proprietary income and

e indirect business taxes.

In Koh (1991), employee compensation, proprietary income and other property in-
come were considered the equivalents of labor, capital and land returns, respectively.
However, according to Marcouiller, Schreiner, and Lewis (1993) and Vargas et al.
(2010), this decomposition method underestimates capital returns and overestimates
labor returns since proprietary income is defined as income from self employment. In
other words, proprietary income includes a share of both capital and labor returns.

For this study and as depicted in figure 3.5, employee compensation and other
property income were considered part of labor and capital returns, respectively. A
methodology was developed to partition proprietary income into labor and capital
returns. Land, as explained in more detail in 3.5.6, was treated differently since
IMPLAN reports payments to land as the intermediate use of a real estate commodity
by different activities (Olson 2011a). Hence, land rents were a composition of this
real estate commmodity demand and a share of the modified capital account as will

be explained later and as depicted in figure 3.5.

3.3.1 Division of proprietary income into labor and capital returns

Kravis (1959); Christensen (1971); Hanson and Robinson (1991); and Gollin

(2002) present and analyze a number of approaches to separate capital and labor
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Figure 3.5. IMPLAN factors decomposition into the more intuitive ac-

counts of factors of production

returns from proprietary income. It is in Christensen (1971) that by using the “com-

petitive wage” approach, the author concluded that under an appropriate set of

assumptions the rate of return on noncorporate capital and on corporate capital are

the same. Under these premises, the “competitive wage” approach was used in this

study. The basic division is achieved by imputing the average annual wage for em-

ployees as a proxy for a competitive wage to self-employed workers (or proprietors),

and allocating the residual proprietary income to capital. The basic formulation is

the following:

PROPIN Cimpian = LABIN Cippian + CAPIN Cimpian,

COMPimplan

WAGEimplan = WS ’
implan

LAB[NCimplan = (WAGEimplan) * (PROPimplan) )

LABIN Clpptan
PROPIN Cimpian’

%LABIN Cipptan =

%CAPINCimplan =1- %LABINCimplan’

(3.17)

(3.18)
(3.19)
(3.20)

(3.21)
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where implan is a set containing all 440 IMPLAN activities, PROPINC' represents
proprietary income, LABINC'is proprietary labor income, CAPINC'is proprietary
capital income, WAGE is the average annual wage for employees, COM P is em-
ployee compensation, W S'is the number of wage and salary employees, PROP is the
number of proprietors and will be explained in more detail in the next subsection,
NWLABINC and %C APINC are the labor and capital shares of proprietary income,
respectively. 7 As shown in equation (3.18), the average annual wage for employees
is obtained by dividing employee compensation by the number of employees working
in the regional activity. Employee compensation was obtained from the IMPLAN
matrices. However, the numbers of proprietors and employees were more difficult to
estimate and additional external (to IMPLAN) datasets were needed as explained

below.

3.3.2 Number of employees and proprietors

IMPLAN’s employment figures include wage and salary employees, and propri-

etors. IMPLAN uses three different public datasets to obtain employment estimates:

1. Quarterly Census of Employment and Wages (QCEW), which is part of the
Bureau of Labor Statistics (BLS);

2. County Business Patterns (CBP) run by the U.S. Department of Census; and

3. Regional Economic Information System (REIS), which is part of the Bureau of
Economic Analysis (BEA).

However, there is no direct way to obtain the number of employees and proprietors
from IMPLAN (Thordvalson 2011). Hence, shares for proprietors and employees
were estimated out of IMPLAN’s employment figures for each state and activity

using BEA (2011) and BLS (2011).

"Instead of using absolute values, shares were used to account for possible negative proprietary
income values coming from the IMPLAN matrix.
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REIS is the most complete dataset since it reports total employment and wage

and salary employees for each state and activity. The reports are the following:
e SA25 for total employment and
e SA27 for wage and salary employees.

The number of proprietors can be obtained by subtracting SA27 from SA25. The
problem is that REIS reports at the three-digit North American Activity Classifica-
tion System (NAICS) level. For this study, a finer disaggregation of the agricultural
activities was needed (i.e. five- and six-digit NAICS levels). Hence, the IMPLAN em-
ployment figures were used to disaggregate the total employment (SA25) report from
REIS to the finest IMPLAN activity disaggregation. The QCEW wage and salary
employee figures were used to disaggregate the wage and salary employees (SA27)
report from REIS to the finest possible disaggregation obtained from QCEW (five-
and six-digit NAICS). The disaggregated figures are simple percentages estimated
using the totals from each dataset (IMPLAN and QCEW):

QCEWJ/V Sstate,implan

CEW,WSsaeim an — ’
%Q tate,impl Zimplan QCEW,WSState,implan

(3.22)

IMPLANfEMPstate,implan
Zimplan IMPLANfEMPstate,implan 7

%IMPLAN_EM Pyyate.impian = (3.23)

where state is a set including all the states in the U.S., implan is a set that includes
the IMPLAN activities included within the three-digit NAICS aggregation reported
in REIS, QCEW W S represents the number of wage and salary employees obtained
in QCEW and IMPLAN_EM P represents total employment (including wage and
salary employees and proprietors) obtained in IMPLAN.

However, the three-digit NAICS totals from REIS were used as control totals to

be consistent:

RE]S—WSstate,implan = %QCEW—WSstate,implan * REIS—WSstate,rei87 (324)
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REISfEMPstate,implan - %IMPLANfEMPstate,implan * RE]SfEMPstate,reisy
(3.25)
RE[S—PROPstate,implan = RE[SfEMPstate,implan - REJ[S—I/VSstate,implcm7 (326>

where reis is a set that includes the three-digit NAICS aggregated activities reported
in REIS, REIS_W S represents the wage and salary employees, REIS_PROP the
number of proprietors, and REIS_FEM P total employment.

With the number of proprietors and employees per activity per state, to be con-
sistent with IMPLAN’s total employment data, shares were obtained for proprietors

and employees for the 440 IMPLAN activities and 48 states:

RE]S,PROPstate,implan

REIS_PRO Pyate impian = )
% tateimp! REIS—EMPstate,implan

(3.27)

RE[S—WSsmte,implan

RE[‘SLWSsaeim an — .
% tate,mp! RE[SfEMPstate,implan

(3.28)

The final number of proprietors (PROP) and employees (WS) per IMPLAN
activity (implan) per state (state) was obtained by multiplying the REIS shares by
the total employment figures obtained from IMPLAN:

PROPsmte,implan - %REIS—PROPstate,implan * ]MPLAN—EMPstate,implana (329)

Wssmte,implan = %REjsfwsstate,implan * ]MPLANfEMPStCLtE,imPlan' (330)

The previous procedure was followed for the IMPLAN agricultural activities. To
obtain the number of proprietors (PROP) and employees (WS) for the rest of the

aggregated activities, the following procedure was followed:

RE[S,PROPstate,TeiS
REIS_EM Puase reis |

%REIS_PROPyatereis = (3.31)

8A GDX file was created containing the shares of employees and proprietors. This GDX file was
then included into the extended IMPLAN SAM, process that will be explained later on.
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REIS—WSstate,reis

EIS_ s =
%R S Wsstate,rezs REISfEMPSmt@reis )

(3.32)

PROPstate,implan = %REIS—PROPstate,reis * IMPLAN—EMPstate,implan; (333>

WSstate,implan = %REIS—WSstate,reis * [MPLAN—EMPstate,implan- (334)

3.3.3 Adding capital and labor to the SAM

The shares of employees and proprietors had to be aggregated (regionally and by
activity) since they were estimated per state and activity (for 440 IMPLAN activities)
and the IMPLAN SAM was obtained for an arbitrary regional aggregation of states
and activities.® The number of proprietors and employees for the regional aggregation

were obtained as following;:

PROPimplan - Z PROPstate,implany (335>
region

WSimpl(m = Z WSstate,implan, (336)
region

where region is a subset of state including the states within the regional aggregation.
The regional number of proprietors and employees were aggregated for every

aggregated activity in the following manner:

PROP, =Y PROPian, (3.37)

WSa = Z WSimplan> (338)

where a is a subset of implan including the aggregated activities.
Using the shares obtained from equations (3.37) and (3.38) and using the IM-

PLAN employment figures, the numbers of proprietors and employees were esti-

9A GAMS program was developed to include the GDX file containing the shares of employees and
proprietors into the extended IMPLAN SAM.
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mated, respectively. With these numbers, the estimation of equations (3.18), (3.19),
(3.20) and (3.21) was straigforward.

The labor (LABINC') and capital (CAPINC') income figures obtained from
proprietary income (PROPINC') are added to employee compensation (COM P)
and other property income (OPTI) to create the more intuitive labor (LABOR)
and capital (CAPIT AL) accounts, respectively:

LABINC, = %LABINC, x PROPINC,, (3.39)
CAPINC, = %CAPINC, « PROPINC,, (3.40)
LABOR, = LABINC, + COMP,, (3.41)
CAPITAL, = CAPINC, + OPTI,, (3.42)

where OPT represents other property type income, % LABINC was estimated in
equation (3.20) and WC APINC was estimated equation (3.21).

The only exception to the previous formulation was the logging activity (Alogg).
All proprietary income was assigned to the capital account. The reason for this was
to accommodate the estimated forest land rents into the SAM using a share of the
payments from the logging activity to the capital account as will be explained later
in 3.5.6. Hence:

LABOR pjogqy = LABINC) g1044, (3.43)

CAP[TAL/Alogg/ = PROP[NC/AZOQQ/ -+ OPTI’Alogg’a (344)

where 'Alogg’ is an element of a and represents the logging activity.
Following the SAM conventions, the two new row totals (capital and labor) needed
their column counterparts. To include the two new columns into the SAM, two

aspects needed consideration: the distribution of payments from the proprietary
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income column to the different accounts and the equality between row and column
totals.
To achieve the first one, shares were estimated of the different payments from the

proprietary income account (PROPPMT) as following:

PROPPMT,
>, PROPPMT;

%PROPPMT, = (3.45)

where 7 is the set of row accounts.

To achieve the second, the additional income added to the old employee com-
pensation and other property income accounts is distributed among the receiving
accounts (rows) using the shares estimated in equation (3.45). The additional in-
come values are estimated as the difference between the row total of the new labor
and capital accounts and the column total of the old employee compensation and

other property income accounts, respectively:

DIFFLABOR =Y LABOR,— Y COMPPMT, (3.46)

DIFFCAPITAL =Y CAPITAL, —» OPTIPMT,. (3.47)

where COMPPMT and OPTIPMT are the payments from the employee com-
pensation and other property income accounts to the ¢ accounts. To maintain a
consistent distribution of payments from the old proprietary income to the receiving

accounts (rows), the differences were multiplied by the shares:
LABPMT;, = (%PROPPMT,« DIFFLABOR) +COMPPMT,, (3.48)

CAPPMT; = (%PROPPMT, « DIFFCAPITAL) + OPTIPMT;,  (3.49)
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where LABPMT and CAPPMT are the payments from the new labor and capital
accounts to the ¢ row accounts. By following this procedure the row totals and the

column totals of the new labor and capital accounts were set equal.

3.4 Indirect business taxes decomposition

The indirect business taxes (IBT) account, now termed “taxes on production and
import less subsidies” by NIPA, is a combination of excise, sales and property taxes
plus other non-tax charges such as fees, fines, licenses and permits. For the purposes

of SAM and CGE modeling, the IBT account of any production activity includes:
e taxes paid on the sale of the activity’s products,
e factor taxes charged on the production factors used,
e production taxes charged on the output produced and
e import duties charged on the imported commodities used as inputs.

All these categories are aggregated by IMPLAN into a single value for each produc-
tion activity.

For CGE modeling purposes, this aggregation of the IBT account by activity
poses a problem. When considering the Armington convention of imperfect substi-
tutability between imports and domestic supply, import duties should be reflected
in the SAM as payments from the commodity accounts to an import duty account
(Armington 1969). Hence, import duties had to be estimated by commodity and
disaggregated from the aggregate IBT payment by activity. Furthermore, since IM-
PLAN data are based on the input-output tables published by BEA, Dixon and
Maureen (2001) and Giesecke (2009) have stated that IMPLAN data replicates the
misallocation of sales taxes where these taxes are attributed to the activities collect-
ing them and not to the activities producing the commodities on which the taxes

are imposed. The collecting activities are the retail and wholesale trade activities.
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Hence, sales taxes needed to be redistributed from the collecting activities to the
appropriate producing activities.

The total import duties, wholesale and retail sales taxes used as controls were
obtained from IMPLAN under the option “Industry detail SAM files - GAMS sin-
gle file.” This GAMS file provides a SAM with detailed receipt transactions and
categorizes them by transaction types. The payments from the IBT account to the
different government entities show the totals for sales taxes, property taxes, trade

duties, etc.

3.4.1 Import duties

According to Dixon and Maureen (2001), the IMPLAN SAM contains the to-
tal amount of import duties (TOTIM PTAX) within the wholesale trade activity
payment to the IBT account (WHOLFEIBT'). The total amount of import duties
was obtained from the GAMS file mentioned previously. NW HOLFEIBT represents
the new wholesale trade payment to the IBT account after subtracting total import

duties, then:

NWHOLFEIBT =WHOLEIBT —TOTIMPTAX. (3.50)

After the wholesale trade activity’s column total had been altered, its row coun-
terpart had to be modified as well. To account for this alteration, the value of the
production of the wholesale trade commodity (WHOLEPROD) by its respective
activity had to be modified:

NWHOLEPROD =WHOLEPROD —TOTIMPTAX, (3.51)

where NW HOLEPROD is the new value of the production of the wholesale trade

commodity by its respective activity.
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Following conventional SAM structures, this total amount of duties should be
distributed and reflected as payments from the commodity accounts (columns) to
an import tax account (row). To distribute this total amount of import duties to
the different commodity accounts, shares were estimated using GTAP import duty
rates (Dimaranan and McDougall 2002). An approximate mapping was estimated
between GTAP and IMPLAN activities using the International Standard Industry
Classification (ISIC) Rev. 3 and NAICS.'°

Assuming that TOTIM PTAX is the total import duties extracted from the
GAMS single file, IM PT AX represents the GTAP duty rates, COMIM P the com-
modity imports from the rest of the world, IM PT AX PAID the total import taxes
paid by commodity (comm), %I M PT AX the percentage of total import duties paid
by commodity and IM PTAXSAM the import tax payment by commodity to the

import tax account (row) in the SAM, then:

IMPTAXPAID, = COMIMP,x IMPTAX,, (3.52)
IMPTAXPAID
IMPTAX, = - .
% © S.IMPTAXPAID. (3:53)
IMPTAXSAM, = %IMPTAX,«x TOTIMPTAX. (3.54)

Now that the total amount of duties has been distributed to the different com-
modities and allocated to the new import tax account, the column totals of the com-

modity accounts have been altered. To account for this alteration in its row counter-

0Correspondence tables between ISIC Rev.3 and NAICS can be found on the United Nations
Statistics Division’s website under Statistical Databases. The correspondence between GTAP and
ISIC Rev. 3 can be found in GTAP’s database manual. Correspondence between IMPLAN and
NAICS can be found on IMPLAN’s website.
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parts, the production value of the taxed (import duty) commodities (COM PROD)

by its respective activities had to be modified as follows:!!

NCOMPROD, =COMPROD,. — IMPTAXSAM,, (3.55)

where NCOMPROD is the modified production value of a commodity by its re-
spective activity.

Now that the row totals of the activity accounts have been altered, its column
counterparts had to be modified. To account for this modification and using a one-to-
one mapping from commodity to activity (a), the import duties paid by commodity in
the SAM (IM PTAXSAM) were subtracted from the consumption of the wholesale
trade commodity (row) by the activities being taxed (WHOLE):

NWHOLE, =WHOLE, — IMPTAXSAM,, (3.56)

where NW HOLE is the modified usage value of the wholesale trade commodity.

As a result, the total import duties allocated to the wholesale trade activity were
distributed and reflected as payments from the commodity accounts to a new import
tax account.

As a final step, since WHOLFEIBT was modified to NWHOLEIBT, the row
total of the IBT account was altered. Hence, its column counterpart needed to be
modified. To achieve this, TOTIM PT AX was subtracted from the payment of the
IBT account to the federal government non-defense division. The new import tax

account (column) payment to the federal government non-defense division is equal

to TOTIMPTAX.

"For this, a one-to-one commodity-to-activity mapping had to be developed. Any IMPLAN SAM
allows any specific activity to produce different commidities; hence, the production submatrix is not
a diagonal matrix. However, to alter the production value of a taxed commodity, the modifications
took place only diagonally.
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3.4.2 Retail indirect business taxes

To correct BEA’s misallocation of sales taxes to the retail activity, a portion of
the payments from the retail activity (column) to the IBT account (row) needed to
be subtracted and reallocated to the respective producing activities and institutions.
According to Dixon and Maureen (2001), retail taxes paid by all the different produc-
ing activities and institutions accounted for approximately 28% of total sales taxes in
1992. The total amount of sales taxes (TOTSALET AX) in 2008 was obtained from
the GAMS file mentioned previously. Assuming that the percentage of retail taxes
does not change in 2008, the total amount of retail taxes (TOTRETAILTAX) was

estimated as following:

TOTRETAILTAX =TOTSALETAX % 0.28. (3.57)

The demand shares of the retail trade commodity (%RET AIL) by different ac-
tivities and institutions was used as a proxy to distribute TOTRETAILTAX paid

by activities (a) and institutions (inst):

TOTRETAIL =Y RETAIL,+ Y RETAILjy, (3.58)
a inst

%RETAIL, = RETAIL,/TOTRETAIL, (3.59)

%RETAI Ly = RETAI Liyngy /TOTRETAIL, (3.60)

where RETAIL is the demand of the retail commodity by activity and institution
and TOTRETAIL is the total demand of the retail commodity.
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An approximate and more accurate distribution of the misallocated sales taxes
to their respective producing activities and institutions was achieved by multiplying

the shares by TOTRETAILTAX:

RETAILTAX, = %RETAIL, * TOTRETAILTAX, (3.61)

RETAILT AX g = %RETAI Ly * TOTRETAILTAX, (3.62)

where RETAILTAX is the approximation of the sales taxes paid by activities and
institutions that was misallocated and charged to the retail trade activity.

Subtracting TOTRETAILTAX from the IBT payments of the retail trade activity:

NRETAILIBT = RETAILIBT —TOTRETAILTAX, (3.63)

where NRETAILIBT and IBTRETAILIBT are the the new and old IBT pay-
ments of the retail trade activity, respectively. Since the column sum of the retail
trade activity was modified, its row counterpart needed modification as well. Hence,
TOTRETAILTAX was subtracted from the production value of the retail trade

commodity by its respective activity:

NRETAILPROD = RETAILPROD —TOTRETAILTAX, (3.64)

where NRETAILPROD and RETAILPROD are the new and the old production
values of the retail trade commodity by its activity, respectively.

After the previous manipulation, the column sum of the retail trade commodity
was modified; hence, its row counterpart needed modificiation. To achieve this,

RETAILTAX by activity and institution was subtracted from the demand of the
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retail commodity by activities and institutions (RETAIL) and added to the IBT

payments of these activities and institutions:

NRETAIL, = RETAIL, — RETAILTAX,, (3.65)
NRETAIL;pss = RETAI Ly — RETAILTAX 1, (3.66)
NIBT, =1BT,+ RETAILTAX,, (3.67)
NIBT,,st = IBT;st + RETAILT AX st (3.68)

where NRETAIL represents the modified retail commodity demand and NIBT the
modified payments to the IBT account. The original IMPLAN SAM only reflected
payments to the IBT account from activities, not from institutions. However, since
sales taxes were appropriately reallocated from being paid by the retail trade activ-
ity to the producing entities (activities and institutions), the modified SAM reflects
payments to the IBT account from institutions. Since IBT payments from activi-
ties include sales taxes among other taxes, the IBT payments from institutions are

composed entirely of the reallocated sales taxes.

3.4.3 Wholesale indirect business taxes

According to Dixon and Maureen (2001), BEA’s misallocation of sales taxes are
also reflected in the wholesale trade activity; hence, they needed to be modified.
The procedure followed was the same as with the retail sales taxes misallocation.
However, the total amount of sales taxes misallocated to the wholesale trade activity
(TOTWHOLETAX) was obtained by setting it equal to NWHOLEIBT (previ-
ously estimated) representing the modified IBT payment from the wholesale trade

activity. Hence, the reallocation was undertaken as following:

TOTWHOLETAX = NWHOLFEIBT, (3.69)
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TOTWHOLE =Y NWHOLE, + Y NWHOLE,q, (3.70)

a inst
%WHOLE, = NWHOLE,/TOTW HOLE, (3.71)
%W HOLEp,q = NWHOLE;,.,/TOTW HOLE, (3.72)
WHOLETAX, = %WHOLE, * TOTWHOLETAX, (3.73)
WHOLETAX g = %W HOLE;,y * TOTWHOLETAX, (3.74)
NNWHOLEIBT = NWHOLEIBT — TOTWHOLETAX, (3.75)

NNWHOLEPROD = NWHOLEPROD —TOTWHOLETAX, (3.76)

NNWHOLE, = NWHOLE, —-WHOLETAX,, (3.77)
NNWHOLFE;,s = NWHOLE;, —WHOLETAX,s, (3.78)
NNIBT,= NIBIT, —-WHOLETAX,, (3.79)
NNIBT;,ss = NIBT;,s — WHOLETAX s, (3.80)

where TOTW HOLF represents total wholesale trade commodity demand by activ-
ities and institutions, NNW HOLE twice-modified wholesale trade commodity de-
mand, %W HOLE demand shares of the wholesale trade commodity, WHOLET AX
the approximation of the sales taxes paid by activities and institutions that was
misallocated and charged to the wholesale trade activity, NNW HOLFEIBT twice-
modified IBT payment from the wholesale trade activity, NNW HOLEPROD twice-
modified production value of the wholesale trade commodity by its activity and

NNIBT twice-modified payments to the IBT account.
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3.5 Land rent decomposition

Since the competition for the productive factor of land is the major component of
this study, the estimation of land rents and their inclusion into a regional IMPLAN
SAM was treated extensively in this study. As mentioned before in section §3.3,
IMPLAN reports payments to land as an intermediate demand of a real estate com-
modity (i.e. IMPLAN sector 3360). Hence, land rents were included into the SAM as
a composition of these payments coming from a group of agriculture-related IMPLAN
activities (explained in 3.5.6) and the capital account.

As will be explained below, land rent payments were estimated for different land
use categories from national and public databases sponsored by the U. S. Department
of Agriculture (USDA). These land use categories were aggregated and matched
with the agricultural IMPLAN activities. Besides the land use division, land was
also categorized following an agronomic criteria into the Major Land Resource Areas
(MLRA) classification system, explained in 3.5.5. Since there is no publicly available
database containing the land rent payments from the different land use categories to
the MLRAS, rent payments had to be estimated at the county level and each county
was assigned to the predominant MLRA as will be explained in 3.5.5 on page 67.
The final matrix with land rents looked like figure 3.6.

According to the USDA 2007 Census of Agriculture, the four major land use
categories for agricultural land in the U.S. are cropland, pastureland, land enrolled
in the Conservation Reserve Program (CRP) and forestland. Rents and acreage

figures were obtained for each land use category. '2

12Rents and acreage for cropland and pastureland were divided into a finer disaggregation set
following the IMPLAN classification system for activities.
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AGRICULTURAL INDUSTRIES
Land use CROP PASTURE FOREST | CRP
lMPL‘%N Dilseed | Grain| Tobacco | Cottan sugarcane) 4l Beef
Industries and heet | others

IMPLAM code 1 2 7 3 9 10 11 12 15

Dairy | Farestry

MLRA, 4
County1,1n | |Cnunt3,r1,1,z |Cnunt3,r1,1,1

STATE 1

Land Rents

Cnuntg,r1nn|__, |Cclun13,f1.n.1

MAJOR LAND RESOURCE AREAS
MLRA,

MLRA,; 4
|Cnuntj,r4e 1.1

STATE 48

MLRAg ,

Cnunty@.n.n‘___

Figure 3.6. Land rent matrix obtained as the final result of assigning esti-
mated land rents for different land-use types to the Major Land Resource

Areas (MLRAS)
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3.5.1 Cropland
Cropland acreage

Harvested acreage figures were obtained from the USDA National Agricultural
Statistics Service (NASS) through Quick Stats (National Agricultural Statistics Ser-
vice (NASS). 2011). The crops considered are listed in table A.4 in the appendix.
Since county-level acreage figures were used for this study, table A.4 also shows the
total acreage recorded at the county-level with their respective percentage of total
national acreage.'?

Harvested acreage was used instead of planted acreage since the rental rates are
generated from the activity (or use) on a given parcel of land during the calendar
year. Hence, by using harvested acreage the value of the land in production over the

course of the entire year would be considered rather than just one season (i.e. double

cropping).

Cropland rents

NASS provides cropland rent figures ($/ac) per county on Quick Stats (NASS
2011). These per-acre rent figures (CROPRENT) are provided for irrigated and
non-irrigated cropland. To estimate a single cropland rental rate per county, a
weighted average (CROPRENT AV G) was estimated using irrigated and non-irriga-
ted cropland acreages (CROPACRES) as weights (IRRW EIGHT):

CROPRENTAV G ounty = » , CROPREN Toountyirrig * IRRW EIGH Toounty irrig,
irrig

(3.81)

13The majority of the acreage figures were obtained for 2008 and some for 2007. For some counties,
acreage figures were not disclosed; hence, historical data was used to fill these gaps. Quick Stats
provides acreage figures for the entire set of districts for 2008. County shares were estimated by
district from the historical data and multiplied by the 2008 district-level totals. A VBA macro was
created in MS Excel to fill these undisclosed figures.
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CROPACRES county,irrig
Zirrig CROPACREScounty,irrig ’

IRRW EIGHT sounty irrig = (3.82)

where irrig is a set that includes irrigated and non-irrigated crop and county is a

set of counties in the U.S.

3.5.2 Forest land
Forest land acreage

The Forest Inventory Data Online (FIDO) created by Forest Inventory and Anal-
ysis (FIA) National Program, part of the USDA Forest Service (FS), provides timber
land acreage figures at the state level for four ownership categories: private, forest
service, state and local government, and other federal (FS 2010).!* By estimating
the share of private timber land at the state level and implementing it to every

county, acreage figures were obtained at the county level for private timber land

(FORACRES).

Regional forest land net present value (NPV)

Sohngen et al. (2008) developed two different alternatives to estimate land rents
per hectare per year. The first one represented a marginal hectare in a forest and
was estimated from the rental function developed in Sohngen and Mendelsohn (1999,

2003); and Sohngen and Mendelsohn (2007). The second was obtained using a net

4 According to FIA, forest land includes three subcategories: timber land, reserved forest land, and
other forest land. Timber land is considered forest land that is producing or capable of producing
more than 20 cubic feet per acre per year of wood. Timber land excludes reserved forest land. Hence,
the type of forest land included in this study is privately-owned timber land. Since NRCS reports
land use using the term forest land, the term forest and timber land will be used interchangeably
in this document.
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present value (NPV) specification and was estimated for an average hectare in a

forest. The NPV formulation is the following:

(P4) (1) (14— C

NV =y

(3.83)

where P94 is the quality-adjusted net stumpage price, “t” is the rotation age, VM is
the merchantable yield of the timber type at age “t”, “r” is the discount rate (5%),
and C' is the regeneration cost. According to Sohngen et al. (2008), annual land rent

figures (FORRENT) can be estimated using the following approximation :

FORRENT =r % NPV. (3.84)

Sohngen et al. (2008) mentioned that the rental values estimated using the rental
function would be higher than the ones derived with the NPV formulation. The
rental rate for the average hectare in a forest was the variable needed for the model
to be developed in this study; hence, the NPV specification was used. Sohngen
(2010) provides the NPV values for 13 different timber types in the US in 2000 U.S.
$ per hectare. By using the conversion rate of 0.4047 hectares per acre, NPV values
on a per-acre basis were obtained. These figures are shown in table 3.1 along with
their respective major timber categories.

Sohngen (2010) divided the U.S. into five different regions:
1. South,

2. Northeast,

3. Great Lakes,

4. West, and

5. Pacific Northwest.
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Table 3.1. Timber Production and Per-acre Net Present Value in 2008

o Major Tlmbe_r Net Present
Type Description production
category By : Value ($/ac)
(million m*fyr)
M Southern pine plantation Softwood 70.49 736.59
M2 Southern natural pine Softwood 56.51 492 39
M3 Southern upland hardwoods Hardwood 7774 151.92
M4 Southern bottomland hardwood Hardwood 29.87 97.52
Ma Mortheast softwood Softwood 8.18 33.41
MG Mortheast Oack/Hickory Hardwood 24 45 7344
M7 Mortheast Maple/Beech/Birch Hardwood 19.27 2404
Ma Great lakes softwood Softwood 6.17 7543
M4 Great lakes Oak/Hickory Hardwood 8.28 16.40
M10  Great lakes Maple/Beech/Birch Hardwood 23.90 2759
M1 Western Pine Softwood 3022 27.86
M12  Western Hardwood Hardwood 562 19.07
M13  Pacific Northwest Douglas-Fir Softwood 59.30 285.57

Each region contains the states shown in table 3.2. They also aggregated the timber

types into two major categories:
1. softwood and

2. hardwood.

Each of these two major categories includes different subcategories depending on

the region in the U.S. as shown in table 3.3.

Since forest land acreage information at the county-level was presented by forest-

type group, the two major timber categories and their respective subcategories were

more finely disaggregated by forest-type groups. There are 32 forest-type groups

that include different tree species. These 32 forest-type groups with their respective

major categories and subcategories are listed in table 3.4.
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Table 3.2. Timber Land Regions Considered for the Regionalization of
Forest Land Rents

South Northeast Great Lakes  West Pacific Northwest
Alabama Connecticut lllinais Arizana Cregan
Arkansas Delaware Indiana Califarnia Washington
Flarida Maine [ Colorado
Georyia Maryland Michigan ldaho
Kentucky Massachusetts Minnesota lowa
Louisiana Mew Hampshire YWiiscansin Kansas
Mississippi Mew Jarsey Mlis=ouri
Morth Caralina Mew Y ork MWantana
Dklahoma Chio Mebraska
south Caraling FPennsylvania Mevada
Tennesses Rhode lsland Mewr Mexico
Texas Yermaont Marth Dakota
Yirginia West Yirginia South Dakota
Ltah
Wi'yaming

Table 3.3. Timber Categories and Subcategories by Regions

Pacifi
South Northeast Great Lakes  West Nﬂl:ﬁ:ﬁ:ZS’t
Fine
Softwood plantation softwood softwood Fine  Douglas-Fir
and natural
pine
DackMickory Oack/Hickory
Hardwood CRlaniisany A any Hardwiood

bottomland Maple/Beechi Mapla/Beachd

Birch

Birch

Southern region

As shown in table 3.3, softwood in the Southern region was divided into two

subcategories:

1. pine plantation and

2. natural pine.
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Table 3.4. Forest-type Group Aggregation by Major Timber Category

Major timber category

Foresttype groups

Softwood
Hardwood Qak / Hickary
baple / Beech / Birch
Other hardwoods
Combined

White / red / jack pine group (100}
Spruce S fir group (120

Longleaf s slash pine group (140)
Lablally / shortleaf pine group (160)
COther eastern softwoads group (170)
Finyon # juniper graup (180)
Douglas-fir group (200)

Fonderosa Pine group (220)
Western white pine group (240)

Fir # spruce / mountain hemlock group (260)
Lodgepole pine group (280)

Hemlock / Sitka spruce group (300)
Western larch group (320)

Redwood Group (340)

Other western softwoods group (360)
California mixed conifer group (370)
Exotic softwoods group (380)

Other softwoods group (35907

Dak ¢ hickory group (B00)
Western oak group (320)
Tanoak / laurel group (940)
Tropical hardwoods group (980)

Elrm f ash / cottonwood group (700)
hlaple f beech f hirch group (500)
Aszpen { birch group (S00)

Alder f maple group (910)

Exoatic hardwoods group (990)

Other hardwoods group (960)
Woodland hardwoods group (970)

Cak # pine group (400)
Dak / gum § cypress group (BOO)

Since the county-level shares of planted and natural pines could not be found, the

acreage of natural stand and regenerated pines obtained in FIDO were used to esti-

mate a state-level weighted average of the NPV (NPV ST AV @A) of the two subcat-
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egories (southsoft). The acreage of natural and regenerated softwood was obtained
by summing the acreage of softwoods among the 32 forest-type groups as shown in
the example for Alabama in table 3.5. The acreage and shares for the entire South-
ern region are listed in table 3.6. Hence, 13 different softwood NPV figures were

estimated, one for each state in the South as shown in table 3.7:

NPVSTAVGsouth,’soft’ = Z NPVsouth’,southsoft * SOFTWE]GHTsouth,southsoft7
southsoft

(3.85)
Ztype SOFTACRESsouth,southsoft,type

Zsouthsoft Ztype SOFTACRESsouth,southsoft,type ’
(3.86)

SOFTWE]GHTsouth,southsoft =

where woodreg is a set including the timber land regions developed by Sohngen
(2010), "south’ is an element of woodreg, 'soft’ is an element of the major category
set wood, south is a subset of state containing the Southern states, state is a set
including all the states in the U.S. and southsoft is a set that includes planted and

natural softwoods.

Table 3.5. Acreage and Shares of Natural and Planted Softwood in Al-
abama in 2008

Acres of stand origin

Forest-type group Natural Planted Total
White / red / jack pine group 3,026.00 3,026.00
Longleaf / slash pine group T67.974.00 359,737.00 1,127,711.00
Loblolly / shortleaf pine group 2.823.468.00 5,393,953.00 8,217.421.00
Other eastern softwoods group 51.595.00 12.717.00 64.312.00
Total 3,646,063.00 5,766,407.00 9.412,470.00
Shares 0.39 0.61

Hence for the state of Alabama, included in the Southern timber land region,
the shares of planted and natural pine stands are 0.61 and 0.39, respectively. The

NPV estimates for the entire Southern region for planted and natural pine stands are



o6

Table 3.6. Acreage and Shares of Natural and Planted Softwood in the

Southern Timber Land Region

Acreage Shares
TR Natural Planted Natural Planted
Alabama 3,646,063 5,766,407 0.39 0.61
Arkansas 3.003.105 2.644 050 0.53 047
Florida 2727 343 4 534,693 0.38 0.62
Georgia 4 246 723 6.864 727 0.38 0.62
Kentucky 408 666 40,136 0.9 0.09
Louisiana 2,179,607 3,482,205 0.38 0.62
Mississippi 3,324 630 4 6064659 042 058
Marth Carolina 3,016,254 2679811 0.53 047
Oklahoma 511,708 h85,072 047 053
South Carolina 2.880.016 3.062 570 0.49 0.51
Tennessee 6E9. 774 495 381 0.58 0.42
Texas 2,643,974 2 519509 0.51 0.49
\irginia 1,283,334 1,878,062 041 0.59

$738.59 and $492.39 per acre, respectively. Using these four estimates, a weighted

NPV for softwood for the state of Alabama of $643.22/ac was obtained:

SOFTW EIGHT gabama /plantear = D, 766,407/9,412,470 = 0.61,

SOFTWEIGHT giapama’ 'naturar = 3,646,063/9,412,470 = 0.39,

NPV STAV Gratapamar rsope = (738.59 % 0.61) + (492.39 * 0.39) = 643.22.

(3.87)

(3.88)

(3.89)

Sohngen also divided the hardwood major category into two subcategories in the

South:
1. upland species and

2. bottomland hardwood species.

Since there were no upland and bottomland share figures at the state or county

level and no mapping existed between tree species and hardwood subcategories, a

weighted average of the NPV for the entire Southern region (NPV REGAV G) was
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Table 3.7. Net Present Value for Softwood in the Southern Region in 2008

Southern Regional NPV ($/ac) Shares of pine Weighted NPV for
States Planted Natural Planted MNatural softwood ($/ac)
Alabama 736.59 492 39 0.61 0.39 643 22
Arkansas 736.59 492 39 0.47 0.53 607 67
Florida 736.59 492 39 0.62 0.38 B46.13
Georgia 7358.59 492 39 0.62 0.38 644 50
Kentucky 738.59 492 39 0.09 0.9 514.41
Louisiana 738.59 492 39 0.62 0.38 643.82
Mississippi 738.59 492.39 0.58 0.42 635.29
Morth Carolina 738.59 432 39 047 0.53 60§22
Oklahoma 736.59 492 39 0.53 0.47 623.73
South Caralina 738.59 492 39 0.51 0.49 619.07
Tennessee 736.59 492 39 042 0.58 595 30
Texas 7358.59 492 39 0.49 0.51 61253
Virginia 738.59 492 39 0.59 0.41 638.65

estimated using timber production figures (PROD) for every subcategory as weights
(HARDW EIGHT). The timber production figures are shown in table 3.1 and were
estimated by Sohngen (2010). Hence, one hardwood NPV figure was estimated for

the entire Southern region.

NPVREGAVG/south/,/hard’ = Z va;south’,southard*HARDWEIGHTsouth’,southarda

southard

(3.90)

PROD’sou ! southar
Z th! ,southard (391)

)
Zsouthard PROD’south’,southard

where PROD is timber production in million cubic meters and southard is a set

HARDWE]GHTsouth’,southard =

that includes upland and bottomland hardwood species.
Hence, if the production figures of upland and bottomland hardwoods in the
Southern region were 77.74 and 29.87 million cubic meters, the shares were 0.72

and 0.28, respectively. The NPV figures for upland and bottomland hardwoods are
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$152 and $98 per acre, respectively. Then, the regional average is approximately

$138.43/ac:

HARDW EIGHT south ruplanas = 77.74/107.61 = 0.72, (3.92)
HARDW EIGHT soust ottomiana = 29.87/107.61, (3.93)
NPVREGAVG/SOUth/,/hard/ = (152 * 072) + (98 * 0.28) = 138.43. (394)

Northeastern and Great Lakes regions

For the Northeastern and Great Lakes regions, there is only one subcategory for

softwoods. However, Sohngen (2010) divided the hardwood major category into the:
1. Oak/Hickory subcategory and
2. Maple/Beech/Birch subcategory.

To match these two hardwood subcategories with the forest-type groups at the county
level, the forest-type groups that shared similar characteristics were aggregated ac-
cording to Sohngen’s hardwood subcategories. The forest-type group aggregation is
shown in table 3.4.

A simple average NPV between the Oak/Hickory and Maple/Beech/Birch sub-

categories was assigned to the woodland and other hardwoods forest-type groups.

Western and Pacific Northwestern regions

The Western region is simply divided into the two major timber categories.
Hence, a county-level weighted average NPV was estimated using acreage figures for
softwoods and hardwoods as weights. The Pacific Northwestern region only includes

the softwood major category since this is the predominant timber type; however,
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Western hardwood NPV figures were used for the regions that included hardwood

species.

Combined forest-type groups

The 2 forest-type groups that combine hardwood and softwood are the:
1. Oak/Pine group and
2. Oak/Gum/Cypress group.

Since the pine and cypress species are softwoods, the softwood shares of both of these
groups were needed. The forest-type groups are a composition of tree-specie groups;
hence, the latter are more disaggregated. Hence, the softwood share was estimated
from the Oak/Pine and Oak/Gum/Cypress groups using tree-volume figures from
the tree-species groupings.

The state-level net tree volume figures (in cubic feet) by tree-specie and forest-
type groups were obtained from FIDO (FS 2010). From the tree-specie groups, the
“exact” shares of softwood and hardwood were obtained at the state level and then

applied to the state-level forest-type groups.

State-level estimates

The state-level NPV figures for hardwood, softwood, Oak/Pine, Oak/Gum/Cypress,
Oak/Hickory, and Maple/Beech/Birch are listed in table A.5 in the appendix. These
NPV figures were adjusted for inflation by considering a 1.05 percent change in the
Producer Price Index from 2000 to 2008 for the forestry sector. As previously noted,
the state-level weighted NPV averages had to be multiplied by an interest rate of 5%

to obtain annualized forest land rent figures as listed in table A.6 in the appendix.
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County-level estimates

To obtain the average annual forest land rents (NPVCNTAVG) at the county
level, the state-level rents previously estimated were disaggregated. The procedure
used by Lubowski (2002) was followed using acreage weights (WOODW EIGHT) to
estimate weighted averages for every county as formulated in equation (3.95). The
weights used to disaggregate the state-level rents were the county-level acreage figures
(WOODACRES) for the different forest-type groups (type) in the U.S. as shown in
equation (3.96). These figures were estimated by the USDA’s FS and presented in
FIDO (FS 2010).

FORRENTAV Geounty = »_ FORREN Tysate ¥ WOODW EIGHT wonntywoo:

wood

(3.95)

Ztype WOODACREScounty,wood,type (396)

WOODW EIGHT puntywood = ’
v ! Zwood Ztype WOODAORESCOunty,wood,type

where wood is a set including softwood and hardwood species.

For example, Autauga county in Alabama has 158,917 acres of softwood; 84,929
acres of hardwood; 23,706 acres of Oak/Pine; and 24,648 acres of Oak/Gum/Cypress.
The state-level, per-acre rent figures for Alabama are $36.64 for sofwood, $7.24 for
hardwood, $16.74 for Oak/Pine, $8.92 for Oak/Gum/Cypress. Hence, the weighted

average per-acre rent for Autauga county, Alabama is $22.51 /acre:

WOODW EIGHT quiauga rsope = 158,917/292,200 = 0.54, (3.97)
WOODW EIGHT quiauga thara = 84,929/292, 200 = 0.29, (3.98)
WOODW EIGHT qutaugat roak fpine = 23,706/292,200 = 0.08, (3.99)

WOODW EIGHT qutquga’ oak /gum Jeypresss = 24,648/292,200 = 0.08, (3.100)
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FORRENTAV Giautauger = (36.64 % 0.54) + (7.24 % 0.29)
+ (16.74 % 0.08) + (8.92 % 0.08) (3.101)
— 2251

The majority of the per-county acreage information obtained was from 2008.
There were 7 states for which previous years were used and 3 for which future years

were used.!®

3.5.3 Pastureland

Pasture and rangeland acreage and rent figures were obtained from NASS’s Quick
Stats (NASS 2011). Acreage figures presented on Quick Stats were obtained from
the 2007 Census of Agriculture. These include cropland and timber land pastured.
County-level, per-acre rent figures (PASTRENT) were obtained from an annual
survey performed in 2008.

To divide pastureland acreage demand among its main consumers, county- and
state-level inventory figures (number of heads) were obtained from NASS’s Quick
Stats for: cattle (including calves), cattle on feed, beef cows, dairy cows, replacement
dairy heifers, beef heifers, calves, bulls, steers, goats, sheep, horses, mules, alpacas,
bison, deer, elks, and llamas. All these figures were obtained from the 2007 Census

of Agriculture for the inventories recorded at the end of December.

Beef cattle

Besides consuming grain and other supplements, a great percentage of the beef

cattle’s diet is grazed pasture, making this activity the main consumer of pastureland.

5Previous years’ figures were used for Florida (2007), Louisiana (2005), Mississippi (2006), North
Carolina (2007), Nevada (2005), New Mexico (1999) and Wyoming (2000). Future years’ estimates
were used for California (2009), Oregon (2009) and Washington (2009).
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To identify the average number of beef cattle heads per year using pastureland, the

following formula was used:

PASTBEEF 1y =C AT sunty — FEEDC AT oy 5102)
3.102

where PASTBEFEF represents pasture-grazing beef cattle, CAT represents overall
cattle inventories (including calves), FEEDCAT is beef cattle on feed, DAICOW
represents dairy cows and DAIHFEIF represents replacement dairy heifers. Hence,
PASTBEFEF includes calves, steers, beef heifers, beef cows and bulls on pasture
and neither on feed nor part of the dairy activity.

Since the inventory figures for replacement dairy heifers (DAIHEF) are not
published at the county level, the state-level figures (DAIHEFST) were used to
estimate a percentage of the dairy cow’s state total and were applied to the county

level:

(3.103)

DAIHEFST,
DAIHEF puniy = (DAICOW gty ( o St‘“e) .

DAICOW STsate

Dairy cattle

Dairy cattle’s diet is also partially based on grazed pasture, mainly for dry cows
and small dairy operations (MacDonald et al. 2007). Hence, a small percentage of
the dairy activity depends on pastureland. To identify this percentage at the county
level, dairy-cow inventory figures categorized by the operation size were obtained
from Quick Stats from the 2007 Census of Agriculture (NASS 2011). For each op-
eration size, a percentage of grazing dairy cattle was estimated using percentages
published by the Wisconsin Agricultural Statistics Service and obtained through

a survey performed in Wisconsin (Wisconsin Agricultural Statistics Service 2005).
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These percentages are shown in table 3.8. Hence, the number of dairy cows on

pasture is estimated like the following:

PASTDA[county = Z DAICO Wcounty,operation * %PASTDAIOpeTationa (3 104)

operation

where operation is a set that includes the different operation sizes shown in table 3.8,
PASTDAI represents grazing dairy, and %PAST DAI are the percentages obtained

from the Wisconsin report and shown in table 3.8.

Table 3.8. Wisconsin Grazing Dairy Herd, 2009

Herd Size GGrazing Herds
1-29 31 %
30-49 27 %
A0-99 1%
100-199 B%
200-459 1%
a00+ 0%

Pastureland demand (animal unit)

Since the livestock inventory distribution was different for every county, the
animal-unit (AU) concept was used to obtain a representative distribution of the
pastureland rents paid by each livestock activity in each county. The AU is “a con-
venient denominator for use in calculating relative grazing impact of different kinds
and classes of domestic livestock and of common wildlife species” (NRCS 1997).1
Hence, by multiplying the number of heads in the inventory by the AU, an approx-
imate estimate of the pastureland demanded by each category was obtained. Table
3.9 shows the different AU equivalents for the livestock categories included in this

study (NRCS 1997).

16The standard animal unit has been generally defined as one mature cow of approximately 1,000
pounds and a calf as old as 6 months.




Table 3.9. Animal Units Equivalents Guide

Categories NRCS class AU equiv.
Beef cattle

Beef cow Cow, dry 0.92

Bull Bull, mature 1.35

Calf Cattle, 1 year old 0.60

Heifer and steer Cattle, 2 years old 0.80
Dairy cattle

Dairy cow Cow, with calf 1.00

Heifer and steer Cattle, 2 years old 0.80
Sheep® 0.18
Goat® 0.13
Deer® 0.18
Horse 1.25
Elk 0.60
Bisaon 1.00
Alpaca® 0.10
Llama® 0.20

= Average of sheep (0.20) and lamb {0.15)

® Average of goat (0.15) and kid (0.10)

% Average of white-tailed (0.15) and mule (0.20)
“ Same as a kid (0.10)

® Same as a sheep (0.20)

As listed in table 3.9, the beef and dairy cattle categories contained several sub-
categories. Hence, a single AU had to be estimated for each, beef and dairy, cattle
category. Since PASTBFEFEF includes calves, steers, beef heifers, beef cows and
bulls, a single animal-unit figure was estimated for the beef cattle category for every
state. The same applied to PAST D AI since it included dairy cows and replacement
dairy heifers. Inventory figures for calves, steers, beef heifers, dairy heifers and bulls

were only found at the state level in Quick Stats (NASS 2011).
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Hence, a state-level weighted average AU figure (AU) was estimated for the beef
cattle category using the inventory (BEEFINV ENT) figures as (BEEFW EIGHT)
weights:

AUstate,’beef’ = Z BEEFAUbeefcateg * BEEFWEIGHTstate,beefcateg7 (3105>

bee fcateg

BEEFINVENTstate,beefcateg
Zbeefcateg BEEF[NVENTstate,beefcateg ’

BEEFW EIGHTsate peefeateg = (3.106)

where ‘beef’ is an element of the set livestock representing the beef cattle category,
livestock is a set including all the livestock categories that depend on pastureland,
beefcateg is a set including the AU subcategories included in the beef cattle cat-
egory as presented in table 3.9, BEEF AU represents the AU of the beef cattle’s
subcategories.

The same procedure was applied to dairy cattle. A state-level weighted average
AU figure (AU) was estimated for the dairy cattle category using the inventory
(DAIRYINV ENT) figures as weights (DAIRYW EIGHT):

AUstate,’dairy’ = Z DAIRYAUdairycateg * DAIRYWEIGHTstate,dairycateg7
dairycateg

(3.107)
DA]RYINVENTstate,dairycateg

Zdairycateg DAIRY]NVENTstate,dairycateg ’
(3.108)

DA]RYWEIGHTsmte,dairycateg =

where 'dairy’ is an element of the set livestock representing the dairy cattle category,
dairycateg is a set including the different AU subcategories included in the dairy
cattle category as presented in table 3.9, DAIRY AU represents the AU of the dairy
cattle’s subcategories.

As listed in table A.7 in the appendix, an AU estimate was assigned to every

category that depends on pastureland (livestock), except for the beef and dairy
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categories, since each had an estimate for every state. The following formula was

used to separate pastureland acreage for every category for every county:

[NVENTcounty,livestock * AUstate,livestock

Zlivestock INVENTcounty,livestock * AUstate,livestock ’
(3.109)

%ACREScounty,livestock =

where livestock is a set that includes all the livestock activities that depend on
pastureland, % AC RES represents the percentage of pastureland used by every cat-
egory in every county, and INV EN'T is the number of heads in inventory for every

category where for the beef and dairy cattle categories:

INVENT ountyveesr = PASTBEEF sty (3.110)

INV ENTsounty rdairy = PASTDALgunsy- (3.111)

The number of heads in inventory for each state is listed in table A.8 in the appendix.
With the previous equations, the pastureland acreage demand by category by

county was obtained, as well as the rent per acre and total rent for every county:

PASTACRES, .ounty.iivestock = NWACRES county tivestock * TOTPASTACRES county,
(3.112)
where TOT PASTAC RES represents total pastureland acreage per county and total
pastureland demand by livestock category per county in acres is represented by
PASTACRES.
For example, the pastureland acreage demanded by the beef and dairy cattle

categories in Grant County, Wisconsin is the following:

79,371 % 0.74
ACRES: prantt theepr = | =10 — (.84, 11
YBACRES grantt roce < 59013 ) 0.8 (3.113)
4,456 % 0.93
A E / i sy — ’— = . 114
% CR Sgrant,dazry ( 69,943 ) 0067 (3 )
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PASTACRES grany reesr = 0.84 % 167,908 = 141,474, (3.115)

PASTACRES grant rdairy = 0.06 x 167,908 = 9, 962. (3.116)

3.5.4 Conservation Reserve Program (CRP)

CRP acreage and rent figures were obtained, at the county level, from the USDA’s
Farm Service Agency (FSA) website for 2008 (FSA 2011).

3.5.5 Major Land Resource Areas (MLRA)

Besides a detailed disaggregation of land uses across the U.S., a proper recognition
of land heterogeneity plays a key role in the adequate allocation of land among
competing uses. The USDA developed a classification of geographically associated
land units called Major Land Resource Areas (MLRA). A complete list, description
and location of each MLRA can be found in NRCS (2006). There are 278 MLRAs
identified by Arabic numbers and a descriptive geographic name. The main criteria
used by NRCS to categorize land into the different MLRAs are: physiographic,
geological, climatic, water, soil, biological and land use characteristics.

The percentages of land covered by each MLRA at the county level were obtained
by superimposing two maps (counties and MLRAs) based on Geographic Information
System (GIS) data provided by NRCS (2011). Each county was assigned to the
predominant MLRA:

[ = county, (3.117)

where [ is the land set representing the different MLRAs. Table A.10 in the appendix
lists all the MLRAs included in the regional aggregation used in this study. Using

this mapping, the county-level land rents developed in subsections 3.5.1 through
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3.5.4 were aggregated to obtain a matrix containing total land rents payments to

each MLRA in each state in the following form:

CROPSTRENT ya1e1.cr0p = CROPRENT AV Gya11 * CROPACRESsate.1.crop.
(3.118)
PASTSTRENT yase 1 past = PASTRENTyq10) % PASTACRE S yate, pasts  (3.119)

FORSTRENTstate,l,logg = FORRENTAVGState’l * FORACRESSmteJ’lOgg, (3120)

where crop is a set including the crops listed in table A.4 in the appendix, past is a
set including only the beef and dairy cattle categories, logg is a set including only

private commercial forests.

3.5.6 Adding land rents to the SAM

The final product of the procedure explained in section §3.5 is a matrix containing
the land rents similar to figure 3.6.'" To include these payments into the extended
IMPLAN SAM, the real estate commodity demands and capital payments (when
necessary) from each IMPLAN agricultural activity were distributed to each MLRA
included in the regional aggregation (Olson 2011a).

Considering that acrop, apast, and alogg are subsets of a and the SAM equivalents
of crop, past, and logg, respectively. Following the abbreviations of the aggregated
activities used in this study and listed in table A.2, the acrop subset includes oilseeds
(Aolsd), grains (Agran), tobacco (Atobc), cotton (Acott), sugarcane and sugar beet
(Asugr), and all other crop farming (Aocrp). The apast subset includes cattle ranch-

ITA GDX file was created containing all the estimated land rent payments. A GAMS program was
created to include these payments into the extended IMPLAN SAM.
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ing and farming (Acatt), and dairy cattle and milk production (Adair). The alogg
subset includes only the logging activity (Alogg). Then:

acrop = crop, (3.121)
apast = past, (3.122)
alogg = logg, (3.123)

where the set crop was mapped into acrop following table A.4 in the appendix; the
'bee f' and 'dairy’ elements of the set past were mapped into Acatt and Adair of the
set apast, respectively; and the set logg was mapped into Alogg.

The subset of a including activities that use land where afforestation could take

place or where forest already exists is the agr set:'®

agr = acrop U apast U alogg. (3.124)

Hence, using the estimated rents from equations (3.118), (3.119), (3.120); the
equivalences from (3.121), (3.122), (3.123); and the macroset from (3.124), rents

were included in the SAM in the following manner:

STRENT sate1.090 =CROPSTREN Tupase 1. crop
U PASTSTRENT 0101 past (3.125)
U FORSTRENTyate.1.10g0:

RENTug, = STRENT,cgion,1.agr (3.126)

region

8Following the criteria in Graham (1994), land in high-value agricultural crop production such
as vegetable and melon (IMPLAN sector 3); fruit (4); tree nut (5); and greenhouse, nursery and
floriculture (6) were excluded. The poultry sector (IMPLAN sector 13) was excluded due to its low
pastureland demand. The sector for the rest of the animal production (IMPLAN sector 14) was
also excluded since it includes animal families whose pastureland demand is negligible and, hence,
no recorded demand figures existed.
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TOTRENT, = Y  RENT, 44, (3.127)
l
ACRES) 490 = »  STACRES,cgion tagr (3.128)
region
RENT,
RENTACRE 4pr = —sprd™, 3.129
9" ACRES) 49 (3-129)

where region is a subset of state including the states for the regional analysis,
STRENT represents the estimated rent payments from the agricultural activities to
the different MLRAs in different states, RENT represents the aggregated rents over
the same MLRAs in different states within the regional aggregation, TOTRENT
represents total land rent payments from each agricultural activity, STACRES rep-
resents the acreage demanded by activity per MLRA in each state, ACRES repre-
sents the acreage demanded by activity per MLRA for the regional aggregation, and
RENTACRE the rents per acre that will be used in the CGE model.

As stated before, IMPLAN reports payments to land as an intermediate com-
modity (IMPLAN code 3360) demanded by the different IMPLAN activities. In this
case, only the activities included in the agr set were considered. For some activi-
ties, these real estate intermediate commodity payments were not large enough to
accommodate total estimated land rent payments (TOTRENT) per activity into
the SAM. Hence, as shown in figure 3.5, a portion of the payments to the capital
account from each activity was used (when necessary) to fully accommodate total
estimated land rent payments.

When the real estate intermediate commodity demand (ESTATE) was larger
than total land rent payments (TOTRENT), the portion that was not distributed
to the different MLRAs (NON AGR) was still directed to the real estate commodity:

if TOTRENT,, < ESTATE,,,, (3.130)

then NONAGR,., = ESTATE,,, — TOTRENT,,,.
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When ESTATE was not large enough to accommodate TOT RENT, a portion
of the payments to the capital account (CAPDIFF) was used to fully accommodate
TOTRENT in the SAM:

if TOTRENT,, > ESTATE,,,,
then CAPDIFF,, = TOTRENT,, — ESTATE,,,, (3.131)
NEWCAPIT AL,y = CAPIT ALy, — CAPDIFF,,,

where NEWCAPIT AL is the modified activity payment to the capital account and
CAPITAL represents the previous payments to the capital account as defined in
equation (3.42).

Following SAM conventions, the newly-created MLRA receiving accounts (rows)
needed their column counterparts. The row totals of the newly created MLRA
accounts, representing land factor receipts, had to equal their column counterparts.

Hence, the row and column totals of the MLRA accounts is represented by:

TOTLANDPMT, = Z RENT, o4 (3.132)

agr
Since the activity payments to the real estate commodity had been modified, the
row total of the receipts by the real estate commodity was modified as well. Hence,
the real estate commodity column total was modified by reducing the payments from
the commodity to the activity (production submatrix). The residual payments from
the real estate commodity (3360) to the real estate activity (360) were estimated as

following;:

NEWPMT = OLDPMT — Y (TOTRENT,, — CAPDIFF,,),  (3.133)

agr

where OLDPMT represents the original payment form the real state commodity
(3360) to the real estate activity (360) (before including the MLRAs), NEW PMT
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represents the new residual payment after considering the payments from the MLRA
accounts, and the last summation in parenthesis represents the portion of TOT RENT
that comes from the real estate intermediate commodity demand.

Following CGE-modeling conventions, factor income was distributed among fac-
tor owners. Hence, agricultural land rents needed to be distributed to the land own-
ers, which in IMPLAN are households and enterprises. Since there is no information
on the distribution of land rent per MLRA to each land owner, the distribution
of capital income to households and enterprises was used as an approximation in
this study. Considering that housent is a set including the different categories for
households and enterprises, CAPPMT reflects the SAM payments from the capital
factor of production account to institutions, %C APPMT is the distribution of cap-
ital income to institutions, LAN DPMT reflect payments from the agricultural land
accounts (MLRA) to institutions:

CAPPMThousent
CAPPM Thpusont = , 3.134
% " ' Zhousent CAPPMNThOusent ( )
LANDPM Thousent) = %CAPPM Thoysent * TOTLANDPMT,. (3.135)

Now that all the agricultural land rent payments for each MLRA had been dis-
tributed between land owners, capital payments to households and enterprises had to
be adjusted to avoid double-counting factor payments to their owners. Representing

the adjusted capital income distribution to institutions there is:

NEWCAPPMTypusent = CAPPMThousent — Y LANDPMThousents-  (3.136)
l

Since the agricultural land rent payments from each MLRA were directly allo-
cated to households and enterprises, the real estate activity (360) never received these
payments. Since expenditures should be equal to receipts, the real estate activity’s

expenditures were reduced by the total agricultural land rents across all MLRAs.
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This reduction is specifically performed in the real estate activity’s payments to cap-
ital (RECAP) (Olson 2011b). If NEW RECAP reflects the modified real estate

activity’s expenditure for capital, then:

NEWRECAP = RECAP - TOTRENT,. (3.137)
l

The modified extended IMPLAN SAM with the payments from agr to the MLRAs
and from the MLRAs to land owners looked like figure A.1. The final modified
IMPLAN SAM used as an input for the CGE model for this study is shown in A.3

in the appendix with its respective definitions in table A.9.
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4. COMPUTABLE GENERAL EQUILIBRIUM (CGE) MODEL

The CGE model structure used in this study was a hybrid between Lofgren et al.
(2002) and Bryant, Campiche, and Lu (2011). It is a static IMPLAN SAM-based
regional CGE model with special emphasis on the market for agricultural land in
any arbitrary state-level aggregation in the U.S.

The model accomodates to the sectorial (activities) and regional aggregations
built and imported from IMPLAN (as mentioned in section §3.1), with activities,
their respective commodities, basic factors of production (labor and capital), agri-
cultural land as a factor of production dividided into Major Land Resource Areas
(MLRA), nine household categories based on income levels, six federal and state
government divisions, enterprises, investment, inventory and two trade accounts:
the rest of the U.S. and the rest of the world.

The entire model code follows Bryant, Campiche, and Lu (2011); hence, it relies
on a nesting structure based on constant returns to scale, nested constant elasticity of
substitution (CES) functions to emulate production, consumption and aggregation
behavior. The code is structured such that the CES function used in the model
encompasses the two generally-used-by-convention limiting cases: Leontief and Cobb-
Douglas. The exogenously-set substitution elasticities (o) required as inputs for the
CES functions are the determining factors between the two limiting cases for every
producing and consuming entity, and aggregation scheme. The rest of the parameters
that go into the CES function are endogenously estimated and calibrated against the
exogenous substitution elasticities and the base year prices, quantities and tax rates
reflected in the SAM. Prices in the base year are assumed to be unity; hence, the
units of measurement of factors and commodities are infered from the SAM. Land,
as a factor of production, is the exception since land prices and quantities reflect

per-acre rents (not unity) and acreage (not SAM values), respectively. As Bryant,
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Campiche, and Lu (2011) states, the model follows a bottom-top routine meaning
that the model calibrates first bottom nests and top nests afterwards.!

Since there is no explicit objective function to optimize, this type of model relies
on a set of first order conditions to maximize utilities (consumption side) and prof-
its (production side) subject to a full-budget-allocation and a zero-profit condition,
respectively. Hence, the model conforms to a mixed complementarity optimization
problem. According to Bryant, Campiche, and Lu (2011), “the heart of the model is a
set of excess supply functions describing a Walrasian market equilibrium.” Hence, all
market clearances (factors, domestic and foreign commodities) are modeled through
these excess supply functions and their respective prices.

Equations preserving accounting identities among institutions and imposing model
closures follow a similar structure as the one shown in Lofgren et al. (2002).

The basic CGE model structure can be divided into four major parts:
1. Activities, production and factor markets,

2. institutions,

3. commodity markets, and

4. macroeconomic balances.

The notational convention followed is similar to Lofgren et al. (2002) and explained
in table 4.1.The parameters used in the following equations and reflecting base-year
SAM relationships are detailed in table A.1 in the appendix. SAM represents base-
year SAM transactions. Also in the appendix, figure A.4 and its respective formulas
in table A.11 are provided to facilitate the interpretation and relate the SAM to the

mathematical model.

1 As will be explained later, for the land markets, the constant elasticity of transformation (CET)
specification is used to reflect the perfect- and imperfect-transformability limiting cases for each
land category (MLRA).
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Table 4.1. Notational Structure

’ Item \ Notation ‘
Endogenous variables Upper-case Latin letters without a bar
Exogenous variables Upper-case Latin letters with a bar
Parameters Lower-case Latin letters (with or without a

bar) or lower-case Greek letters (with or
without superscripts)

Set indices Lower-case Latin letters as subscripts to
variables and parameters
Commodity and factor
oy Qorgq
quantities
Commodity pices P
Nests” input quantities QX
Nests’ output quantities QY
Nests’ input prices PX
Nests’ output prices PY

Substitution and
transformation elasticities
Factor prices w

Shares Start with sh, followed by source and
ending with receiving entity. All shares are
fixed to the base-year

o with respective nest as subscript

Transfer parameter Start with trns, followed by source and
ending with receiving entity

Transfer variable Start with receiving entity and end with
TRNS

Taxes Start with ¢

4.1 Activities, production and factor markets

As shown in figure 4.1, the basic CGE model reflects production activities (a) as a
set of top nests (ActTop) that use as inputs the bundles produced by an intermediate
input nest (ActInt), a land nest for agricultural activities (ActLand) and a value-
added nest reflecting the demand of primary factors (ActVad). To reflect a certain
degree of substitutability among input commodities and factors, the elasticities of

substitution used for this study were: 0.5 for o acirop, 0.5 for o acine, 0.45 for o acvad
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and 0.5 for 0 actrang- The commercial logging activity was the only exception having
a 0 aaTop Of 0.2 to reflect a more accurate ratio between acreage and offset generation
as will be explained later.

The ActLand nest includes a different specification than the rest of the nests
where quantities and are taken directly from the SAM and prices are unity. The
ActLand nest includes the estimated per-acre rents (RENTACRE) as prices and
acreage demanded by the different activities (ACRES) as quantities.

The model is structured such that it accommodates the possibility of activities
producing more than one output. Hence it includes a joint production nest (JntPrd).
This specification is employed to model CO4 offsets generated by the existing com-
mercial logging activity as will be explained in more detail in 5.3.2. A zero elasticity
of transformation was used for this nest to reflect a constant-proportion production
regime.

Each activity is assumed to maximize profits, which are defined as the revenues
produced by selling different commodities at producer’s prices minus the costs of
factors, land and intermediate inputs at factors and consumer’s prices, respectively.

Factors of production (f) are assumed inmobile across the region under study and
outside regions. However, they are assumed to be mobile across activities. Hence, the
model generates long-run equilibria under the different parametrical shocks. Land
(1) mobility across agricultural activities will be explained later. The endowments of
each primary factor (¢f) and land category (MLRA) (¢l) are fixed and taken directly
from the base-year SAM as shown in equations (4.1) and (4.2), respectively:

qff > Z QX ActVad, , (4.1)

ql; > Z QX ActLand,. (4.2)

Estimated factor prices (or wage) and land rents are assumed to be the same

across activities for each factor and MLRA, respectively. Each estimated factor price
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Commodity 1 Commodity M
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Activity
Qutput

&>

Land Intermediate Value-Added
Composite Composite Composite
MLRAA MRLA 267 Commodity1 - Commodity M Labor Capital

Figure 4.1. Representation of production activities in the CGE model

and land rent vary to ensure factor and land market clearance. Factor income after
taxes and depreciation (in the case of capital) and land rents (according to Olson
(2011b)) are distributed among the different households and a single representative

enterprise.

4.2 Land markets

Similar to Bryant, Campiche, and Lu (2011), land markets have been modeled
following Hertel, Tyner, and Birur (2010); Darwin et al. (1995); Ahammad and Mi
(2005); and Ahmed, Hertel, and Lubowski (2008) where land supply is determined

by a constant elasticity of transformation (CET) revenue function.? To reflect land

2The only difference in the specification of a CES and a CET function is the sign of o. A positive
sign implies a CES function, a negative sign a CET function.
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heterogeneity in the U.S., land endowments have been dividided into 169 different
MLRAs (I). From these endowments, land is supplied to three broad land uses
(crop, pasture and forestry) and from these to all the different agricultural activities
(agr). To reflect rent and transformability differences among the alternative uses,

land supply has been divided into three nesting levels as depicted in figure 4.2:

Aolsd Acot Aocrp _
Agran Atobc Asugr Acatt Adair

Crop Pasture
Land Land

Alogg \’/

Forestry Agricultural
Land Land
v
MLRA

E ndowment

Figure 4.2. Representation of land markets in the CGE model

1. A nest that supplies land to forestry and agricultural purposes (LandBot) as
formulated in equations (4.3), (4.4) and (4.5). The elasticity of transformation
(0 LandBot) used for the majority of the MLRAs (-0.029) mirror calibrated values
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in Bryant, Campiche, and Lu (2011). The low value reflects a low degree of
transformation between agricultural land (crop and pastureland) and forestry
land. The elasticity of some MLRAs was lower due to the small rent payments
coming from the logging activity. The starting values used for prices and
quantities for each MLRA are listed in equations (4.6), (4.7), (4.8), (4.9) and
(4.10).

ql; > QY LandBot,, (4.3)

QX LandBot)porestryrand > QX ActLandgiogg,, (4.4)
QX LandBot; agricuituraiLanas > QY LandAg, (4.5)
QX LandBotyporestryrand = ACRES) ai0gg: (4.6)

QXLandBOtl,’AgriculturalLand’ = Z ACRESl,acrop + Z ACRESl,apasty (47)

acrop apast
5 wgr RENT, e
PY LandBot; = =" — (4.8)
Zagr ACRESL@W’
RENT; 410
PXLandBOtl,’FOTestryLand/ = Lalogs (49)

ACRES) atogg’

Zacrop RENT’L@CTOP + Zapast RENT‘l»GPGSt

Zacrop ACRESl,acrop + Zapast ACRESl,apasta '
(4.10)

PXLandBOtl,’AgriculturalLand’ =

2. A nest within agriculture that supplies land to crop- and pasture-related activ-
ities (LandAg) as formulated in equations (4.11) and (4.12), respectively. The
elasticity of transformation (0ranaay) used for this nest was -0.709 to reflect a
relatively high degree of transformation between crop and pastureland. The
starting values used for prices and quantities for each MLRA and agricultural

land use are listed in equations (4.13), (4.14), (4.15), (4.16) and (4.17).

QX LandAgy cropLanas > QY LandCropy, (4.11)
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QX LandAgy s pasturerana > QY LandPast, (4.12)
QX LandAgyscroprana = Y , ACRES) acrop, (4.13)
aerop
QX LandAgy, pasturcranas = »_ ACRES) apast, (4.14)
apast

PY LandAg, = PX LandBot; s agriculturaiLand » (4.15)
PX Lt Agcrppon = SR (4)
PX LandAg: pastureLana’ = Lapas RN Tiapur (4.17)

Zapast ACRESZ@PGSt '

3. Two nests, one within cropland (LandCrop) and one within (LandPast) pas-
tureland, that supply land to all the agricultural activities as formulated in
equations (4.18) and (4.19), respectively. The elasticities of transformation
used for both nests (0 Landcrop a0d O Landpast) Were -5 to reflect a high degree of
transformation between activities using cropland and activities using pasture-
land. The starting values used for prices and quantities for each MLRA and

activity are listed in equations (4.20), (4.21), (4.22), (4.23), (4.24) and (4.25).

QX LandCropy aerop > QX ActLand aerop,, (4.18)
QX LandPast; gpast > QX ActLandgpast i, (4.19)
QX LandCropy aerop = ACRES) acrop, (4.20)
QX LandPast; gpast = ACRES) gpast (4.21)
PY LandCrop; = PX LandAg, cropLand (4.22)
PY LandPast; = PX Land Agy/ pastureLand' (4.23)

PX LandCropyaerop = RENTACRE] 4erop- (4.24)
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PX LandPast; apas; = RENTACRE) gpast. (4.25)

Once land heterogeneity and transformability have been reflected in the model,
land in each alternative use is assumed homogeneous. As shown in figure 4.1, activ-
ities form a land composite (ActLand) from the different MLRAs where imperfect

substitution is accounted for as well.

4.3 Institutions

In the basic CGE model, institutions are represented by nine household cate-
gories based on income levels, six federal and state government divisions, enterprises,
investment, inventory and two trade accounts. For more details see section §3.1. Fol-
lowing, the model’s mathematical statements reflecting each institution’s income and

expenditure will be detailed and explained.

4.3.1 Households

There are 9 household categories (h) based on annual income as listed in sec-
tion §3.1. Households and enterprises are endowed with primary factors of production
(¢f) and land (gl). These endowments are assumed to be fixed to the observed base-
year quantities. As formulated in equation (4.26), households’ incomes (HHINC)
are partially generated by the sale (hhsales) of commodities (¢) at producer’s prices
(PQ). The volume of the sales is fixed at the base year quantity. Households receive
a share (shfinst) of the net income received (NETFINC) by primary factors (f),
valued at their respective wage (W F), from renting them to the production activi-
ties. They receive a share (shlinst) of the income from the land, in different MLRAs
(1), rented to agricultural activities at their respective rental rates (W L). House-
holds also receive a share (shgovhh) of the government’s (gov) transferable income

(GOVTRNS), a share (shenthh) of enterprises’ transferable income (ENTTNRS),
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a share (shinvhh) of the investment account’s transferable income (INVTRNS)
and transfers (trnsouthh) from outside regions (t). The transfers coming from the

investment account are considered borrowed capital for consumption.

HHINC), = (Z hhsalesy, . * PQC> + (Z NETFINCy « WFy * shfinsth7f>
c f

+ <Z qly x WL % shlinsth7l> + (Z HHTRNS;, * shhhhhh7h>
1 h

+ (Z GOVTRN Sy, * shgovhhh,gov> + (ENTTNRS * shenthhy,)

gov

+ (INVTRNS * shinvhhy,) + (Z trnsouthhmt) .
t

(4.26)
As shown in equation (4.27), factor income transfered to households and enter-
prises (NETFINC) is net of factor taxes (¢f) and depreciation (deprec) in the case

of capital:

NETFINCy = qfy * (1 — thgov,f - deprecf> . (4.27)

gov

Households’ incomes are subject to a tax (th) imposed by the government. As
formulated in equation (4.28), after accounting for income taxes, a portion of the
income (HHTRNS) is transfered to other institutions and, also, devoted to con-

sumption and savings:

HHTRNS), = HHINC,), * (1 > thgm,ﬁ) : (4.28)

gov
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After accounting for transfers to other households (shhhhh) and to outside regions
(shhhout), the net income (HHNETINC') devoted to commodity consumption and

savings is formulated as in equation (4.29):

HHNETINC), = HHTRNS), * (1 — Y shhhhhyy = shhhoutuh) (429

h t
Utility production by each household, as depicted in figure 4.3, was modeled using
a top nest (HhTop) where utility is maximized through the consumption of a compos-
ite consumer good (QY HhCons), at price (PY HhCons), and savings (QHHSAV),
valued at their respective prices (PHHSAV = 1), up to the point when the budget
constraint (HHNETINC) is met. A zero elasticity of substitution was specified for

this nest (omnrep) to reflect a constant marginal propensity to save.

Utility
Savings Consumption
Bundle
Commodity 1 Commodity M

Figure 4.3. Representation of households utility production in the CGE
model

The composite consumer good is the product of a subnest (HhCons) that reflects

substitutability among commodities through an elasticity of substitution (ogncons)
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of 0.5. As previously explained in subsection 3.4.2 and formulated in equation (3.68),
households are charged an aggregate sales tax for the consumption of the composite

consumer good (thhcons):

HHNETINC), > [(QY HhConsy, x PY HhConsy,) * (1 4 thhconsy,)] (4:30)
4.30

+ [(PHHSAV,) « (QHHSAV},)] .

4.3.2 Government

There are 6 government divisions (gov) as mentioned in section §3.1. As for-
mulated in equation (4.31), the different government divisions generate revenues
(GOVINC) partially by selling commodities (govsales) at producer’s prices (PQ).?
The volume of sales is fixed at the base year quantity. Some divisions collect taxes
and their respective tax rates are inferred from the base-year SAM. Taxes are levied
on factor incomes (¢f), households’ incomes (th) and enterprises’ income (tent).
To accomodate to the IMPLAN SAM structure, the indirect business taxes aggre-
gate account has been modeled as a production tax (ta) from different activities (a)
in the basic CGE model. Hence, the tax is levied on the production by activity
(QY ActTop), valued at their respective representative prices (PY ActTop). Sales
taxes are also collected for commodity purchases from the government (tgovcons),
households (thhcons), inventory (tnvtcons) and investment (tinvcons) accounts. All
taxes are distributed to the different government divisions according to a set of shares
(shtazgov) obtained from the base-year SAM. Duties collected from importing com-
modities from the rest of the world (timp) are directed to the federal government’s
non-defense division.

Some divisions also receive a share (shgovgov) from other divisions’ transferable

incomes (GOVTRNS), a share (shinvgov) from the investment account’s transfer-

3Not all of the divisions sell commodities.
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able income (INVTRNS), and transfers from outside regions (trnsoutgov). The

transfers coming from the investment account are considered borrowed capital.

GOVINCyo, = (Z govsales oy ¢ * PQC> + (Z qfrx WFy tfgovyf>

c !

+ shtargovyy, * (Z QY ActTop, * PY ActTop, * taa)

+ shtaxgovye, *

Z QGOV, gop ¥ PD, * tgovconsgm,>

+ U fednon—def * (Z QXComImp,.* PEFOBIMP, . * tz’mpt,c>

t,c

+ (Z HHINC), thgov,h>
h

+ (ENTINC  tenty,) + (Z GOVTRN S0, shgovgovgm,,gov>

gov

+ (INVTRNS % shinvgov) + Z trnsoutgou o ;-
t (4.31)
As shown in equation (4.32), government savings (govsav) is assumed to be fixed
to the observed figures in the base-year SAM. After considering savings, a portion

(GOVTRNS) of the revenue received by the government divisions is transfered to

other institutions:

GOVTRN Syop = GOVINCypy — govsavgey. (4.32)
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The government divisions’ disbursements (GOV EX P) consist of fixed savings
(govsav), government consumption of commodities (QGOV') valued at purchaser’s
prices (P D) and subject to an aggregate sales tax (tgovcons), and the transfer income
(GOVTRNS) to households (shgovhh), to other government divisions (shgovgov),
to enterprises (shgovent) and to outside regions (shgovout) as formulated in equa-

tion (4.33):

GOV EX Py, =govsavge,

+

(Z QGOV, oy * PDC) * (14 tgovconsgm,)]

[

+ GOVTRN Sy, * (Z shgovhhy, goy + Z shgovgovgov’gov>

h gov

+ GOVTRN Sy * (shgoventgov + Z shgovout) )

t

(4.33)

To achieve a complete exhaustion of each government division’s budget, govern-
ment commodity consumption (QGOV) is flexible and adjusted from its base-year
purchases (ggov) equi-proportionately (GOV ADJ) across consumed commodities as

shown in equation (4.34):

QGOV, gor = qg0ovc gon ¥ GOV AD J . (4.34)

4.3.3 Enterprises

There is only one representative account for enterprises (‘ent’). Enterprises nei-
ther sell nor purchase commodities. As mentioned before, enterprises are also en-
dowed with primary factors of production (¢f) and land (¢l). Again, these en-
dowments are assumed to be fixed to the observed base-year quantities. Instead
of distributing net factor incomes (NETFINC) directly to households, enterprises

also receive a share (shfinst), valued at their respective wages (W F') as formulated
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in equation (4.35). Hence, a good portion of the income (ENTINC') generated by
enterprises comes from primary factors. Enterprises also receive a share (shlinst) of
the income from the land rented to agricultural activities at their respective rental
rates (W L). Some of the government divisions’ transferable income (GOVTRNS)

is also devoted to enterprises (shgovent).
ENTINC = <Z NETFINC; W Fy % shfinstie. f>
f

+ (Z QZZ * WL[ * shlinst:em@l) (435)
l

+ (Z GOVTRN Sy * shgoventgov> )

gov

As shown in equation (4.36), after accounting for enterprises’ income taxes (tent),
the rest of the income received by enterprises is transfered (ENTTRNS) to other
institutions:

ENTTRNS = ENTINC (1 - Ztemsgw> . (4.36)

gov

As formulated in equation (4.37), enterprises’ disbursements (ENTEX P) con-
sist of a tax payment (tent) levied on total income (ENTINC), and transfers
(ENTTRNS) to households (shenthh) and the investment account (shentinv). It
is important to note that the transfers to households are indirect factor income pay-
ments to households. The transfers to the investment account are considered savings

and are adjusted proportionately to the income received.

ENTEXP = (Z tent g * ENTINC)

gov

(4.37)

+ {ENTTRNS * (Z shenthh;, + 3hentinv> } )

h
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4.3.4 Inventory

There is a representative account for inventories that generates income (NVTINC),
partially, from the use of commodities in inventory (nvtsales) at producer’s prices
(PQ). It receives transfers from outside institutions (trnsoutnovt) and from net adit-
tions to inventory (nvtin), meaning there are more additions to inventory than sales
from it. As shown in equation (4.38), the only variable in the inventory income for-

mulation is price, the rest being parameters fixed to the observed base-year figures:
NVTINC = (Z notsales, * PQC> + Z trnsoutnut; + nvtin. (4.38)
c t

After accounting for fixed net inventory sales (nvtout), meaning there are more
sales form inventory than additions to it, the inventory account’s transferable income

(NVTTRNS) to other institutions is formulated as in equation (4.39):
NVTTRNS = NVTINC — nvtout. (4.39)

As shown in equation (4.40), inventory’s total disbursements (NVTEX P) con-
sist of commodities’ purchases (QNVT) at purchaser’s prices (PD) and charged an
aggregate sales tax (tnvtcons), inventory’s share (shnutout) of transferable income

(NVTTRNS) to outside regions, and net inventory sales:

NVTEXP =

<Z QNVT, * PDC> * (14 tnvtcons)]

+ (Z shnutout, * NVTTRNS) (4.40)

t

+ nvtout.
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To completely exhaust its income, inventory’s commodity consumption (QNVT)
is flexible and adjusted from its base-year purchases (gnut) equi-proportionately

(NVTADJ) across consumed commodities as shown in equation (4.41):

QNVT, = gnut.x NVTAD.J. (4.41)

4.3.5 Investment

There is a representative account for investment and it partially generates income
(INVINC) from the sale of investment commodities (invsales) valued at producer’s
prices (PQ), as formulated in equation (4.42). It also receives a share (deprec) of
the income generated by the capital primary factor (qf), valued at its respective
price (W F), in the concept of depreciation or capital consumption allowance. Its
receipts also consists of the savings generated by households (QHHSAV), valued
at their respective prices (PHHSAV), fixed government savings (govsav), a share
(shentinv) of enterprises’ transferable income (ENTTRNS), fixed net inventory
sales (nvtout) and variable net foreign investment (N FT). Net foreign investment is

defined as the difference between foreign spending and receipts.

INVINC = (Z invsalesc * PQC) + (deprec’capital’ * Qf’capital’ * W-F’capital’)

[

+ (Z QHHS AV, x PHHSAVh) +)  govsavge
h

gov
+ (ENTTRNS * shentinv) + nvtout + Z NFI,.
t (4.42)
After accounting for fixed net inventory additions (nwvtin), the investment ac-
count’s transferable income (/NVTRNS) to other institutions is formulated as in
equation (4.43):
INVTRNS =INVINC — nvtin . (4.43)
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Formulated in equation (4.44), investment’s total disbursements consist of com-
modity purchases (QINV') valued at purchaser’s prices (PD) and charged an ag-
gregate sales tax (tinvcons), net inventory additions (nwvtin), investment’s income
transfers (INVTRNS) to households (shinvhh), goverment divisions (shinvgov)
and to outside regions (shinvout). The transfers to other institutions are considered

borrowed capital by the different receiving institutions.

INVEXP =

(Z QINV. x PDC> * (14 tmvcons)]

+ INVTRNS * (Z shinvhhy, + Z shinvgovye, + Z shinvoutt)

h gov t

+ nvtin.

(4.44)
To completely exhaust its income, investment’s commodity consumption (QINV)
is flexible and adjusted from its base-year purchases (ginv) equi-proportionately

(INVADJ) across consumed commodities as shown in equation (4.45):

QINV, =qinv.* INVADJ . (4.45)

4.4  Commodity markets
4.4.1 Domestic

As figure 4.4 shows, all produced and imported commodities enter into the mar-
ket. A commodity produced by different domestic sources (activities or institutions)
is assumed to be perfectly substitutable and bundled into an aggregate domestic
output valued at producer’s prices (PQ).* Aggregate domestic output is allocated

under the assumption that suppliers seek to maximize revenues for any given ag-

4As opposed to Lofgren et al. (2002) where activity outputs are considered imperfectly substitutable
and a CES function is used to aggregate domestic output by activities.
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gregate output level subject to imperfect transformability, between exports and do-
mestic demand, expressed through a CET function (ComDist). An elasticity of

transformation (ocompist) of -2.5 was used for this nest to reflect a high degree of

transformation.

Rest of the U.E.
Froduction by:

Activities,
Househalds,
Government,
[Mvestment,

Imwentary

A at

Domestic
Bundle

Composite
Commodity

v

Consurmption by:
@; Aggregate Activities
Imports (Intermediate

Use),
Households,
Gowernment,
Rest of the World Investment,

[nventory

Rest of the LS.

Figure 4.4. Representation of commodity markets in the CGE model
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The share of a commodity that is not exported is supplied to the domestic market,
at domestic prices (PDom), and bundled with imports (if imported) into a compos-
ite commodity through a CES function (ComTop). This composite commodity is
aggregated under the assumption that demanders seek to minize costs subject to
imperfect substitutability between imports and domestic supply, according to the
Armington convention (Armington 1969). An elasticity of substitution (ccomrop) 0f
2.5 was used for this nest to reflect a high degree of substitution. The composite
commodity is demanded by end users (activities and institutions) at purcharser’s
prices (PD).

On the demand side, the model has been designed to find the same market-
clearing purchaser’s price (PD) across all final consumers for each commodity, equi-
librating final demand and composite-commodity supply as shown in equation (4.46).

In the CGE model, activity and institutional consumption is flexible.

QY ComTop. > Z QXHHConsy,. + Z QX Actlnt,,
h a

(4.46)
+Y " QGOVyoe + QNVT. + QINV..

gov

On the supply side, the model will find the same market-clearing producer’s price
(PQ) across all domestic producers for each comodity, equilibrating domestic supply
and aggregate-output demand as shown in equation (4.47). In the basic CGE model,
only production by activities is flexible, institutional production is fixed to the base-

year SAM.

QY ComDist,. < Z QX JIntPrd, . + Z hhsalesp,
a h (4.47)

+ Z govsalese, . + nutsales, + invsales,.

In the modified IMPLAN SAM, indirect business taxes include sales, production

and factor-use taxes. Due to the aggregated nature (and treatment as a production
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tax in this basic model) of the indirect business taxes account and to the non-
existence of margin accounts (transportation and retail), all commodity transactions
in an IMPLAN SAM are expressed in producer’s prices. In the basic CGE model,
activities bear the entire burden of the taxes related to commodity production, except

import duties. Hence, producer’s prices already include these taxes.®

4.4.2 Trade

Since the model is designed to acommodate large and small regional aggregations
within the U.S., an exchange rate is not necessary due to the negligible effect that
small aggregations would exert on world prices. Hence, traded commodities and
institutional transfers are valued at the local currency (U.S. dollars). The model
assumes the existence of a representative exporter and importer for commodity-
trading purposes. The exporter seeks to maximize revenues by selling aggregate
export commodities, to the rest of the U.S. and the rest of the world, and subject
to imperfect transformability formulated through a CET function (ComFEzxp) as
depicted in figure 4.4. An elasticity of transformation (ccompsp) of -2.5 was used
for this nest to reflect a high degree of transformation.

On the other side, the importer seeks to minize costs by purchacing commodites,
from the rest of the U.S. and the rest of the world, and subject to imperfect substi-
tutability expressed as a CES function (ComImp) as depicted in figure 4.4. Com-
modities imported from the rest of the world were subject to import duties. An
elasticity of substitution (0comrmp) of 2.5 was used for this nest to reflect a high

degree of substitution.

°For any parametrical shock in the CGE model, the vector of market-clearing prices at a solution
shows differences between producer’s prices (PQ) and purcharser’s prices (PD). This difference is
due to the effect of import and export prices, respectively.
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As shown in equation (4.48), export demands to outside regions are a function
of base-year SAM export quantities (gexp) and prices (pexp), prices charged by the

representative exporter (PEX P) and export demand elasticities (e):

(4.48)

PEXP,, — pezxp,

PETPc

where PE X P is estimated as a shadow price of the excess supply equation for exports

to each destination:

QXComEzxp.; > QEXP,,, (4.49)

where QX ComFEzp is the quantity supplied by the Com Exp nest.

Import supplies from outside regions are a function of base-year SAM import
quantities (gimp) and prices (pimp), free-on-board (FOB) prices charged by the
representative foreign exporter at the foreign port (PFOBIM P) and import supply

elasticities (k) as formulated in equation (4.50):

PFOBIMP,, — pimpy.
QIMPt7c p— qimpt,c *k (1 + /{t,c) k ( t, plmpt ) :

. 4.50
pimpt.c ( )

where the price paid by the representative importer (PIMP) is the FOB price after

accounting for import duties:
PIMP,,= PFOBIMP, . * (1 +timp;.), (4.51)

where PFOBIMP is estimated as a shadow price of the excess supply equation for

imports from each source:
QIMP,. > QXComImp, ., (4.52)

where QX ComImp is the quantity demanded by the ComImp nest.
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4.5 Macroeconomic balances
4.5.1 Government balance

To completely exhaust the different government divisions’ budgets, the closure
rule followed in the CGE structure is flexible government commodity consumption
(QGOV) and fixed savings (govsav). The adjustment factor (GOVADJ) in equa-
tion (4.34) helps to achieve this balance and is paired to equation (4.53), following

the syntax required by PATH to solve mixed complementarity problems.

GOVINC,,, = GOV EXP,,,. (4.53)

4.5.2 Inventory balance

To achieve a balance for the inventory account, the closure rule followed in the
basic CGE structure is flexible inventory commodity consumption (QNVT) and
fixed net inventory deletions (nvtout). Again, the adjustement factor (NVTADJ)

in equation (4.41) helps to achieve this balance and is paired to equation (4.54).

NVTINC = NVTEXP. (4.54)

4.5.3 Investment balance

The same closure rule followed for the two previous institutions is applied to
the investment account - investment commodity consumption (QINV') is flexible.
However, net foreign income (N FT) is also flexible in this case, as will be explained
later. The adjustment factor (INVAD.J) in equation (4.45) helps to achieve this

balance and is paired to equation (4.55).

INVINC =INVEXP. (4.55)
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4.5.4 External balance

As previously mentioned, the model is designed to acommodate large and small
regional aggregations within the U.S. Hence, an exchange rate variable is not neces-
sary due to the negligible effect that small aggregations would exert on world prices.
Thus, the closure variable for the trade accounts is net foreign investment (NFT).
As shown in equation (4.56), the left-hand-side variables reflect receipts by the trade
accounts consisting of commodity import quantities (QIM P) valued at their respec-
tive import FOB prices (PFOBIM P), and the different transfers to outside regions
by factors (shfout *x NETFINC'), households (shhhout + HHTRNYS), government
divisions (shgovout *x GOVTRNS), investment (shinvout * INVTRNS) and inven-
tory (shnuvtout * NVTTRNS). The right-hand-side variables and parameters rep-
resent transfers from outside regions such as commodity export quantities (QEX P)
valued at their respective export prices (PEX P), foreign transfers to households
(trnsouthh), government divisions (trnsoutgov), inventory (trnsoutnvt) and invest-
ment account or net foreign investment (NFT).

As previously listed in table 4.1, variables are represented by upper-case latin
letters without a bar and parameters with lower-case latin letters without a bar.
Hence, QIMP, PFOBIMP, NETFINC, HHTRNS, GOVTRNS, INVTRNS,
NVTTRNS, QEXP, PEXP and NFI are all flexible endogenous variables that
adjust according to the model’s closure rules such as equation (4.56). The parameters
shfout, shhhout, shgovout, shinvout, shnvtout, trnsouthh, trnsoutgov, trnsoutnuvt
are taken and fixed to the 2008 base year SAM.

It is important to mention that all transfers are variables that adjust according to
the total income from the different institutions. Prices and quantities of imported and
exported commodities are variables. The expenditures from the different institutions
that are treated as transfers to outside regions are estimated using shares from the
base year SAM multiplied by the transferable institutional income variable. Transfers

coming from outside regions to domestic institutions are treated as fixed parameters
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and do not change from the baseline. Net foreign investment (N FI) is the variable

that is adjusted at last and the one that completes the model’s closure.
<Z QIMP,, x PFOBIMP,,

+ <Z shfout, s * NETFINC,
f

+ (Z shhhout, ), * HHT RN S),
h

+ <Z shgovout; gon ¥ GOVT RN Sy,

gov

+ (shinvout, * INVTRNS)
+ (shnvtout, * NVTTRNS) (4.56)

(Z QEXP,., PEXPC,t>

+ Z trnsouthhy,
h

+ Z trnsoutgovge, ¢

gov

+ trnsoutnut,

+ NF1,.
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5. AFFORESTATION

This study considers afforestation of agricultural land (cropland and pastureland)
using the two major timber categories shown in table 3.4, which are softwood and
hardwood. It is assumed that the afforested land will be permanently withdrawn
from other uses, including harvest for wood products, to avoid further release of
carbon. The practice of leaving tree stands permanently without being harvested
is known in the literature as “carbon graveyard” (Richards, Moulton, and Birdsey
1993; Richards and Stokes 2004).

This study is concerned with the additional land-use change to afforestation prac-
tices motivated by different government budget allocations. Two different budget

allocation schemes are considered:

1. The government only compensates CO offsets generated by land converted to

a carbon graveyard, and

2. The government compensates CO, offsets generated by land converted to a
carbon graveyard and the ones generated, as a by-product, by the existing

commercial logging activity.

5.1 Carbon sequestration data

The two most cited studies containing regional data on expected annual changes
in growing-stock volume and forest carbon storage from converting cropland and pas-
tureland to forest are Birdsey (1992) and Birdsey (1996). For this study, the regional
annual changes in carbon storage data by timber type was obtained from Birdsey

(1992) due to the more complete set of regions and timber types considered.! Since

!Birdsey (1992) estimated rates for eight different regions in the U.S. for softwoods and hardwoods
(with the exception of the Rocky Mountains, Mid-Atlantic and Pacific Coast). While Birdsey
(1996) reported estimates only for seven regions and mainly for softwoods (with the exception of
the Central States).
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Birdsey (1992) reports the carbon storage estimates for different forest types and
this study only considers the two major timber categories (softwood and hardwood),
only one forest type from each major category was used for each region as shown in
table 5.1.

The only caveat from using Birdsey (1992) is that different tree-life periods were
assumed (from stand establishment to final harvest) and this study considers a carbon
graveyard approach. Since some tree species reach their highest carbon uptake rate
earlier than others, the problem of considering a short life period is that the annual
carbon storage estimate may be higher compared to an estimate that considers the
entire life of the tree.

The carbon net annual changes in Birdsey (1992) were published in pounds per
acre; hence, they were converted to metric tons (MT) of carbon and then to the
equivalent COy weight since most of the previous literature presents cost estimates
using these units.

As will be explained later in the document, the afforestation activities in the
CGE model reflect inputs and outpus on a per-MT basis. Hence, the CO, uptake
rates had to be converted to the number of acres necessary to produce a MT of CO,
annually.

To distribute the different regional CO, uptake rates shown in table 5.1 into
the MLRAs, a single weighted average (STCARBON) was estimated for each tim-
ber category in each MLRA in each state. Taking the regional CO, uptake rates
of both land-use alternatives (AGCARBON) and using their respective acreage
(AGACRES) in each MLRA as weights (AGW EIGHT), a single CO, uptake rate

was estimated for each timber category, MLRA, and state:

AGACREScarbreg,l,agland

AGWEIGHT .orpreqi.agiand = )
breg.lagland Zagland AGAOREScarbreg,l,agland

(5.1)
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STCARBON.ariregiwood = »_, AGCARBONeapbregagiandwood
agland (5.2)
* AGWEIGHTcarbreg,l,agland7
where carbreg represents the forest carbon storage regions and is a subset of the
set state and mapped according to table 5.2, wood is the set for the major timber
categories, [ is the set of MLRAs belonging to a specific state in the set carbreg, and

agland is the set representing the crop and pasture land-use alternatives.

Table 5.2. Forest Carbon Storage Regions Considered in the Estimation
of Carbon Uptake Rates for Afforestation

Southeast South Central Northeast Mid-Atlantic
Virginia Texas Maine Kentucky
Morth Carolina Oklahoma Mew York West Virginia
South Caralina Arkansas Connecticut Chio
Georgia Louisiana Rhode Island Pennsylvania
Flaorida Mississippi Massachusetts Mew Jersey
Alabama Vermant Delaware
Tennessee Mew Hampshire Maryland

North Central

Central States

Rocky Mountains

Pacific Coast

Michigan South Dakota Mantana Washington
Wisconsin Mebraska ldaho Cregon
Minnesota Kansas Whyoming California
Morth Dakota lowa Mevada

Missouri Lltah

Ninois Colorado

Indiana Arizona

Mew Mexico

As an example, the Southern Coastal Plain MLRA in Florida and belonging to
the Southeastern region had acreage figures of 224,039 and 339,102 for cropland

and pastureland, respectively. The softwood CO, uptake rates for that region are
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0.17 and 0.20 acres/MT /year for cropland and pastureland, respectively. Hence, the
weighted average of CO4 uptake for that specific MLRA is 0.187 acres/MT /year:

224,039 339,102
STCARBON piorida 1234 /soft! = < ) (0.17) (

20) = 0.1
563, 141 563, 141>(0 0) = 0.187,

(5.3)
where 234 is the MLRA code for the Southern Coastal Plain MLRA.

Since regional SAMs are built by aggregating different states in IMPLAN, a single
weighted average (REGC ARBON) was estimated for each MLRA and major timber
category present in more than one state for any regional aggregation. Taking the state
COq uptake rates of an MLRA (STCARBON) and using the acreage of a determined
major timber category (STACRES) in each state as weights (STWEIGHT), a
single COy uptake was estimated for each MLRA and major timber category in the

regional aggregation (region):

STACRESregion,l,wood
Zregion STACRESTegion,l,wood ’

STW EIGHT egion t.wood = (5.4)

REGOARBONl,wood = Z STOARBONregion,l,wood * STWEIGHTregion,l,wooda
region

(5.5)
where TOTWOOD is the total acreage of a specific timber category and region is
the IMPLAN regional aggregation.

As an example, if region included Florida and Alabama only, the Southern
Coastal Plain MLRA is present in both states and had softwood acreage figures
of 2,538,858 and 7,548,325, respectively. The estimated softwood COs uptake aver-
ages in the Southern Coastal Plain MLRA in Florida and Alabama are 0.187 and
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0.175 acres/MT /year, respectively. Hence, the regional weighted average of COs
uptake for that specific MLRA is 0.178 acres/MT /year:

REGCARBONgsy o0 — (%) (0.187) + (%) (0.175) = 0.178.

(5.6)

Hence, the final result is a matrix of regional annual CO, uptake rates for each

MLRA included in the IMPLAN regional aggregation and major timber category.

As will be explained later, these CO, uptake figures will determine the land and
establishment costs on a per-COo-MT basis.

5.2 Afforestation costs
5.2.1 Initial treatment costs

The most cited study reporting regional afforestation costs for cropland and pas-
tureland is Moulton and Richards (1990). In this study, the activities included in
the costs were land preparation, seedlings, planting, and postplanting treatment and
care required to ensure establishment.? These regional treatment costs were esti-
mated for irrigated and non-irrigated cropland and pastureland. Since the difference
among the costs was not great, a simple average was taken of both irrigated and
non-irrigated lands. Moulton and Richards (1990) estimated afforestation costs of
cropland and pastureland without differentiating between the two major timber cat-
egories, as shown in the second and third columns of table 5.4.3

Bair and Alig (2006) estimated afforestation costs for each land-use alternative
and major timber category, as shown in table 5.3. According to them, afforestation

costs for hardwood in any region in the U.S. were 25% higher than for softwood.

2According to Richards and Stokes (2004), Moulton and Richards (1990) included provisions for a
15% failure rate increasing the cost estimates.

3For each region, Moulton and Richards (1990) estimated the treatment costs using historical
planting patterns of a given mixture of tree species.
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The problem with Bair and Alig (2006) is that cost estimates were provided only for

three major regions in the U.S.

Table 5.3. Site Preparation and Afforestation Costs by Bair and Alig
(2006)

Region and timber Crop | Pasture
category 2002 Bfacre
Southeast
Softwood B4.92 g2.41
Hardwiood a1.16 103.01
South Central (Plains)
Softwood 73.24 80.62
Hardwnood 91 &1 10077
Corn Belt
Softwood 114.36 167.07
Hardwiood 142,95 196,34

Table 5.4. Cost of Land Preparation, Seedlings, Planting, and Followup
by Moulton and Richards (1990)

. Crop | Pasture Crop | Pasture
Reglan $facre Differential

Southeast 53.50 57.00 1.00 1.00
Lake States 105.00 105.00 1.76 1.87
Carn Belt 136.00 166.00 2.29 275
Marthern Flains §7.00 102.00 1.63 1.52
Appalachian 52.00 §9.00 1.04 1.33
Martheast 150.00 196.00 252 293
Delta States B9.50 77.00 1.7 1.15
Southern Plaing 57.00 53.00 0.96 0.94
hlountain 70.00 109.00 1.18 1.63
Pacific 180.00 215.00 3.03 3.21

Both studies were used to estimate a more complete set of costs for every region
in Moulton and Richards (1990) and every major timber category in Bair and Alig
(2006). As shown in the fourth and fifth columns of table 5.4, cost differentials
were estimated among the different regional aggregations considered in Moulton and

Richards (1990). The Southeast region was taken as a reference since 90% of total
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forest acreage was planted with softwood trees, as reported in Moulton and Richards
(1990). Hence, by multiplying the cost differentials of every region in Moulton and
Richards (1990) by the cost estimates from Bair and Alig (2006) for softwood and
hardwood in the Southeast, and adjusting for inflation, a more complete set of costs
was obtained as shown in table 5.5. Since the estimates in Bair and Alig (2006) are
in 2002 dollars, to adjust for inflation, a factor of 1.04 was estimated by considering

the percent change between the Producers Price Index (PPI) in 2002 to 2008.

Table 5.5. Modified Afforestation Costs from Previous Literature

Softwood Hardwood
Region Crop | Pasture Crop | Pasture

2008 $/acre® 2008 $/acre®
Southeast 67.45 §5.66 §4.36 107.07
Lake States 119.08 134.24 148.85 167.80
Corn Belt 154 23 237.79 192749 297.24
Maorthern Flains 110.01 130.40 137.51 163.00
Appalachia 70.31 113.78 87.89 142.23
Mortheast 170.11 250.58 212.64 313.22
Delta States 78.82 95.44 98.52 123.05
Southern Plains 64.64 80.54 80.80 100.68
Mountain 79.39 139.35 99.23 174.19
Pacific 20413 274.87 25517 343.58

#2002 - 2008 Producers Price Index (PPI) percent change of 1.04

Following previous literature, treatment costs had to be annualized to spread the
cost burden throughout the life of the plantation (Moulton and Richards 1990; Adams
et al. 1993; Parks and Hardie 1995; and New York State Energy Office, 1991). This
carbon accounting approach is known in the literature as the levelization method and
it consists on annualizing (levelizing) the present value of the treatment costs over the
period of carbon flows and dividing it by the annual carbon capture rate (Richards
and Stokes 2004; Stavins and Richards 2005). Hence, the annualized (levelized) costs
are shown in the last four columns of table 5.6. Following Moulton and Richards

(1990), an interest rate of 10% was considered to estimate different capitalization
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factors for different regions and major timber categories, depending on the period of
carbon flows. The periods and capitalization factors are also shown in table 5.6.

To come up with a single cost estimate for every MLRA and major timber cate-
gory in any IMPLAN regional aggregation, the same procedure followed previously
for carbon uptake rates was followed for costs. Hence, by replacing STCARBON
and REGCARBON for the cost estimate at the state level (STCOST') and at the
regional level (REGCOST) in equations (5.2) and (5.5), a single regional treatmet
cost would be obtained for each MLRA and major timber category.

5.2.2 Land rent costs

The annual costs of land for afforestation that would have been incurred in the
base year of 2008 are reflected in the per-acre rent figures estimated for agricultural

land in subsections 3.5.1 and 3.5.3 and formulated in equation (4.10):

RENTACREI,’AgriculturalLand’ = PXLandBOtl,’AgriculturalLand/; (57)

where PX LandBot represents the baseline price for the LandBot nest for agricultural
land and MLRA [. Hence, RENTACRE represents the per-acre rent estimates for
each MLRA for agricultural land.

5.3 Including afforestation in the CGE model

Afforestation is modeled in the CGE as a latent activity meaning that it is present
but not active in the model’s baseline since there are no government budget alloca-
tions for CO, offsets. Since this study is concerned only with the additional land-use
change to afforestation practices motivated by different government budget alloca-
tions, the afforestation latent activity becomes active and profitable in the different

counterfactual scenarios.
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Regarding the CO, offsets generated by the commercial logging activity, rev-
enues are generated in the counterfactual equilibrium when the government budget

allocation is greater than zero.

5.3.1 Afforestation activities

An array of afforestation activities was created using combinations of MLRAs
and major timber categories based on existing softwood and harwood forest (pub-
lic and private) acreage planted in the different MLRAs. For example, if soft-
wood was planted in the Southern Coastal Plain MLRA (MLRA code 234), an af-
forestation activity was created representing the existing combination (i.e. activity
MLRA234 SOFT).

Following the same modeling structure of activities explained in section §4.1, af-
forestation activities are reflected as a set of top nests (Af forTop) that use as inputs
a specific MLRA and intermediate commodity as shown in figure 5.1. Every afforesta-
tion activity uses land only from the activity’s respective MLRA. A zero elasticity
of substitution was used for the top nest (oafrorrop) to reflect a fixed-proportion
structure. Every afforestation activity also uses only the aggregate commodity of
“other agriculture”. This commodity includes the IMPLAN sector of support activ-
ities for agriculture and forestry (IMPLAN commodity code 3019). The sector of
support activities for agriculture and forestry includes companies that provide af-
forestation services. Hence, it is assumed that the labor and capital requirements for
afforestation are indirectly provided by the afforestation companies under contract.

The afforestation activities in the CGE model reflect inputs and outpus on a per-
MT basis. Hence, the costs inputed into the land (Af forLand) and intermediate
input (Af forInt) nests needed to be specified on a per-MT basis. Since the land
rent (ACRERENT) and treatment (REGCOST) costs were estimated on a per-
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Metric tons of

CD: offset
Afforestation

Activity

£ Ador Top
Land Intermediate
Input Input

Respective "Cther Agriculture"

MLRA commadity

Figure 5.1. Representation of afforestation activities in the CGE Model

acre basis, they had to be converted to a per-MT basis using the regional annual

CO4 uptake rates expressed in acres/MT /year in the following manner:
QXAffOTLCLTLdaffOT,l = ACRERENﬂﬂlogg * REGCARBONl,wOOd, (58)

QXAffOT]ntaffor,’othagr’ = REGCOSﬂ,wood * REGCARBONl,woodv (59)

where a mapping was developed from the af for set to the [ and wood sets, since the

af for set is a combination of the [ and wood sets.



111

5.3.2 Commercial logging activity

As stated at the beginning of this chapter, among the government budget allo-
cations considered in this study, one includes payments to the commercial logging
activity for generating COs offsets as a by-product. The production of CO4 offsets
by this activity is depicted in figure 5.2.

Logging Metric tons of
Comrmodity CO,offset
Logging
Activity
Output

&>

Land Intermediate Value-Added
Composite Composite Composite
MLRAA MRLA 267 Commodity 1 - Commodity N Labor Capital

Figure 5.2. Representation of the generation of CO, offsets by the com-
mercial logging activity

The joint production (JntPrd) nest of the commercial logging activity was cal-
ibrated with the logging commodity production value from the SAM and the net
annual change in carbon stocks (in MT of CO,) in the forest and harvested wood
pools in 2008. As stated in section §4.1, all the transformation elasticities used for

this nest (0 juprq) Were zero to reflect a fixed-proportion production regime. Accord-
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ing to EPA (2012), the total net annual change in carbon stocks for that year in the
U.S. was 891 MT of CO, coming from all kinds of forestland remaining in forestland.
However, the commercial logging activity included in IMPLAN and in this study
includes only privately-owned timber land and the regional aggregation covers only
38 states in the continental U.S. Hence, a portion of the 891 MT had to be estimated
using the forest carbon inventories from FS (2010) in private timber land per state.
According to the EPA (2012), about 50% of the annual carbon stock changes come
from aboveground biomass. Hence, as an approximation, by comparing the amount
of aboveground carbon in live trees from FS (2010) in privately-owned timber land
in the regional aggregation (38 states) to the total amount contained in all national
timber land, it was estimated that approximately 632 MT (or 71% of the 891 MT of
COy) were generated by the logging activity in 2008. Hence, the JntPrd nest was
calibrated with a generation of 632 MT of CO, offsets. Since the offset generation
of the commercial logging activity was calibrated with a value obtained from the
literature, regional sequestration rates were not necessary. However, as previously
mentioned, the top (ActTop) nest of the commercial logging activity was calibrated
with a substitution elasticity (o actzop) 0f 0.2 to reflect a more realistic ratio between

acreage demanded by the activity and offset generation.

5.3.3 Commodity and land markets

The land demanded by the afforestation activities comes from the agricultural
land supplied from each MLRA. As previously specified in equation (4.5), land al-
located to the agricultural land-use type was entirely demanded by the agricultural

land nest. Now, as formulated in equation (5.10) and depicted in figure 5.3, the
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agricultural land-use allocation is demanded by the agricultural land nest and the

latent afforestation activities.

QX LandBot s agrana > QY LandAg, + Z QXAfforLand,ffor,- (5.10)
affor
Agran Atobc Asugr Acatt Adair
u- v
.L:ndt}n:- QI;&
Crop Pasture
Land Land
Alogg \’/
Forestry Agricultural . o
Land Land
v
"'ﬂdﬂ’
MLRA
E nd owment

Figure 5.3. Representation of land markets with afforestation in the CGE
model

The “other agriculture” intermediate commmodity demanded by the afforesta-
tion activities comes from the composite-commodity supply. As previously specified

in equation (4.46), composite-commodity supply was entirely demanded by house-
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holds, activities, government, inventory and investment. Now, as formulated in equa-
tion (5.11), the composite-commodity supply is also demanded by the afforestation

activities.
QY ComTop. > Z QXHHConsy, + Z QX Actint,,
h a

+) QGOVyp o+ QNVT, + QINY, (5.11)

gov

+ Z QXAf forInt,ssorec
affor

5.3.4 Carbon

As shown in figure 5.1, COy offsets are supplied by the afforestation and log-
ging activities in metric tons. The aggregated supply of COs offsets by the dif-
ferent afforestation activities (QY Af forTop) and the commercial logging activity
(QX JJntPrd), at their respective prices (PY Af forTop and PX JntPrd), is entirely
demanded by the government through a budget allocation (govcarbonbudget) coming
specifically from the federal non-defense division as formulated in equation (5.12).
The budget equation was paired with QQCarbonDemand. The counterfactual sce-
nario with no government payments to the commercial logging activity does not

include the last expression in parentheses.

govcarbonbudget: feqnon—def = ( Z QY Af forTopassor ¥ PY Af forTop,s fOT>
affor

+ (QXJntprdalogg,carbon * PXJntPrdalogg,carbon) .
(5.12)

As previously stated, the model estimates market-clearing prices in the form of
shadow values from a set of excess supply functions. Equation (5.13) shows the excess

supply specification for CO; offsets and its price is estimated as a result (PCarbon).
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The counterfactual scenario with no government payments to the commercial logging

activity does not include the QX JntPrd variable on the left-hand side.

Z QY Af forTopaffor + QX INtPrdaiogg.carbon > QCarbonDemand. (5.13)
affor

Every afforestation activity is required to supply a minimum amount of CO,

offsets (carbonmin) as shown in equation (5.14). When this inequality is binding, a

CO4 offset premium is generated as a shadow value (PREM Carbon).
QY Af forTopgsfor > carbonmingg o (5.14)

Hence, as formulated in equation (5.15), the price paid to each afforestation
activity (PY Af forTop) is equal to the COy offset price plus a premium paid only
if the activity is supplying the required minimum. If the afforestation activity is

supplying more than the minimum requirement, it is paid only the CO, offset price.
PYAf forTopgsror = PCarbon + PREMCarbongg for- (5.15)

In the counterfactual scenario with government payments to the commercial log-
ging activity, the price paid by the government to the activity is equal to the CO4
offset price:

PX JIntPrdajegg carvon = PCarbon. (5.16)

5.3.5  Government

Since the budget allocation for CO, offsets comes from the federal government’s
non-defense division, it is included in that government division’s expenditures as

formulated in equation (5.17).
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GOVEXP’fednondef’ =govsav fed nondef'

+ (Z QGO‘/C,’fednondef’ * PDC) * (]- + thUCOnS’fednondef’)

+ GOVTRNS’fednondef’ * (Z Shgovhhh,’fednondef’)

h
gov

+ GOVTRNS/fednondef/ * (Z ShQOUQOUgov,’fednondef’>

+ GOVTRNS feanonde s * Z shgovoutt>

t

+ GOVTRNS’fednondef’ * (Shgovent’fednondef’)

+ govcarbonbudget feqnondef’
(5.17)
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6. RESULTS

6.1 Baseline equilibrium

The baseline equilibrium results are detailed in this section to help compare
changes to the counterfactual equilibria for the different government payment schemes.
First, baseline land acreage and rent distribution among the different IMPLAN agri-
cultural activities, land categories and land-use types are listed. Following, the base-
line production, consumption and trade of commodities by the different activities
and institutions are detailed. Since income and expenditures are the same for each

institution, income levels are listed last.

6.1.1 Land distribution

The baseline equilibrium reflected the solution levels for the model’s variables
when there was no government budget allocation directed to CO, offsets. In other
words, the baseline reflected the values of the final modified SAM. Since the market
for CO,, offsets did not exist, the afforestation activities did not produce CO; offsets
and did not use any land. Hence, there was no land-use change and the price and
quantities of land reflected rents and acreages estimated in section §3.5, respectively.

As shown in figure 6.1, the land factor was completely distributed among agriculture-
and forestry-related activities in this study. Agricultural land accounted for approx-
imately 63% of the land endowment used and forest land for 37%. As previosly men-
tioned in 3.5.2, the type of forest land considered in this study is privately-owned
timber land.

As shown in figure 6.2, agricultural land was completely distributed between crop-
land and pastureland. Cropland accounts for approximately 51% of total agricultural
land, and pastureland for 49%. As previously mentioned in 3.5.1, the definition of

cropland used in this study is harvested cropland considering the value of the land in
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production over the course of the entire year. The definition of pastureland, as men-
tioned in 3.5.3, is permanent pasture and rangeland including cropland and timber

land pastured.

Forestland,
31259

Figure 6.1. Agriculture and forest land distribution in the regional aggre-
gation in millions of acres in 2008

Figure 6.2. Agricultural land distribution in the regional aggregation in
millions of acres in 2008
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As stated in 3.5.5, to account for land heterogeneity, the land factor was cate-
gorized into 169 MLRAs included in the regional aggregation out of a total of 278
MLRAs considered nationally. An entire list of the MLRA codes included in the
regional aggregation and their names is shown in table A.10 in the appendix. How-
ever, for reporting and conciseness purposes, the concept developed by NRCS of
Land Resource Regions (LRR) will be used in this section. According to NRCS,
LRRs are “geographically associated MLRAs which approximate broad agricultural
market regions.” There are 28 LRRs in the continental U.S. of which only 17 were
considered in the regional aggregation. A list of the LRRs considered in this study
with the MLRAs included in each of them is shown in table 6.1. All results at the
MLRA level are included in the appendix of this document. The maps included in
the appendix of this document were obtained from NRCS (2006).

In order of importance, the three LRRs containing most of the agricultural land
supplied in the baseline were M, H and F, as shown in figure 6.3. The map of the
Central Feed Grains and Livestock Region (LRR M) is shown in figure B.8 in the
appendix. For forest land, the three LRRs supplying most of the land were P, N and
R. The map of the South Atlantic and Gulf Slope Cash Crops, Forest, and Livestock
Region (LRR P) is shown in figure B.10 in the appendix.

In order of importance, the three LRRs containing most of the cropland supplied
in the baseline were M, H and F, as shown in figure 6.4. For pastureland, the three
LRRs supplying most of the land were H, G and I. The map of the Central Great
Plains Winter Wheat and Range Region (LRR H) is shown in figure B.4 in the
appendix.

As shown in table C.2, the activities that paid the majority of the rents to the
land factor were grains (Agran), oilseeds (Aolsd), logging (Alogg), and cattle (Acatt).
Oilseed rents were greater in M, F and O. Grain rents were greater in M, H and F.

Logging rents were greater in P, N and T. Cattle rents were greater in H, M and N.
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Figure 6.3. Land distribution in Land Resource Regions (LRRs) in 2008
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By separating land rents by land-use type instead of activities, table 6.2 shows
that cropland received approximately 77% of the rents, and pastureland and forest
land 11% each. Cropland rents were distributed mainly in M, H and F. Pastureland
rents in M, H and N. Forest land rents in P, N and T. Clearly the LRRs receiving
most of the rents from agriculture- and forestry-related activities were M, H, N and
P. The map of the East and Central Farming and Forest Region (LRR N) is shown
in figure B.9.

Table 6.2. Total Land Rent Paid by Land-use Type in Millions of Dollars
to the Land Resource Regions (LRRs) in 2008

LRR code Cropland Pastureland Forestry land
________ OO . TN - R .. ST Y. T
D 14.83 0% 25.62 1% 0.70 0%
E 62.65 0% 21.58 1% 2.47 0%
F 1,658.16 7% 295.96 9% 1.00 0%
G 549.87 2% 375.40 11% 1.40 0%
H 2,384.43 10% 596.33 17% 1.04 0%
1 70.61 0% 166.09 5% . 0%
] 56.62 0% 219.34 6% 13.60 0%
K 762.35 3% 51.93 2% 50.85 1%
L 754.49 3% 19.44 1% 10.49 0%
M 14,017.60 58% 588.32 17% 24.50 1%
M 923.16 4% 497.54 15% 598.17 18%
0 1,093.76 5% 17.85 1% 61.96 2%
P 048.83 4% 293.73 9% 1,969.77 58%
R 135.03 1% 32.44 1% 77.85 2%
5 221.98 1% 44.20 1% 49.16 1%
T 332.96 1% 83.72 2% 459.22 13%
U 79.58 0% 84.03 2% 88.50 3%

Total 24,066.92 3,413.52 3,410.28
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6.1.2 Production

As stated in 4.4.1, commodities were produced by activities and institutions. The
IMPLAN SAM included a multi-product production structure per activity. Hence,
by including the joint-production (JntPrd) nest, the CGE accommodated this multi-
product production. Commodity production by institutions was fixed at the baseline
levels; hence, it does not change for the counterfactual equilibria.

The total value of production by activity in the baseline is listed in table C.1 in the
appendix. These are the values for QY ActTop in the base year data. Percentages
were estimated with respect to the total value produced by all activities and by
only the agricultural activities. Out of all the aggregated activities considered in
this study, manufacturing (26%), health (6%), and government employment (6%)
accounted for the three largest shares of total value of production. A reason for the
large share of the aggregated manufacturing activity is that it includes 278 IMPLAN
activities.

The total value of agriculture-related production was approximately 1.76% of the
total value of all production. Out of the agricultural activities, other agriculture
(32%), grains (22%), and cattle (13%) accounted for the three largest shares of total
value of production in agriculture. It is worth mentioning that a reason for the large
share from the “other agriculture” activity is that it includes the production of fruits,
vegetables, ornamentals, poultry, other animals, forest products, fishing, hunting and
support activities for agriculture and forestry.

The total value of factors of production used by activity in the baseline is listed
in table C.3 in the appendix. These values are the inputs to the ActVad nest and
their total per activity is the value-added composite that goes into the ActT op nest.
The last two columns show the shares of capital and labor requirements per activity.
About half of the agriculture-related activities were labor intensive, tobacco being
one of the top ones having 91% of its value-added coming from labor. Among the

agricultural activities with a large capital share, grains (78%) and dairy (86%) were
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the two top ones. Most of the activities not directly related to agriculture were labor
intensive having mining, utilities, real estate, and other rentals as the exception.
The total value of production by institutions is included in table C.4, table C.5,
table C.6 in the appendix for households, government divisions and inventory, re-
spectively. Households mainly produced scrap, used and secondhand commodities
included in the unclassified commodity aggregate (Cuncl). The non-education di-
vision of the state government produced the largest portion of commodities across
all government divisions. Health (Chlth), education (Ceduc) and waste administra-
tion (Cadmw) being the largest commodity aggregates produced. The commodity
production by the inventory account is interpreted as the supply of commodities
in inventories for that year. Oilseeds (Colsd), tobacco (Ctobc), mining (Cmini) and
manufacturing (Cmanf) accounted for the largest shares of the values of commodities

supplied by the inventory.

6.1.3 Consumption

The total value of consumption of intermediate commodities by activity in the
baseline is listed in table C.7 in the appendix. This matrix is the input to the
ActInt nest and their total per activity is the intermediate composite that goes
into the ActTop nest. The manufacturing (Cmanf) and other agriculture (Coagr)
commodity aggregates were two of the most demanded intermediate commodities by
the agriculture-related activities due to their high degree of aggregation. However,
it is worth mentioning that the financial services (Cfinc) commodity aggregate was
one of the most demanded by the tobacco (Atobc) and sugar (Asugr) activities. The
wholesale commodity aggregate (Cwhol) was also of great importance to the dairy
(Adair) and logging (Alogg) industries.

As listed in table 6.3, the first six household income categories spent their net

income (after taxes and other obligations) on consumption commodities entirely,
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leaving no shares for savings. The last four categories increased their savings share,

obviously, due to the higher annual income.

Table 6.3. Distribution of Net Income Between Consumption and Savings
by Household Income Category in the Baseline (2008)

Household Value (millions of %) Share
income categories Consumption Savings Consumption Savings
<10K 299,347 100%
10-15K 214,495 100%
15- 25K 317,652 100%
25-35K 622,107 100%
35-50K 1,022,495 100%
50-75K 1,615,958 100%
75-100 K 1,090,602 12,174 99% 1%
100 - 150 K 1,065,773 66,293 94% 6%
=150 K 1,463,216 242,507 B6% 14%

The total value of household consumption by commodity and income category
in the baseline is listed in table C.8 in the appendix. Listed in the last row of the
table are estimated shares of the total net income spent on consumption goods by
all income categories. It is evident that the highest share of the net income devoted
to consumption was spent on the manufacturing (Cmanf), health (Chlth) and other
property rent (Cornt) commodity aggregates. It is worth mentioning that the “other
property rent” commodity aggregate included housing, automotive, commercial and
industrial equipment rentals.

The total value of institutional consumption by commodity in the baseline is
listed in table C.9 in the appendix. As listed on the last row of the table, the three
largest shares of total institutional consumption were accounted for by the investment
account, and the investment and non-education divisions of the state government.
It is worth mentioning that the construction (Ccons) commodity aggregate was the
most demanded by the investment account and the investment division of the state

government. Professional services (Cprof), information (Cinfon) and construction
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(Ccons) were among the commodity aggregates highly demanded by all government
divisions. The consumption of commodities by the inventory account are interpreted
as commodities that went into the inventory in that year. Hence, the transportation
(Ctrns), other agriculture (Coagr), wholesale (Cwhol), information (Cinfo) and man-
ufacturing (Cmanf) commodity aggregates were highly demanded by the inventory

account.

6.1.4 Trade

Besides trade with the rest of the world, the SAM also accounts for trade within
the U.S. Hence, the states that were left out of the regional aggregation represent
the region with wich this type of trade took place. The states not considered in
the regional aggregation are located on the Western or Pacific coast and in the
mountainous and dessertic regions of the U.S.

The total value of exports to the rest of the U.S. by commodity in the baseline
is listed in table C.10 in the appendix. Percentages were estimated with respect
to the total value of all exported commodities and to the total value of the ones
related to agriculture. Out of all the commodity aggregates included in this study,
manufacturing (51%), mining (7%), and unclassified (7%) accounted for the three
largest shares of total value of exports to the rest of the U.S. The total value of
agricultural commodities exported to the rest of the U.S. accounted for 1.57% of the
total value. The three agricultural commodity aggregates with the highest shares
were grains (41%), other agriculture (31%), and oilseeds (15%).

The total value of exports to the rest of the world by commodity in the baseline
is listed in table C.11 in the appendix. Out of all the commodity aggregates, man-
ufacturing (60%), unclassified (12%), and wholesale (7%) accounted for the largest
shares. The total value of agricultural commodities exported to the rest of the world

accounted for 3.30% of the total value. The three agricultural commodity aggregates
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with the highest shares were grains (59%), oilseeds (14%), and other agriculture
(11%).

The total value of imports from the rest of the U.S. by commodity in the baseline
is listed in table C.12 in the appendix. Out of all the commodity aggregates, man-
ufacturing (48%), information (7%), and real estate (7%) accounted for the largest
shares. The total value of agricultural commodities imported from the rest of the
U.S. accounted for 11% of the total value. The three agricultural commodity aggre-
gates with the highest shares were other agriculture (55%), other crops (23%), and
dairy (16%).

The total value of imports from the rest of the world by commodity in the baseline
is listed in table C.13 in the appendix. The three commodity aggregates with the
largest shares of total value imported were manufacturing (71%), mining (16%), and
finance (2%). Agriculture accounted for 1.55% of total value of imported commodities
with other agriculture (92%), other crops (3%), and cattle (2%) as the commodity

aggregates with the highest shares.

6.1.5 Institutional income

By convention, the incomes (row totals) and expenditures (column totals) of the
institutions included in the SAM needed to be equal. Hence, for reporting purposes,
only incomes are listed in table C.14, as well as net foreign investment. The figures
listed for the different household income categories are gross incomes before deduct-
ing income taxes and other obligations. The government divisions with the highest
income figures were the federal non-defense and state non-education divisions. The
budget allocations dedicated to COs offsets came from the federal non-defense gov-
ernment division. Net foreign investment is interpreted as the total value of exports
minus the total value of imports. Hence, the difference for the trade account with

the rest of the U.S. was high compared to the account for the rest of the world.
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6.2 First counterfactual scenario - carbon graveyard

As previously mentioned, one of the two government budget allocation schemes
considered in this study is the economic compensation for CO, offsets generated by
the conversion of land into a carbon graveyard. Hence, by exogenously altering the
magnitude of the budget allocated to the COs-offset-generating carbon graveyard
and endogenously estimating the price for CO, offsets, a COs-offset supply curve

was identified.

6.2.1 Supply of COs offsets

Table 6.4 shows some of the different budget magnitudes considered in this sce-
nario, the quantity of CO offsets in million MT generated and the price paid on a
per-MT basis. Figure 6.5 shows a graphical version of table 6.4. Fach represent an
equilibrium found by the CGE model when accommodating the exogenously altered
budget allocation. Each equilibrium contains the endogenously estimated prices and
quantities for commodities and factors of production, as well as institutional income.
For conciseness and reporting purposes, the results presented in this section refer to
the highest budget allocation ($6,900 million). The reason to consider this budget
allocation is to report the effects of such a relatively large allocation on the prices and
quantities of commodities and factors directly and indirectly related to agriculture
and forestry.

With a budget of $6,900 million, a total of 421 million MT of CO offsets were
generated by the carbon graveyard of which:!

e 266 million MT came from softwood forests (63%) and

e 155 million MT from hardwood forests (37%).

! According to EPA (2012), total net U.S. GHG emissions were 7 and 6.8 billion MT of COy
equivalent in 2008 and 2010, respectively. This means that approximately 6% of 2008 total net
GHG emissions would be sequestered with a production of 421 million MT of COs offsets. About
6.1% with 2010 total net levels.
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Table 6.4. CO, Offset Supply Schedule for Different Budget Allocations
in First Counterfactual Scenario

Carbon offsets

Government budget Supply Price
Millions of 5 Millions of MTof CO, S/ MTof CO,

170 32.64 .21

800 99.23 8.06
1,860 179.22 10.38
2,700 230.59 11.71
3,700 283.03 13.07
4,000 297.98 13.42
5,000 345.09 14.49
6,000 387.14 15.50
6,900 420.94 16.39
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Price of CO, offset (5/MT)

Figure 6.5. CO; offset supply curve in first counterfactual scenario
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The production of COj offsets from the carbon graveyard by timber category and
MLRA is listed in table D.3 in the appendix. The same figures were aggregated by
LRR and listed in table D.2 in the appendix.

A graphic version of table D.2 is included in figure 6.6 showing total production
of CO4 offsets (from softwood and hardwood) by LRR. By looking at the bar graph,
it is evident that a large share of the generation came from (in order of importance)

LRRs: F (20%), H (14%), N (13%), G (13%) and P (13%).
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Figure 6.6. CQO5 offsets generated by the carbon graveyard by Land Re-
source Region (LRR) in first counterfactual scenario

By looking at their respective maps in figures B.1, B.3, B.4, B.9 and B.10, it
is evident that most of the offset generation came from the Northern, Central and
Western Great Plains; the Western and Eastern regions bordering the Appalachian
mountains; and the South Atlantic and Gulf regions.

However, it is worth mentioning that only certain MLRAs accounted for most of
the offset generation per LRR. For example, only the Rolling Soft Shale Plain MLRA
(code 75) accounted for approximately 66% of the total offset generated in LRR F.
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As can be seen in the map of MLRA 75 in figure B.2, it covers a small portion of the
Northern South Dakota and a fairly large portion of the Southwestern part of North
Dakota.

Hence, it is important to pay attention to the MLRAs that contribute the most
to the total generation of CO, offsets. From table D.3 in the appendix, it is evident
that most of the generation comes from MLRAs: 75 and 79 in LRR F; 119 and 122
in H; 212 and 224 in N; 85, 91 and 92 in G; and 234, 235 and 240 in P.

6.2.2 Land-use change

All this production of CO, offsets resulted in the diversion of land from its actual
use to the carbon graveyard. Again, a budget of $6,900 million and a total generation

of 421 million MT of CO; offsets resulted in the following land-use change figures:

e 87.34 million acres were diverted from their current use to the carbon graveyard:

— 85.88 million acres from agricultural land (98% of land diverted to grave-

yard),

— 1.46 million acres from commercial logging (2% of land diverted to grave-

yard), and?

e (.014 million acres were diverted from agricultural land to commercial logging.

To identify the areas where most of the land-use change took place, table D.4 in the
appendix lists the agricultural and forest land acreage change per MLRA in the first
counterfactual scenario. By aggregating the MLRAs into their respective LRRs, the
figures in table 6.5 were estimated to present the acreage change more concisely.

A graphic representation of the second and third columns of table 6.5 is included

in figure 6.7. By considering the LRRs that produced most of the COs offsets and by

2A more detailed explanation on the assumptions followed for this type of land diversion is given
at the end of this subsection.
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Table 6.5. Agricultural and Forest Land Acreage Change due to CO,
Payments per LRR in First Counterfactual Scenario

LRRcode Logging Agriculture Graveyard
Million acres

D -0.01 1.05 1.07
E -0.02 1.65 1.67
F -0.01 -13.27 13.28
G -0.03 -15.71 15.74
H -0.01 -15.90 15.91
I ’
] -0.05 -4.67 4.72
K -0.10 -2.58 2.68
L -0.02 -0.67 0.69
M 0.00 2.72 2.72
M -0.45 -10.60 11.06
0 0.00 -0.13 0.13
P -0.53 -9.54 10.07
R -0.04 -0.73 0.77
5 -0.04 -1.02 1.06
T -0.09 -4.00 4.09
U -0.06 -1.64 1.70
Total -1.46 -85.88 87.34

looking at figure 6.7, it is evident that the LRRs that contain most of the diversion
to the carbon graveyard were (in order of importance): H (18%), G (18%), F (15%),
N (13%) and P (11%).

All the previous land-use changes resulted in increased land prices depending
on the predominant and final use. The price changes for each MLRA endowment
expressed in percentage changes from the baseline are listed in table D.5 in the
appendix. Since these prices could not be aggregated for each LRR, the table shows
the LRRs to which each MLRA belongs to for a more intuitive representation of
the regional effects on prices. As expected, the LRRs that contained most of the
land diversion and offset production are the ones with the highest price changes.

In particular, the MLRAs located in LRR G experienced the most drastic price
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Figure 6.7. Acreage diverted out of agriculture and commercial forestry
due to CO;, payments per Land Resource Region (LRR) in first counter-
factual scenario

changes. MLRA 75 (in LRR F) experienced the highest price change of 588% from
the baseline. Although, LRRs H and P largely contributed to the production of
offsets, their land prices did not change much (except for MLRA 115). This was
the result of the presence of highly profitable agricultural land in that region. The
negative price changes in some MLRAs were the result of no acreage change.

Price percentage changes were also estimated for the two broad land-use types.
These price changes are closer to the per-acre rent changes paid by the agricultural
activities since the nests that produce these changes are higher up in the land supply
nesting structure. The percent changes of agricultural land prices per MLRA and
LRR are listed table D.6 in the appendix. Most of the agricultural land prices
increased drastically as a result of the acreage diversion to a highly profitable carbon

graveyard alternative. As expected, the highest changes were located in the MLRASs
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that contributed the most to offset generation. The negative price changes were the
result of no acreage change.

Price percentage changes of forest land per MLRA and LRR are listed in table D.7
in the appendix. These changes were relatively low in magnitude for the MLRAs
that contributed the most to offset production. The highest change was located in
MLRA 84 (31%). The negative changes were the result of no acreage change.

The 1.46 million acres diverted from commercial logging into the carbon grave-
yard were considered forest land that remained forest land and were a result of the
structure of the nest supplying agricultural and forest land. They are not consid-
ered afforestation. However, CO, offsets were generated from this land and, hence,
receiving the same COs offset price. Reforestation costs were not considered in this
study since its main objective targeted afforestation and its impact on agricultural
commodities. The literature mentions several different reforestation management
intensities with their respective costs. A very intensive reforestation management
approach would consist of entirely harvesting the forest and planting a carbon grave-
yard. The costs considered for afforestation in this study are relatively closer to
the intensive reforestation approach compared to the less intensive ones. Hence, it
was assumed in this study that the cost of converting an acre of forest land under
commercial logging was the same as afforesting agricultural land.

The same applies to the sequestration rates used for the converted land from
commercial logging to the carbon graveyard. Different carbon uptake rates are listed
in the literature depending on the reforestation intensity. The uptake rates for af-
forestation are relatively close to a high intensity management level. Hence, it was
also assumed in this study that any acre converted from forest land under commercial
logging generated the same amount of MT of CO, as an afforested acre.

The second counterfactual scenario was considered in this study to compensate
offsets generated in existing commercial forestland in the baseline. The general

equilibrium effects of such land movement on the commercial logging activity under
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the first counterfactual scenario will be detailed in the following subsections. The
general equilibrium effects under the second counterfactual scenario will be detailed

in the next section.

6.2.3 Production

As previously mentioned in section §1.1.5, one of the great advantages of CGE
models is the inclusion and analysis of general equilibrium effects on economic agents
(activities and institutions) directly and indirectly related to the sector in question
(i.e. agriculture and forestry). Since, the main objective of this study included the
analysis of the impacts of land-use change on quantities and prices of commodities
and factors, the next subsections will detail these impacts generated by a carbon
sequestration policy economically supported by the government.

The land displacement detailed in the previous subsections directly affected the
agricultural activities that demanded land to a great extent. All activities were
capable of substituting their composite inputs depending on their elasticities of sub-
stitution (o), and the prices charged for intermediate commodities, labor, capital
and land. Regarding the displacement of land, some activities decreased their levels
of production due to higher agricultural or forest land prices. Hence, these de-
creased commodity production by certain agricultural activities indirectly affected
(positively or negatively) other activities that used these agricultural commodities as
intermediate inputs. These other activities did not necessarily demand land but were,
nevertheless, affected by the land displacement motivated by a CO4 offset market.

The percentage changes of quantities and prices of total production by activity
are listed in table D.1 in the appendix. As expected, the activities that were affected
the most by the land displacement effect were the ones that demanded land to a
great extent. The other crops (Aocrp) and cattle activities (Acatt) were the most
affected ones decreasing production by approximately 6% and 5%, respectively. The

only agricultural activity that increased production by 1% was the “other agricul-
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ture” activity (Aoagr) since it offered the contractual services for afforestation. The
rest of the agricultural activities were affected to a lesser extent. Tobacco (Atobc)
and cotton (Acott) reduced their production by 2.4% and 3%, respectively. The
activities affected by this reduction in the production of agricultural commodities
were manufacturing (Amanf) and government employment (Agvem), reducing their
production levels by 0.08% and 0.27%, respectively. All reductions in production
levels are reflected in higher prices for the composite outputs.

Some activities were able to substitute the land composite input for either the
value-added composite or the intermediate commodity composite input. Table D.8
in the appendix shows the percentage changes of quantities and prices of composite
inputs to the top activity nest. No agricultural activity was able to increase the
demand for a substitute composite input; however, the drop in demand was lower for
the other inputs compared to the land composite input. This changes in demand were
reflected in the intermediate commodity consumption by activity to be explained in
more detail in the following subsection. The changes in the demand for factors of
production is detailed following.

The percentage changes of quantities and prices of factors used by activities are
listed in table D.9 in the appendix. The prices of both factors of production increased.
As expected, most of the agricultural activities that decreased their production lev-
els also decreased their demands for labor and capital. For example, the activity for
other crops (Aocrp) decreased both labor and capital demands by 3% each. Other
agriculture, on the contrary, increased its demand for labor and capital by 1% each.
Government employment (Agvem) was the most negatively affected non-agricultural
activity decreasing its factor demand by approximately 0.27% each. Construction
(Acons) was the most positively impacted by increasing its factor demand by ap-

proximately 0.17%.
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6.2.4 Consumption

The changes in the intermediate commodity composite input in table D.8 are
broken down by commodity in table D.10 in the appendix. These two tables list
the percentage changes of intermediate commodity consumption quantities by activ-
ity. Table 6.6 lists the percentage changes of their respective prices. As expected,
the price increase of the cattle (Ccatt) commodity drastically impacted the oilseeds
(Aolsd), grains (Agran), cotton (Acott) and other crops (Aocrp) activities due to
the reduced feed demand. The most impacted activity was other crops (Aocrp) since
hay constitutes a large share of the activity.

The price increase for the other crops (Cocrp) commodity aggregate impacted
mainly the tobacco (Atobc) and cotton (Acott) activities. The other crops (Cocrp)
aggregate includes clover and other inputs that are used in the tobacco (Atobc)
activity.

The sharp cattle (Ccatt) and other crops (Cocrp) price increase indirectly af-
fected the construction (Acons) and manufacturing (Amanf) activities. However,
the construction (Acons) activity substituted the other crop commodity (Cocrp) for
other commodities as reflected by the positive changes in the construction column.

Activities were not the only economic agents affected by the commodity price
changes. Households were also affected by the income they received from the factors
they offered to the activities and by the prices of the commodities they consumed.
Table 6.7 lists the changes in the distribution of net income between consumption
and savings per household category. The net income of most household categories
increased as a result of the high labor price under the first scenario. The net in-
come of households receiving between $50 and $150 thousand annually decreased as
a result of the reduced factor use by some activities. This reduction in net income
drives consumption and savings down by the same percentage. The price percent-

age changes listed on the last column are the percent changes of the representative
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Table 6.6. Percentage Changes of Intermediate Commodity Consumption
Prices in First Counterfactual Scenario

Commodity % change Commodity % change
Colsd 2.889 Ctrns 0.081
Cgran 3.237 Cinfo 0.069
Coagr 0.402 Cfinc 0.046
Ctobc 1.221 Cland 0.071
Ccott 3.783 Cornt 0.070
Csugr 3.415 Cprof 0.048
Cocrp 6.136 Crmgmit 0.0458
Ccatt 10.557 Cadmw 0.056
Cdair 0.871 Ceduc 0.052
Clogg 0.932 Chlth 0.058
Cmini 0.077 Centt 0.066
Cutil 0.067 Chotl 0.083
Ccons 0.111 Coser 0.063
Cmanf 0.216 Cgven 0.081
Cwhol 0.057 Cuncl 0.052
Cretl 0.050 Cgvem 0.028

consumption bundle price. It increased for all income categories by approximately
0.1%.

The changes in the consumption of the commodity composite by households are
broken down by commodity in table D.11 in the appendix. This table lists the per-
centage changes of prices and quantities of household consumption by commodity.
All household categories reduced their consumption of agricultural commodities (Co-
agr) due to higher prices. The most relevant one was the consumption reduction of
the beef cattle commodity (Ccatt) due to its high price. The high cattle (Ccatt)
price is the result of its reduced supply due to the acreage diverted out of pasture-
land. The consumption of the manufacturing (Cmanf) commodity also decreased
for some household categories as a result of its high price. However, some household

categories substituted these two commodities for others as reflected by the positive
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Table 6.7. Percentage Changes of Quantities and Prices of Total House-
hold Commodity Consumption and Savings in First Counterfactual Sce-
nario

Households' Quantity Price
income categories Consumption  Savings Consumption
<10K 0.109 0.093
10-15K 0.060 0.0938
15- 25K 0.033 0.097
25-35K 0.013 0.0938
35-30K 0.007 0.096
30-T5K -0.007 0.093
75-100K -0.009 -0.009 0.094
100 - 150 K -0.004 -0.004 0.092
=150 K 0.070 0.07 0.090

changes in some columns. None of the household categories was directly affected by
the high prices for oilseeds (Colsd), tobacco (Ctobc), cotton (Ccott), sugar (Csugr),
and dairy (Cdair).

The other economic agents that were indirectly affected by land-use change were
the government, inventory and investment institutions. The commodity consumption
of these institutions was equally and proportionally adjusted across commodities to
help the model converge. Table 6.8 lists the proportional changes resulting from the
closure equations previously explained. For example, the commodity consumption
by the non-defense division of the federal government decreased due to the budget

allocated to the CO5 offset market.

6.2.5 Trade

The changes in the levels of production by the activities were also reflected in
the trade accounts. The export levels of all commodities decreased except for other

agriculture as shown in table D.12 in the appendix. The exported quantity of the
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Table 6.8. Percentage Changes of Institutional Commodity Consumption
in First Counterfactual Scenario

Institution % change
Government
Fed. non-defense -3.215
Fed. defense 0.080
Fed. investment -0.051
State non-education 0.087
State education 0.116
State investment 0.028
Inventory 1.382
Investment 0.217

other agriculture (Coagr) increased due to the increased level of production moti-
vated by the high demand from the afforestation activities. The rest of the agricul-
tural commodities experienced a decrease in their exported quantities. The exported
quantity of the manufacturing (Cmanf) commodity dropped drastically reflecting its
decreased production caused by the price increase of the intermediate beef cattle
(Ccatt) commodity.

The percentage changes of prices and quantities of imported commodities are
listed in table D.13 in the appendix. All the imported quantities of the agricultural
commodities increased, especially cattle (Ccatt) and other crops (Cocrp). From the
non-agricultural activities, the manufacturing (Cmanf) commodity imports increased

relatively more than the others.

6.2.6 Institutional income

Some institutions were affected more directly than others by the new COy offset
market. Land owners for example, households and enterprises were directly affected
by the price changes. The government, investment and the inventory accounts were

indirectly affected through taxes charged, depreciation deducted from the use of
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capital and from the closure rules, respectively. The government collects the taxes
from the production of commodities by activities (indirect business taxes), the income
received by the factors of production (factor income taxes), and the income received
by households coming from the factors of production (income and personal tax). The
investment account was indirectly affected by household savings and the depreciation
charges made to the capital account. Inventory was indirectly affected by the closure
rules as stated before. As listed in table D.14 in the appendix, all institutional
incomes increased. The net foreign investment variables adjusted to balance the

closure rules; hence, were indirectly affected by the new CO, offset market.

6.3 Second counterfactual scenario - commercial logging and carbon graveyard

As previously mentioned, the second government budget allocation scheme con-

sidered in this study is the economic compensation for CO, offsets generated by:

e the commercial logging industry as a by-product of their regular timber pro-

duction, and
e the converted land into a carbon graveyard.

The reason to consider this payment scheme was to analyze the economic impli-
cations of compensating offsets generated in existing commercial forestland in the
baseline. More generally, this may very well be how a sequestration payment would
be implemented. Hence, as explained in subsection 5.3.2, the commercial logging ac-
tivity’s joint production (JntPrd) of CO, offsets was calibrated with the estimated
total net annual change in COs-equivalent stocks from private timber land of 632
MT. The nest was also calibrated with a zero elasticity of substitution to represent
the generation of offsets in fixed proportions relative to the production of the logging

commodity (Clogg).
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Table 6.9. CO, Offset Supply Schedule for Different Budget Allocations
in Second Counterfactual Scenario

Carbon offsets
Government Supply

Price
budget Logging Graveyard
Millions of 5 Millions of MT of CO, 5/ MTof CO,

2,000 645.614 0.001 3.098
3,000 657.367 16.691 4.451
3,800 665.540 35.945 5.417
4,500 672.159 51.541 6.218
5,900 G83.788 84.916 7.675
6,900 690.609 115.006 8.565
7,500 694.465 131.750 9.078
8,000 697.589 144.650 9.498

6.3.1 Supply of COs offsets

The COq-offset supply schedule identified under the second scenario, by exoge-
nously altering the budget allocation magnitude, is listed in table 6.9. Figure 6.8
shows a graphical version of table 6.9. As expected, the quantity of CO, offsets sup-
plied was higher due to the contribution from the existing forest under commercial
logging. For a COs-offset price of $9.5/MT, approximately 842 MT were supplied in
this scenario compared to 500 MT under the first one.

For comparative purposes, the COs-offset production, land-use change and gen-
eral equilibrium results presented in this section refer to the same budget allocation
(36,900 million) considered in the first counterfactual scenario. Hence, with a budget

of $6,900 million, a total of 806 million MT of CO, offsets were generated of which:?

e 115 million MT came from carbon graveyards (14%):

3According to EPA (2012), total net U.S. GHG emissions were 7 and 6.8 billion MT of COq
equivalent in 2008 and 2010, respectively. This means that approximately 11.5% of 2008 total net
GHG emissions would be sequestered with a production of 806 million MT of CO4 offsets. About
11.8% with 2010 total net levels.
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— 100 million MT from softwood forests,

— 15 million MT from hardwood forests, and

e 691 million MT came from commercial logging (86%).
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Figure 6.8. CO, offset supply curve in second counterfactual scenario

The production of COj offsets from the carbon graveyard by timber category and
MLRA is listed in table E.2 in the appendix. The same figures were aggregated by
LRR and listed in table E.3.

A graphic version of table E.3 is included in figure 6.9 showing total production of
COs offsets generated by the carbon graveyard by LRR. By looking at the bar graph
and comparing it to the one obtained under the first scenario, a similar regional
pattern is identified under the second one. The only exception is that LRR J is
now one of the largest contributors of offset generation. The largest share of the

generation came from (in order of importance) LRRs: F (35%), N (14%), P (12%)
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and J (12%). LRRs G and M still produced offsets to a lower extent compared to
its high production under the first scenario.

By looking at the maps of the only four LRRs producing offsets in figures B.1, B.9,
B.10 and B.5, the regions producing offsets from the carbon graveyard are located
in the Northern Great Plains; Eastern and Western boundaries of the Appalachian
mountains; Northeastern part of Texas; and central region of Oklahoma.

By looking at table E.2, the MLRAs that contribute the most to the total gen-
eration of CO, offsets are: 75 in LRR F; 147 in LRR J; 235 in LRR P; and 256 in
LRR T.
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Figure 6.9. CO, offsets generated by the carbon graveyard by Land Re-
source Region (LRR) in second counterfactual scenario

6.3.2 Land-use change

Since the government paid the commercial logging activity for the generation of

CO, offsets under this scenario, it was expected that land would be diverted from
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agricultural use to forest land under commercial logging. This type of land diversion
increased as the price of COy offsets increased. However, for conciseness purposes,
only the acreage change experienced at a price of $9.5/MT, or a budget of $6,900
million, will be reported in this subsection. Hence, the acreage change experienced

at this budget level was:

e 22 million acres from agricultural to forestry land:

— 20.65 million acres to carbon graveyard (94% of land diverted from agri-

culture)

— 1.35 million acres to commercial logging (6% of land diverted from agri-

culture)

e 20.7 million acres into carbon graveyard:

— 20.65 million acres from agricultural land (99.8% of land diverted into the
graveyard)

— 0.05 million acres from commercial logging (0.2% of land diverted into the

graveyard )

To identify the areas where most of the land-use change took place, table E.4 in
the appendix lists the agricultural and forest land acreage change per MLRA in the
second counterfactual scenario. Table 6.10 lists the acreage change by LRR.

A graphic representation of the third column of table 6.10 is included in fig-
ure 6.10. LRRs F, N, P and J produced most of the CO, offsets generated by the
graveyard; hence, the land diverted out of agriculture and commercial forestry in
these LRRs went to the carbon graveyard.

However, the acreage diversion out of agricultural land in the LRRs that did
not produce graveyard-generated offsets went to commercial logging as shown in
figure 6.11. Hence, the LRRs that diverted a great share of agricutural land to
commercial logging where (in order of importance): N (22%), P (21%), and M
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Table 6.10. Agricultural and Forest Land Acreage Change due to CO,
Payments per Land Resource Region (LRR) in Second Counterfactual
Scenario

LRRcode Logging Agriculture Graveyard
Million acres

D 0.009 -0.078 0.069

E 0.022 -0.230 0.208

F 0.012 -5.538 5.526

G 0.016 -3.001 2.985

H 0.020 -1.367 1.347

I B

] 0.010 -2.554 2.564

K 0.083 -0.437 0.354

L 0.058 -0.065 0.007

M 0.273 -0.278

M 0.202 -3.271 2.969

O 0.067 -0.067

P 0.285 -2.783 2.498

R 0.065 -0.065

5 0.061 -0.061

T 0.063 -1.654 1.591

U 0.018 -0.622 0.604
Total 1.349 -22.071 20.722

(20%). Hence, as shown in figures B.9, B.10, and B.8, 64% of the land diverted from
agriculture into commercial logging took place in the Western and Eastern regions
bordering the Appalachian mountains; and the Midwest including Iowa, Kansas and
Missouri.

Although the acreage diversion under this scenario caused land price to change,
the percentage changes were not as drastic as in the first counterfactual scenario.
Percent changes of land endowment prices per MLRA and LRR are listed in table E.5
in the appendix. The most drastic percentage changes took place in LRRs F, J and
N, as expected, since all most of the land diverted went to the carbon graveyard.

The negative price changes in some MLRAs were the result of no acreage change.
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Figure 6.10. Acreage diverted out of agriculture and commercial forestry
due to CO, payments per Land Resource Region (LRR) in second coun-
terfactual scenario

As previously done for the first scenario, price percentage changes were also esti-
mated for the two broad land-use types under the second scenario. Percent changes
of agricultural and forestland land prices per MLRA are listed in tables E.6 and E.7
in the appendix, respectively. The land prices of both land-use types followed the
same regional pattern as under the first scenario. However, the percentage changes
were noticeably lower and more moderate. Negative changes reflected no acreage

change.

6.3.3 Production

As previously stated, under the first scenario, most of the agricultural activities
were forced to decrease their levels of production as a result of the land diversion

to the carbon graveyard. The most affected one was the cattle activity decreasing
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Figure 6.11. Acreage diverted into commercial forestry due to CO, pay-
ments per LRR in second counterfactual scenario

its production by 5%. Hence, one of the reasons for considering this second sce-
nario was to counteract the economic losses under the first scenario by considering
the contribution of offset-generation from existing commercial forests towards the
emission-reduction objective.

The percentage changes of quantities and prices of total production by activity
under the second counterfactual scenario are listed in table E.1 in the appendix. As
expected, the production level of the logging activity increased by approximately
11% and the representative price of the composite output increased by 9.5%. Al-
though most of the agricultural activities still decreased their production levels, the
change was more moderate as opposed to the decrease under the first scenario. The
other agriculture activity (Aoagr) increased its production level as a result of the
demand of its output from the afforestation activities. The manufacturing activity
(Amanf) increased its output level by 0.07% as opposed to the 0.08% decrease in the

first scenario. The reason for this will be explained in the next subsection. An activ-
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ity that was negatively affected was the government employment (Agvem) activity.
The reason might have been the decreased consumption of the commodity produced
by this activity (Cgvem) by the non-defense federal government due to the budget
reallocation towards COy offsets. Under both scenarios, the construction (Acons)
increased its production relatively more than the rest.

Since most of the agricultural activities were directly impacted by the acreage
diversion under the second scenario, the impact was more moderate than under the
first one. The percentage changes of quantities and prices of composite inputs to the
top activity nest in the second counterfactual scenario are listed in table E.8 in the
appendix. As expected, the agricultural activities demanded less land aggregate due
to the price increase as listed on the last column of the table. However, the more
moderate price increases allowed some activities (e.g. dairy) to substitute the land
composite by the value-added composite as reflected by the positive changes in their
demands. The logging activity (Alogg) increased its demand for the intermediate
commodity aggregate by 14% as a result of its lowest price.

Some activities increased their demand for the value-added composite. The
changes in the demands for the value-added composite are broken down by factors
of production in table E.9 in the appendix. This table lists the percentage changes
of quantities and prices of factors used by activities in the second counterfactual
scenario. The prices of both factors increased more moderately than under the first
scenario. As expected, the logging (Alogg) and other agriculture (Aoagr) activities
increased their demands for both capital and labor, drastically. Most of the activ-
ities decreased the demand for capital and substituted it for labor. For example,
the oilseeds (Aolsd), sugar (Asugr), and cattle (Acatt) substituted labor for capital.
Construction (Acons) was the non-agricultural activity that increased the demand
of both factors most drastically. The government employment (Agvem) activity de-
creased its demand of both factors. All these changes will be reflected in the incomes

received by factor owners such as households and enterprises.
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6.3.4 Consumption

The changes in the intermediate commodity composite input in table E.8 are

broken down by commodity in table E.10 in the appendix. These tables list the

percentage changes of intermediate commodity consumption quantities by activity

in the second counterfactual scenario.

It is worth mentioning that the moderate

decrease in the production of most of the agricultural activities is, in part, the result

of the increased supply of one of their highly demanded commodities: manufacturing

(Cmanf). Table 6.11 lists the percentage changes in the prices of the intermediate

commodities under the second scenario. As expected, the price of the logging (Clogg)

commodity dropped as a result of its oversupply.

Table 6.11. Percentage Changes of Intermediate Commodity Consump-
tion Prices in Second Counterfactual Scenario

Commodity % change

Commodity % change

Colsd
Cgran
Coagr
Ctobc
Ccott
Csugr
Cocrp
Cratt

Cdair

Clogg
Crmini
Cutil
Ccons
Cmanf
Cwhol
Cretl

0.278
0.459
0.244
0.170
0.562
0.495
0.974
2.238
0.191
-13.029

0.026
0.081
0.046
0.042
0.055
0.051

Ctrns 0,053
Cinfo 0.061
Cfinc 0.055
Cland 0.079
Cornt 0,083
Cprof 0.046
Cmgmt 0.054
Cadmw 0.048
Ceduc 0.047
Chlth 0.046
Centt 0.054
Chotl 0.053
Coser 0.049
Cgven 0.004
Cuncl 0.053
cgvem 0.041

It is worth mentioning that since the government pays the commercial logging ac-

tivity for the generation of COs offsets as a by-product, the production of the logging
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commodity (Clogg) increases proportionally due to the zero elasticity of transforma-
tion in the joint-production nest (JntPrd). Due to this increase in the production
of the logging commodity (Clogg), there is an oversupply of the commodity in the
market driving its price down by almost 13% as reflected in table 6.11. The logging
commodity (Clogg) is demanded solely by the logging (Alogg) and manufacturing
(Amanf) activities as reflected in table C.7. As expected, these two activities in-
creased their demands of the logging commodity (Clogg) since its price decreased as
shown in table E.10. The 7% increased demand of the logging (Clogg) commodity by
the manufacturing (Amanf) activity resulted in an increased production level of the
latter. This increased production level of the manufacturing commodity (Cmanf)
resulted in higher demands of the commodity by oilseeds (Aolsd), other agriculture
(Aoagr), sugar (Asugr), dairy (Adair) and commercial logging (Alogg).

Table 6.12 lists the changes in the distribution of net income between consumption
and savings per household category. The net income of all household categories
increased as reflected in their increased consumption and savings. It is worth noting
that the net income of three categories decreased in the first scenario. The price
of the representative consumption bundle increased more moderately by 0.06% as
opposed to 0.09% in the first scenario.

The changes in the consumption of the commodity composite by households are
broken down by commodity in table E.11 in the appendix. This table lists the per-
centage changes of prices and quantities of household commodity consumption in the
second counterfactual scenario. All household categories reduced their consumption
of agricultural commodities (Coagr) due to higher prices. However, the changes were
not as drastic as under the first scenario.

The institutional commodity consumption increased for all institutions except
for the non-defense division of the federal government as shown in table 6.13. The
decreased consumption by the federal government is the result of the budget allocated

to the CO, offset market. The consumption increments were more moderate than
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Table 6.12. Percentage Changes of Quantities and Prices of Total House-
hold Commodity Consumption and Savings in Second Counterfactual Sce-

nario

Households' Quantity Price

income categories Consumption  Savings Consumption
<10K 0.081 0.056
10-15K 0.054 0.056
15-25K 0.037 0.056
25-35K 0.024 0.056
35-50K 0.021 0.056
50-75K 0.010 0.056
75-100 K 0.010 0.010 0.056
100- 150 K 0.012 0.012 0.056
=150 K 0.054 0.054 0.056

in the first scenario. However, the consumption of the investment divisions of the

federal and state government increased more drastically than in the first scenario.

This is just the result of the closure equations of the model.

6.3.5 Trade

The percentage changes of prices and quantities of exported commodities in the

second counterfactual scenario are listed in table E.12 in the appendix. As expected,

most of the exports of the agricultural commodities decreased as in the first scenario

but more moderately. The exceptions are the logging (Clogg) and other agriculture

(Coagr) commodities. The other agriculture (Coagr) commodity exports increased,

more drastically that in the first scenario, due to the increased level of production

motivated by the high demand from the afforestation activities. The logging (Clogg)

commodity exports increased, as opposed of the decrease experienced in the first

scenario, as a result of the higher production level by its activity.
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Table 6.13. Percentage Changes of Institutional Commodity Consumption
in Second Counterfactual Scenario

Institution % change
Government
Fed. non-defense -3.262
Fed. defense 0.063
Fed. investment 0.038
State non-education 0.070
State education 0.071
State investment 0.063
Inventory 0.322
Investment 0.187

The percentage changes of prices and quantities of imported commodities in the
second counterfactual scenario are listed in table E.13 in the appendix. All imports
increased more moderately than in the first scenario. However, the imports of the
logging (Clogg) commodity decreased by 4% as opposed to the increase of 0.3% in
the first scenario. The higher local production of the logging (Clogg) commodity
motivated by the COy offset payments supplied the local market resulting in less
imports from the rest of the U.S. and the rest of the world.

6.3.6 Institutional income

Although all institutional incomes increased as listed in table E.14 in the ap-
pendix, they increased more moderately than in the first scenario. Comparing the
increase of the net foreign investment from the first scenario, the one obtained in the
second scenario is extremely lower. This is the result of a less drastic change and

adjustment in the closure rules.



154

7. DISCUSSION AND CONCLUSIONS

As stated in section §1.2, the economic impacts of a government-funded, forest-
based sequestration program were presented and analyzed under two different pay-
ment schemes. The impacts were obtained by developing a regional, static CGE
model built to accommodate a modified IMPLAN SAM for a determined region in
the U.S. for 2008. The IMPLAN SAM was modified to accommodate the more con-
ventional factors of production (labor, capital and land) and to account for land
heterogeneity. Land heterogeneity was included in the model by separating produc-
tive land into different geoclimatic regions known as MLRAs. Rents were obtained
for each county and land-use type in the U.S. and referenced to every MLRA.

The regional aggregation considered in this study included the Southern, North-
eastern, Southwestern and Midwestern regions of the U.S. as shown in figure 3.2. The
criteria followed to consider this region was the vast and continuous extensions of crop
and pastureland that could be potentially converted to forest under a forest-based
carbon sequestration policy. The forest-based sequestration practice considered was
the carbon graveyard since it requires that the carbon sequestered in the forested
land to be contained by not harvesting the timber.

To model land conversion from agricultural uses to forest, afforestation latent
activities were included such that they would become active when the price of CO,
offsets became positive. To model the latent activities, regional afforestation estab-
lishment costs and carbon sequestration estimates were obtained from the literature
and modified according to the objectives of this study.

By analyzing the baseline with no COs-offset payments from the government and
using the geographic concept of LRRs, the regions that played an important role in
agriculture and forestry were LRRs M, H, N and P. Their maps are included in the
appendix. The three most valuable sector aggregates in the region were other agri-

culture (Aoagr), grains (Agran) and cattle (Acatt). The other agriculture (Aoagr)
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aggregate includes the production of fruits, vegetables, ornamentals, poultry, other
animals, forest products, fishing, hunting and support activities for agriculture and
forestry. The three most valuable non-agriculture sector aggregates were manufac-
turing (Amanf), health (Ahlth) and government employment (Agvem).

The two counterfactual equilibria considered in this study consisted on two differ-
ent CO,-offset payment schemes: 1) the government compensates the generation of
COs-offsets only by the land converted to a carbon graveyard and 2) the government
additionally compensates the CO, offsets generated as a by-product by the existing
commercial logging activity. By doing an analysis of the model with different budget
magnitudes under the two scenarios, two different COs-offset supply schedules were
obtained with their respective COs-offset price and quantity sets.

Since the second scenario considered the offset generation from existing commer-
cial forests and the carbon graveyard, the supply of CO, offsets was higher than in
the first scenario at the same prices. For instance, approximately 842 MT of CO,
offsets were supplied at a price of $9.5/MT compared to 500 MT under the first sce-
nario at the same price. For comparative purposes, the budget allocation considered
for both scenarios was $6,900 million. For this budget allocation, approximately 421
million MT of CO; offsets were produced in the first scenario versus 806 million MT
produced in the second one. Although there were no offset payments to the com-
mercial logging activity in the first scenario, offsets were still generated as shown in
table 7.1. The only difference is that commercial logging decreased its generation

from the baseline to 629 million MT.
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Table 7.1. CO;-offset Generation Under the Two Offset Payment Scenar-

ios Considered

Scenarios Baseline | First | Second
Commercial forestry (Million MT) 632 629 691
Carbon graveyard (Million MT) 0 421 115
Total (Million MT) 632 | 1,050 | 806
Absolute change (Million MT) 0 418 174
Relative change (%) 0 66 27
2008 total emissions (%) 9 15 11

When comparing the results from this study to the previous literature on forest-
based carbon sequestration studies it is important to consider that all the previous
studies considered a wide variety of sequestration alternatives, not only afforestation
to a carbon graveyard as is the case in the first scenario. Furthermore, most of
the regional aggregations considered previously included the entire U.S., making the
comparison difficult since this study used a different aggregation. However, the final
quantity of COs offsets obtained in the first scenario (421 million MT) is a little
higher than the one obtained by Parks and Hardie (1995) nationally (400 million
MT). By normalizing the costs on a per-COo-MT basis, the upper limit obtained by
Parks and Hardie (1995) was a little lower ($11/MT) than the one obtained in the
first scenario ($16/MT). When comparing the highest potential production of CO,
offsets estimated in the second scenario (842 million MT) as listed in table 6.9, the
closest estimation was the one obtained in Richards, Moulton, and Birdsey (1993)
at the national level (1,492 million MT). However, when comparing costs, the upper
limit in the range obtained in Richards, Moulton, and Birdsey (1993) is way higher
($24/MT) than the upper limit in this study ($9.5/MT). It is worth noting that the
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Table 7.2. Land-use Change Under the Two Offset Payment Scenarios
Considered

’ Scenarios \ Baseline \ First \ Second ‘
Agriculture (Million Acres) 523 437 501
Absolute change (Million Acres) -86 -22
Relative change (%) -16 -/
Commercial forestry (Million Acres) 313 311.5 | 314.3
Absolute change (Million Acres) -1.5 1.3
Relative change (%) -0.5 0.4
Carbon graveyard (Million Acres) 0 87 21

lowest cost under the second scenario was due to the contribution from the existing
forests under commercial logging.

Only Lubowski, Plantinga, and Stavins (2006), belonging to the econometric-
approach literature, considered a national aggregation with the rest considering small
regional aggregations. The total offset production potential estimated by Lubowski,
Plantinga, and Stavins (2006) was extremely high compared to the highest one in this
study (842 million MT in second scenario). Hence, none of the econometric studies
is directly comparable to the results obtained here. When comparing the sectorial
optimization studies, the prices obtained from the two most common studies are too
high for similar supplied quantities.

The second scenario also resulted in a lower acreage diversion out of agricultural
land (22 million) compared to the first scenario (86 million acres) as shown in ta-
ble 7.2. In the first scenario, commercial forest land decreased by 0.5 % as a result of
the payments directed solely to graveyard forests. However, in the second scenario
commercial forest land increased by 0.4% due to the offset payments to the logging
activity. This fact ameliorated the negative economic effects suffered by most of the
agricultural and manufacturing activities as a result of the massive land movement

under the first scenario.
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Under both scenarios, the regions that produced most of the CO, offsets gener-
ated by the carbon graveyard were relatively the same. In the first scenario, most
of the production came from the Northern, Central and Western Great Plains; the
Western and Eastern regions bordering the Appalachian mountains; and the South
Atlantic and Gulf regions. Under the second scenario, most of the production came
from the Northern Great Plains; Eastern and Western Boundaries of the Appalachian
mountains; Northeastern part of Texas and Central region of Oklahoma. However,
under the second scenario land was also converted into commercial logging and the
regions where this phenomenon was more notorious included the Western and East-
ern regions bordering the Appalachian mountains; and the Midwest including lowa,
Kansas and Missouri.

By contrasting the regional effects of acreage change to forest land among the
studies that consider the entire U.S., Moulton and Richards (1990) estimated that for
a 10% reduction policy 71 million acres had to be diverted to forest land of which 31%
came from pastureland, 52% from forestland, and 17% from cropland. The regions
where most of the acreage diversion took place were: Mountain (13,785 acres), Pacific
(8,989 acres), and Southern Plains (7,906 acres). Parks and Hardie (1995) concluded
that for a 3.5% reduction, 22.2 million acres were diverted to forest land mostly
coming from the eastern half of the U.S., specifically from the Southeast. Alig et al.
(1997) analyzed five different scenarios concluding that the following acreage had
to be diverted to achieve the goal in each scenario: 31 million acres for target 1, 21
million acres for target 2, 34 million acres for target 3, 8 million acres for afforestation
scenario, and 12 million acres for the BASE scenario. Lubowski, Plantinga, and
Stavins (2006) concluded that 349 million acres were afforested with a $100 per
acre subsidy/tax. Lewandrowski et al. (2004) considered four scenarios of which
the following land acreage had to be diverted to forest land: 64.6 million acres in
scenario 1, 133.5 million acres in 2, 69.2 million acres in 3, and 60.8 million acres in

4. Most of the land diversion took place in Southeast, Delta States and Appalachia.
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EPA (2005) concluded that 162 million acres were afforested for a price of $50/t COq
mainly in the South-Central and Corn Belt regions.

Among the negative effects identified under the first scenario, higher land prices
were the most critical ones. Higher land prices directly affected the activities that
depended on land to a great extent, cattle and other crops being the most affected
ones, and indirectly affecting others. Higher land prices drove agricultural produc-
tion down and prices up. Although, all activities were capable of substituting land
for other composite inputs, the majority of the agricultural activities decreased their
demands for factors of production and intermediate commodities as well. The non-
agricultural activities (e.g. manufacturing) that heavily depended on agricultural
commodities (e.g. other crops) were negatively impacted by dropping their produc-
tion. The drop in the demand of factors of production by most of the agricultural
activities decreased the net income received by some household categories. Hence,
the consumption and saving patterns of some households were negatively impacted.
All household categories reduced their consumption of agricultural commodities as
the result of their high prices. Agricultural exports also decreased, cattle being
the commodity that suffered the most. Agricultural imports increased due to the
lower domestic production. The cattle commodity was the one that experienced the
sharpest increase.

The second scenario ameliorated the negative effects from the first scenario. Land
prices increased as a result of the land movement to commercial logging or to the
carbon graveyard. However, the percentage changes were definitely more moderate
than under the first scenario. This fact allowed some of the agricultural activities to
substitute land for other composite inputs. As expected, the activity that benefited
the most from the second payment scheme was commercial logging as reflected by the
drastic increase of its production level. The tight relationship between the manufac-
turing and logging activities drove the production of the former up. The increased

supply of the manufacturing commodity was one of the reasons why most of the
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agricultural activities were not as heavily impacted as in the first scenario. The net
income received by all household categories increased as well as their consumption
and saving patterns. Although households still consumed less agricultural products
than in the baseline, the reduction in consumption was not as drastic as under the
first scenario. Trade followed the same pattern as under the first scenario with the
exception of the logging commodity. The latter increased exports and decreased
imports as opposed to the results from the first scenario.

In general, the economic outcomes experienced under the second scenario were
more beneficial to the society as a whole. However, this study has not considered
the costs of implementing, enforcing and evaluating the outcomes of such a pol-
icy. The evaluation of the carbon sequestered in existing commercial forests would
definitely add a burden to the budget allocated by the government to CO, offsets.
Enforcement is also an important factor since if the carbon graveyard practice is
to be implemented, prohibiting the harvest of timber from this type of land would
require a great amount of funding. However, the objective of this study focuses on
the land-use phenomenon and its impacts on the prices and quantities of agricultural
commodities rather than the total cost of implementing a certain policy. Although
the budget magnitude has been the exogenously determined parameter in the model,
the fact that the government pays for the generated CO, offsets is a starting point to
what could potentially evolve to a private carbon market such as the cap-and-trade
system presented in the American Clean Energy and Security Act of 20009.

It has also been difficult to compare the general equilibrium results obtained in
this study with previous literature since CGE models have not been used to address
such a specific policy (i.e. forest-based carbon sequestration). The closest group of
models dealing with forest-based carbon sequestration are the sector optimization
models. However, they do not consider the change in quantities and prices of com-

modities not directly related to agriculture and forestry. The impact on households,
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government and other institutions is also hard to compare to other studies since these
are economic agents specifically used with SAM-based CGE models.

To contrast the implications of a similar global forest-based GHG-reduction pol-
icy to a “no policy” scenario where GHG emissions follow the path forecasted by the
Intergovernmental Panel for Climate Change (IPCC), two of the four broad “Special
Report on Emissions Scenarios” (SRES) developed by IPCC will be used as well as
their physiological indices (IPCC 2000). The “no policy” scenario in this case refers
to the A1 SRES, which among its assumptions includes a strong commitment to
growth based on a carbon-intensive energy path, a great amount of deforestation by
2050 decreasing forestland by 265 million acres. Forest land is diverted to the pro-
duction of energy biomass and grassland as the result of an increased consumption of
meat and dairy products. The B1 SRES goes more along the lines of the forest-based
sequestration policy presented in this study. In the B1 SRES there is a high level of
environmental and social consciousness, a strong welfare net prevents social exclu-
sion on the basis of poverty. There are strong incentives for low-input, low-impact
agriculutre, along with maintenance of large areas of wilderness. This contributes to
high food prices with a much lower consumption of meat and dairy products. Forest
land increases 685 million acres worldwide by 2050 and comes mainly from grassland
and cropland.

As listed in table 7.3, the physiological consequences of the representative “no pol-
icy” scenario (SRES A1) will result in a greater food insecure population, higher sea
levels, a higher temperature change and higher CO, emission levels. Food insecurity
is the result of lower production levels as listed in table 7.4. Hence, by contrasting
the long-run consequences of taking no action versus implementing environmentally
conscious policies, such as a forest-based carbon sequestration, will prove to be more

costly to the society as a whole.
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Table 7.3. Physiological Indices for the Two Global and Macro Scenarios
Contrasted (SRES A1l and B1)

’ Indices \ Al \ B1
Food insecure population (in the U.S. by 2050)? 539,000 188,000
Sea level rise (meters in 2090-2099 relative to 0.26 - 0.59 | 0.18 - 0.38
1980-1999)"

Global mean temperature changes (by 2050 in degree C 2.56 1.86
relative to the pre-industrial reference mean)®
CO, emission levels (GtC/yr by 2050)° 23.1 11.7

aSource: Wang (2012).PSource: (IPCC 2007)

Table 7.4. Agricultural Production Change for theTwo Global and Macro
Scenarios Contrasted (

% change % & & % %
of four change change | change changel change
Scenario . of pro- of
commodi- of . of of
ties grains tem | coarse rice | wheat
feed | grains
[S95a emission -6 -7 -4 -24 1 2
CO, stabilization 3 -1 14 -5 0 3

Source: Iglesias and Rosenzweig (2009)
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Table A.1. Base Year Social Accounting Matrix (SAM) Parameters
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Table A.4. Total of County-level Recorded Acreage of Crops in 2008

IMPLAN IMPLAN % of Acres C % of Acres  County National
. i i rop i i i )
Code Industries recorded recorded  Acreage Acreage
1 Oilseeds 95% Canola 93% 524 440 989 000
Flaxseed 97 % 328,581 340,000
Soybean 95% 74080516 74641 000
Sunflower 7% 1866337 2,396 000
Mustard 41% 2917 71 500
Safflower 34% 67,159 195 000
Rapeseed 0% 954 1,060
Sesame 02% 2596 4978
2 Grains 98% Corn Grain 100% 78425 062 78570000
Corn Silage 87 % 5176837 5565000
Barley 95% 3721051 3779000
Beans Dry Edible 87 % 1266177 1445200
Oats 91% 127568687 1400000
Rice 99% 2955900 2576000
Rye 81% 2B R7E 267 361
Sarghum Grain 97 % 7060754 7271000
Sorghum Silage 87% 391 879 450,041
Wwheat 97 % 54 193 521 55699 000
Pea Dry Edible B5% 722220 847 300
Cowpea 58% 10664 18 544
Lentils G5 % 168 500 261,000
Buckwheat B3% 15 568 24 760
Popcorm 7E% 163,286 201 B23
Wild Rice 46% 26,109 57 204
7 Tobacco 39% Tobacco 39% 317 232 354 490
8 Cotton 95% Cotton Upland 95% 7304839 7,400,000
Cotton Pima 100% 168,700 168,700
9 Sugarcane 099% Sugarbeets 100% 1,004,000 1,004 500
and beets Sugarcane Sugar 99% 815472 521 600
Sugarcane Seed 2% 41 5R3 50,722
10 All others 78% Hay 78% 46 832,789 B0,152 000
Peanuts 93% 1402943 1,507 000
Alfalfa 74% 89 762 121 467
Birdsfoot B0% 811 1014
Crimszon Clover B0% 2801 34965
Red Clover BE% 14,135 21387
White Clover B0% 2 453 4 055
Lespedeza 18% oeZ 4 809
“etch B3% 1026 1R18
Bahia Grass 30% 5215 17 326
Bentgrass 04% (374 F 809
Bermuda Grass 7% 2,768 37,780
Bluegrass B0% 121,100 151,299
Bromegrass 23% 1,218 5287
Fescue B4% 32327 38R 122
Ochardgrass 0% 19,365 21 8517
Ryegrass 7% 233120 307 722
Sudangrass G1% 7,189 11 867
Timothy A6 % 2,181 3882
Wwheatgrass a6% 11,823 21,2114
Guar B3% 4 D56 504k
Hops 7% 22807 31,145

Mint Oil B3% B0,737 59,783
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Table A.5. State-level Forest Land Net Present Value (NPV) in 2000
Dollars

Maple / Qak f
States Soft Hard ?ak ! Beepch f o?k i Gum [ i
Hickory : Pine hard
Birch Cypress

Alabama 643.22 135.43 320.04 170 .48 13543
Arkansas 60767 138.43 340.69 193.48 13843
Florida 646.13 136.43 440.05 31472 13843
Georgia 644 50 135.43 313.04 201.30 13543
Kentucky E14.41 135.43 514 .41 205.45 13543
Louisiana 643.82 135.43 217.96 261.19 13543
Mississippi 635.39 138.43 24811 166.04 13843
Marth Carolina 608.22 135.43 36264 181.05 13843
Oklahoma 623.73 138.43 396.49 13843 13543
South Carolina 619.07 135.43 299.36 184 77 13843
Tennesses F95.30 135.43 52506 216.96 13843
Texas 612.63 135.43 180.37 191.40 13843
Wirginia 638.65 138.43 390.68 172.03 13843
Connecticut 33.41 73.44 2404 33.41 73.44 48.74
Delaware 33.41 73.44 2405 72.35 73.43 48.74
Maine 33.41 73.44 24.05 33.41 48.74
Maryland 33.41 73.44 2405 67.92 72.35 48.74
Massachusetts 33.41 73.44 24 .05 3341 73.44 48.74
MNew Hampshire 33.41 73.44 24.05 3341 45.74
MNew Jersey 33.41 73.44 2405 33.41 73.44 48.74
Mew York 33.41 73.44 24.05 33.41 48.74
Pennsylvania 33.41 73.44 2405 33.41 48.74
Rhode Island 33.41 73.44 24 .05 334 48.74
Vermont 33.41 73.44 24 .05 33.41 48.74
Ohio 33.41 73.44 2404 3541 73.32 48.74
West Virginia 33.41 73.44 2405 33.41 48.74
lllincis 75.48 15.40 27.59 4327 21.00 21.49
Indiana 75.49 16.40 27.59 h5.45 15.40 21.49
lowa 75.49 15.40 27.59 75.49 21.49
Michigan 7649 15.40 2759 76.49 15.40 2149
Minnesota 75.49 15.40 27.59 75.49 21.49
Wisconsin 75.48 15.40 27.59 75.49 21.49
Arizona 27.86 19.07 19.07
California 27.86 19.07 19.07
Colorado 27.86 19.07 19.07
|daho 27.86 19.07 19.07
Kansas 27.86 19.07 27.86 19.07 19.07
Missouri 27.86 19.07 26.25 19.07 19.07
Montana 27.86 19.07 19.07
Mebraska 27.86 19.07 23.08 19.07
Mevada 27 .86 19.07 19.07
Mew Mexico 27.86 19.07 19.07
Morth Dakota 27.86 19.07 19.07
South Dakota 27.86 19.07 19.07
Ltah 27.86 19.07 19.07
Wyoming 27 .86 19.07 19.07
Cregon 28657 19.07 19.07

Washington 285.57 19.07 19.07




Table A.6. State-level Forest Land Rents in 2008 Dollars
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Maple / Qak [/
States Soft Hard f_&akf Beep::hjr O?I{I Gum [ .
Hickory Birch Pine C hard
irc ypress

Alabama 33.64 7.24 16.74 8.92 7.24
Arkansas 31.78 7.24 17.82 10.12 724
Florida 33.79 7.24 23.01 16.46 724
Georgia 337 7.24 16.37 10.63 7.24
Kentucky 26.90 7.24 26.90 10.75 7.24
Louisiana 33.67 7.24 11.40 13.14 7.24
Mississippi 3323 7.24 12.98 8.68 724
Marth Carolina 31.81 7.24 18.97 947 7.24
Oklahoma 3262 7.24 20.74 7.24 724
South Carolina 32.38 7.24 15.68 966 7.24
Tennessee 31.13 7.24 2746 11.35 7.24
Texas 32.04 7.24 943 10.01 7.24
Wirginia 33.40 7.24 20.43 9.00 724
Connecticut 1.76 384 1.26 1.75 384 255
Delaware 1.76 384 1.26 3.78 3.84 255
Maine 1.756 3.84 1.26 1.75 255
Maryland 1.75 3.84 1.26 3.55 3.78 255
Massachusetts 1.75 3.84 1.26 1.75 3.84 255
MNew Hampshire 1.75 3.84 1.26 1.75 2.55
MNew Jersey 1.76 384 1.26 1.75 384 255
Mew York 1.756 3.84 1.26 1.75 255
Pennsylvania 1.75 3.84 1.26 1.75 2.55
Rhode Island 1.76 3.84 1.26 1.75 2565
Vermont 1.75 3.84 1.26 1.75 255
Ohio 1.75 384 1.26 1.85 3.83 255
West Virginia 1.75 3.84 1.26 1.75 255
lllincis 3.95 0.81 1.44 2.26 1.10 1.12
Indiana 3.95 0.81 1.44 2.90 0.81 1.12
lowa 3.95 0.81 1.44 3.95 1.12
Michigan 3.95 0.81 1.44 3.95 0.81 1.12
Minnesota 3.95 0.81 1.44 3.95 1.12
Wisconsin 3.95 0.81 1.44 3.95 1.12
Arizona 1.46 1.00 1.00
California 1.46 1.00 1.00
Colorado 1.46 1.00 1.00
Idaho 1.46 1.00 1.00
Kansas 1.46 1.00 1.46 1.00 1.00
Missouri 1.46 1.00 1.37 1.00 1.00
Maontana 1.46 1.00 1.00
Mebraska 1.46 1.00 1.21 1.00
Mevada 1.46 1.00 1.00
Mew Mexico 1.46 1.00 1.00
Morth Dakota 1.46 1.00 1.00
South Dakota 1.46 1.00 1.00
Ltah 1.46 1.00 1.00
Whoming 1.46 1.00 1.00
Oregon 14.94 1.00 1.00
Washington 14.84 1.00 1.00
2000-2008 PPl change = 1.046

Interest rate =

0.05
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Table A.7. State-level Animal Units (AU) for Different Categories

States Heel Haky Goats  Sheep Horsessind Alpacas Bisons Deer Elks Llamas
cattle cattle mules
Alabama 0.83 0.94 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Alaska 0.87 0.95 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Arizona 0.81 0.96 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Arkansas 0.83 0.94 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
California 0.76 0.94 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Colorado 0.83 0.93 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Connecticut 0.75 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Delaware 0.80 0.94 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Florida 0.85 0.95 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Georgia 0.83 0.96 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Hawaii 0.84 0.94 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Idaha 0.81 0.93 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
lllinois 0.82 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Indiana 0.80 0.94 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
lowa 0.82 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Kansas 0.81 0.92 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Kentucky 0.84 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Louisiana 0.85 0.95 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Maine 0.77 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Maryland 0.80 0.94 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Massachusetts 0.79 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Michigan 0.77 0.94 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Minnesota 0.78 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Mississippi 0.84 0.95 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Missouri 0.83 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Montana 0.89 0.92 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Mebraska 0.84 0.95 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
MNevada 0.86 0.95 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Mew Hampshire (.78 0.94 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
MNew Jersey 0.82 0.93 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
MNew Mexico 0.84 0.95 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
MNew York 0.75 0.93 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Morth Carolina 0.82 0.94 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Morth Dakota 0.86 0.93 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Ohio 0.80 0.94 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Oklahoma 0.82 0.94 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Oregon 0.85 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Pennsylvania 0.75 0.93 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Rhode Island 0.84 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
South Carolina 0.83 0.94 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
South Dakota 0.85 0.94 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Tennessee 0.83 0.92 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Texas 0.83 0.94 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Utah 0.85 0.94 013 0.18 1.25 0.10 1.00 0.18 0.60 0.20
\Vermont 0.72 0.94 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Virginia 0.82 0.94 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Washington 0.82 0.94 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
West Virginia 0.84 0.95 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
Wisconsin 0.74 0.93 0.13 0.18 1.25 0.10 1.00 018 0.60 0.20
Wyoming 0.87 0.92 0.13 0.18 1.25 0.10 1.00 0.18 0.60 0.20
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Table A.8. Estimated Average Annual Number of Pasture-grazing Heads
for each Category, 2007

States Beef cattle :E}:tll:z Goats Sheep Horses Mules Alpacas Bisons Deer Elks Llamas
Alabama 1,178,483 78 80,436 14,500 87,111 10,829 378 250 971 76 870
Alaska 13,553 27 352 408 1.850 45 196 246 - 217 44
Arizona 640,082 40 42141 112368 68,745 1984 1,357 21 108 - 786
Arkansas 1,782,065 1,049 50,579 14,603 78,968 7,647 92 189 235 19 688
California 2,459,005 3,01 130,771 569290 180,723 7,144 7669 1,081 260 - 6,779
Colorado 1,502,276 622 48616 397146 119,040 4946 7709 9854 10 2403 7452
Connecticut 16,239 1,020 4 578 RT767 11510 428 1,052 8 56 - 615
Delaware 11,698 376 3,630 903 3,964 106 79 - - - 63
Florida 1,573,139 21 57,613 11,763 120498 6,233 1,220 237 1,980 - 850
Georgia 1,037 544 1,209 83,757 10,025 76,706 B,877 686 307 36 - 1,263
Hawaii 161,473 1 9,169 744 6,547 209 - - - - -
Idaho 1,261,360 2442 16,622 189,237 74029 3748 2144 844 229 2346 2,889
llinois 779,642 6,281 33653 51771 79481 4364 2102 202 1.467 44 1,974
Indiana 562,235 9,008 47,090 48792 81155 4374 1,822 332 2,252 30 2,590
lowa 1,961,011 14,266 55144 199,026 71,994 4,166 240 306 2,978 471 1,999
Kansas 4,450,630 2,543 481958 77495 89898 4,381 827 2,659 18 332 2208
Kentucky 2,248 065 9,751 98,128 36294 175434 11,800 1,332 393 - - 2,329
Louisiana 843,507 1.474 21,550 8,077 60487 4740 63 57 1,906 - 121
Maine 36,742 1,995 5,902 10,918 12167 389 1,758 65 2,976 - 614
Maryland 104,048 4,334 16,889 22143 30747 1,113 1,917 416 - - 756
Massachusetts 22,730 1,165 8,184 11,665 20,553 976 1,556 28 127 - 1,308
Michigan 399,015 14,326 27,741 80,457 101,138 4,385 3812 1970 16,393 1,758 3,539
Minnesota 1,055,196 35,715 36,752 136,206 90,140 3,690 1,016 3,993 6,829 5419 2371
Mississippi 963,042 725 30,399 7243 65277 7,001 119 60 1,621 110 283
Missouri 4 067_398 10,213 96,396 76,261 149165 11,979 1466 1808 4,043 570 3,096
Maontana 25630334 485 9,631 266,083 105243 4356 536 5601 - 865 2435
Mebraska 4,000,118 1,307 32,846  6B,587 65,624 2468 33 579 6 63 1122
Mevada 425,253 10 11,894 37,398 18,396 392 439 76 - - 831
MNew Hampshire 16,938 727 3,616 7,67 9,900 703 1,637 80 919 230 586
MNew Jersey 23,275 742 10,655 14767 29993 1179 2226 - 150 - 708
MNew Mexico 1,036,678 83 35665 126,773 53616 1,889 1,457 427 - - 1,607
MNew York 440 957 38,589 39634 63119 84997 2814 6,939 738 5,200 863 2,363
Morth Carolina 754,773 1,314 98,241 26,088 78,377 8,512 1,437 124 105 21 1,571
Morth Dakota 1,722,403 1,524 3,461 76,450 44,750 T3 36 9.6: 289 2,708 208
Chio 711,522 22760 69,505 123161 119198 6,605 10,188 848 6,206 19 4501
Oklahoma 5,112,345 2,490 126303 76,215 165555 12411 478 2,004 3,885 823 3845
Cregon 1,132,244 1,635 38,070 206,507 89420 4762 7,760 751 33 168 9,380
Pennsylvania 635,962 59,230 9162 96762 116332 9750 5427 1,769 21803 2084 2932
Rhaode Island 3,371 5 543 1.459 3,486 86 123 - - - 123
South Carolina 379,804 48 43,589 6,787 43,283 4,541 418 60 64 - 424
South Dakota 3,095,120 2,470 9,366 335534 70225 1,743 57 20,661 15 138 676
Tennessee 2,017.310 3,846 130,867 28324 141860 18,328 896 263 647 B3 2204
Texas 10,868,029 2,259 1,134,156 906,478 438,827 60,724 1,908 4,379 120452 3,727 11,977
Utah 693,501 1.514 13,9156 2¥3,667 59783 1,922 1,115 530 72 1065 1411
Vermont 66,362 8,151 6,693 13,926 13285 948 1,435 - 195 - 694
Virginia 1,400,532 5,297 63,059 76,821 90,363 6,739 4,119 482 6 80  3.696
Washington 645,261 2,114 32840 53220 89739 3793 13,117 1,069 145 - 8,126
West Virginia 395,134 940 27789 37934 37728 2,684 814 34 1,038 673

Wisconsin 1,192,622 107,641 55500 89452 119963 571 3088 3815 8,290 4875 6513
WWyoming 1,247,758 161 7676 390271 80476 2245 38y 3,295 - : 1,340




183

(INVS) XIIjeA SUnunodny [eD0g PayIpow [eul] ¢y 2InsLg

fiumes jau palapisuoa st ended o) suonpniisun &g sjuawded (7) pue Buwmouog jau paiapisuod s suognpsul o) (endea Ag suawfed () unodae jualisaal)

ploMm
3} o 159y
St L SE =T 8l Ll
SN 2 o asay
S or I Alopuaaug
5 saxe) Hodwy)
LG ¥ ¥E 8e e 2 8 e JUBUNSDAU|
0s gr BE EE Fi EC 6l gl i WBWILIAALS)
o Gl cl 12317
6t ge IE 9z [ i ch 9 spleyasnoy
53X e} S5aUISN(
5 LE s Lz ¥ wanpuj
oF £ s10pe
pue|
Z ey nauby
iy r 9E G2 0z L SaP oW’y
g SIWANRY
PHOM sn saxe) i pueg
alfy jo | ayy Jo yoduy Kouaau] | Juaunsasu] | juawnaacn | sasiudiaug | spjoyasnoy | ssawsnig | siepe4 [einynauby SAUAIDY
159y | 159y walpu|




184

suodw| - spodxg = alsaau ulilaloy lap |

I 0} SUDIIPRE UBY] AOJUSAUL LD SAIES SJ0L B4E aJal} TSR0 JaYI0 U] “AI0JuEAU) 0 BauUElEg 18U B 5| [eNded o] sjuawded Sojuaau)

| W0y S8(es UBY) Aiojuaaul 0} SUOIIPPE S10W ale a1y} 'spiosm Jaylo Ul fojusaul jo slumes-sip uasaidal Aoasu 0 sjuswied eyde]

sued yo fuljas pue sainjanils jo uaop Jealdo awdinba po

Fojusaur o] suoifial 8pISiN0 LWIOY SIajsuel |

p WaLIsaAUl uBlalo) 1ap

wawaaof 0] suoifias apisino WOl slapsuel]

spjoyasnay 0} suoifiss apISIN0 WOl sapsuel]

SI0J2E) 0} suoifial ApISIND WOl Siajsuel]

sadias pue spook jo spodig

galnp odu|

suoifial apISing 0} AJOJUBaLU| L0 SIajsuel |

o afiueya fouaau 1ap)

ADJuBAUl WD) SBXE] SB|ES

Adouaau ul saigpowwod payodw pue ajsawop alefaiffiy
su0ifial SRISING 0} JUBLUISEA| L0 SIajsuel |

o AojuBaul a0y shupes-sig aliueya Aousaul jap
wawwasob ayl Ag Buwaouog 1au o sBuses-sig
uondwnsuoa Joy [ended o sjemeipyias o siulies-sig
JUNOIIE JUALLISEAUl AY) 0] SaXe] S8 (Bg

spooll [eudes jo aseqund papodw pue Jsawop aleliaibhy
suoifial apising o} Juawwaaoh woly siapsuel ]

sfiumes JuaweA0g

sasudialua 0} siajsuel |

sdaysUeS} awwasoiialu|

SP|OYasSNoyY 0} SJajsuel]

Wawweaal 0] saxe] sajeg

uoidwnsuod wawwasol payodw pue Jjsawop alelalfiy
shues pauieas 'sbunes asudiajug

wawiasob o] snjdins ‘xe] woid aielodion

5
LS
0
Gt
ar
F
ar
St
ft
£
cr
Lr
ot
GE
aE
LE
q9E
SE
¥E
£E
cE
IlE
0e
2T
a7
i

spusplup ' sployasnoy o snjding o7
suoifial apIsino 0] SplOYasnoy Loy slajsue) | &7
(Hayap Jo snpding) shumes v

¥E] [Bunsiad pue awoau)| £7
slsalalul 'siagsuel] ployasnoyay| 77
SploYasnoy o} saxe] sajeg Iz

uondwnsuod spioyasnoy payodw pue ajsawop alefaiffy 07
SAXE] ASN J0J2E} 'UOIINP0I ‘S8BT =18

SdaysUB)} puE SHodl) J0jae =1

aauemole uondwinsuod [eyded Jo uoieinaidag i

saxe} 0joe) 'JuswuwisAnl o) awooul Jojoe al

sypoid aiedodion 'sasudiajua 03 awodu) Jojae 4 =1}

Sp|OYasnoy 03 awodul Jojae 4 rl

sjual pue| jeinnaufie woy awoou) sasudiaug £l
squal pue| (einynaufe wol awoaul sployasnoy Zl
S82IMES PUE SEINPOLLILIOD o sUodw) LL

spodxa Jo uoilanpodd 23SEU0R J0) PASN SaL0IUEAU] al

ANpowiuod Aq sannp vodu)

g Spo0f puey puoass uananpoid pajodya pue Jsawop aefafify
uoianpodd wswweanl payodia pue ansawop aefaibiy
uoianpodd sployasnoy payodia pue Jsawop alelaibhy

ndino Aupiuwod papodya pue ansawop alebalfiby

SEXE} SN J0J2E) 'UOIINP0I] 'S8|ES

240328y 0} Sluawied

swawfed a1 pue| jeinynauby

sindul ajeipauualll payodun pue dinsawop alefaibiy L

Cd 0 =F L0 W~ 0Oy

wleauon qrmvs

wdaouoy qrmvs

€'V oS ur (JNVS) XMJeA SUunoooy [eog peyIpoly [eulq oy} jo sydeouop 6"y olqeL



185

Table A.10. List of Major Land Resource Areas (MLRAs) Included in the
Regional Aggregation

CODE MLRA Name CODE MLRA Name

MLRADAS Cool Central Desertic Basins and Plateaus MLREAIO0T Central Mew hMexico Highlands

MLEADAA Warm Central Desertic Basins and Plateaus WMLRAT0Z Southern Desert Foothills

MLREADAS Colorado Plateau WMLRATD4 Central Mebraska Loess Hills

MLEADIE Southwestern Plateaus, Mesas, and Foothills MLEA1DS Central High Tableland

MLREADSO Muogollon Transition MLEAI0E Raolling Plaing and Breaks

MLREADS1 Arizona and MNew Mexico Mountains MLRAID? Central lansas Sandstone Hills

MLRADSY Sonoran Basin and Range MLRAIDS Central Loess Plains

MLREADSS Southeastern Arizona Basin and Range MLRAI0S Bluestem Hills

MLEADSA Southern Desertic Basing, Plains, and Mountains  MLREAT11 Southern High Plains, Morthern Part
MLREADSS Morthern Rocky Mountains MLREA112 Southern High Plains, Morthwestern Part
MLRADED Central Rocky Mountains MLEA113 Southern High Plaing, Southern Part
MLREADST Blue and Seven Devils Mountains MLEA114 Southern High Plaing, Southwestern Part
MLREADEZ Morthern Rocky Mountain “alleys MLRAT1S Southern High Flains, Breaks

MLRADES Morthern Rocky Mountain Foothills MLRAT1Y Rolling Limestone Prairie

MLREADBA Wasatch and Uinta Mountains WMLRAT1E Central Rolling Red Plains, YWestern Part
MLEADES Southern Rocky Mountains WMLRAT19 Central Rolling Red Plains, Eastern Part
MLRADEE Southern Rocky Mountain Parks MLEA121 Great Bend Sand Plains

MLRADE? Southern Rocky Mountain Foothills MLEA122 Central Rolling Red Prairies

MLRAD7O High Intermauntain Walleys MLREA123 Texas Narth-Central Prairies

MLEAODY1 Brown Glaciated Plain MLREAT2E Edwards Plateau, Western Part

MLREADYZ Marthern Dark Brown Glaciated Plaing MLRATZE Edwards Plateau, Central Part

MLREADYZ Central Dark Brown Glaciated Plains MLRATZ? Edwards Plateau, Eastern Part

MLRAD74 Southern Dark Brown Glaciated Plains MLRATZE8 Southern Edwards Plateau

MLRADYS Ralling Soft Shale Plain MLEA130 Texas Central Basin

MLREADYE Morthern Black Glaciated Plains MLRAT31 Wichita Mountains

MLREAD?? Central Black Glaciated Plains MLRAT3Z2 Morthern Rio Grande Flain

MLREADYS Southern Black Glaciated Plains MLRAT33 Western Rio Grande Flain

MLREADYS Red River Walley of the Morth WMLRAT34 Central Rio Grande Flain

MLREADSO Morthern Minnesota Gray Drift MLREA13S Lower Rio Grande Plain

MLREADS1 Maorthern Rolling High Plaing, Northern Part MLEA13E Sandsheet Prairie

MLRADSZ Marthern Rolling High Plains, Southern Part MLEA137T Morth Cross Timbers

MLRADSS Morthern Rolling High Flains, Northeastern Part MLRAT3S West Cross Timbers

MLREADSA Morthern Rolling High Flains, Eastern Part MLRAI39 East Cross Timbers

MLRADSS Pierre Shale Plains MWMLRAT40 Grand Prairie

MLEAOSE Fierre Shale Plains, Morthern Part MLREAT4A Texas Blackland Prairie, Morthern Part
MLRADS? Black Hills Foot Slopes MLEA14S Texas Blackland Prairie, Southern Part
MLRADSS Black Hills MLEATAT Texas Claypan Area, Southern Part
MLRADSS Maorthern Rolling Pierre Shale Plains MLREAT4E Texas Claypan Area, Northern Part
MLREADSO Southern Rolling Pierre Shale Plains MLRAT49 Morthern Minnesota Glacial Lake Basins
MLREADST Mixed Sandy and Silty Tableland and Badlands MLRATS0 Wisconsin Central Sands

MLREADYZ Mebraska Sand Hills MLREATEZ Wisconsin and Minnesota Thin Loess and Till, M Part
MLRADYS Dakota-Mebraska Eroded Tableland MLREATES Wisconsin and Minnasota Thin Loess and Till, 5 Par
MLREADSE Central High Plains, Marthern Part MLEA1SS Central Minnesota Sandy Qutwash
MLRADSE Central High Plains, Southern Part MLEA1SE Wisconsin and Minnesota Sandy Outwash
MLRADS? Upper Arkansas Yalley Rolling Plains MLRATSY Superior Lake Plain

MLRADSY Canadian River Plains and Walleys MLRATES Superior Stony and Rocky Loamy Plains and Hills, YA Part
MLEAI00 Upper Pecos River Walley WMLRATED Superior Stony and Rocky Loamy Plains and Hills, E Part
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Table A.10. Continued

CODE MLRA Name CODE MLRA Name

MLREA1G1 Marthern Michigan and Wisconsin Sandy Drift MLRAZ217 Kentucky Bluegrass

MLRATE2 Michigan Eastern Upper Peninsula Sandy Drift MLRAZ18 Highland Rim and Pennyroyal

MLRATES Michigan Marthern Lower Peninsula Sandy Drift MLRAZ1S Mashwille Basin

MLRATES Morthern Highland Sandy Drift MLRAZZ0 Western Allegheny Plateau

MLRATES Nartheastern Wisconsin Drift Plain MLRAZ21 Cumberland Plateau and Mountains
MLREAIGE Southern Wisconsin and Morthern lllingis Drift Plain MLRAZZY Central Allegheny Plateau

MLEATGY Western Michigan Fruit Belt MLRAZ2S Eastern Allegheny Plateau and Mountains
MLREA1EES Southwestern Michigan Fruit and Truck Crop Belt MLRAZ224 Southern Appalachian Ridges and Yalleys
MLRATES Southern Michigan and Marthern Indiana Drift Plain MLRAZZES Sand Mountain

MWLRATYD Erie-Huron Lake Flain MLRAZZY Morthern Blue Ridge

MLRATY2 Ontario-Erie Plain and Finger Lakes Region MLRAZZE Southern Blue Ridge

MLREAIZS Ralling Till Prairie MLRAZ30 Southern Mississippi River Alluvium
MLRAT74 Till Plains MLRAZ31 Arkansas River Alluvium

MLEAT?S Loess Uplands MLRAZ3Z Red River Alluvium

MLRATZYE Central lowa and Minnesaota Till Prairies MLRAZ3S Southern Mississippi River Terraces
MLRATYY Eastern lowa and Minnesota Till Prairies MLRAZ234 Southern Coastal Plain

WMLRATYS Morthern Mississippi Yalley Loess Hills MLRAZIS Western Coastal Plain

WMLRATYS Mebraska and Kansas Loess-Drift Hills MLRAZIE Southern Mississippi Walley Loess
MLEA131 lowa and Minnesota Loess Hills MLRAZIS Alabama and Mississippi Blackland Prairie
MLREA182 lowa and Missouri Deep Loess Hills MLRAZ3D Cretaceous Western Coastal Plain
MLEA184 lllinois and lowa Deep Loess and Drift, Eastern Part MLRAZ40 Southern Piedmont

MLRATES lllinois and lowa Deep Loess and Drift, East-Central Part MLRAZAT Carolina and Georgia Sand Hills
WMLRATEE lllinois and lowa Deep Loess and Drift, ¥YWest-Central Part MLRAZ4AZ Morth-Central Florida Ridge

MWMLRATEY llinois and lowa Deep Loess and Drift, Western Part MLRAZ43 Lake Erie Glaciated Plateau

MLRAI3S lowa and Missour Heavy Till Plain MLRAZ44 Glaciated Allegheny Plateau and Catskill Mountains
MLREA139 MNarthern lllinois and Indiana Heavy Till Plain MLRAZAS Tughill Plateau

MLEATET Indiana and Ohio Till Plain, Central Part MLRAZAE St Lawrence-Champlain Plain

MLRA1SZ Indiana and Ohio Till Plain, Motheastern Par MLRAZAY Mortheastern Mountains

MLRATI3 Indiana and Ohio Till Plain, Morthwestern Part MLRAZAS Mew England and Eastern MNew York Upland, S Part
WMLRATZ4 Indiana and Ohio Till Plain, Western Part MLRAZ4S Mew England and Eastern Mew Yaork Upland, M Part
MLREA195 Indiana and Ohio Till Plain, Eastern Part MLRAZE0 Connecticut Walley

MLRAT9G Cherokee Prairies MLRAZET Arcostook Area

MLREA1IY Central Claypan Areas MLRAZ5Z Maorthern Appalachian Ridges and Yalleys
MLREA199 Southern IL and IM Thin Loess and Till Plain, E Part MLRAZS3 Morthern Piedmont

MLRAZXID Southern IL and IM Thin Loess and Till Plain, W Part MLRAZSA Morthern Coastal Plain

MLRAZDZ Central M3 Yalley Wooded Slopes, Eastern Part MLRAZES Long Island-Cape Cod Coastal Lowland

MLRAZD3 Central M3 Valley Wooded Slopes, Western Part MLRAZSE Gulf Coast Prairies

MLREAZ04 Central MS Valley Wooded Slopes, Narther Part MLRAZSY Gulf Coast Saline Prairies

MLREAZ0S Ozark Highland MLRAZSES Gulf Coast Marsh

MLREAZ06 Springfield Plain MLRAZ25S Eastern Gulf Coast Flatwoods

MLRAZ07 St Francois Knobs and Basins MLRAZED Western Gulf Coast Flatwoods

MLRAZ0S Boston Mountains MLRAZET Atlantic Coast Flatwoods

MLRAZ10 Arkansas Walley and Ridges, Eastemn Part MLRAZEZ Tidewater Area

MLREA211 Arkansas Walley and Ridges, Western Part MLRAZBS Mid-Atlantic Coastal Plain

MLRAZ212 Ouachita Mountains MLRAZEA Morthern Tidewater Area

MLEAZ14 KY and IN Sandstone and Shale Hills and YValleys, S Part MLRAZBS South-Central Florida Ridge
MLRAZ215 KY and IN Sandstone and Shale Hills and Walleys, M Part MLRAZEE Southern Florida Flatwoods
MLRAZ1E KY and IN Sandstone and Shale Hills and Walleys, NE Part MLRAZEY Florida Everglades and Associated Areas
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APPENDIX B

MAPS

Figure B.1. Northern Great Plains Spring Wheat Region (Land Resource
Region F)

Figure B.2. Rolling Soft Shale Plain (Major Land Resource Area 75)
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Figure B.3. Western Great Plains Range and Irrigated Region (Land
Resource Region G)

Figure B.4. Central Great Plains Winter Wheat and Range Region (Land
Resource Region H)
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Figure B.5. Southwestern Prairies Cotton and Forage Region (Land Re-
source Region J)

Figure B.6. Northern Lake States and Forage Region (Land Resource
Region K)
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Figure B.7. Lake States Fruit, Truck Crop, and Dairy Region (Land Re-
source Region L)

Figure B.8. Central Feed Grains and Livestock Region (Land Resource
Region M)
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Figure B.9. East and Central Farming and Forest Region (Land Resource
Region N)

Figure B.10. South Atlantic and Gulf Slope Cash Crops, Forest, and
Livestock Region (Land Resource Region P)
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Figure B.11. Atlantic and Gulf Coast Lowland Forest and Crop Region
(Land Resource Region T)
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APPENDIX C

BASELINE

Table C.1. Total Value of Production by Activity in the Baseline

P Value of production Percent of total

Activities N
{(millions of %) All Agriculture

Aolsd 30,079 0.14% 9.71%
Agran 69,732 0.33% 22.50%
Aoagr 100,141 0.47% 32.31%
Atobc 1,442 0.01% 0.47%
Acott 4,815 0.02% 1.55%
Asugr 1,686 0.01% 0.54%
Aocrp 17,519 0.08% 5.65%
Acatt 40,316 0.15% 13.01%
Adair 21,725 0.10% 7.01%
Alogg 22,466 0.11% 7.25%
Amini 480,383 2.26%
Autil 379,903 1.79%
Acons 1,166,264 5.49%
Amanf 5,507,120 25.94%
Awhol 348,467 4.00%
Aretl 924,945 4.36%
Atrns 622,313 2.93%
Ainfo 1,045,889 4.93%
Afinc 1,599,876 7.54%
Aland 765,962 3.61%
Aornt 1,153,528 5.43%
Aprof 1,329,024 6.26%
Amgmt 369,914 1.74%
Aadmw 527,572 2.49%
Aeduc 172,561 0.81%
Ahlth 1,255,870 5.92%
Aentt 211,494 1.00%
Ahotl 546,121 2.57%
Aoser 502,094 2.37%
Agven 261,965 1.23%
Agvem 1,247,897 5.88%
Total agriculture 309,920

Total all activities 21,229,083
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Table C.3. Value of Factors of Production by Activity in the Baseline

Activity VE!'I.IE {millions of §) . Share
Capital Labor Capital Labor
Aolsd 4,096 2,796 59% 41%
Agran 21,214 5931 78% 22%
Aoagr 15,449 24,646 39% 61%
Atobc 24 233 9% 91%
Acott 1,310 811 62% 38%
Asugr 293 306 45% 51%
Aocrp 764 2,512 23% 7%
Acatt 2,692 2,008 57% 43%
Adair 6,811 1,115 86% 14%
Alogg 1,375 1,340 43% 57%
Amini 182,919 77,920 70% 30%
Autil 163,134 54,639 75% 25%
Acons 35,651 430,806 8% 92%
Amanf 450,427 821,038 37% 63%
Awhol 132,850 373,822 26% 74%
Aretl 120,869 420,734 22% 78%
Atrns 86,188 238,482 27% 73%
Ainfo 182,537 222,349 45% 55%
Afinc 284,769 583,565 33% 67%
Aland 380,767 129,016 75% 25%
Aornt 616,621 33,687 95% 5%
Aprof 106,277 690,412 13% B7%
Amgmt 55,012 172,699 24% 76%
Aadmw 68,075 264,320 20% B0%
Aeduc 7,316 91,464 7% 93%
Ahlth 99,451 680,840 13% B7%
Aentt 22,975 65,961 27% 73%
Ahotl 66,504 185,903 26% 74%
Aoser 44 871 202,612 18% 82%
Agven 485 105,213 0% 100%
Agvem 185,039 1,062,858 15% 85%
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Table C.4. Total Value of Production by Households in the Baseline

Institution Cuncl

millions of §

Households
<10 K 2,218
10- 15K 3,984
15-25K 5,506
25-35K 11,250
35-50K 18,470
S0-75K 34,252
75- 100K 21,615
100 - 150 K 15,997
> 150 K 18,907

Table C.5. Total Value of Production by the Government in the Baseline

Institution Colsd Coagr Cutil Cinfo Cprof Cadmw Ceduc Chlth Centt Chotl Cuncl
___________________________________________________________________ S LIC L
Government
Fed. non-defense 587 87 5,815
Fed. defense
Fed. investment 10,123
State non-education 2,780 554 1,281 768 15,419 81,942 185,467 5,623 866 6,355
State education
State investment 3,569

Table C.6. Total Value of Production by Inventory in the Baseline

Institution Colsd Cgran Coagr Ctobc Ceott Ccatt Cmini Cmanf Ctrns Cinfo

millions of §

Inventory 3,954 708 62 3,604 1,234 485 3,615 35,443 225 329
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Table C.10. Total Value of Exports to the Rest of the U.S. by Commodity
in the Baseline

: Value of exports Percent of total

Commodity FiE -
[millions of 4) All Agriculture

Colsd 2,002 0.23% 14.60%
Cgran 5,581 0.64% 40.70%
Coagr 4,238 0.49% 30.90%
Ctobc 47 0.01% 0.35%
Ceott 30 0.00% 0.22%
Csugr 217 0.02% 1.58%
Cocrp 1,486 0.17% 10.84%
Coatt 54 0.01% 0.40%
Cdair 24 0.00% 0.17%
Clogg 35 0.00% 0.26%
Craini 02,691 7.20%
Cutil 23,332 2.68%
Ccons 2,829 0.33%
Crmanf 439,550 50.53%
Cwhol 5,812 0.67%
Cretl 7,898 0.91%
Ctrns 16,133 1.85%
Cinfo 30,199 3.47%
Cfinc 01,338 7.05%
Cland 2,439 0.29%
Cornt 3,994 0.46%
Cprof 15,953 1.83%
Cmgmt 15,769 1.81%
Cadmw 7,409 0.85%
Ceduc 15,128 1.74%
Chlth 53,977 6.20%
Centt 1,571 0.18%
Chotl 16,456 1.89%
Coser 10,966 1.26%
Cuncl 62,468 7.18%
Cgvem 489 0.06%
Total agriculture 13,715

Total all activities 870,467
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Table C.11. Total Value of Exports to the Rest of the World by Com-
modity in the Baseline

. Value of exports FPercent of total

Commodity T :
[millions of 5) All Agriculture

Colsd 6,611 0.47% 14.15%
Cgran 27,555 1.95% 58.99%
Coagr 4,992 0.35% 10.69%
Ctobc 1,243 0.09% 2.66%
Ceott 4,053 0.29% 8.68%
Csugr 34 0.00% 0.07%
Cocrp 731 0.05% 1.57%
Ceatt 170 0.01% 0.36%
Cdair 64 0.00% 0.15%
Clogg 1,254 0.09% 2.68%
Cmini 13,161 0.93%
Cutil 1,133 0.08%
Ccons 36 0.01%
Crmanf 853,071 60.25%
Cwhol 103,534 7.31%
Ctrns 73,741 5.21%
Cinfo 14,510 1.05%
Cfinc 55,155 3.90%
Cland 984 0.07%
Cornt 23,702 1.67%
Cprof 23,175 1.64%
Crmgmit 33,319 2,35%
Cadmw 2,230 0.16%
Ceduc 998 0.07%
Chlth 197 0.01%
Centt 276 0.02%
Chotl 672 0.05%
Coser 253 0.02%
Cgven 402 0.03%
Cundl 165,315 11.89%
Total agriculture 46,710

Total all activities 1,415,979
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Table C.12. Total Value of Imports from the Rest of the U.S. by Com-
modity in the Baseline

Value of imports Percent of total

Commodity i :
[millions of §) All Agriculture

Cgran 474 0.05% 1.18%

Coagr 22,244 2.15% 55.50%

Ceott 4 0.00% 0.01%

Csugr 124 0.01% 0.31%

Cocrp 9,070 0.87% 22.63%

Cdair 6,369 0.61% 15.89%

Clogg 1,796 0.17% 4,48%

Cmini 47,993 4.63%

Cutil 26,055 2.51%

Cecons 33,796 3.26%

Cmanf 493,307 47.58%

Cwhol 3,288 0.32%

Cret| 27.250 2.63%

Ctrns 12,215 1.18%

Cinfo 74,513 7.22%

Cfinc 8,580 0.83%

Cland 70,180 8.77%

Cornt 4,395 0.42%

Cprof 65,480 6.32%

Cmgmit 6,847 0.66%

Cadmw 13,315 1.33%

Ceduc 2,572 0.25%

Chlth 4,145 0.79%

Centt 19,592 1.92%

Chotl 4,704 4.51%

Coser 21,929 2.12%

Cgven 6,522 0.63%

Cuncl 2,356 0.23%

Cgvem 464 0.04%

Total agriculture 114,136

Total all activities 1,036,692
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Table C.13. Total Value of Imports from the Rest of the World by Com-
modity in the Baseline

Value of imports Percent of total

Commodity S ;
[millions of §) All adgriculture

Colsd 120 0.01% 0.42%

Cgran 445 0.02% 1.56%

Coagr 26,245 1.44% 92.11%

Ctobc 73 0.00% 0.26%

Crott 2 0.00% 0.01%

Csugr 1 0.00% 0.00%

Cocrp 727 0.04% 2,55%

Ceatt 689 0.04% 2.42%

Cdair 78 0.00% 0.27%

Clogg 113 0.01% 0.40%

Cmini 297,419 16.28%

Cutil 3,285 0.18%

Cmanf 1,294,600 70.84%

Ctrns 27,275 1.49%

Cinfo 5,193 0.28%

Cfinc 41,084 2.25%

Cornt 274 0.01%

Cprof 13,624 0.75%

Cadmw 140 0.01%

Ceduc 1,004 0.05%

Chlth 279 0.02%

Centt 172 0.01%

Coser 2,964 0.16%

Cuncl 111,617 6.11%

Total agriculture 28,493

Total all activities 1,827,426




Table C.14. Institutional Income in the Baseline

Institution Income in millions %
Households
< 10K 368,737.09
10-15K 267,298.22
15-25K 639,844.93
25-30K 798,477.95
35-50K 1,353,477.60
20-7oK 2,214,855.55
75-100K 1,564,687.87
100 - 150 K 1,645,040.40
> 150K 2,518,409.98
Government
Fed. non-defense 2,526,771.22
Fed. defense 587,974.79
Fed. investment 131,8356.08
State non-education 2,130,839.27
State education 606,456.09
State investment 315,204.56
Investment 5,128,210.73
Inventory 56,957.10
Enterprises 1.055,928.31
Met foreign investment
Rest of the U.S. 2,843,671.00

Rest of the world

25.00
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APPENDIX D

SCENARIO 1

Table D.1. Percentage Changes of Quantities and Prices of Total Produc-
tion by Activity in First Counterfactual Scenario

Activities Quantities Prices
Aolsd -1.789 2.760
Agran -1.914 3.071
Aoagr 1.009 0.299
Atobc -2.426 1.169
Acott -3.060 3.452
Asugr -1.949 3.387
Aocrp -6.447 6.963
Acatt -5.147 10.529
Adair -0.610 0.943
Alogg -0.511 0.958
Amini 0.019 0.085
Autil 0.011 0.066
Acons 0.143 0.110
Amanf -0.082 0.226
Awhol 0.029 0.054
Aretl 0.052 0.050
Atrns 0.002 0.079
Ainfo -0.008 0.066
Afinc 0.025 0.045
Aland 0.013 0.071
Aornt 0.029 0.070
Aprof -0.002 0.048
Amgmt 0.012 0.046
Aadmw 0.012 0.056
Aeduc 0.003 0.051
Ahlth 0.039 0.057
Aentt 0.044 0.066
Ahotl 0.013 0.082
Aoser 0.033 0.062
Agven 0.010 0.073
Agvem -0.271 0.023
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Table D.2. CQO, Offsets by the Carbon Graveyard by Timber Category
and Land Resource Region (LRR) in First Scenario

LRR code Softwood Hardwood

Million MT

D 2.92 0.00
E 4.56 0.00
F 69.65 15.11
G 6.98 49.03
H 0.00 28.70
| 0.00 0.00
] 17.37 S 72
K 19.19 0.00
L 2.21 1.07
Ml 6.68 7.02
M 41.62 14.69
(] 0.80 0.00
P 55.95 0.00
R 0.00 3.59
5 2.63 .00
T 23.15 0.00
u 8.70 0.00

Total 266.01 154.93
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Table D.8. Percentage Changes of Quantities and Prices of Composite

Inputs to the Top Activity Nest in First Counterfactual Scenario

Adtivities Quantities Prices

Value-added Intermediate Land Value-added Intermediate Land
Aolsd -0.468 -0.819 -4.436 0.049 0.759 8.532
Agran -0.448 -0.701 -7.435 0.058 0.570 15.735
Aoagr 1.140 0.918 0.039 0.479
Atobc -1.870 -2.035 -26.852 0.026 0.364 80.013
Acott -1.426 -1.677 -16.434 0.050 0.563 29.215
Asugr -0.325 -0.496 -12.976 0.044 0.388 31.247
Aocrp -3.260 -3.473 -20.520 0.032 0.475 48.198
Acatt -0.303 -2.644 -27.201 0.048 4.918 87.642
Adair -0.174 -0.836 -18.608 0.062 1.403 50.522
Alogg -0.329 -0.428 -1.050 0.041 0.538 3.739
Amini 0.037 -0.004 0.051 0.132
Autil 0.015 0.002 0.057 0.083
Acons 0.186 0.114 0.025 0.168
Amanf 0.011 -0.112 0.039 0.285
Awhol 0.039 0.014 0.034 0.084
Aretl 0.061 0.037 0.032 0.080
Atrns 0.025 -0.024 0.034 0.131
Ainfo 0.004 -0.015 0.043 0.081
Afinc 0.030 0.020 0.037 0.055
Aland 0.021 -0.010 0.057 0.117
Aornt 0.030 0.026 0.066 0.076
Aprof 0.008 -0.018 0.027 0.079
Amgmt 0.019 0.001 0.033 0.069
Aadmw 0.025 -0.010 0.0321 0.100
Aeduc 0.016 -0.015 0.025 0.088
Ahlth 0.054 0.015 0.028 0.106
Aentt 0.060 0.031 0.034 0.093
Ahotl 0.037 -0.011 0.034 0.130
Aoser 0.049 0.016 0.030 0.096
Agven 0.036 -0.007 0.021 0.109
Agvem -0.271 0.028
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Table D.9. Percentage Changes of Quantities and Prices of Factors Used
by Activities in First Counterfactual Scenario

Activities Quantities Prices
Labor Capital Labor Capital

Aolsd -0.455 -0.476 0.021 0.065
Agran -0.431 -0.453 0.021 0.069
Aoagr 1.148 1.127 0.021 0.069
Atobc -1.868 -1.889 0.021 0.069
Acott -1.413 -1.434 0.021 0.065
Asugr -0.214 -0.236 0.021 0.069
Aocrp -3.255 -3.276 0.021 0.069
Acatt -0.291 -0.212 0.021 0.069
Adair -0.155 -0.177 0.021 0.069
Alogg -0.320 -0.342 0.021 0.069
Amini 0.050 0.029 0.021 0.069
Autil 0.031 0.010 0.021 0.065
Acons 0.187 0.166 0.021 0.069
Amanf 0.019 -0.002 0.021 0.069
Awhol 0.045 0.023 0.021 0.069
Aretl 0.066 0.044 0.021 0.069
Atrns 0.030 0.009 0.021 0.063
Ainfo 0.014 -0.008 0.021 0.069
Afinc 0.037 0.015 0.021 0.063
Aland 0.037 0.015 0.021 0.069
Aornt 0.051 0.029 0.021 0.063
Aprof 0.011 -0.010 0.021 0.069
Amgmt 0.024 0.002 0.021 0.065
Aadmw 0.029 0.008 0.021 0.069
Aeduc 0.018 -0.003 0.021 0.069
Ahlth 0.057 0.036 0.021 0.069
Aentt 0.066 0.044 0.021 0.065
Ahotl 0.043 0.021 0.021 0.069
Aoser 0.053 0.032 0.021 0.069
Agven 0.036 0.015 0.021 0.069
Agvem -0.268 -0.289 0.021 0.069
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Table D.12. Percentage Changes of Prices and Quantities of Exported
Commodities in First Counterfactual Scenario

Quantities Prices

Commodity Rest of Rest of Rest of Rest of

theworld the U.5. theworld the U.5.
Colsd -1.891 -1.891 2.701 2.701
Cgran -2.144 -2.144 3.002 3.062
Coagr 0.003 0.003 -0.004 -0.004
Ctobc -0.806 -0.806 1.152 1.152
Cecott -2.527 -2.527 3.610 3.610
Csugr -2.331 -2.331 3.330 3.330
Cocrp -5.708 -5.708 8.154 8.154
Ccatt -b.854 -6.854 9.791 9.791
Cdair -0.656 -0.656 0.937 0.937
Clogg -0.642 -0.642 0.917 0.917
Cmimi -0.036 -0.036 0.051 0.051
Cutil -0.034 -0.034 0.048 0.048
Ccons -0.029 -0.029 0.041 0.041
Cmanf -0.142 -0.142 0.202 0.202
Cwhol -0.023 -0.023 0.033 0.033
Cretl -0.016 0.023
Ctrns -0.042 -0.042 0.061 0.061
Cinfo -0.040 -0.040 0.057 0.057
Cfinc -0.019 -0.019 0.027 0.027
Cland -0.036 -0.036 0.052 0.052
Cornt -0.032 -0.032 0.046 0.046
Cprof -0.027 -0.027 0.038 0.038
Cmgmt -0.023 -0.023 0.032 0.032
Cadmw -0.028 -0.028 0.040 0.040
Ceduc -0.028 -0.028 0.039 0.039
Chith -0.023 -0.023 0.034 0.034
Centt -0.030 -0.030 0.042 0.042
Chotl -0.042 -0.042 0.061 0.061
Coser -0.027 -0.027 0.038 0.038
Cgven -0.042 0.060
Cuncl -0.016 -0.016 0.023 0.023
Cgvem -0.075 0.107
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Table D.13. Percentage Changes of Prices and Quantities of Imported
Commodities in First Counterfactual Scenario

Quantities FOB Prices

Commodity Rest of Rest of Rest of Rest of

the world the U.5. theworld the U.5.
Colsd 0.957 1.914
Cgran 1.071 1.071 2.142 2.142
Coagr 0.276 0.276 0.551 0.551
Ctobc 0.408 0.815
Cecott 1.208 1.208 2.415 2.415
Csugr 1.137 1.137 2.274 2.274
Cocrp 2.017 2.017 4.033 4.033
Ccatt 3.443 0.886
Cdair 0.295 0.295 0.591 0.591
Clogg 0.310 0.310 0.620 0.620
Cmimi 0.037 0.037 0.075 0.075
Cutil 0.030 0.030 0.060 0.060
Ccons 0.070 0.140
Cmanf 0.087 0.087 0.174 0.174
Cwhol 0.030 0.060
Cretl 0.030 0.059
Ctrns 0.036 0.036 0.071 0.071
Cinfo 0.028 0.028 0.057 0.057
Cfinc 0.024 0.024 0.048 0.048
Cland 0.032 0.064
Cornt 0.034 0.034 0.069 0.069
Cprof 0.019 0.019 0.039 0.039
Cmgmt 0.023 0.046
Cadmw 0.025 0.025 0.051 0.051
Ceduc 0.022 0.022 0.045 0.045
Chith 0.030 0.030 0.060 0.060
Centt 0.033 0.033 0.066 0.066
Chotl 0.037 0.074
Coser 0.032 0.032 0.064 0.064
Cgven 0.036 0.071
Cuncl 0.027 0.027 0.055 0.055
Cgvem -0.033 -0.067




223

Table D.14. Percentage Changes of Institutional Incomes in First Coun-
terfactual Scenario

Institution % change
Households
<10K 0.202
10- 15K 0.159
15- 25K 0.130
25-35K 0.110
35-50K 0.103
50-T75K 0.086
75- 100K 0.084
100- 150K 0.083
=150 K 0.147
Government
Fed. non-defense 0.174
Fed. defense 0.151
Fed. investment 0.117
State non-education 0.160
State education 0.155
State investment 0.149
Investment 0.356
Inventory 0.621
Enterprises 0.518
Met foreign investment
Rest of the U.S. 33,992.395

Rest of the world 0.256
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APPENDIX E

SCENARIO 2

Table E.1. Percentage Changes of Quantities and Prices of Total Produc-
tion by Activity in Second Counterfactual Scenario

Activities Quantities Prices
Aolsd -0.104 0.262
Agran -0.193 0.418
Aoagr 1.100 0.102
Atobc -0.110 0.158
Acott -0.460 0.518
Asugr -0.217 0.486
Aocrp -0.923 0.982
Acatt -1.077 2.231
Adair -0.044 0.200
Alogg 11.767 9.533
Amini 0.053 0.071
Autil 0.006 0.080
Acons 0.136 0.045
Amanf 0.066 0.027
Awhol 0.053 0.050
Aretl 0.039 0.051
Atrns 0.035 0.049
Ainfo -0.008 0.059
Afinc 0.019 0.054
Aland 0.002 0.080
Aornt 0.016 0.082
Aprof 0.046
Amgmt 0.036 0.050
Aadmw 0.016 0.048
Aeduc -0.016 0.047
Ahlth 0.033 0.046
Aentt 0.026 0.053
Ahotl 0.020 0.053
Aoser 0.040 0.048
Agven 0.045 0.046
Agvem -0.303 0.041
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Table E.2. CO5; Offsets by the Carbon Graveyard by Timber Category
and Major Land Resource Area (MLRA) in Second Scenario

MLRA code  Softwood  Hardwood MLRA code Softwood  Hardwood
Million MT Million MT
MLRADLS 0.190 - MLEALGA 0.004 -
MLRADGE 0.013 - MLRALB7 0.054 -
MLRADGT 0.339 - MLRAZ0E8 1177 -
MLRAOT2 - 0.140 MLRA210 1.508 -
MLRADTS 39.885 - MLEAZ11 3.417 -
NLRADSA - 1.582 MLRA212 4.206 -
MLRADES - 3.533 MLRAZ19 1.251 -
NMLRADSE - 0.436 MLRA221 0.988 -
MLRADES - 0.954 MLRAZ24 2.722 -
MLRAOSL - 2.464 MLRAZ225 0.792 -
MLRADST 1.580 - MLRAZ2T 0.049 -
MLRAL1S - 2.956 MLRAZ223 0.452 -
MLRAL19 - 2.025 MLRAZ3S 8.009 -
MLRAL37 - 1.194 MLRAZ238 1.029 -
MLEALAT 9.470 - MLRAZ39 1.298 -
MLRA143 2.833 - MLRA240 3.159 -
MLEALS2 1.702 - MLERAZ241 0.224 -
MLRAL53 0.134 - MLRA242 0.077 -
MLRALSE 0.237 - MLRAZSE 8.101 -
MLRALST 0.120 - MLRAZSE 0.240 -
MLRALGO 0.017 - MLRAZS9 0.144 -
MLERALGL 0.170 - MLEAZ260 0.617 -
MLRALGZ 0.089 - MLRAZES 1.162 -
MLRALGS 0.108 - MLEAZ266 1.941 -
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Table E.3. CO, Offsets by the Carbon Graveyard by Land Resource Re-
gion (LRR) in Second Scenario

LRR code Softwood Hardwood
Million MT
0.19 -
0.57 -
39.89 0.14
1.58 8.97
- 4.98

12.30 1.19
2.58 =
0.05 =

16.56 =

13.80 =

S v m w02 =rr®—=IO0O=mm~©QO

9.10 :
3.10 .
Total 99.72 15.28

=
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Table E.8. Percentage Changes of Quantities and Prices of Composite
Inputs to the Top Activity Nest in Second Counterfactual Scenario

PR Quantities Prices

Value-added Intermediate Land Value-added Intermediate Land
Aolsd -0.010 -0.039 -0.292 0.073 0.132 0.641
Agran -0.027 -0.048 -0.874 0.086 0.128 1.803
Aoagr 1.122 1.085 0.058 0.132
Atobc -0.050 -0.081 -2.732 0.038 0.100 5.674
Acott -0.239 -0.267 -2.567 0.074 0.131 4,913
Asugr -0.007 -0.027 -1.826 0.065 0.105 3.809
Aocrp -0.462 -0.498 -3.306 0.047 0.121 6.020
Acatt -0.016 -0.462 -7.669 0.071 0.970 17.348
Adair 0.011 -0.073 -2.012 0.091 0.259 4,267
Alogg 13.808 14.929 0.433 0.061 -4,728 86.955
Amini 0.051 0.056 0.075 0.065
Autil 0.005 0.009 0.084 0.074
Acons 0.141 0.133 0.036 0.051
Amanf 0.051 0.071 0.057 0.018
Awhol 0.053 0.052 0.049 0.052
Aretl 0.041 0.036 0.047 0.057
Atrns 0.034 0.035 0.050 0.049
Ainfo -0.010 -0.006 0.064 0.055
Afinc 0.019 0.019 0.054 0.054
Aland 0.007 0.083 0.069
Aornt 0.008 0.029 0.098 0.057
Aprof 0.003 -0.005 0.040 0.055
Amgmt 0.037 0.034 0.048 0.054
Aadmw 0.018 0.014 0.045 0.052
Aeduc -0.010 -0.023 0.036 0.061
Ahlth 0.035 0.029 0.041 0.054
Aentt 0.028 0.025 0.030 0.057
Ahotl 0.022 0.018 0.050 0.056
Apser 0.042 0.037 0.044 0.053
Agven 0.052 0.040 0.031 0.057
Agvem -0.303 0.041
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Table E.9. Percentage Changes of Quantities and Prices of Factors Used
by Activities in Second Counterfactual Scenario

R Quantities Prices
Labor Capital Labor Capital
Aolsd 0.009 -0.022 0.021 0.101
Agran -0.002 -0.034 0.031 0.101
Aoagr 1.134 1.102 0.021 0.101
Atobc -0.047 -0.073 0.031 0.101
Acott -0.220 -0.251 0.021 0.101
Asugr 0.008 -0.023 0.031 0.101
Aocrp -0.454 -0.486 0.021 0.101
Acatt 0.003 -0.023 0.031 0.101
Adair 0.033 0.006 0.031 0.101
Alogg 13.823 13.787 0.021 0.101
Amini 0.071 0.039 0.031 0.101
Autil 0.028 -0.003 0.021 0.101
Acons 0.143 0.112 0.031 0.101
Amanf 0.063 0.0321 0.021 0.101
Awhol 0.061 0.030 0.031 0.101
Aretl 0.048 0.016 0.031 0.101
Atrns 0.043 0.011 0.031 0.101
Ainfo 0.004 -0.027 0.031 0.101
Afinc 0.030 -0.002 0.031 0.101
Aland 0.024 -0.008 0.031 0.101
Aornt 0.038 0.006 0.031 0.101
Aprof 0.007 -0.025 0.031 0.101
Amgmt 0.044 0.013 0.031 0.101
Aadmw 0.024 -0.007 0.031 0.101
Aeduc -0.008 -0.039 0.021 0.101
Ahlth 0.039 0.008 0.031 0.101
Aentt 0.036 0.005 0.021 0.101
Ahotl 0.030 -0.002 0.031 0.101
Aoser 0.048 0.016 0.021 0.101
Agven 0.053 0.021 0.031 0.101
Agvem -0.298 -0.330 0.031 0.101
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Table E.12. Percentage Changes of Prices and Quantities of Exported
Commodities in Second Counterfactual Scenario

Quantities Prices

Commodity Rest of Rest of Rest of Rest of

theworld the U.S. theworld the U.S.
Colsd -0.166 -0.166 0.237 0.237
Cgran -0.276 -0.276 0.395 0.395
Coagr 0.161 0.161 -0.231 -0.231
Ctobc -0.095 -0.095 0.136 0.136
Ccott -0.378 -0.378 0.540 0.540
Csugr -0.320 -0.320 0.458 0.458
Cocrp -0.857 -0.857 1.225 1.225
Ccatt -1.460 -1.460 2.086 2.086
Cdair -0.120 -0.120 0.172 0.172
Clogg 10.449 10.449 -13.879 -13.879
Cmini -0.029 -0.029 0.042 0.042
Cutil -0.041 -0.041 0.058 0.028
Ccons 0.005 0.005 -0.007 -0.007
Cmanf -0.001 -0.001 0.001 0.001
Cwhol -0.016 -0.016 0.023 0.023
Cretl -0.019 0.027
Ctrns -0.019 -0.019 0.028 0.028
Cinfo -0.035 -0.035 0.050 0.050
Cfinc -0.025 -0.025 0.035 0.035
Cland -0.043 -0.043 0.062 0.062
Cornt -0.042 -0.042 0.059 0.059
Cprof -0.025 -0.025 0.036 0.036
Cmgmt -0.020 -0.020 0.028 0.028
Cadmw -0.023 -0.023 0.032 0.032
Ceduc -0.028 -0.028 0.040 0.040
Chith -0.019 -0.019 0.027 0.027
Centt -0.024 -0.024 0.034 0.034
Chaotl -0.024 -0.024 0.035 0.035
Coser -0.018 -0.018 0.025 0.025
Cgven 0.008 -0.011
Cuncl -0.015 -0.015 0.021 0.021
Cgvem -0.089 0.127
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Table E.13. Percentage Changes of Prices and Quantities of Imported
Commodities in Second Counterfactual Scenario

Quantities FOB Prices

Commodity Rest of Rest of Rest of Rest of

the world the U.5. theworld the U.5.
Colsd 0.105 0.211
Cgran 0.174 0.174 0.348 0.348
Coagr 0.234 0.234 0.468 0.468
Ctobc 0.070 0.139
Ccott 0.181 0.181 0.362 0.362
Csugr 0.178 0.178 0.336 0.356
Cocrp 0.339 0.339 0.679 0.679
Ccatt 0.755 1.509
Cdair 0.077 0.077 0.154 0.154
Clogg -4.067 -4.067 -8.010 -8.010
Cmimni 0.045 0.045 0.091 0.091
Cutil 0.037 0.037 0.074 0.074
Ccons 0.042 0.033
Cmanf 0.029 0.029 0.058 0.058
Cwhol 0.033 0.066
Cretl 0.028 0.056
Ctrns 0.029 0.029 0.059 0.059
Cinfo 0.025 0.025 0.049 0.043
Cfinc 0.027 0.027 0.053 0.053
Cland 0.034 0.068
Cornt 0.037 0.037 0.075 0.075
Cprof 0.019 0.019 0.039 0.039
Cmgmt 0.030 0.059
Cadmw 0.023 0.023 0.046 0.046
Ceduc 0.018 0.018 0.036 0.036
Chith 0.024 0.024 0.049 0.049
Centt 0.027 0.027 0.053 0.053
Chotl 0.026 0.052
Coser 0.027 0.027 0.055 0.055
Cgven 0.009 0.018
Cuncl 0.028 0.028 0.056 0.056
Cgvem -0.033 -0.067
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Table E.14. Percentage Changes of Institutional Incomes in Second Coun-
terfactual Scenario

Institution % change
Households
<10 K 0.138
10- 15K 0.110
15-25K 0.093
25-35K 0.080
35-50K 0.076
50-75K 0.066
75-100 K 0.065
100- 150K 0.064
=150 K 0.102
Government
Fed. non-defense 0.121
Fed. defense 0.105
Fed. investment 0.082
State non-education 0.117
State education 0.113
State investment 0.109
Investment 0.235
Inventory 0.088
Enterprises 0.321
Met foreign investment
Rest of the U.S. 1,152.183

Rest of the world 0.161




