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SECTION 1 : BACKGROUND
1 CHAPTER 1: INTRODUCTION

This report describes the structure of the Forest and Agricultural Sector Optimization
Model—Green House Gas version (FASOMGHG), a dynamic, nonlinear programming model
of the forest and agricultural sectors in the United States (US). The model simulates the
allocation of land over time to competing activities in both the forest and agricultural sectors and
the resultant consequences for the commodity markets supplied by these lands and, importantly
for policy purposes underlying the development of this model, the net greenhouse gas (GHG)
emissions. The model was developed to evaluate the welfare and market impacts of public
policies that cause land transfers between the sectors and alterations of activities within the
sectors. To date, FASOMGHG and its predecessor model FASOM have been used to examine
the effects of GHG mitigation policy, climate change impacts, public timber harvest policy,
federal farm program policy, biofuel prospects, and pulpwood production by agriculture. It can

also aid in the appraisal of a wider range of forest and agricultural sector policies.

This report describes the structure of the FASOMGHG model in several levels of detail.
Primary attention is devoted to the description of the model structure with alternative levels of
detail:

McCarl note this needs to be updated to reflect full document when it is done it should

correspond to the structure of the document

e Conceptual description of FASOMGHG model scope

e Economic description of FASOMGHG sectoral function

e Description of GHG modeling

e Detailed sectoral-specific description of modeling approach

e Operational description of approaches used to ensure tractability
e Description of model implementation in precise GAMS terms (see Appendix A)
e In addition we present material on the following subjects

e Origins and evolution of FASOMGHG

e Data specification approaches

e Broad categorizations of model output

e Policy applications to date and a review of findings

e Future plans

The report is divided into xxx text sections and four appendices. Following this

Background section, the next section provides an overview of the major features of the model,
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such as the regional delineation and the basic structure of the forest, agricultural, and carbon
accounting sectors in the model. The third text section describes the outputs of the FASOMGHG
model, discusses how the model can be used to evaluate alternative policies for mitigating
GHGs, and outlines potential future directions for the model. Appendix A contains additional
detail on the scope of the agricultural model and Appendix B contains additional detail on the
scope of the forest model. Appendix C provides a description of the computer program and data
file structure for the FASOMGHG modeling system as a whole. Appendix D contains a detailed
listing of the outputs of the model.
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2 CHAPTER 2: ORIGINS OF AND NEW FEATURES IN FASOMGHG

FASOMGHG is an outgrowth of a number of previous lines of work:

e Agricultural Sector Modeling for environmental appraisal involving the Agricultural
Sector Model (ASM) in its US Environmental Protection Agency (EPA), USDA Natural
Resource Conservation Service (NRCS) and USDA Economic Research Service (ERS)
supported applications to environmental and farm policy issues.

e Models of the US and Canadian forest sectors developed for the US Department of
Agriculture (USDA) Forest Service’s Resource Planning Act (RPA) Assessment process.

e USDA Forest Service efforts to examine the carbon sequestration consequences of
changes in forest management using the FORCARB modeling system.

e Earlier EPA-supported efforts on the precursor to FASOMGHG - FASOM -that were
motivated by the insight that the existing Forest Service Timber Assessment Market
Model (TAMM) and ASM could neither simultaneously function together, nor
adequately accommodate the dynamic and producer expectation issues raised by
intersectoral land movement.

e Earlier EPA, USDA-Consortium for Agricultural Soils Mitigation of GHGs program
(CASMGS), US Department of Energy (DOE)-- Carbon sequestration in terrestrial
ecosystems program(CSiTE), and DOE--Office of Science- supported efforts to model
agricultural GHG mitigation possibilities via a variety of sequestration, emission
reduction, and biofuels-related possibilities.

e EPA-sponsored work to examine GHG mitigation “project-level” issues such as
permanence, leakage, additionality, uncertainty, transactions costs, reversal and
saturation.

Collectively all of these efforts came together in the form of a project to create
FASOMGHG that involved participants from Texas A&M University, EPA, RTI International
(RTI), Oregon State University, and USDA--Forest Service, along with important advice from
numerous others. This project yielded a number of new features, an improved computer
implementation and this document. Previously the only document that drew these components
together was the PhD dissertation at Texas A&M by Lee (2002).

2.1 Brief review of predecessor projects

Below, we briefly review the main efforts and contributions of each of these lines of
work to the overall FASOMGHG model.
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2.1.1 ASM Modeling, Environmental and Farm Policy Analysis

One of the primary roots of FASOMGHG involves efforts by McCarl and colleagues to
use sector modeling to appraise the economic and environmental implications of environmental
and agricultural policy-related developments within the agricultural sector. This work began
initially at Purdue University, was carried on later at Oregon State University, and eventually at
Texas A&M University. The project originally began in the context of a cooperative agreement
with USDA supporting a thesis by Baumes (1978). The model, hereafter called ASM, was
subsequently improved for pesticide analysis by Burton (1982), as reported in Burton and Martin
(1987). It was documented by Chattin et al. (1978), Adams et al. (1984), and Chang et al. (1992).
Component documentation has appeared in McCarl and Spreen (1980), McCarl (1982), and
Hamilton et al. (1985). In the late 1970s, ASM began to be used for environmental and resource
analysis, first on biofuels (Tyner et al., 1979; Chattin, 1982; Hickenbotham, 1987), then on
ozone (Hamilton, 1985; Adams et al., 1984), acid rain (Adams et al., 1993), soil conservation
policy (Chang et al., 1994), global climate change (Adams et al., 1988, 1990, 1999, 2001;
MccCarl, 1999; Reilly et al., 2000, 2002), and climate change mitigation (Adams et al., 1993;
McCarl and Schneider, 2001). It has also been used extensively for research evaluation (Tanyeri-
Abur, 1990; Coble et al., 1992; Chang et al., 1991). A variant of the model has been adapted and
used for about 20 years by the USDA Economic Research Service (House, 1987; Heimlich et al.,
1998). ASM is incorporated into FASOMGHG, as will be discussed below.

The ASM model is a spatially disaggregated agricultural sector model representing the
US in terms of 63 production regions and 10 market regions depicting trade with a number of
foreign countries. ASM depicts production in an equilibrium year and is thus an intermediate run

model giving implications for policy after it has been fully worked into the sector.

The FASOMGHG concept in part came out of the recognized limitations of an ASM
study that was designed to examine issues regarding joint forestry and agricultural climate
change mitigation (Adams et al., 1993). That study provided estimates of: (a) costs of
sequestering carbon that took into account the increases in agricultural prices when agricultural
crops were displaced by trees, and (b) impacts of different size programs on both the total and
the distribution of the consumers' and producers’ welfare in the agricultural sector. The study
showed that harvesting the trees used to sequester carbon had the potential to greatly depress

regional stumpage prices in the US.

That analysis incorporated forestry in terms of annualized equilibrium production

budgets, containing a forestry representation with average (over time) wood product yields and
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also average costs. Such assumptions were required to reflect forestry production possibilities
within the ASM static single-year equilibrium representation. An important limitation thereof is
that there is no modeling of the dynamics of tree growth and timber harvesting decision making
(i.e., trees were assumed to be harvested in a uniform, steady state fashion, and harvest age was
not endogenous). Such assumptions do not adequately reflect a number of dynamic issues
involved with land allocations to forestry versus agriculture. In turn, it was decided to develop a
model that could depict such dynamics and FASOMGHG eventually arose.

212 Forest Service RPA Models

The basic structure of the forest sector was drawn from the family of models developed
to support the US Forest Service's decennial RPA Timber Assessment process: TAMM (Timber
Assessment Market Model; Adams and Haynes, 1980, 1996; Haynes, 2003), NAPAP (North
American Pulp and Paper model; Ince 1994; Zhang et al 1993, 1996), ATLAS (Aggregate
Timberland Assessment System; Mills and Kincaid, 1992), and AREACHANGE (Alig et al.
2003, 2004). Timber inventory data and estimates of current and future timber yields were taken
in large part from the ATLAS input used for the 2000 RPA Timber Assessment (Haynes, 2003).
The AREACHANGE models provide timberland area and forest type allocations to the ATLAS
model. TAMM and NAPAP are “myopic” market projection models (they project ahead one
period at a time) of the solid wood and fiber products sectors in the US and Canada. They treat
markets at the wholesale product level (e.g., softwood lumber, softwood plywood, newsprint,
linerboard, etc.) using econometric demand relations and a mix of econometric and activity
analysis representations of supply. Log and timber demand relations are derived using fixed
coefficients production representations. Timber supply functions (for sawtimber and pulpwood)
are based on econometric analysis of historical harvest behavior by region and private owner
class. Between annual market projections (supply-demand balance), both models update
estimates of quasi-fixed capital stock (processing capacity) using either accelerator or Tobin's q
approaches. Total harvest for all products is sent to ATLAS, which updates the timber inventory
for removals and growth. ATLAS employs Johnson and Scheurman's (1977) "type II" format to
represent the intertemporal development of timberland managed on an even-aged basis (using
clearcuts) and their "type I" form for partially cut or selectively managed lands. In ATLAS,
harvested lands are regenerated (grown) according to exogenous assumptions regarding the
intensity of management and associated yield volume changes. The timberland base is adjusted
for gains and losses projected over time by the AREACHANGE models, including afforestation

of the area moving from agriculture into forestry.
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The earliest version of the FASOM model considered only the log market. Secondary
products (such as lumber or newsprint) were not explicitly represented, although the impacts of
changes in the markets for those products were implicit in the shifts in log demand. Log demand
relations were based on projections of the TAMM and NAPAP models. ATLAS provided the
inventory and management input data but with a compressed set of management intensity
options. The current FASOMGHG, in contrast, includes the full set of TAMM and NAPAP
product, log, and stumpage markets. Product demand relations were extracted directly from the
latest versions of TAMM and NAPAP, as were product supply relations for the solid wood
products (such as lumber) and all product conversion coefficients for both solid wood and fiber
commodities. Trade between the US and Canada in all major classes of wood products is
endogenous and subject to the full array of potential trade barriers and exchange rates. Timber
supply also uses nearly the full set of management intensity options available in ATLAS (e.g.,
for the South, seven planted pine management intensity classes directly from ATLAS), and the

selection of management intensity is endogenous.

2.1.3 Forest Service FORCARB Modeling System

The forest carbon accounting component of FASOMGHG is largely derived from the
Forestry Carbon (FORCARB) modeling system. FORCARB is an empirical model of forest
carbon budgets simulated across regions, forest types, land classes, forest age classes, ownership
groups, and carbon pools. The USDA Forest Service uses FORCARB, in conjunction with
economic forest sector models (e.g., TAMM, NAPAP, ATLAS, and AREACHANGE) to
estimate the total amount of carbon stored in US forests over time as part of the Forest Service’s
ongoing assessment of forest resources in general (i.e., pursuant to the RPA) and forest carbon
sequestration potential in particular (Joyce 1995, Joyce and Birdsey 2000). Deriving
FASOMGHG’s forest carbon accounting structure from FORCARB ensures that forest carbon
estimates from FASOMGHG can be analyzed and compared with ongoing efforts by the USDA
Forest Service to estimate and project forest carbon estimates at the national level. It also enables
FASOMGHG to be updated over time as the FORCARB system evolves to incorporate

improved science.

FORCARB?’s in-forest carbon pool (trees, understory, litter, and soil) allocations were
initially developed by researchers from the USDA Forest Service and colleagues in the mid-
1990s (Plantinga and Birdsey, 1993; Birdsey and Heath, 1995; Birdsey, 1996). These model
components have been modified in recent years via ongoing work by Smith et al. (2003) and
Smith and Heath (2002). In addition, FORCARB tracks carbon stored in harvested wood

products at and after the time of harvest. The wood product accounting component of
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FORCARB was originally based on the work of Row and Phelps (1991) but has been modified
based on the work of Skog and Nicholson (2000).

214 First Generation of FASOM

Development of the initial version of the FASOM model was motivated in part by the
desire to project the carbon flux impacts of large areas of forest plantations resulting from
hypothetical programs of afforestation on marginal agricultural lands. If trees on these afforested
lands could be harvested for timber products, expected future prices in the forest sector would be
affected, together with private owners' desires to hold timber stock and invest in the management
of future timber stands. Future timber market changes would likely feed back to current
decisions via price expectations. Similarly, the removal of large areas of agricultural land from
production would presumably have some impact on farmers' cropping and land use decisions
through changes in expected future agricultural prices. In their original forms, neither ASM nor
TAMM included mechanisms for explaining intertemporal land management investments or the
impacts of changing price expectations on investment behavior. And, since the models were
independent, partial-equilibrium systems, there were no opportunities to reflect countervailing

cross-sectoral price movements resulting from land shifts between the sectors.

The initial FASOM model addressed these limitations by linking a simple intertemporal
model of the forest sector with a version of the ASM model in a dynamic framework, allowing
some portion of the land base in each sector to be shifted to the alternative use. Land could
transfer between sectors based on its marginal profitability in all alternative forest and
agricultural uses over the time horizon of the model. Management investment decisions,
including harvest timing in forestry, in both sectors were made endogenous, so they too would be
based on the expected profitability of an additional dollar spent on expanding future output (both

timber and carbon, if valued monetarily).

FASOM assumes intertemporal optimizing behavior by economic agents. The decision to
continue growing a stand rather than harvesting it now is based on a comparison of the net
present value of timber harvests from future periods and any GHG offsets obtained (not
harvesting now) versus the net present value of harvesting now and replanting (or not replanting
and shifting the land to agricultural use). Similarly, the afforestation decision would keep land in
agriculture if it had a greater net present value there than in forestry, including any GHG
monetary returns. This process establishes a land price equilibrium across the two sectors and,
given the land base interaction, a link between contemporaneous commodity prices in the two

sectors as well.
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2.15 Agricultural Greenhouse Gas Mitigation Modeling—ASMGHG

While FASOM began work with GHG mitigation, it was basically limited in scope in
coverage and response options. More specifically, FASOM only involved carbon stocks
associated with trees, and wood products and to a lesser extent with land use change by
incorporating an average level of carbon in forest and pasture land uses. Such an approach was
not reflective of the spectrum of agricultural possibilities for GHG management. As a result, an
EPA-funded project arose to widen the agricultural coverage of GHG management alternatives.
This project manifested itself in the dissertation by Schneider (2000) and in the paper by McCarl
and Schneider (2001) which expanded the ASM model as discussed earlier to include a detailed
set of agricultural-related GHG management possibilities. That work expanded ASM to
incorporate tillage change, land use exchange between pasture and crops, afforestation,
fertilization alternatives, enteric fermentation, manure management, biofuels, fossil fuel use
reduction, and rice land manipulation were included as well as a multigas framework. The
resulting model was labeled ASMGHG. Again, the static equilibrium nature of ASMGHG and
ASM omitted any modeling of the dynamic aspects of, particularly, the sequestration related
strategies (forest and tillage) but also the dynamic market penetration restrictions caused by

needed capital stock alterations to employ biofuels.

2.1.6 Original FASOMGHG by Lee

Given the dynamic and forest carbon sequestration coverage and the agricultural
coverage in ASMGHG, it was decided to merge the agricultural alternatives into the
FASOMGHG structure. This was manifest in the first version of FASOMGHG that was built in
the context of Lee’s dissertation (2002). In that work, the agricultural model was expanded to
have all the GHG management alternatives in ASMGHG with the additional coverage of
dynamics. In particular, features were introduced for agricultural tillage options, wherein
sequestration gains were only assumed to occur for 20 years, which is a simplification of the true
soil dynamics believed to occur. Features were also introduced for biofuels reflective of the need

to adapt power plants to biomass fuel usage.

2.1.7 Project-Level GHG Mitigation Issues

While the work was proceeding on FASOMGHG, there was emerging interest stimulated
by US GHG policy to begin to look at GHG mitigation potential at the project (site) level, rather
than at the national level. GHG projects could, in principle, be part of a network of voluntary
programs or limited scale GHG cap-and-trade across sectors. In that context, attention was

devoted toward the issues of project transactions cost, economic incentives above and beyond
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cost differences, and possible reductions of project credits (discounts) for leakage of GHGs
outside the project boundaries, possible impermanence of GHG benefits, non-additionality of

project benefits, and uncertainty of project GHG outcomes.

2.2 New developments in this FASOMGHG version

Given the seven different endeavors above, an update of FASOMGHG was undertaken in

2004 which led to the version documented herein. The main revisions in that effort were

e updating of the biophysical and economic data,

e complete restructuring of the computer implementation

e expansion in the forest sector to include product as well as log markets,

¢ incorporation of wood products processing,

e expansion of the scope of agricultural sector GHG emission source and mitigation
strategy coverage,

e improvement of the modeling of agricultural carbon sequestration dynamics,

e updating of the standing forest and wood product carbon accounting,

e addition of carbon accounting related to forest use of fossil fuels

e alteration of the model time step from 10 to five years, and

e improvement of model execution time characteristics.
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SECTION 2 FOUNDATIONS

28



3 CHAPTER 3 CONCEPTUAL SCOPE OF FASOMGHG

Examining the role of forest and agricultural GHG mitigation in a dynamic setting

requires an analytical framework that can depict the time path and GHG consequences of

forestry and agricultural activity. FASOMGHG combines, for the US, component models of

agricultural crop and livestock production, livestock feeding, agricultural processing, log

production, forest processing, carbon sequestration, CO,/non-CO, GHG gas emissions, wood

product markets, agricultural markets, GHG payments, and land use to systematically capture the

rich mix of biophysical and economic processes that will determine the technical, economic, and

environmental implications of policy changes, climate change, and/or GHG mitigation

opportunities.

Operationally, FASOMGHG is a multiperiod, intertemporal, price-endogenous,

mathematical programming model depicting land transfers and other resource allocations

between and within the agricultural and forest sectors in the US. The model solution portrays

simultaneous market equilibrium over an extended time, typically 70 to 100 years on a five year

time step basis. The results from FASOMGHG yield a dynamic simulation of prices, production,

management, consumption, GHG effects, and other environmental and economic indicators

within these two sectors, under the scenario depicted in the model data.

FASOMGHG’s key endogenous variables include:

e commodity and factor prices,
e production, consumption, export and import quantities,
e land use allocations between sectors,
e management strategy adoption,
e resource use,
e economic welfare measures,
-- producer and consumer surplus,
-- transfer payments,
-- net welfare effects,

e environmental impact indicators,

-- GHG emission/absorption of carbon dioxide (CO;), methane (CH,4), and nitrous

oxide (N,0)

- surface, subsurface, and groundwater pollution for nitrogen, phosphorous, and

soil erosion.

In the following sections we provide initial details on the overall scope of FASOMGHG

in terms of resources, production, processing, and commodity flows; land coverage; geographic
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scope; market modeling; land allocation; GHG treatment; biofuels; use of a baseline;

environmental indicators; dynamic scope; dynamic yield, cost, and demand updating.

3.1 Resources, Production, Processing, and Commaodity Flows

The basic conceptual framework of FASOMGHG is presented below (Figure 3-1).
Land, water, labor, and national inputs (fertilizer, capital, etc.) resources are used by forest, crop
(including biofuels feedstock), and livestock production. In turn, the raw, primary commodities
are produced and some move directly to markets while others move to processing making
secondary commodities, direct feeding, or are blended into blended feeds. In turn, then the
primary, secondary, biofuel feedstock, and blended feeds go to domestic demand, biofuels

production, exports, or livestock feeding. In addition, imports enter the market place.

Figure 3-1. Overview of basic features modeled

Removed to figures file

3.2 Commaodity Scope

There are several major groupings of agricultural and forest commodities depending on
the sector, whether they are raw, processed, mixed for livestock feed or biofuels relevant. These

commodity groups are

e Raw crop, livestock, forestry, and biofuel feedstock primary commodities grown on the
land (Table 3-1).

e Processed, secondary commodities made from the raw crop, livestock, and wood
products (Table 3-2)

e Energy products made from biofuel feedstocks (also in Table 3-2)

e Blended feeds for livestock consumption (Table 3-3)

Agriculture and forestry commodities are quite frequently substitutable in demand. For
example, sorghum is almost a perfect substitute for corn on a calorie for calorie basis in many
uses and beet sugar is a perfect substitute for cane based sugar. Also, a number of feed grains are
substitutes in terms of livestock feeding. FASOMGHG contains a set of processing activities
which make secondary commodities. Secondary commodities are generally included in the
model either to represent substitution or to depict demand for components of products. For
example, processing possibilities for soybeans are included depicting soybeans being crushed
into soybean meal and soybean oil because these secondary commodities frequently flow into

different markets. Similar possibilities exist in the forest sector, for example, making paper from
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pulp logs or using logging residues, thereby including in the model a large degree of demand

substitution.

Table 3-1. List of Raw, Primary Commodities

Crop Items Units
Cotton 480-pound bales
Corn Bushels
Soybeans Bushels
SoftWhiteWheat Bushels
HardRedWinterWheat Bushels
DurhamWheat Bushels
HardRedSpringWheat Bushels
Sorghum Hundred pounds (CWT)
Rice CWT
Oats Bushels
Barley Bushels
Silage US tons
Hay US tons
Sugarcane US tons
Sugarbeet US tons
Potatoes CWT
TomatoFrsh Fresh tomatoes in 25-pound cartons
TomatoProc Processing tomatoes in US tons
OrangeFrsh75box Fresh market oranges in 75-pound boxes (California, Arizona)
OrangeFrsh90box Fresh market oranges in 90-pound boxes (Florida)
OrangeFrsh85box Fresh market oranges in 85-pound boxes (Texas)
OrangeProc75box Processing market oranges in 75-pound boxes (California, Arizona)
OrangeProc90box Processing market oranges in 90-pound boxes (Florida)
OrangeProc85box Processing market oranges in 85-pound boxes (Texas)
GrpfrtFrsh67box Fresh market grapefruit in 67-pound boxes (California, Arizona)
GrpfrtFrsh85box Fresh market grapefruit in 85-pound boxes (Florida)
GrpfrtFrsh80box Fresh market grapefruit in 80-pound boxes (Texas)
GrpfirtProc67box Processing market grapefruit in 67-pound boxes (California, Arizona)
GrpfrtProc85box Processing market grapefruit in 85-pound boxes (Florida)
GrpfirtProc80box Processing market grapefruit in 80-pound boxes (Texas)

Livestock Items Units
NonFedSla 100 pounds nonfed beef on the hoof
FeedlotBeefSlaughter 100 pounds fed beef on the hoof will be reported in 1,000s
CalfSlaugh 100 pounds of calf on hoof
CullBeefCo 100 pounds of cull beef cow on hoof
Milk 100 pounds of raw milk
CullDairyCows 100 pounds of cull dairy cow
HogsforSlaughter 100 pounds live weight
FeederPig 100 pounds live weight
CullSow 100 pounds live weight
LambSlaugh 100 pounds live weight
CullEwes 100 pounds live weight
Wool Raw wool in pounds
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SteerCalve 100 pounds of steer calves
HeifCalve 100 pounds of heifer calves
(continued)
Table 3-1. List of Raw, Primary Commodities (continued)

Livestock Items (continued)

Units

StockedCalf 100 pounds of calves after first stocker phase ready to feed
StockedHCalf 100 pounds of heifer calves after first stocker phase ready to feed
StockedSCalf 100 pounds of steer calves after first stocker phase ready to feed
DairyCalves 100 pounds of dairy calves
StockedYearling 100 pounds of yearlings after second stocker phase ready to feed
StockedHYearl 100 pounds of heifer yearlings after second stocker phase ready to feed
StockedSYearl 100 pounds of steer yearlings after second stocker phase ready to feed
HorsesandMules Number of horses and mules in head
Eggs Dozens of eggs at farm level
Broilers 100 pounds live weight
Turkeys 100 pounds live weight

Biofuel Feedstocks
SwitchGrass US tons
HybrdPoplar US tons
Willow US tons

Logs From Timber Harvest

PVT_SWSLOG_WOODS
PVT_HWSLOG_WOODS
PVT_SWPLOG_WOODS
PVT_HWPLOG_WOODS
PVT SWFLOG_WOODS

Softwood privately-produced sawlog in 1,000 cu. ft. in the woods
Hardwood privately-produced sawlog in 1,000 cu. ft. in the woods
Softwood privately-produced pulplog in 1,000 cu. ft. in the woods
Hardwood privately-produced pulplog in 1,000 cu. ft. in the woods
Softwood privately produced fuellog in 1,000 cu. ft. in the woods

PVT HWFLOG WOODS

Hardwood privately produced fuellog in 1,000 cu. ft. in the woods

PUB_SWSLOG_WOODS

Softwood publicly produced sawlog in 1,000 cu. ft. in the woods

PUB_HWSLOG WOODS

Hardwood publicly produced sawlog in 1,000 cu. ft. in the woods

PUB_SWPLOG WOODS

Softwood publicly produced pulplog in 1,000 cu. ft. in the woods

PUB HWPLOG WOODS

Hardwood publicly produced pulplog in 1,000 cu. ft. in the woods

PUB_SWFLOG_WOODS

Softwood publicly produced fuellog in 1,000 cu. ft. in the woods

PUB_HWFLOG WOODS

Hardwood publicly produced fuellog in 1,000 cu. ft. in the woods

IMP_SWSLOG _WOODS

Imported softwood sawlog in the woods

IMP HWSLOG WOODS

Imported hardwood sawlog in the woods

IMP_SWPLOG_WOODS

Imported softwood pulplog in the woods

IMP HWPLOG WOODS

Imported hardwood pulplog in the woods

IMP_SWFLOG WOODS

Imported softwood fuellog in the woods

IMP HWFLOG WOODS

Imported hardwood fuellog in the woods

Logs From Timber Harvest
(continued)

Units

PVT SWFLOG MILL
PVT HWFLOG_MILL
PUB SWSLOG MILL

Softwood privately produced fuellog in 1,000 cu. ft. delivered to the mill
Hardwood privately produced fuellog in 1,000 cu. ft. delivered to the mill
Softwood publicly produced sawlog in 1,000 cu. ft. delivered to the mill
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PUB_HWSLOG_MILL
PUB_SWPLOG_MILL
PUB_HWPLOG_MILL
PUB_SWFLOG_MILL
PUB_HWFLOG MILL
IMP_SWSLOG_MILL
IMP_HWSLOG_MILL
IMP_SWPLOG_MILL
IMP_HWPLOG_MILL
IMP_SWFLOG_MILL
IMP HWFLOG MILL

Hardwood publicly produced sawlog in 1,000 cu. ft. delivered to the mill
Softwood publicly produced pulplog in 1,000 cu. ft. delivered to the mill
Hardwood publicly produced pulplog in 1,000 cu. ft. delivered to the mill
Softwood publicly produced fuellog in 1,000 cu. ft. delivered to the mill
Hardwood publicly produced fuellog in 1,000 cu. ft. delivered to the mill
Imported softwood sawlog delivered to the mill

Imported hardwood sawlog delivered to the mill

Imported softwood pulplog delivered to the mill

Imported hardwood pulplog delivered to the mill

Imported softwood fuellog delivered to the mill

Imported hardwood fuellog delivered to the mill

Table 3-2. List of Processed, Secondary Commodities

Crop Items Units
Orangeluic 1,000 gallons at 42 brix
GrpfrtJuic 1,000 gallons at single strength equivalent
SoybeanMeal US tons
SoybeanQil Pounds of oil
HFCS Gallons
Beverages Gallons
Confection 100 pounds
Baking 100 pounds
Canning 100 pounds
RefSugar US tons
GlutenFeed 100 pounds
Starch 100 pounds
CornOil 100 gallons
CornSyrup Gallons
Dextrose 100 pounds
FrozenPot 100 pounds
DriedPot 100 pounds
ChipPot 100 pounds
CaneRefini 100 pounds

Livestock Items
FedBeef 100 pounds fed beef carcass weight
NonFedBeef 100 pounds grass-fed beef carcass weight
Pork 100 pounds pork after dressing
Chicken 100 pounds on ready-to-cook basis
Turkey 100 pounds on ready-to-cook basis
WoolClean Pounds of clean wool
FluidMilk 100 pounds
Cream Pounds
SkimMilk Pounds
EvapCondM Pounds
NonFatDryM Pounds
Butter Pounds
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AmCheese
OtCheese
CottageChe
IceCream

Biofuel Items

Ethanol
MktGasBlend
SubGasBlend
Tbtus

Wood Products

SLUM

SPLY

OSB

HLUM

HPLY

SWPANEL
HWPANEL
SWMISC

HWMISC
SRESIDUES
HRESIDUES
HWPULP

SWPULP
AGRIFIBERLONG
AGRIFIBERSHORT
OLDNEWSPAPERS
OLDCORRUGATED
WASTEPAPER
PULPSUBSTITUTE
HIGDEINKING
NEWSPRINT
UNCFREESHEET
CFREESHEET
UNCROUNDWOOD
CROUNDWOOD
TISSUE
SPECIALTYPKG
KRAFTPKG
LINERBOARD
CORRUGMED
SBLBOARD
RECBOARD
CONSTPAPER
DISPULP
SWKMPULP
HWKMPULP
RECMPULP
CTMPMPULP

Pounds
Pounds
Pounds
Pounds

Gallons
Gallons
Gallons
Trillion BTUs

Softwood lumber in millions board feet, lumber tally
Softwood plywood in millions square feet, 3/8 inch
Oriented strand board (OSB) in millions square feet, 3/8 inch
Hardwood lumber in millions board feet, lumber tally
Hardwood plywood in millions square feet, 3/8 inch
Softwood used in Non-OSB reconstituted panel
Hardwood used in Non-OSB reconstituted panel
Softwood miscellaneous products in million cu. ft.
Hardwood miscellaneous products in million cu. ft.
Softwood residues in 1,000,000 cu. m.

Hardwood residues in 1,000,000 cu. m.

Hardwood pulp in 1,000,000 cu. m.

Softwood pulp in 1,000,000 cu. m.

Agrifiber (long fiber—endog.)

Agrifiber (short fiber—endog.)

Old newspapers in 1,000,000 metric tonnes

Old corrugated in 1,000,000 metric tonnes

Mixed wastepaper in 1,000,000 metric tonnes

Pulp substitutes in 1,000,000 metric tonnes

Hi-grade deinking in 1,000,000 metric tonnes
Newsprint in 1,000,000 metric tonnes

Unc. free sheet in 1,000,000 metric tonnes

Coated free sheet in 1,000,000 metric tonnes

Unc. roundwood in 1,000,000 metric tonnes

Coated roundwood in 1,000,000 metric tonnes

Tissue and sanitary in 1,000,000 metric tonnes
Specialty pkg. in 1,000,000 metric tonnes

Kraft pkg. in 1,000,000 metric tonnes

Linerboard in 1,000,000 metric tonnes

Corrug. medium in 1000000 metric tonnes

Solid bl. board in 1000000 metric tonnes

Recycled board in 1000000 metric tonnes

Construc. paper and bd. in 1000000 metric tonnes
Dissolving pulp in 1000000 metric tonnes

Softwood kraft market pulp in 1000000 metric tonnes
Hardwood kraft market pulp in 1000000 metric tonnes
Recycled market pulp in 1000000 metric tonnes
Chemi-thermomechanical market pulp in 1000000 metric tonnes
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Table 3-3. List of Blended feeds

Feed Items
StockPro0 Protein feed for stockers in 100 Ibs (cwt)
CatGrain0 Blend of grains for cattle in 100 1bs (cwt)
HighProtCa Protein feed for cattle in 100 1bs (cwt)
CowGrainQ Blend of grains for cow calf operations in 100 1bs (cwt)
CowHiPro0 Protein feed for cow calf operations in 100 Ibs (cwt)
FinGrain0 Blend of grains for pig finishing in 100 1bs (cwt)
FinProSwn0 Protein feed for pig finishing in 100 lbs (cwt)
FarGrain0 Blend of grains for farrowing operations in 100 lbs (cwt)
FarProSwn0 Protein feed for farrowing operations in 100 lbs (cwt)
FPGGrain0 Blend of grains for feeder pigs in 100 lbs (cwt)
FPGProSwn0 Protein feed for feeder pigs in 100 lbs (cwt)
DairyCon0 Blend of grains for dairy operations in 100 Ibs (cwt)
BroilGrn0 Blend of grains for broilers in 100 Ibs (cwt)
BroilPro0 Protein feed for broilers in 100 1bs (cwt)
TurkeyGrn0O Blend of grains for turkeys in 100 1bs (cwt)
TurkeyPro0 Protein feed for turkeys in 100 Ibs (cwt)
EggGrain0 Blend of grains for eggs in 100 Ibs (cwt)
EggPro0 Protein feed for eggs in 100 1bs (cwt)
SheepGrn0 Blend of grains for sheep in 100 lbs (cwt)
SheepPro0 Protein feed for sheep in 100 Ibs (cwt)

Geographic Coverage

FASOMGHG covers forest and agricultural activity across the conterminous US, broken

into 11 market regions meshed with 63 subregions for agricultural sector coverage. The 11 larger
regions (see Table 3-4 and figure 3-2) are a consolidation of regional definitions that would
otherwise differ if the forest and agricultural sectors were treated separately. The 11-region
breakdown reflects the existence of regions for which there is agricultural activity but no
forestry, and vice versa. In fact, forestry production occurs in nine of the larger 11 production
regions, but agricultural sector activity can not be reasonably condensed to only these nine
regions. For instance, the Northern Plains (NP) and Southwest (SW) regions reflect important
differences in agricultural characteristics, but no forestry activity is included in either region.
Likewise, there are important differences in the two Pacific Northwest regions (PNWW, PNWE)
for forestry, but only the PNWE region is considered a significant producer of the agricultural

commodities tracked in the model.
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F

igure 3-2.  FASOMGHG Regions

Removed to figure file

Agriculture is explicitly modeled in all 63 regions (Table 3-5) for the initial 20 years in

the model run to provide maximum regional detail for the near to intermediate term. But for

model size control purposes, agriculture is collapsed back to 11 regions after the first 20 years of

the model run. Each of the 63 regions is uniquely mapped to the overall 11 regions as specified

in Table 3-64. Note that when land moves between sectors in the model during periods when the

63 regions are active, that it moves on an 11 regions basis to and from the 63 regions in

proportion to their initial land endowments.

Table 3-4. FASOMGHG 11 Region Definitions

Key Region States/Subregions

CB Corn Belt All regions in Illinois, Indiana, lowa, Missouri, Ohio

NP Northern Plains Kansas, Nebraska, North Dakota, South Dakota

LS Lake States Michigan, Minnesota, Wisconsin

NE Northeast Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire,
New Jersey, New York, Pennsylvania, Rhode Island, Vermont, West Virginia

PNWE Pacific Northwest-east side  Oregon and Washington, east of the Cascade mountain range

PNWW Pacific Northwest-west side  Oregon and Washington, west of the Cascade mountain range

PSW Pacific Southwest All regions in California

RM Rocky Mountains Arizona, Colorado, Idaho, Montana, Eastern Oregon, Nevada, New Mexico,
Utah, Eastern Washington, Wyoming

SC South Central Alabama, Arkansas, Kentucky, Louisiana, Mississippi, Eastern Oklahoma,
Tennessee, Eastern Texas (TxEast)

SE Southeast Virginia, North Carolina, South Carolina, Georgia, Florida

SW Southwest Western and Central Oklahoma, All of Texas but the Eastern Part -- Texas
High Plains, Texas Rolling Plains, Texas Central Blacklands, Texas Edwards
Plateau, Texas Coastal Bend, Texas South, TexasTrans Pecos

Table 3-5 63 Regions Used in Agricultural Model

State Substate Regions if Defined

Alabama

Arizona

Arkansas

California CaliforniaN, CaliforniaS

Colorado

Connecticut

Delaware

Florida
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Georgia

Idaho

Illinois IllinoisN, IllinoisS
Indiana IndianaN IndianaS
Towa TowaW, IowaCent, lowaNE, lowaS
Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

NewHampshire

NewlJersey

NewMexico

NewYork

NorthCarolina

NorthDakota

Ohio OhioNW, OhioS, OhioNE
Oklahoma

Oregon

Pennsylvania

Rhodelsland

SouthCarolina

SouthDakota

Tennessee
Texas High Plains, Texas Rolling Plains, Texas Central
Blacklands, Texas Edwards Plateau, Texas Coastal Bend, Texas
Texas South, TexasTrans Pecos, Texas East

Utah

Vermont

Virginia

Washington

WestVirginia

Wisconsin

Wyoming

The pulp and paper sector employs a slightly different (more aggregated) set of US

regions than the 11 used by the agriculture and solid wood sectors, following the regional
definition in the North American Pulp and Paper (NAPAP) model (Zhang et al, Ince). These are

defined in Table 3-6.
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Table 3-6 US Regions Used in Pulp and Paper Industry

Key  Region FASOMGHG Regions Included
NO North NC and NE

WEST West PNWW, PNWE, RM, and PSW
SC South Central SC

SE South East SE

Modeling international trade in agriculture entails use of some other regional definitions
outside of the US In particular, 27 foreign trading regions are employed as mapped in Figure 3-3
and listed in table 3-7 below. The model’s forest sector considers explicit endogenous trade only

with Canada. The Canadian regions employed are defined in Table 3-8.

Table 3-7. Rest of World Production Trade Regions

Key Region Counties Included

1 WEST AFRICA Dahomey, Angola, Benin, Cameroon, Canary Island, Ghana, Guinea,
Ivory Coast, Liberia, Mauritania, Niger, Nigeria, Senegal, Sierra Leone,
Togo, Burkina, South W. Africa, Zaire

2 NORTH AFRICA Algeria, Libya, Morocco, Tunisia

3 EAST AFRICA Botswana, Malawi, Kenya, Mozambique, South Africa, Tanzania,
Uganda, Zambia, Zimbabwe, Rwanda, Madagascar, Swaziland, Lesotho,
Burundi

4 EAST MED Egypt, Israel, Lebanon, Syria.

5 RED SEA Ethiopia, Somalia, Sudan, Yemen.

6 WEST ASIA Afghanistan, Bangladesh, Nepal, Pakistan, Sri Lanka, India.

7 PERSIAN GULF Iran, Iraq, Kuwait, Saudi Arabia, Bahrain, Oman, Un Arab Em

8 ADRIATIC Cyprus, Greece, Turkey.

9 CHINA China

10 SOUTHEAST ASIA Hong Kong, Indonesia, Malaysia, New Zealand, Okinawa, Philippines,
Singapore, Thailand, Vietnam, Fr Pac Is, So Pac Is, Other Pac Is.

11 JAPAN Japan

12 SOUTH KOREA South Korea

13 TAIWAN Taiwan

14 EAST AMERICA Belize, Brazil, Costa Rica, El Salvador, Curacao, Guatemala, Honduras,
Nicaragua, Panama, Paraguay, Suriname, Uruguay, Venezuela, Fr
Guiana.

15 CARRIBEAN Lee Wind Is, Bahamas, Barbados, Dominican Rep, Fr West Ind, Haiti,
Trinidad, Jamaica.

16 AUSTRALIA Australia

17 N. CENTRAL EUROPE  Austria, Belgium, Germany, Netherlands, Switzerland

18 EAST BLOCK EUROPE  Bulgaria, Czechoslovak, Hungary, Poland, Romania, Yugoslavia

19 WESTERN EUROPE Italy, Malta, Portugal, Spain, Others

20 ISLANDS Iceland, Ireland, U.K.

21 SCANDINAVIA Denmark, Finland, Norway, Sweden

22 CANADA Canada

23 EAST MEXICO Mexico

25 USSR Former USSR

26 WEST AMERICA Bolivia, Chile, Colombia, Ecuador, Peru
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27 BRAZIL Brazil
28 ARGENTINA Argentina

Figure 3-3.  Non-US agricultural Regions Defined in Model

Removed to figures file

Table 3-8. Canadian Regions used in Forest Sector Trade Modeling.

Key Region Provinces/countries
Regions used in CBCC Coastal British Columbia Coastal British Columbia
Solidwood Sector CINT Interior Canada Interior British Columbia,
Alberta, Saskatchewan, and
Manitoba
CEST Eastern Canada The remainder of eastern
Canada
Regions used in Pulp CWEST Western Canada CBCC and CINT
and Paper Sector CEAST Eastern Canada CEST

Both the solid wood and fiber products sectors can also trade with an “off-shore” region.
This is the aggregate of all off-shore trading areas. Both imports and exports to this region are
exogenous and pre-specified before a run, except for softwood lumber imports in the solid wood
sector. In the later case, an aggregate imports supply relation is employed to represent trade

flows from these non-Canadian regions.

3.4 Land base coverage

FASOMGHG covers all crop land, pasture land and private timberland in production
throughout the conterminous (“lower 48”’) US. The remainder of this section describes the forest
and agricultural land use definitions. The model’s treatment of land allocation decisions is
described further below in the chapter.

34.1 Agricultural land

On the agricultural side, FASOMGHG separates land into 63 regions (Table 3-4) initially
and 11 in later periods (as discussed in the following section). Four major types of land are

specified.

e Crop land is land suitable for crop production and is treated in four erodibility classes.
The four erodibility classes are defined as follows. First, all crop land with USDA Land
Capability Class III to VIII having a subclass of w (i.e., a wetness limitation for cropping)
was grouped and labeled wW3-8. The remaining crop land was divided into three groups
according to its erodibility index (ei). The ei is either RKLS/T from the Universal Soil

39




Loss Equation (USLE) (Wischmeier and Smith, 1978) or WEQ/T from the Wind Erosion
Equation, depending on whether wind or water erosion gives the larger ei (T, the soil loss
tolerance level, is the maximum allowable erosion for sustained crop production. The
three ei groups are: ei < 8.0 in loei; 8.0 <= ei < 20.0 in mdei; and ei > 20.0 in svei. NRI
data coupled with USDA National Agricultural Statistics Service (NASS) data on county-
level harvested acreage were used to specify land availability.

e CRP land that is specified as land enrolled in the Conservation Reserve Program based
on signups as of 2000. Land in the CRP is marginal crop land retired from production and
converted to vegetative cover, such as grass, trees, or woody vegetation for the purpose
of conserving soil, improving water quality, enhancing wildlife habitat, or producing
other environmental benefits.

e Pasture land is that suitable for livestock pasture.

e AUM grazing supply is divided into public and private grazing on the subregional level.
Public grazing is available at a constant price while private grazing can be obtained by an
upward-sloping supply schedule.

Agricultural land is allowed to move from the pasture land inventory into the crop land
category and backwards. No more than 10 percent of the original endowment of pasture land can
be converted to crop land on a regional over the whole time horizon. The conversion costs are set
at the difference in the land rental rates between the alternative uses based on the assumed
equilibration of land markets

Land is also tracked by crop tillage system and irrigated/dryland status and the duration
of time it has been in such a system to allow tracking of sequestered soil carbon and approach to

a new soil carbon equilibrium after tillage change.

3.4.2 Forestland

Timberland refers to productive forestlands able to generate at least 20 cubic feet of live
growing stock per acre per year and which are not reserved for uses other than timber production
(e.g., wilderness use). Lands under forest cover that do not produce at least 20 cubic feet per
year, called unproductive forestland, and timberland that is reserved for other uses are not
considered part of the US timber base and are therefore not tracked by the model. In
FASOMGHG, endogenous land use modeling is only done for privately held parcels, not
publicly owned or managed timberlands. The only public land treatment is accounting for the
quantity of timber cut from all US forestland owned and operated by any public entity as an
exogenous assumption, and simulation of timber inventory levels for National Forest timberlands
using exogenous timber harvest levels. In other words, the amount of public land in forests is not

assumed to adjust to market conditions; rather, it is set by government administrative decree.
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Private land in forestry is also treated according to its quality, and transferability between
forestry and agricultural use. FASOMGHG includes three different site classes, as measures of

forest productivity:

e HIGH—high site productivity group (as defined in ATLAS),
e MEDIUM—medium site productivity group; and
e LOW-—low site productivity group.

The site groups were defined based on ATLAS inputs from the 1993 RPA Update
(Haynes et al., 1995). Yields vary markedly by site groups.

FASOMGHG also tracks land ownership including two private forest owner groups:
forest industry (FI) and nonindustrial private forests (NIPF). The traditional definitions are used
for these ownership groups, wherein industrial timberland owners are those that possess

processing capacity for the timber, and NIPF owners do not.

In terms of forest land, FASOMGHG tracks land in terms of the type of timber
management, the species on the land, and the stand age. There are 18 different possible
management intensity classes depending on whether thinning, partially cutting, passive
management, some other management methods are used. The full spectrum of these management
intensity classes is defined later in the forestry data chapter. There are also 25 different forest
species types, which vary by region (e.g., Douglas fir and other species types in the West and
planted pine, natural pine, and various hardwood types in the South), as defined in the forest data
section below. In terms of stand age initially forest data and have forested stands are explicitly
accounted for in five year cohorts in terms of the years it has occupied the land (not necessarily
the tree age if older seedlings are transplanted in as is common in the South), with the age class

scheme covering 0-4, 5-9, 10-14, etc., up to 95-00 and 100 plus years.

3.5 Production Modeling

The production component includes agricultural crop and livestock operations, as well as
private non-industrial and industrial forestry operations. Harvests from public forest lands are
included in the model, but are treated as exogenously determined by the government. Production
is modeled for the raw primary products listed in Table 3-6, except those imported. Production

activity is depicted over a 70 to100-year period, with explicit accounting on a five year basis.
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3.5.1 Agricultural and Biofuel feedstock Production

Operationally, FASOMGHG contains an agricultural production model for the above
listed primary crop, livestock, and biofuels feedstock commodities in each of the included five
year periods. Agricultural crop, biofuels and livestock production competes for land, labor, AUM
grazing, and irrigation water at the 63 or 11-region level, depending on the regional level for the
included five year implementations (63 regions for the first 20 years and 11 thereafter). The cost

of these and other inputs are included in the budgets for regional production variables.

Budgets are present for the crop and biofuel feedstocks listed in Table 3-9. For each crop,
production budgets are differentiated by region, tillage choice, fertilization alternative (three
choices: 70, 85 and 100% of base levels), irrigated or dryland and crop land type (four as
discussed in land use section above). Thousands of cropping production possibilities (budgets)
represent agricultural production in each five year period. Biofuel feedstock possibilities are

similar, except that irrigation is not an option.

Table 3-9. Crops in FASOMGHG

Crop Units

Cotton Cotton in 1,000 acres

Corn Corn in 1,000 acres

Soybeans Soybeans in 1000 acres

DurhamWheat Durham Wheat in 1000 acres
HardRedSpringWheat Hard Red Spring Wheat in 1000 acres
HardRedWinterWheat Hard Red Winter Wheat in 1000 acres
SoftWhiteWheat Soft White Wheat in 1000 acres
Sorghum Sorghum in 1000 acres

Rice Rice in 1000 acres

Oats Oats in 1000 acres

Barley Barley in 1000 acres

Silage Silage in 1000 acres

Hay Other Hay in 1000 acres

Alfalfa Alfalfa Hay in 1000 acres

Sugarcane Sugar Cane in 1000 acres

Sugarbeet Sugar Beets in 1000 acres

Potatoes Potatoes in 1000 acres

Fallow Fallow land in 1000 acres

TomatoFrsh Tomatoes for fresh market in 1000 acres
TomatoProc Tomatoes for processed market in 1000 acres
OrangeFrsh Oranges for fresh market in 1000 acres
OrangeProc Oranges for processed market in 1000 acres
GrpFrtFrsh Grapefruit for fresh market in 1000 acres
GrpFrtProc Grapefruit for fresh market in 1000 acres
SwitchGrass Switch grass for biofuels

HybrdPoplar Hybrid Poplar for biofuels
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Willow

Willow for biofuels

Livestock production considers production of the animal types in Table 3-10. Livestock

budgets are defined by region, animal type, enteric fermentation management alternative, manure

management alternative, and feeding alternative. Hundreds of livestock production possibilities

(budgets) represent agricultural production in each five year period.

Table 3-10.  Types of Animals in FASOMGHG

Sheep

CowCalf
FeedlotBeefYearlings
FeedlotBeefCalves
Dairy
HogFarrowtofinish
FeederPigProduction
PigFinishing
HorsesandMule
SteerCalfStocker
HeiferCalfStocker
SteerY earlingStocker
HeiferYearlingStocker
produceTurkey
Broiler

Egg

Production of sheep in head

Cow calf production per cow

Beef feeding of yearlings in units of head

Beef feeding of calves in units of head

Dairy Production in units of cows

Hog farrowing to finishing in unit of head of finished hog
Feeder pig production in unit number of sows

Pig finishing in unit of finished hog

Other livestock mainly horses in number of head

Stocker operation with steer calves in number of calves
Stocker operation with heifer calves in number of calves
Stocker operation with steer yearlings in number of yearlings
Stocker operation with heifer yearlings in number of yearlings
Turkeys produced in units of birds reported in thousands
Broilers produced in units of birds reported in thousands

Egg production on a 1 laying hen basis

Supply curves for agricultural products, and GHG mitigation are implicitly generated

within the system as the outcome of competitive market forces and market adjustments. This is

in contrast to supply curves that are estimated from observed, historical data. This approach is

useful in part because FASOMGHG could be employed to analyze conditions which fall well

outside the range of historical observation (such as large scale tree-planting programs).

3.5.2 Forest Production

The forest production component of FASOMGHG depicts the use of existing private

timberland! as well as the reforestation decision on harvested land. Timberland is differentiated

ITimberland is the subset of forestland that is capable of producing at least 20 cubic feet per acre per year of

industrial wood at culmination of mean annual increment and is not withdrawn from timber harvesting or related

timbering activities.
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by region, the age cohort of trees,! ownership class, cover type, site condition, management
regime, and suitability of the land for agricultural use. These forestry activities produce the log
products listed in Table 3-6 (primary product table). Decisions pertaining to timber management
investment are endogenous. Actions on the inventory are depicted in a framework that allows
timberland owners to institute management activities that alter the inventory consistent with
maximizing the net present value of the returns from the activities. The timberland decisions for
existing stands involve selecting the harvest age. Lands that are harvested and subsequently
reforested or lands that are converted from agriculture to forestry (afforested) introduce decisions

involving the choice of species type, management type, and future harvest age.

3.6 Land Allocation

Underlying the commodity production described above and the GHG consequences
thereof is the decision by landowners on how much, where, and when to allocate land across the
two sectors. Endogenous land allocation across sectors sets FASOMGHG (and FASOM) apart
from other forest and agricultural sector models of the US The conceptual foundation for land

allocation is described below.

3.6.1 Scope for Land exchanges between sectors

The basic structure of the land exchanges is portrayed in Figure 3-1. In terms of

transferability between agriculture and forestry there are five land suitability classes:

¢ FORONLY—includes timberland acres which can not be converted to agricultural uses;

e FORCROP—includes acres which begin in timberland and which can be converted to
crop land;

e FORPAST—includes acres which begin in timberland and which can be converted to
pasture land,

e CROPFOR—includes acres which begin in crop and which can be converted to
timberland; and

e PASTFOR—includes acres which begin in pasture and which can be converted to
timberland.

Land can flow between the agricultural and forestry sectors or vice versa in the
FORCROP, FORPAST, CROPFOR, and PASTFOR land suitability categories. Land

movements in forestry are only allowed in the NIPF owner category. When land transfers from

I Timberlands are grouped in 21 five year cohorts, 0 to 4 years, 5 t0 9,..., up to 100+ years. Harvesting is assumed to

occur at the midyear of the cohort.
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forestry to agriculture, it requires an investment to clear stumps, level, and otherwise prepare the
land for planting. Land moving from agriculture to forestry must be planted to forest and land
movement from forestry occurs only upon timber harvest. Agricultural land can move to other
uses during any of the five year model periods, but when afforested it begins in the youngest age

cohort of timberland.

When land moves from or to agricultural crops, it involves the high quality forest site
class and moves in the erosion classes proportional to their existence in the region. Movements
involving pasture come from the medium quality forest site class. Movements from pasture to

timberland are also proportional across all erodibility classes.

Land also moves into non-agricultural and non-forestry uses (e.g., shopping centers,
housing, and other developed and infrastructural uses) based on exogenous estimates by Alig et
al. (2004) and in proportion to the initial land endowments at exogenously specified rates. Land

movement from forestry again occurs only upon timber harvest.
Figure 3-1.  Characterization of land movements

Removed to file fasomGHGfigures

DROP (TAMM based) FROM FIGURE

3.6.2 Nature of Land Supply

In FASOMGHG, the initial land endowment is fixed. However, since land is allowed to
move between forest and agriculture, agricultural production faces an endogenous excess land
supply equation from forestry. Forestry production, in turn, faces an endogenous excess land
supply equation from agriculture. Conservation Reserve Program (CRP) land is assumed to be
permanently fixed at the initial levels, unless manipulated by a policy scenario. Animal Unit
Month (AUM) grazing land supply is specified using an upward-sloping supply function
reflecting the availability of more remote and less suitable lands.

3.7 Non-Land Factor Modeling

In addition to land, FASOMGHG depicts factor supply of water, labor, AUM grazing,

other agricultural inputs in agriculture, as well as non-wood inputs in the forest sector.
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On the agricultural side, water and labor are available in each of the 11 or 63 agricultural
regions (recall agricultural regional definitions will generally aggregate from 63 to 11 regions
after the first 20 years of model runs). Labor is available on an 11 region basis. Supply curves
for all three items have a fixed price component and an upward sloping component, representing
rising marginal costs of higher supply quantities. For water, the fixed price is available to a
maximum quantity of federally provided agricultural water, while pumped water has an upward
sloping supply curve and is subject to maximum availability. For AUMs, the fixed price is
available to a maximum quantity of public grazing, while private grazing has an upward sloping
supply curve and is subject to maximum availability. For agricultural labor, the fixed price is
available to a maximum quantity of federally provided agricultural water, while pumped water
has an upward sloping supply curve and is subject to maximum availability. Other inputs are
assumed to be infinitely available at a fixed price (i.e., the agricultural sector is a price taker in

these markets).

On the forestry side, non-wood inputs are available on an upward sloping basis and
include hauling, harvesting, and product processing costs. Other forest costs are assumed to be

infinitely available at a fixed price.

3.8 Product Processing Modeling

As indicated above, raw product commodities are converted on both the agricultural and
forestry sides into processed products. The processing activities in the model generally reflect a
somewhat simplified view of the resources used in processing. They largely contain primary
commodity usage, secondary commodity yield, and a level of cost. Thus, for example, in
soybean crushing the processing activity uses one unit of soybeans and generates a given number
of pounds of soybean meal and tons of soybean oil at a specified cost. The cost on the
agricultural side is usually the observed price differential between the value of the outputs and
the value of the inputs according to USDA Agricultural statistics (1990-2002). On the forestry

side, the non-wood input supply curve provides the cost of processing wood.

Wood product processing is always regionalized with different data in the 9 forest
production regions and the Canadian regions. Agricultural processing is regionalized for
biofuels, soybean crushing, wet milling, electricity generation from willow, switch grass and
poplar and ethanol production from corn, willow, switch grass and poplar as will be discussed
below. For the remaining agricultural items listed in Table 3-11, below the processing is done at

a national level as discussed below.
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Table 3-11. Agricultural Processing Alternatives

Processing activity code
BroilChick

ButterPow

CaneRefine

Chip-Pot

CICowsSla

CleanWool

Cottage

DClfToBeef

DCowSla

DeHydr-Pot
EvapoMilk

FluidMIk1

FluidMIk2

Frozen-Pot

FSlatofBe

Gluttosbm
HeiferYearlingSlaughter
HogToPork
HybridpoplarToElec
HybridpoplarToEthanol
IceCreaml

IceCream?2

JuiceGrpft

JuiceOrang
makeAmCheese
makeBaking
makeBeverages
makeCanning
makeConfection
makeCSyrup
makeEthanol
makeHFCS
makeMktGasBlend
makeOtCheese
makeSubGasBlend
makeDextrose
NFSlatonF

RefSugarl

RefSugar2

SowToPork
SoyCrush1
StockHeiferCalftoFeed
StockHeiferYearlingtoFeed

Brief description

Convert broilers to chicken meat

Make butter and non fat dry milk powder
Convert raw cane sugar to refined sugar
Make potato chips

Convert cull cow to non fed slaughter
Convert wool to clean wool

Make cottage cheese

Convert cull dairy calf to non fed slaughter
Convert cull dairy cow to non fed slaughter
Make dehydrated potatoes

Make evaporated milk

Make 2 percent milk

Make skim milk

Make frozen potatoes

Convert fed animal to fed slaughter
Substitute gluten feed for soybean meal
Slaughter a heifer yearling

Convert finished hogs to pork

Make hybrid poplar into electricity

Make hybrid poplar into ethanol

Make ice cream alternative 1

Make ice cream alternative 2

Make grapefruit juice

Make orange juice

Make American cheese

Make sweetened baked goods

Make sweetened beverages

Make sweetened canned goods

Make sweetened confectionaries

Make corn syrup

Make ethanol

Make high fructose corn syrup

Make unsubsidized liquid fuel blending gasoline & ethanol
Make other cheese

Make subsidized liquid fuel blending gasoline & ethanol
Make dextrose

Convert non fed animal to non fed slaughter
Convert sugar cane to raw cane sugar
Convert sugar beets to refined sugar
Convert cull sow to pork

Crush soybeans

Move stocked heifer calf into feedlot
Move stocked heifer yearling into feedlot
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StockSteerCalftoFeed Move stocked steer calf into feedlot
StockSteerYearlingtoFeed  Move stocked steer yearling into feedlot

SteerY earlingSlaughter Slaughter a steer yearling
TurkeyProc Convert live turkeys to turkey meat
SwitchgrassToElec Make switchgrass into electricity
SwitchgrassToEthanol Make switchgrass into ethanol
WetMill Wet mill corn
WillowToElec Make willow into electricity
WillowToEthanol Make willow into ethanol

3.9 Market Modeling

xxxRecommendation: This section could really benefit from a table that shows which
products are represented by different supply regions in the US, whether demand is regional or
national, whether international trade is included and, if so, how is international trade tracked

regionally outside of the US

The model solves by ensuring that each affected market is in equilibrium, wherein the
quantity supplied equals the quantity demanded. This involves a mixture of implicit and explicit

demand and supply curves in each five year period. Generally these involve

e regional product supply,

e national raw product demand,

e regional or national processed commodity demand,

e regional or national supply of processed commodities,

e regional or national (depending on commodity) export demand

e regional or national (depending on commodity) import supply,

e regional feed supply and demand,

e regional direct livestock demand,

e interregional transport perfectly elastic supply,

e international transport perfectly elastic supply and

e country-specific excess demand and supply of rice, sorghum, corn, soybeans and the 5
types of wheat

On the forestry side, all commodities are produced regionally and are then transported to
meet a national demand at a fixed transport cost. Canadian sawlog production is based on
regional log supply curves and must be processed within the region of origin. The only exception
is a small volume of log exports from Canada to the US and other regions which are treated as

exogenous export flows from Canada and an exogenous import flow to the US. Endogenous
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export flows from Canada include softwood lumber, OSB and all fiber products to the US. US

exports to Canada are exogenous.

On the agricultural side, corn, soybeans, four types of wheat, rice, and sorghum are
modeled with US regional features and explicit demand in 27 foreign regions. The processed
commodities of soybean meal, gluten feed, starch, and all livestock feeds are manufactured and
used on a FASOMGHG 11 market region basis but go into national demand and international

trade.

3.10 GHG Treatment

FASOMGHG quantifies the stocks of GHGs emitted from and sequestered by agriculture
and forestry, plus the stock on lands in the model that are converted to nonagricultural, nonforest
developed usages. In addition, the model tracks GHG emission reductions in other sectors caused
by mitigation actions in the forest and agricultural sectors -- for example, reduced GHG
emissions from fossil fuel use in the energy sector due to supply of renewable biofuel feedstocks

from agriculture.

As indicated above, GHGs tracked by the model include carbon dioxide (CO,) --
sometimes expressed in carbon (C) equivalent, methane (CHy), and nitrous oxide (N,O). The
GHG accounting spans across both sectors and biofuels. A list of all the categories in the GHG

accounting appears in Table 3-12 below.

Table 3-12. List of All GHG Accounts in FASOMGHG

Account Name
Forest_ContinueSoil
Forest AfforestSoil
Forest ContinueLitUnd

Forest AfforestLitUnd
Forest ContinueTree
Forest AfforestTree
Forest_ USProduct
Forest CANProduct

Forest USExport
Forest USImport

Forest USFuelWood
Forest USFuelResidue
Carbon_For Fuel
Dev_ForestLand
Dev_Agland

Brief description

Carbon in forest soil of forests that remain forests
Carbon in forest soil of afforested forests

Carbon in litter and understory of forests that remain
forests

Carbon in litter and understory of afforested forests
Carbon in trees of forests that remain forests

Carbon in trees of afforested forests

Carbon in US consumed and produced wood products
Carbon in US consumed but Canadian produced wood
products

Carbon in US produced but exported wood products
Carbon in US consumed but imported from non
Canadian source

Carbon in US consumed fuelwood

Carbon in US residue that is burned

Carbon emissions from forest use of fossil fuel
Carbon on forest land after it moved into developed use
Carbon on agricultural land after it moved into
developed use
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AgSoil Continue_Till
Soil_AgToForest

AgSoil Change Till
AgSoil ToFromPast
AgSoil_Pasture
AgSoil IdlePasture
Carbon_SoilCmix
Carbon_AgFuel
Carbon_Dryg
Carbon_Fert
Carbon_Pest
Carbon_Irrg
Carbon_Ethl
Carbon_CEth

Carbon_BioFuel
Methane Liquidmanagement

Methane EntericFerment
Methane Manure
Methane RiceCult
Methane AgResid Burn
Methane BioFuel

Methane Ethl
Methane CEth

NitrousOxide Manure
NitrousOxide Biofuel

NitrousOxide Ethl
NitrousOxide CEth
NitrousOxide Fert

NitrousOxide Sludge
NitrousOxide Nfixing
NitrousOxide CropResid
NitrousOxide Histosoil
NitrousOxide Volat
NitrousOxide Leach
NitrousOxide AgResid Burn

3.10.1 Forest GHG Accounts

Carbon on land moving continuing initial tillage
Carbon deductions when moving land between crops
and forest

Carbon on land changing intensity of tillage

Carbon on land changing between pasture and crop
Carbon on land remaining as pasture

Carbon on land that is idle pasture land

Soil carbon differences due to crop

Carbon emissions from ag use of fossil fuel

Carbon emissions from grain drying

Carbon emissions from fertilizer production

Carbon emissions from pesticide production

Carbon emissions from irrigation water pumping
Carbon emission savings from ethanol production
Carbon emission savings from cellulosic ethanol
production

Carbon emission savings from biofuel production
Methane from Emission savings from improved manure
technologies

Methane from Enteric Fermentation

Methane from Manure Management

Methane from Rice Cultivation

Methane from Agricultural Residue Burning
Methane emissions of biomass power plants below coal
power plants

Methane emission savings from Corn ethanol processing
Methane emission savings from cellulosic ethanol
processing

Livestock Manure Practices

Nitrous oxide emissions of biomass power plants over
coal power plants

Nitrous oxide emission savings from Corn ethanol
processing

Nitrous oxide emissions from cellulosic ethanol
processing

N Fert Application Practices under Managed Soil
Categories under AgSoilMgmt

Emissions from sewage sludge used as crop fertilizer
Emissions from N fixing crops

Emissions from Crop residue retention

Emissions from Temperate histosoil area

Indirect soils volatilization

Indirect soils Leaching Runoff

Agricultural Residue Burning

Forest GHG accounting includes carbon sequestered, carbon emitted, and fossil fuel-

related carbon emissions offset. Sequestration accounting encompasses carbon in standing trees,

forest soils, forest understories and floors including woody debris, and wood products both in use

and in landfills. The sequestration accounting involves both increases and reductions in stocks,

with increases entered when land moves into the forest uses, trees grow, and products are placed
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in long-lasting uses or landfills. Reductions arise when timber stands are harvested, land is

migrated to agriculture or development, and products decay in their current uses.

Forest-related emissions accounting counts the GHGs emitted when fossil fuels are
combusted in forest production. Forest-related GHG offset accounting is done for the estimated
amount of fossil fuel fuels that are saved when wood products are combusted in place of fossil
fuels, particularly when milling residues are burned. In addition, wood products may be used as a

biofuel to offset fossil fuel emissions, as discussed in the biofuels section below.

Forest carbon accounts also include the carbon content of products imported into the US

or exported out of the US. In particular there is accounting for products:

e Processed in and coming from Canada,
e Imported from other countries, and
e Exported to other countries.

These categories may or may not be included in an incentive scheme for GHG mitigation,
as they will generally be accounted for elsewhere. Nonetheless, the accounts are included in the

model in case they are needed for policy analysis.

More detail on the data and models used to estimate forest carbon stock accumulation is

included in Chapter 8.

3.10.2 Agricultural GHG Accounts

On the agricultural side, the main features of the GHG accounting are those listed in table
3-13 below. Again, there is coverage of the emissions, sequestration, and offsets. Agricultural

emissions arise from crop and livestock production, principally from:

e fossil fuel use,

e nitrogen fertilization usage,

e rice production,

e enteric fermentation, and

e manure management and other categories that are not fully listed in table but are given in
the previous table.

Agricultural sequestration involves the amount of carbon sequestered in agricultural soils,
due principally to choice of tillage, and irrigation along with changes to crop mix choice.
Sequestration is also considered in terms of grasslands versus crop land or mixed usage, where

crop land can be moved to pasture use or vice versa. The sequestration accounting can yield
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either positive or negative quantities, depending upon the direction of tillage (conventional, low,
or zero tillage) and irrigation choices, along with pasture land (grassland)/crop land land
conversions. The sequestration accounting will also have a negative term when land moves out
of agriculture into forestry or developed use. Although in the case of forestry, the loss in

agricultural carbon will typically be more than offset by gains in forest carbon.

Table 3-13. Mitigation strategies in FASOMGHG

GHG affected
Mitigation strategy Strategy Nature CO, CH,4 N,O
Biofuel production Offset X X X
Crop mix alteration Emission, Sequestration X X
Rice acreage reduction Emission X
Crop fertilizer rate reduction Emission X X
Other crop input alteration Emission X
Crop tillage alteration Sequestration X
Grassland conversion Sequestration X
Irrigated /dry land conversion Emission X X
Livestock management Emission X
Livestock herd size alteration Emission X
Livestock system change Emission X
Liquid manure management Emission X

3.10.3 Biofuels

Commodities that are endogenous can be used as feedstocks for biofuel production
processes offsetting fossil fuel usage and their GHG emissions. Three forms of biofuel

production are included.

e Usage of switchgrass, poplar, willow, wood chips or mailing residues as inputs to electric
generating power plants replacing coal usage.

e Usage of corn, switchgrass, poplar, or willow for conversion to ethanol and replacement
of carbon emissions from petroleum usage.

e Usage of soybean oil or corn oil in the production of diesel fuel (xxxnote the above lists
of commodities, GHG accounts, and processing alternatives does not reflect this).
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In all these cases the GHG offset is the GHGs in the burning and producing the fossil fuel
less the fossil fuel related emissions cost of producing the biofuel feedstock. The combustion
emissions from the biofuels feedstock are not accounted as they are assumed to be offset by

absorption of GHGs from the atmosphere by photosynthesis during plant growth.

3.10.4 Land to Development

FASOMGHG incorporates exogenous data that specify the rate of conversion of
agriculture and forestry lands to nonagricultural and nonforestry developed uses. Simplified
accounting is employed to estimate the carbon sequestered on these lands, as described in the
GHG data sections of Chapter 13.

3.10.5 Non-GHG Environmental Indicators

FASOMGHG considers a number of environmental indicators above and beyond the
GHG accounts. The main components are nitrogen and phosphorus runoff, soil erosion,
irrigation water usage, and a number of descriptions of total resource use and activity within the
agricultural and forestry sectors (total land use, total pasture use, manure load, livestock
numbers, total afforestation, etc.). More information on these variables is provided in the Chapter
on FASOMGHG output.

3.11 Temporal Scope and Dynamics

FASOMGHG is typically run as a 100-year model depicting land use, land transfers, and
other resource allocations between and within the agricultural and forest sectors in the US The
model solution portrays a multiperiod equilibrium on a five year time step basis. The results from
FASOMGHG yield a dynamic simulation of prices, production, management, consumption, and

GHG effects within these two sectors under the scenario depicted in the model data.

FASOMGHG incorporates expectations of future prices. Farmers and timberland owners
are able to foresee the consequences of their behavior (when they plant trees or crops) on future
stumpage and agricultural product prices and incorporate that information into their behavior.
FASOMGHG uses deterministic expectations, or "perfect foresight," whereby expected future
prices and the prices that are realized in the future are identical. Net present value related profit

maximizing behavior is assumed.

The possibility of planting trees with a rotation length that would carry them beyond the

explicit time frame of the model necessitates the specification of "terminal conditions". At the
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time of tree planting, producers should anticipate a flow of costs and returns which justify stand
establishment costs. The planting of a timber stand with an expected 30-year life in year 80 of a
100-year projection is potentially problematic, however, because the anticipated harvest date is
beyond the model time frame. A mechanism is needed to reflect the value of timber inventory
carried beyond the explicit model time frame. This is done with "terminal conditions," which
represent the projected net present value of an asset for all time periods beyond the end of the
explicit model projection. Terminal conditions are resolved using downward sloping demand

curves for the terminal inventory.

Several types of terminal inventory are valued in FASOMGHG: a) initial timber stands
that are not harvested during the projection; b) reforested stands remaining at the end of the
projection; and c) agricultural land retained in agriculture. Specific valuation approaches for each

of these elements are discussed chapters 7 and 8 below.

3.12 Dynamic Yield, Cost, and Demand Updating

Features have been added to FASOMGHG to reflect changes over time in market and
production conditions. Different updating procedures are used in agriculture and forestry as

explained in the chapters on the forest and agricultural submodels below.
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4 CHAPTER 4 ECONOMICS UNDERLYING FASOMGHG

A number of basic economic principals are involved in forming FASOMGHG and

provide the assumptions under which it simulates behavior. These are explained in this section

4.1 Simulation of perfectly competitive behavior

FASOMGHG employs an approach originally motivated by Enke (1951) and Samuelson
(1952) that was later it was fully developed by Takayama and Judge (1973). as explained in the
literature review by McCarl and Spreen (1980). In this approach, an optimization problem is
defined and solved using a set of equations that specify attainment of an economic equilibrium.
Underlying this mechanism is the First Fundamental Theorem of Welfare Economics, which
dictates that an allocation of resources that maximizes producers’ profits, consumers' utility, and
clears all markets, is Pareto Optimal (PO), an allocation which is at least as good as any other
possible allocation. FASOMGHG is structured around the PO theoretical foundation and
mathematical programming is used to maximize the sum of consumers' and producers’ surpluses,
subject to a set of supply demand balances, and resource restrictions, to ensure that the PO

condition is met.

Mathematically, FASOMGHG solves an objective function to maximize net market
surplus, represented by the area under the product demand function (an aggregate measure of
consumer welfare) less the area under factor supply curves (an aggregate measure of producer
costs). Such an approach involves solution of a nonlinear programming model and with
endogenous product and factor prices. The resultant objective function value is consumers' plus

producers' surplus.

Figure 4.1 Objective function representation

Removed to figure file

The problem is now expressed in equation form. Suppose we have a demand curve
Pq=1(Qu, {xxxstart numbering the equations)

and a supply curve

PS = f (Qs,)
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In turn, for a perfectly competitive market we would have a set of market equilibrium conditions

requiring prices and quantities to equilibrate

Pd:PS

deQs

The mathematical programming approach to formulating such problems was motivated by
Samuelson (1952), who suggested solving optimization problems whose first-order conditions constituted
a system of equations characterizing an equilibrium. Suppose we follow this approach by first defining a
system of equations, then posing the related optimization problem. In this case the equilibrium would

simultaneously solve the equations

P, = P,
or
fQ) = fQ))
and
Qq = Q,

One should also recognize some possible peculiarities of the equilibrium. Namely it is possible
that the markets could clear at zero quantity, in which case the supply price might be greater than or equal
to the demand price. Thus, we can write the condition that the equilibrium price (P”) is greater than or

equal to the demand price

Q) <P’

Simultaneously, the market price may be less than the supply price,

Q) 2P’

One can also argue that these two relations should only be inequalities when the quantity
supplied or demanded equals zero. Namely, when the demand price is less than the equilibrium price,
then no quantity should be demanded. Similarly, when the supply price is greater than the equilibrium
price, then no quantity should be supplied. Simultaneously, when a non-zero quantity is supplied or
demanded, then the equilibrium price should equal the supply or demand price. This relationship can be

expressed through complementary slackness relations where
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(f(Qd) - P ) Q; =0
(fQ) - P* ) Q =0

One should also recognize that the quantity supplied must be greater than or equal to the

quantity demanded

Qs 2 Qd
but, if the quantity supplied is strictly greater than the quantity demanded, then the equilibrium

price should be zero. Mathematically this relationship is
(_ Qs + Qd )P* = 0
Finally, we state nonnegativity conditions for price and quantities,

*

Q,, Q, P > 0.
The above equations are similar to Kuhn-Tucker conditions. In particular, if P* is taken to be a

dual variable, then the above equation system is equivalent to the Kuhn-Tucker conditions of the

following optimization model

Max ff(Qd)de - jf(Qs)dQs

s.t. Qd - Qs
Qq ; Q, 2 0

Where the Lagrangian and Kuhn -- Tucker conditions are

IA
)
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L(Qy»Qu )= [fQ)d Qy— [f(Q)dQu-4(Qs -Q))

oL(Q,,Q, 4
@T?)=f(qd)—zso
0L(Qy,Qu )
oQ,
ERAAD (g +Q)20
oL(Q,Qu )
)
oL(Qy,Qu )
TQS =(-f(Q,)+4)Q,=0
0L(QuQu ),
)
Qy,Q,4,420

- f(Qs)+1<0

Qd =(f (Qd)_i)Qd =0

—(Qy —Q,)4=0

and if P* is used in place of A then the systems are mathematically the same.

Thus, solving the optimization problem generates a solution which is an equilibrium. In
this problem, the area under the demand curve above the price line yields consumers' surplus,
while, the total revenue (price times quantity) less the area under the supply curve yields revenue

minus production cost, or producers' surplus.

4.1.1 Adding production

The above presentation was restricted to a single commodity with explicit supply and
demand curves. However, one can depict commodity demand for multiple products without
explicit supply for those products, but rather with a production process and factor supply for
inputs. Such models have exogenous factor supply and product demand curves, but implicit

factor demand and product supply. Such a model can be expressed as follows.

58



Max ZTPdh (z,) dz, - ijsi (X)) dx,

s.t. Z, - ZZChﬁkQﬂk < 0 forallh
Bk
- X+ 2 Y>a,Q, < 0 for all i
Bk
gbjﬂkQﬂk <Y, foralljand 8
Z, X, Qu = 0 foralli,h,kand g

This problem assumes that a number of different types of firms () are being modeled.
Each firm has a finite set of production processes (k) which depict particular ways of combining
fixed factors (j) with purchased factors (i) to produce commodities (h). The symbols in the
formulation are: Pan(Zy) is the inverse demand function for the h"™ commodity; Z 1, is the quantity
of commodity h that is consumed; Pg; (Xj) is the inverse supply curve for the i purchased input;
X is the quantity of the i"™ factor supplied; Qpgy 1s the level of production process k undertaken by
firm B; Cpg 1s the yield of output h from production process k; bipk 1s the quantity of the i
owned fixed factor used in producing Qpg; aipx 1s the amount of the i purchased factor used in

producing Qg and Y;g is the endowment of the j™ owned factor available to firm p.

An investigation of the Kuhn-Tucker conditions would show that the shadow price on the
first and second rows are, respectively, the demand and supply prices. The conditions for the Q
variable indicates that production levels are set so the marginal value of the commodities

produced is less than or equal to the marginal costs of the owned and fixed factors for each Qpgy.

The model formulation assumes that: 1) the supply and demand equations are integrable;

and, 2) product demand and factor supply functions are truly exogenous to the model.

The area under the product demand and factor supply functions makes the objective
function equal consumers' plus producers' surplus, which is the net social benefit generated by
the market exchange of these goods. The solution of the model generates equilibrium price and
quantity for each output, and purchased input, along with the imputed values for the owned
factors of production.

The model formulation assumes that the sector is composed of many micro-units, none of
which can individually influence output or factor prices. Each micro-unit supplies output at the
point where marginal cost equals product price, and utilizes purchased inputs at the point where
the marginal value product of each purchased input equals its market price. Thus, the sectoral

supply of output schedule corresponds to an aggregate marginal cost schedule, and the sectoral
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derived demand schedule for purchased inputs corresponds to the aggregate marginal value
product schedule. Hence, the model does not take product supply or factor demand schedules as
input, rather these schedules are derived internally based upon production possibilities, output

demand and purchased input supply.

The competitive behavior simulating properties of this formulation provides a powerful
tool for policy simulation. Except in centrally planned economies, the government cannot dictate
production patterns consistent with its objectives. This formulation recognizes the difference and
possible conflict between government and producer objectives (see Candler, Fortuny, and
McCarl 1981 for elaboration). The model allows policies to be specified, then simulated in terms
of projected sectoral response to the policy change. The model does not assume participants
respond to government wants; each producer optimally adjusts so as to maximize profits.

Producer adjustment is endogenous to the model.

4.2 Behavior over time using discounted NPV

Given the modeling of multiyear timber production, FASOMGHG needs to handle
economic returns over time. This is done by solving for multiple interlinked market equilibria in
adjacent five year periods for the model duration, rather than for just one single period (as would
be the case in a static equilibrium model). The FASOMGHG objective function depicts
maximization of the net present value of producers' and consumers' surpluses, associated with
production and price formation in competitive markets over time for both agricultural and wood
products. In that sense, the first-order (Kuhn-Tucker) conditions for the choice variables in the
model provide a set of optimization rules for economic agents to follow, leading to the

establishment of a competitive equilibrium.

Because these choices occur over time, the optimizing nature of the model holds that
producers and consumers' have perfect foresight regarding future demand, yields, technologies,
and prices. In other words, choices made at the beginning of the projection period are based on

correct expectations of what the model predicts will occur in the future.

Perfect foresight employs the assumption that agents are rational and respond with the
best information they have available at the time. This draws on well-established economic
theories about rational expectations (Muth 1961) and intertermporally efficient capital markets
(Fama 1970).
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4.2.1 Discounting

The multiperiod nature of the economic problem requires transforming future revenues
and costs to the present using a real (inflation-adjusted) annual discount rate. The default rate
used is 4 percent, which is broadly consistent with opportunity costs of capital in agriculture and
forestry. The default rate can be altered to test the sensitivity of model results to alternative
discount rates. Higher discount rates devalue future revenue and cost streams. Because forestry is
an enterprise with revenue streams that are deferred often several time periods beyond the
incidence of initial establishment and ongoing management costs, forestry returns can generally
be expected to be particularly sensitive to the chosen discount rate. Moreover, the discount rate
can significantly affect the timing of land use, investment and harvest decisions with effects

reaching broadly across both sectors in the model.

422 Need for terminal conditions

Given that the model is defined for a finite time period (e.g., 70-100 years), there will be
immature trees of some age at the end of the time period modeled. If the model did not place a
value on these forests, the optimizing nature of the model would be inclined to deplete all timber
at the end of the projection period rather than leave it around for future harvests. Similarly,
agricultural land values at the end of the period must also be considered to ensure that land is not

inappropriately converted as a result of a perceived lack of opportunity cost.

To counter these ending-period anomalies, terminal conditions are imposed on the model
that value ending immature trees and land remaining in agriculture. FASOMGHG assumes that
forest management is, from the last period onward, a continuous or constant flow process with a
forest inventory that is fully regulated on rotations equivalent to those observed in the last time
periods of the projection (see Adams et al. [1996]). Demand functions for timber are used in this
period assuming that the fully regulated volume persists forever. The terminal value of land

remaining in agriculture is formed by assuming that the last period persists forever.

4.3 Dynamics of harvest

FASOMGHG endogenizes the harvest date for a timber stand, assuming it is past an
exogenously determined region-specific minimum harvest age. The harvest alternatives are
differentiated by the model’s five year time periods. Thus a 40 year old Pacific Northwest-
westside (PNWW) timber stand (which is beyond the minimum harvest age for that region)
could be harvested now, five years from now, ten years from now, etc. The decision whether to

harvest a stand or extend it until the next period depends on whether the discounted value of its
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five year growth plus the value of any price change by extending the harvesting period exceeds
the discounted cost of holding it into the next period, which consists of any realized production
costs plus the difference in the opportunity cost of the land. The value of the timber when
withheld from current harvesting is the price five years from now times the yield at that point.

Naturally this is taken into account in the optimization for all the possible future harvest periods.

4.4 Land exchanges

FASOMGHG reflects the mobility of the land resource between the two sectors subject
to controls for land quality/growing conditions, investments needed to mobilize land, and hurdle
costs consistent with observed behavior. The land quality factors generally restrict some lands to
only be in forest, due to topography or soil characteristics. Likewise, the growing conditions
render some lands unsuitable for forest uses at all, particularly in the drier plains areas of the

country, and would thus be suitable only for some agricultural uses.

The investments to mobilize land from forest to agriculture generally involve stump
clearing, leveling, etc. of forested lands and result in a three step depiction of land transformation
processes. The hurdle costs reflect costs to move land between uses where for example it may
take an income differential above and beyond the opportunity cost in agriculture to get
agricultural producers to switch to forestry. Such evidence is based on the econometric findings

of Lubowski, Plantinga and Stavins (xxxcite).

Given these model attributes, the economic conditions for land movement are that when
land moves into forestry, the net present value of the returns from one rotation in forestry plus
the future value of forest land beyond the first rotation must be greater than the net present value
of the land remaining in agriculture by at least the hurdle cost. For land moving from forest to
agriculture, the net present value of land in agriculture must exceed returns to a rotation in
forestry plus the future value of forested land by the investment cost to transfer land plus any
hurdle cost (this term is currently set to zero). In both land transfer cases, the land moves
between sectors until the markets equilibrate and the net present value plus the investment and
market wedges are equal across the sectors for lands on the margin. Naturally, land movement
does not occur if the differences in the land returns are less than the hurdle cost plus the land

transformation investment costs.

4.5 Commaodity exchanges between sectors

FASOMGHG also reflects movement of commodities between the forest and agriculture

sectors, largely in the form of biofuels and short rotation woody crops. In particular,
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agriculturally produced short rotation poplar can be chipped and move into pulp and paper
production processes and milling residues, pulp logs and in some cases logging residues can

move between sectors as raw material sources for finished products made in the other sector.

4.6 Aggregation, Calibration profits, and mixes

All economic models must deal with aggregation and calibration at some level, but these
issues are particularly important in agricultural sector models where great heterogeneity of
growing conditions, resource quality, market conditions, and management skills are present. The
aggregation problem involves treating groups of producers operating over aggregated resource
sets as homogeneous units. The calibration problem involves dealing with spatially disaggregate

producers who are entrants in a single market but receive different prices.

4.6.1 A discussion of calibration, aggregation and sectoral models

Suppose we formulate an aggregate programming model that represents a group of farms

in a region, as in Model 1.

MAX (r - ¢)x

ST Model 1
() Ax<b

2) X>0

Also suppose the true real-world situation on one of the farms represented in Model 1 is

actually described as shown in Model 2.

MAX (r-c—d-eX)X

ST

(3) Ax<b Model 2
4) Dx< f

(%) X>0

The notation in both models is:

e X An aggregate vector of crop acreages.

e I A vector of average revenue.

e C Variable costs related to the crop acreage, which are included in both models. These
costs normally include the costs reported in accounting statistics, such as fertilizer, seed,
tilling, pesticide, energy and labor costs.
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e d Variable costs taken into consideration by the farmer, which are not included in Model
1. These may include marketing costs, for example.

e Variable costs that increase with increasing area of the crop and or revenue declines
associated with the rate of decline in the yield with increasing area of the crop. These
items occur due to increased disease pressure, marginally decreasing soil quality, etc.
These items are taken into consideration by the farmer but are not included in Model 1.

A A matrix of technical coefficients, which are included in both models.

b A resource vector corresponding to matrix A.

D A matrix with technical coefficients, which are not included in Model 1.

f A resource vector corresponding to matrix D.

As the models are described here, there are important differences. The underlying cause
for the omissions in Model 1 is the lack of full information about farm resources and costs,
transaction costs, incentives and market conditions. These differences make calibration and
aggregation necessary. Adding relevant information to Model 1 could reduce the problem. One
could imagine that if all relevant information were added, the model would not only calibrate
correctly to current production, but also to all counterfactual scenarios, since the incentives and
production possibility representation are correct. However, when a model is expanded from
describing a few farms to the sector or society level, the costs of gathering and maintaining an

adequate amount of information for all the included cases are enormous.

The differences between the sector model in Model 1 and the real world as illustrated in

Model 2 may be due to reasons discussed in the following subsections.

4.6.1.1 Sector models typically depict groups of farms

Usually, a large number of farms of a particular type in a geographical region such as a
state or province are represented as a single typical farm. Thus, models contain, for example, a
single submodel representing all corn-soybean farms in lowa, or all dairy operations in Sweden,
even though there may be hundreds or even thousands of such types of farms, each with different
characteristics. The construction of such typical farms introduces aggregation, and is done as a
result of data and model size considerations.

4.6.1.2 Resource availability details
Typically, there are submodels within sector models, and these are highly aggregated
representations of the operations they depict. They involve annual land, labor and water

availability without considering many, or sometimes any, of a large variety of farm-specific

factors such as crop rotation, quality of labor, land type, implementation and tractor time
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constraints. For example, in modeling an Indiana corn-soybean-wheat-silage farm, the farm level
model employed by McCarl et al. (1977) had more than 200 production possibilities and more
than 175 resource-related constraints. In contrast, FASOMGHG represents all of Indiana
production, including livestock production potential, with less than two dozen production
possibilities and a dozen constraints. Data and model size considerations force such an aggregate

depiction.

4.6.1.3 Sector models typically ignore certain market factors.

Typically, more aggregate models depict regional producers and consumers' as if they
traded a set of homogeneous commodities at a single commodity-specific price. However, it is
commonly observed that prices for a single commodity such as hay vary within any region
across the places in the region as well as by time of sale and commodity quality characteristics.

Therefore, the notion of a single market price for a commodity is an abstraction of reality.

4.6.1.4 Data availability forces aggregation on the modeler

Typically, sector-modeling exercises requires the use (and possibly the development) of
consistent data on a national basis. When trying to use or develop such data, one usually finds
that crucial items such as crop production budgets are available for average or typical regional
operations, but not for a large number of possible alternative enterprises. Confidentiality and the
costs of finer data development generally preclude more detailed data sets. Price data are also

typically averages over regions, days, sale contract terms and grades, as are consumption data.

4.6.1.5 Differences exist between the producer problem and the model

Models often depict profit maximization subject to resource constraints as the sole
objective of the producer, excluding other potentially important factors. Examples of relevant
excluded considerations include risk aversion, financial reserves, capital constraints, personal
expectations concerning yields and prices, and non-market objectives that are important to the
producer (e.g. stewardship, tradition, wildlife habitat provision). These are all difficult to

measure and depict on an aggregate scale.

4.6.1.6 Insufficient depiction of production possibilities in budgets

The model’s producer level farm budgets give statistically based data describing
production practices carried out at one point in time on average. This reflects practices as they

were not how they could have been. Consequently, budgets do not give a full spectrum of
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possible production responses. Also, time lags in budget availability (i.e. with those available

being one or two years old) and geographical averaging may introduce bias in model response.

4.6.1.7 Specialization and mathematical programming solutions

Mathematical programming solutions, particularly those from linear programming
models, tend to produce extremely specialized solutions (“‘corner solutions”), wherein only one
activity might be selected from a wide range of options for a rather large segment or region of
the model. Thus, model solutions may be generated which give regions as producing only part of
the crop and livestock potential production which is actually common within the boundaries of
the region. The extent of this problem will be determined by the number of production
possibilities employed and by the richness of the constraint set and the embodied production
possibilities. Because this single corner solution often runs counter to what is observed in the
field, this sometimes introduces concerns about the model’s realism unless addressed by model

design.

46.1.8 Transaction costs are often omitted

Many models are built on the basis of farm budgets, but then use consumer or regional-
level average prices to calculate economic returns. There are costs accruing in the marketing
channel for handling and transport that are frequently not present in budgets, so there are often
price differentials between farm level prices received and prices paid by consumers' which are

not fully captured in models.

4.6.2 Addressing the aggregation problem

As indicated above, the aggregation problem involves depicting production responses
across a group of producers as a single response. Namely, within a FASOMGHG agricultural
subregion such as Oregon, each farmer is represented by a single aggregate set of production
variables facing an aggregate quantity of land by type, water, labor, AUMS, etc. Such a situation
clearly is a simplification of reality as producers in such regions face different climatological
and other conditions. But availability of data and considerations of sheer model size make some
degree of aggregation both desirable and necessary. In practice, virtually every national scale
model contains simplifications of reality, omitting potentially important information which is
taken into consideration by farmers when choosing a farm plan. However, the need to enhance a
model’s sectoral, geographic, and temporal coverage and detail in a conceptually consistent

manner requires such abstractions to be made.
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Clearly time and data would not permit trying to depict the production system for all
farms. Nor, if it were done once, could one afford to maintain such a data set over time. This
raises the classic concern of aggregation. However, the usual objective in applying FASOMGHG
and other similar models is to develop a representation of the production choices at a regional
(then national) scale to gives an accurate and credible portrayal of how the region might respond
to changes in policy. If, instead, the objective was to model how individual farms with highly
specific characteristics would respond, a finer scale model would be necessary. The aggregate
representation of FASOMGHG, though, should be designed so that it exhibits minimal
differences between what would happen if we had a full regional representation vs. the more
compact regional representation we choose to use. Such a choice obviously is hampered by the

fact that we never know the full characteristics of the region.

Agricultural economists have spent much time addressing aggregation issues, yielding
two primary approaches to the problem. First, there are bottom-up theoretical and empirical
investigations. Here one assumes s(he) has data on individual farms or firms and wishes to
develop a representation which exhibits minimum bias (as typified by Day, 1963a,b, 1969a,b).
Second, are the top down, more empirical approaches with theoretical justification. Here one
assumes s(he) doesn’t know the data on the individual farms/firms but can get more aggregate
data and wishes to appropriately use that data to represent activity for the population represented

in the model.

Some have tried empirical approaches motivated by Day’s bottom up work to classify
farms into groups and develop models for those groups based on most limiting resources. In
addition, formal pursuit of these approaches requires much more data than is typically available
about crop choice and production economics for all of the farms in a region. This has led to the
more general and loose empirical approach where one classifies farms in a region based on
expert opinion, then generates models for those different farm classifications. Unfortunately, the
Day based approach did not prove useful empirically and was not chosen for use in
FASOMGHG. Farmers even under very similar conditions and crop mixes generally have
different price expectations, equipment complements (resulting in different working rates), and

different access to resources.

The second (top down) approach is used in FASOMGHG. FASOMGHG requires a
regional representative model to choose among a convex combination of typical crop mixes as
will be illustrated in the agricultural modeling section below. The rationale behind this approach

can be argued from two different standpoints.
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4.6.2.1 Justification 1: Observed practices reflect constrained choices

In production economics, duality theory asserts that supply equations can be identified by
estimating the relationship between profit (or cost) and determining factors (such as prices),
using theoretically based deduction. In agriculture, then, the supply function is implicitly

revealed through the observed farm profit-seeking choices.

Similarly, farm crop mix choices implicitly have embedded in them the farm’s full
consideration of all production possibilities and the constraints imposed by rotation, resources,
and other technical factors. As a consequence forcing a combination of observed crop mixes,

implicitly incorporates all firm production processes and constraints.

4.6.2.2 Justification 2: Theory indicates use of approach solves problem

The solution to a mathematical programming problem appears at what is called an
extreme point. Such a point lies on the constraint boundary at an intersection point between
separate constraints. Dantzig and Wolfe (1961) investigated solutions to problems which have a
unifying regional market but contain individual submodels for every firm. They showed that the
overall problem solution could be composed from the optimal crop mix solutions from the firm-
level problems without consideration of firm level constraints. They showed that the firms could
be represented as a convex combination of solutions to firm problems, i.e., a convex combination

of optimal crop mixes, which obey the firm-level constraints.

This approach involves a reformulation of the programming model. The reformulation
approach is based upon Dantzig and Wolfe decomposition and suggestions in McCarl (1982).
Dantzig and Wolfe based their scheme on the property that the solution to a subproblem or group
of subproblems will occur at the extreme points of the subproblem(s). Thus, one can reformulate
the problem so that it contains the extreme point solutions from the subproblems. Formally this

can be expressed as follows. Given the problem as expressed above

Z, X;
Max ZJ.Pdh (Zh) az, - ZIPSi (Xi) dX;
h o i

s.t. Z, - ZZCWQﬁk < 0 forallh
Bk
- X, 4+ ZZaiﬂkQﬂk < 0 for alli
Bk
zk“bWQﬂ( <Y, foralljand B
zZ,, X, Qs = 0 foralli,h,kand B
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suppose we group the firms B into subsets r(B) where ry, depicts the m™ aggregate firm
grouping. In turn, suppose we have a set of s feasible solutions Q g and add up their aggregate

levels of production and input usage such that

z"* = Y > C.,.Q5 forallmh,ands

" peimip) & K

X™ = ¥ ¥ a,Q; forallm,i,ands
Berm(B) k e

This in turn can be used in the aggregate problem:

Zh Xl
Max ZJ.Pdh (Zh) az, - ZIPsi (Xi) dX;
h o i 0

s.t. Z, - Z Z ZAws < 0 for allh
- X, + Zm: i XA <0 for alli
T Z Aws =1 for allm

zZ,, X, s A > 0 foralli,h,mands

1 ms

This model differs in two major ways from those above. First, the firm response variables
have data requirements not in terms of individual production possibilities, but rather in terms of
total production and consumption of the sector wide outputs and inputs accumulated across the
firms in each group. In addition, rather than using individual resource constraints we now require
a convex combination of the total output/input vectors. This will be feasible in the subproblems
since any combination of two feasible subproblem solutions is feasible. Implicitly these solutions

contain all the firm level resource restrictions and production possibilities coded within them.

The candidate solution vectors (i.e., the values of X;™,Z,™) must be developed. These
can be generated either by formally solving the linear programming subproblems for different
prices or by selecting a historical set of observed feasible mixes or firms. This is discussed
further in Onal and McCarl (1989, 1991). Furthermore crop mixes of individual firms are not

needed but rather can use mixes from groups of firms such as all farms in a county.

McCarl, Hamilton, and Adams (1985) investigated the effect of different representation
schemes in a Midwest region study felt through changes in crop yields and resultant effects on
regional welfare. That study looked at crop mixes derived from a set of 13 typical farm LP
models as well as a set of crop mixes drawn out of the USDA Agricultural Statistics
publications. A regional model based on the agricultural statistics crop mixes generated virtually

the same information as the much more time and resource intensive linear programming
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representative farm-based crop mixes, thereby providing evidence that aggregate data on crop

choices are consistent with underlying profit-maximizing choices.

There are some basic problems with this approach, however. First, the use of historical
crop mixes does not constitute as rich a production possibility set as one would have with the full
detail in a model which more completely represented individual units. Historical crop mixes are
reflections of producer decisions in the face of prevailing prices. Thus the crop mixes will not be
an accurate representation either if the expected prices confronted by the model are well outside
the historical range or if the situation to be examined substantially revises the production
possibilities. Onal and McCarl (1989) found that when the prices and product mixes were not
substantially different, the historical mixes gave a solution very close to that produced by more
disaggregated modeling schemes. Others have attempted to correct such problems by
augmenting the historical crop mix information with expert opinion or survey information.
Tanyeri-Abur et al., (1993) added additional crop mixes containing much less sugar when
examining US sugar import policy. Apland and Jonasson (1992) followed a similar approach in
eliminating oil crops. Schiable et al., (1999) added additional mixes from a farm survey in a
study of farm policy revision, with the mixes being based on survey questions about reactions to

policy revisions.

Another problem with this approach is that it does not take account of changes in
production costs, inputs and yields when crop mixes change. A farmer knows that crop yields
depend very much on the land use the previous year. Furthermore, costs may also vary with the
previous crop. Some crops assist in avoiding diseases, thereby reducing the need for pesticides or
other crop protection, while other crops have the opposite effect. These cost and yield changes

are not taken into account.

4.6.2.3 Omitted costs -- profit calculation

Producers scattered throughout the country all receive different prices because they sell
goods at different times, in potentially different quality forms and at different distances from
marketing channels. Economic theory addresses this with the Law of One Price. This theory
posits that all price differences are caused by different transactions costs and that once these
transaction costs are all taken into account, all goods trade at effectively the same price. For if
the same good traded at different effective prices, there would be opportunities for agents to
engage in arbitrage and profit merely by exchanging goods sold at different prices. Market forces
tend to dissipate these arbitrage opportunities.
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The notion of adjusting prices to adequately reflecting transaction costs causes problems
when using production budgets as the source of input data. In particular production budgets do
not typically contain marketing transactions costs. It also causes problems when the demand
function price is based on national statistics, because there are regional markets with higher
prices caused by extra transactions costs that would net out any nominal price differences across

regions.

The law of one price is assumed herein where the marginal returns from all production
variables based on observed budgets are equated to the marginal costs plus missing cost items.
FASOMGHG is structured based on farm production budgets and USDA Agricultural Statistics
national average prices. In these budgets the prices received exhibit regional differentials.
Furthermore, the USDA national average prices are also different. Under these circumstances,
the decision was made to rely on the economic theory of competitive markets and structure the
model so that the marginal cost of production at current levels of production equaled the
marginal cost of production. This led to the missing costs calculation based on an idea originally
expressed by Miller and Miller (xxxcite) and later utilized by Fajardo et al (1981). Each
production and processing budget comes from actual production activity that was undertaken
during the year that the budget was collected. When production budgets are collected, the data do
not reflect the whole production possibility set, rather they reflect the actual production patterns.
As such, in the base year one needs to assume that these goods are being produced optimally,
given the price that prevails in the national market. Consequently, a transactions cost term is
computed for each budget which equates the marginal value of its output and the marginal cost
of input. Thus, for a corn production activity which uses land, labor, water and miscellaneous
inputs, a profit term can be calculated which is equal to the base period corn price times base
period corn yield minus the base period water price times the amount of water used minus the
rental rate of land times land used minus the prevailing labor wage rate times labor used minus

the sum of the other input prices times quantity used
TC=Price*Yield-Factorcost*FactorUsage

This cost term represents missing transaction costs. If one solves the model adding this
cost term then when the shadow prices in the model equal the base period prices for crops and
factors - this model has zero reduced costs. Consequently such a solution is a candidate solution
in the FASOMGHG programming model. Summarizing this transactions cost is computed as a
residual and then is added as a term in both the crop and livestock activities permitting the model

to reproduce observed market prices and replicating regional pricing and production patterns.
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SECTION 3: THE FASOMGHG PROGRAMMING MODEL

This section presents discussion of the structure of the programming model within
FASOMGHG. We will do this by highlighting model components including the forest sector

submodel, the agricultural submodel, the GHG payment submodel and the intersectoral features

this is not complete
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5 CHAPTER 5: OVERALL FASOMGHG PROGRAMMING MODEL
STRUCTURE

Operationally, FASOMGHG is a dynamic, nonlinear, price endogenous, mathematical
programming model. FASOMGHG is dynamic in that it solves for the simultaneous multi-
market, multi-period equilibrium across all agricultural and wood product markets, for all time
periods, and thus for the intertemporal, intersectoral land market equilibrium. FASOMGHG
embodies a nonlinear objective function, representing the sum of producers' and consumers'
surpluses in all of the included product and factor markets. It is price-endogenous because the
prices of the products produced and the factors used in the two sectors are determined in the
model solution. Finally, FASOMGHG is a mathematical programming model because it uses
numerical optimization techniques to find the multi-market price and quantity vectors that
simultaneously maximize the value of an objective function, subject to a set of constraints. The
FASOMGHG equations characterize: (a) the transformation of resources into products over time;
(b) initial and terminal conditions; (c) the availability of fixed resources; (d) generation of GHG
net emissions; and (e) policy constraints. The first-order (Kuhn-Tucker) conditions for the choice

variables provide a set of rules characterizing the establishment of a competitive equilibrium.

An overview of the model is presented in three tableaus below:

e One of which covers sectoral scope in a static sense
e One of which is more aggregate but introduces the spatial/regional dimension
e The last of which is more aggregate but introduces the intertemporal dimension.

5.1 Static, single region portrayal

The tableau within table 5-1 shows the full scope of the FASOMGHG programming
model in a single region, single time period setting. Although the tableau is designed to illustrate
the most important model features, the reader should be aware that there is substantially more to

the model. The subsequent chapters provide additional detail, as does the GAMS code.
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Table 5-1 Sample tableau illustrating full FASOMGHG model in a static setting without regional detail

g : g 5
L2} < = o
< L= T] .S
Variables y 8 o & < 2 . 3 2 ¢ ¢ g 2 g 2 ¢
1<) a8 5 2 > s E 5 3] - g g % 3 =) £ 9]
S £ s | g 2 = S = g g 2] < x 5 =9
s & 8 E & g g g e s g 3 9B ~ 3 8 5 F 2 2
g ¢ £ 5 8 ¢ 3 8 £ Bl E = 2 2 ¢ g ¢ = g £ e s |
-~ - 3 2 & % & & 35 g s =) £ g &g ¥ 5|, » gz 7 E 2 5 % s = )£
£ £ 2 e = = 3 3 3 s |l =T o2 = g9 - - = =4 2 2|8
. 2 & 8 73 =} g g 2 o 2T 8 B < 1o = e e =8 . 5 .= E = £ 2 3 e« £ B N g
Equations S T 0o S 8 = S 2 3 2 2 2 = 2 = ~ < 5 w I= F - 8 g 7] o 5 5 [N 2
2 3 3 £ ¢ £ =T 4 g & &2 = 18 g & =2 € )1 g 8 8§ =z £ 5 & = & & £ 7|2
z & &5 & 2 E B & i T %P T2 OEle 2 = g ¢ og2IE £ 2 2 £ B 2 & & 85 E § g |9
x 5 058 2 & 5 5 B o S 2 2 5 g & § § & &9 &2 g g2 & 5 &5 2 2 w w w 5 |=E
g g < = S5 & & o 2z = = = &= g & S 5 > S Ve O & & < o & O o < < < ~ 10
Welfare -pc -fdt -fds -fow +fd +fe -fi +ft Jalt -alt -fit -fit -fcm -acm -acc -alc -apc -afc -afs -ale +ae -ai  +ad -adt J+gp
Exist timberland +1 <Lf
Bare forest land -1 +/-1 -1 +1  +1 < -dev
Bare land from ag +1 -1 -1 < 0
Harvested log bal -fhe -thr -ftha +fpu -1 < usps
Min hardwoods +1  +1 +1 > mh
For production cost +fce +fer +fca -1 <0
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The tableau shows that the FASOMGHG programming model encompasses four

submodels and an integrating objective function:

Forestry sector submodel — Covers forest sector production, manufacturing, input
supply, consumption, interregional transport, international trade, and terminal inventory
valuation. This submodel is represented by the tableau columns labeled Exist stand
through Terminal for product demand. The feasible solution values for the forestry
submodel variables are limited by constraints on land; input/factor supply; log
supply/demand balances; intermediate and final product balances; processing capacity;
and terminal inventory valuation. This is represented by the tableau rows EXxist
Timberland through Terminal for prods. The forestry submodel also affects the GHG
balance as is shown in the last row of the tableau.

Agricultural sector submodel — Covers agricultural sector crop and livestock
production, processing, feed blending, factor supply, consumption, interregional transport
and international trade including terminal valuation of land remaining in agriculture. This
submodel is represented by the tableau columns labeled Initial tillage through Domestic
ag transport. The feasible solution values for the agricultural submodel variables are
limited by constraints on crop and pasture land; factor supply; supply/demand balances
on crop, livestock, processed and blended feed products; and crop/livestock mixes. This
is represented by the tableau rows Crop land through Livestock mix. The agricultural
submodel also affects the GHG balance as is shown in the last row of the tableau.
Intersectoral transfers submodel — Covers transfers of land and commodities between
the forestry and agricultural sectors. This submodel is represented by the tableau columns
labeled Crop land from ag through Move ag to for commod. The first four columns depict
land transfers and the last two commodity transfers. Land transfers are limited by the
equations Max for land transfer and Max ag land transfer. The submodel variables have
entries in the land availability and commodity balance equations within the forestry and
agricultural submodels.

GHG submodel — Covers GHG accounting and payments to net GHG emission
reductions from agriculture and forestry. The GHG accounts reflect sequestration
activity, emission activity, and biofuel related offset activity. In the tableau, the GHG
submodel is represented by the column GHG payment and the row GHG balance. The
GHG balance row depicts the involvement of agricultural and forestry activities. In turn,
given a policy or GHG price signal these submodels can employ different production
possibilities to reduce net GHG emissions.

Integrating objective function — Net present value of consumers' and producers' surplus
across all four submodels. This is maximized in the FASOMGHG solution. The
objective function is the tableau row labeled Welfare. Positive contributions arise over
time and in the terminal period in association: (a) the area underneath the demand curves
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for domestic consumption and export of forestry and agricultural products; (b) the
valuation of terminal forest inventory and (c) the GHG payments to net emission
reductions. In turn, total cost is subtracted in the form of cost terms and the areas
underneath supply curves. The upward sloping supply functions include (a) forestry non-
wood inputs, (b) agriculture and forestry imports, and (c) agricultural factor supplies for
water, AUMs, and labor.

Next we discuss components of each of the four submodels separately, including the

submodel components within the objective function.

5.11

Forestry sector submodel

The forestry sector submodel depicts forestry production, processing, input supply,

consumption, interregional transport, international trade, and terminal inventory valuation. This

submodel is represented by the tableau columns labeled Exist stand through Terminal for

product demand. The feasible solution values for the forestry submodel variables are limited by

constraints on land; input/factor supply; log supply/demand balances; intermediate and final

product balances; processing capacity; and terminal inventory valuation. This is represented by
the tableau rows Exist Timberland through Terminal for prods. The forestry submodel also

affects the GHG balance as is shown in the last row of the tableau. Next we discuss each variable

(column) depicted in the tableau along with each equation (row).

The variables in Tableau 5-1 that make up the forestry submodel are:

Exist stand -- Allocation of acres to forest production alternatives for stands that exist at
the beginning of the model run. The variable involves determination of the time of
harvest, with one possibility being that the stand ia never harvested. Forest stands are
differentiated by region, land class (reflecting suitability for agriculture), site quality, type
of forest stand (softwoods, hardwoods, planted pine, etc.), type of private forest owner
(industrial or nonindustrial private), age of stand, and prior stand management (including
prior fertilization, partial cut and thinning regimes). The variables reflect usage of forest
land from the existing inventory. If clearcut, they yield an acre that can be reforested.
They also fall into the hardwood minimum constraint provided that hardwoods are being
grown. In periods of clearcut, thinning, or partial cut, they produce harvested logs
depicted by fhe, while they incur production costs (fce) from the initial model time
period up to the period of clearcut. If these stands are never harvested during the explicit
model time periods or are partially cut, they yield terminal inventory equal to te. Finally,
they enter the GHG balances between the first period and the period just before clearcut
at the rate ce, reflecting: (a) GHG sequestration in soils, ecosystems, and standing timber
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and (b) fossil fuel emissions incurred during production. Within the GAMS
implementation these are the variables FORPRDEXIST.

Reforest land -- Acres allocated to reestablished forest on previously clearcut lands. They
involve determination of harvest time (with never being a possibility), type of forest
(softwoods, hardwoods, planted pine, etc.), and management applied (including possible
fertilization, partial cut, and thinning regimes). These variables are defined by time of
forest reestablishment, time of harvest, and land characteristics. The land characteristics
involve region, land class in terms of suitability for agriculture, site quality, and type of
forest owner. In turn, if clearcut, these stands yield acres that can be reforested. They also
fall into the hardwood minimum constraint provided that hardwoods are being grown. In
periods when the stand is clearcut harvested, thinned, or partially cut, they produce
harvested logs depicted by fhr, while they incur production costs (fcr) across time from
the establishment period to clearcut period or the model end. If these stands are not
clearcut, they yield terminal inventory tr. Finally, they enter the GHG balances (cr)
between time of stand establishment up to just before clearcut, reflecting sequestration,
and fossil fuel emissions incurred during production. Within the GAMS implementation
these are the variables FORPRDNEW.

Afforest land -- Afforestation of acres to forest production alternatives on land transferred
from agriculture. They involve determination of harvest time, forest type (softwoods,
hardwoods, planted pine, etc.), and management applied including possible choice of
partial cut or thinning regime. These variables are defined for the time period of
afforestation, clearcut harvest period, and land characteristics. Land is controlled by
region, suitability for agriculture, and site quality (High or Medium). All afforested land
is assumed to belong to nonindustrial private forest owners. The variables use one acre of
land transferring in from agriculture. In turn, if clearcut, they yield an acre into the bare
land equation. They also fall into the hardwood minimum constraint provided that
hardwoods are being grown. When the stand is subjected to clearcut harvest, thinning, or
partial cut, it produces harvested logs (fha), while incurring production costs (fca) from
the periods of establishment through the clearcut period. If these stands are never clearcut
harvested, they yield terminal inventory (ta). Finally, they enter the GHG balances (ca)
during the periods between establishment up to just before the clearcut period, reflecting
sequestration, and fossil fuel emissions incurred during production. Within the GAMS
implementation these are the variables FORPRDNEWAFFOREST.

For production cost -- Total stand production costs in dollars by each region and time
period. The variables equate with the costs incurred in the production cost balance
equation and incur an objective function entry (pc). Within the GAMS implementation
these are the variables FORPRDCOST.

Manufacture wood prods -- Quantity of wood product manufacturing (processing)
activity in units of product made by region, type of product, type of process, input mix,
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and time period. These variables not only embody manufacturing, they also incorporate:
(a) log harvest and forest to mill hauling, and (b) product transformation including
downgrading of logs, such as from sawtimber to pulpwood. This variable is defined for
all FASOMGHG wood product manufacturing regions, including those in Canada. Logs
are used as inputs at the rate fpu, while wood products are produced and possibly used at
the rate p, generating or using milling residues (m). Processing capacity is used. They
also require one unit from the regional and process specific non-wood input balance,
which in turn reflects an upward sloping supply curve of non-wood inputs. Finally, they
enter the GHG balance (cm) in the period of wood product manufacture and all
subsequent periods, reflecting carbon sequestered in manufactured wood products.
Within the GAMS implementation these are the variables FORWDMANUFACT.
Terminal manufacture — Terminal-period activity of wood product manufacturing by
region, wood product made, process, and input mix. The variables have the same
characteristics as the above Manufacture wood prods variables, with the only real
difference being that the logs come from the terminal inventory balance equation. Within
the GAMS implementation these variables fall within FORWDMANUFACT.

Forest domestic transport -- Quantity of wood products transported between regions. The
variable is defined by product type, originating region, destination region, and time
period. They reflect transport cost in the objective function (fdt), while using one unit of
wood product in the region of origin and supplying one unit into the region of destination.
All regions are covered where wood products manufacture is defined, including those in
Canada. Within the GAMS implementation these variables fall within
FORWDTRANSPORT.

Exog public supply (Canada)—In Canada only, public supply (from provincial lands) of
harvested logs by region, time period, and log type. They reflect cost of supply in the
objective function (fds), and supply one unit of logs into the harvested log balance.
Within the GAMS implementation these variables are named FORWDLOGSUPPLY.
Non-wood inputs -- Supply of non-wood input items for wood product manufacturing.
They are defined by wood product, process, region, and time period. They depict an
upward sloping supply curve for non-wood input items. Non-wood inputs include those
for manufacturing inputs, harvest, and woods to mill hauling costs. The variables have
objective function coefficients (fnw) reflecting subtraction of a term representing arca
underneath the non-wood input supply equation and supply one unit into the non-wood
input balance equation. Within the GAMS implementation these are the variables
FORWDNWCS.

Wood product demand -- Wood product demand by type of wood product at the US
national level by time period. They represent a downward sloping demand curve. The
variables fall into the objective function, with a term (fd) reflecting the area underneath
the demand equation. They also reflect the withdrawal of one unit from the wood product
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balance equation. Within the GAMS implementation these variables are cases within
FORWDDEMAND.

Wood product import -- Import supply of wood products (softwood lumber from non-
Canadian sources only) at the regional level by time period. They represent an upward
sloping import supply curve. These are defined for each wood product manufacturing
region. The variables fall into the objective function with the subtraction of a term (fi)
reflecting the area underneath the import supply equation. They also add one unit to the
wood product balance. Within the GAMS implementation these are within
FORWDSUPPLY.

Terminal for product demand -- Terminal period demand for wood products at the US
national level. They represent a downward sloping demand curve for future wood
products, assuming all stands are subjected to perpetual even-aged management. The
variables have an objective function term (ft) reflecting the area underneath the terminal
demand equation. They withdraw one unit from the terminal wood product balance.
Within the GAMS implementation these variables are cases within FORWDDEMAND.

The equations portrayed in table 5-1 that are associated with the forest sector are:

Welfare -- Adds forest related net present value of consumers' and producers' surplus.
The positive terms involve the area under the wood product demand curves for domestic
consumption (fd), exports (fe), and terminal products (ft). The negative terms are of two
different fundamental types. The first involves the area underneath explicit upward
sloping supply curves for non-wood inputs (fnw) and wood products imports (fi). The
second involves fixed per unit costs times quantities for stand production costs (pc),
domestic transport (fdt), and public (Canadian) log supply (fds). Discounting provisions
are included, as the model variables falling into the objective function embody a time
dimension and consequently introduce income and cost streams arising in different time
periods. Thus, they must be transformed into a common unit that we select to be year
2002 dollars. To do this FASOMGHG incorporates two different discounting procedures.
First, because all variables give the annual activity levels during each five year period,
their objective function terms are transformed to give the present value of period
spanning constant activity at that rate. That involves multiplying the term by a factor,
where the factor used is present value of a five year annuity for all but the terminal
period, where a perpetual annuity factor is used. Second, the terms for time periods
beginning in year t are multiplied by the discount rate for year t relative to year 2000. The
objective function is the GAMS implementation equation WELFAR.

Exist timberland — All acres in the initial inventory (preexisting stands) must be allocated
to some form of management or reserved class. The stands are defined by region, land
class in terms of suitability for agriculture, site quality, stand type (softwoods,
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hardwoods, planted pine, etc.), owner type (industrial or nonindustrial private), stand age,
and management (including possible fertilization, partial cut and thinning regimes). This
row depicts the GAMS implementation equation FORINVENTORYA.

Bare forest land -- Balances clearcut timberland with its use of timberland for
reforestation, transfer to agriculture, and transfer to developed use (fdev). The stands are
defined by region, land class in terms of suitability for agriculture, site quality, type of
eligible succeeding forest stand, and forest owner (industrial or nonindustrial private).
Clearcut acreage comes from existing stands, previously reforested stands and previously
afforested stands but only after their first afforested rotation. This row depicts the GAMS
implementation equation FORLANDBALANCE.

Bare land from ag -- Balances agricultural land transferring into forestry with its use for
afforestation. The stands are defined by region, land classes suitable for agriculture, and
site quality (high, medium). This equation only treats afforested stands during their first
rotation. Subsequent stands go into the bare forest land balance. This row depicts the
GAMS implementation equation FORAFFORLANDBALANCE.

Harvested log bal -- Balances the harvested logs from private and public sources with
their use in wood products manufacturing. The private logs come from existing stands
(fhe), reforested stands (fhr), or afforested stands (fha). They include logs obtained from
clearcut harvests, thinning, and partial cuts. Public logs come from exogenous US public
lands cut (usps) and from the Endog public supply (Canada) variable that depicts upward
sloping supply of Canadian logs. Wood products manufacturing uses logs at the rate fpu.
These equations are defined by region, log type, and time period. This row depicts the
GAMS implementation equations FORBALEXHRYV (which covers clearcuts of existing
stands), FORBALEXHPC (which covers thinning and partial cuts of existing stands),
FORBALNEWHRYV (which covers clearcuts of reforested and afforested stands), and
FORBALNEWHPC (which covers thinning and partial cuts of reforested and afforested
stands). The GAMS implementation equation FORWDBALANCE for log commodities
is also involved.

Min hardwoods -- Requires the standing hardwood area by owner to be greater than or
equal to a minimum owner-specific acreage level (mh). The constraint is defined by
region, type of forest owner, and time period. The GAMS implementation equation
FORHARDWOODMIN is represented by this tableau row.

For production cost -- Balances the use of pre-harvest forest production cost items with
their supply. The costs arise under management of existing (fce), reforested (fcr), and
afforested (fca) stands. The equation is defined by log producing region and time period.
This row depicts the GAMS implementation equation FORCOSTBAL.

Wood products bal -- Balances manufactured wood product supply and demand. These
equations are defined by region, wood product (including logs), and time period. Supply
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is obtained from wood products manufacturing at the rate of p plus incoming domestic
transport and imports. The demand arises from intermediate product use by
manufacturing (at a rate also depicted by p), and outgoing transport plus domestic
demand and exogenous exports (exp). Finally, there are adjustments for commodity
movements to and from agriculture. This row depicts the GAMS implementation
equation FORWDBALANCE.

For process capacity -- Imposes capacity limits on wood product manufacture. The
capacity (fcap) is defined by time period, region, process, and wood product
manufactured. This row depicts the GAMS implementation equations
FORWDCAPACITY.

Mill residues bal -- Balances milling residue supply and demand. These equations are
defined by region, residue type, and time period. Milling residues are obtained from
wood products manufacturing at the rate of m. Demand arises from intermediate product
use by manufacturing (at a rate also depicted by m). This row depicts the GAMS
implementation equations FORWDRESBAL.

Non-wood input bal -- Balances wood product manufacturing activity with non-wood
input supply. Non-wood input supply is from an upward sloping supply curve. The
equation is defined by wood product, processing alternative, region, and time period. This
row depicts the GAMS implementation equation FORWDNWCEQ.

Terminal for inventory -- Balances logs in terminal forest stands (those that persist
beyond the explicit model time period) with their use in terminal wood products
manufacturing. These logs come from private lands that are either in existing stands (te),
reforested stands (tr), or afforested stands (ta). Wood products manufacturing uses logs
at the rate fpu. These equations are defined by region, log type, and time period. This row
is in the GAMS implementation equation FORBALEXHRV.

Terminal for prods -- Balances the terminal period supply and demand for manufactured
wood products. Supply arises from wood products manufacturing at the rate of p plus
incoming domestic transport and imports. Demand arises from intermediate product use
by manufacturing (at a rate also depicted by p), outgoing transport, domestic demand,
and exports. These equations are defined by region and wood product. This row depicts
the GAMS implementation equation FORWDBALANCE.

GHG balance -- Balances net GHG emissions by type of GHG account with the GHG
payments variable. The equations incorporate terms that reflect sequestration in forests
and wood products along with GHG emissions from fossil fuel use. The term ce reflects
the GHG emissions and sequestration associated with the management of existing forests,
while cr reflects that from reforestation and ca that from afforestation. The term cm
reflects carbon sequestered in wood products. GHG terms are also included, reflecting
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effects for agriculture and land use change as discussed elsewhere. This row depicts the
GAMS implementation equation GHGACCOUNTS.

5.1.2 Agricultural sector submodel

The agricultural sector submodel depicts crop and livestock production, processing, feed

blending, factor supply, consumption, interregional transport, and international trade. This

submodel is represented by the tableau columns Initial tillage through Domestic ag transport.

The agricultural submodel incorporates constraints on crop and pasture land; factor supply;

supply/demand balances for crop, livestock, processed and blended feed products; and

crop/livestock mixes. This is represented by the tableau rows Crop land through Livestock mix.

The agricultural submodel also affects the GHG balance, as shown in the last tableau row. Next,

we discuss each variable (column) depicted in the tableau along with each equation (row).

The variables in Tableau 5-1 that make up the agricultural sector submodel are:

Initial tillage -- Assigns initial crop land assignment to the existing inventory. The
variables are defined by region, tillage system (conventional, minimum till, and no till),
irrigation status (irrigated or dryland), and crop land quality type. The variables use land
from the initial tillage balance and supply it for cropped use. They also enter the GHG
balances (ts) during each subsequent period, reflecting the trajectory of soil sequestration.
Within the GAMS implementation these are the variables AGINITIALTILL.

Change tillage -- Tillage system and irrigation status alterations. The variables are
defined by region, beginning and ending tillage system (conventional, minimum till and
no till), beginning and ending irrigation status (irrigated or dryland), and crop land
quality type. These variables use land from the balance of land eligible to change tillage,
including land crossing over from forestry (that is placed in as conventional dryland) and,
in turn, supply it for cropping under a particular tillage system and irrigation status, while
permitting it to change again in a later time period. They also enter the GHG balance
(tcs) during the current and future periods, reflecting the trajectory of changes in soil
sequestration. Within the GAMS implementation these are the variables
AGCHANGETILL.

Produce crops -- Agricultural crop production alternatives. The variable gives acres
harvested in a time period by crop, irrigation status (irrigated or dryland), tillage method
(conventional, minimum tillage, and no till), and degree of fertilization (base level, 15%
reduction, or 30% reduction). The land on which the crops are planted is differentiated
by region and crop land quality type. The variables reflect: (a) usage of fixed price inputs
(acc) in the objective function, (b) usage of an acre of tilled land, (c) yield of crop
commodities (cy), (d) usage of labor and water (cl), and (e) a requirement for authorized
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acreage from the crop mix. They enter the GHG balances (ce) reflecting net emissions
involved with crop production, including those from fossil fuel and fertilizer use. Within
the GAMS implementation these are the variables AGCROPBUDGET.

Produce livestock -- Livestock production alternatives. The variable gives the number of
head by animal type, enteric fermentation alternative, and manure management
alternative by region and time period. They reflect: (a) usage of fixed price inputs in the
objective function (alc); (b) usage of pasture land (pu); (¢) use of crop commodities for
feed (cu); (d) livestock commodity yield (e.g., of milk) and intermediate product usage
(e.g., calves used in feeding) at the rate ly per head; (e) agricultural processed commodity
usage (Su); (g) blended feeds usage (fu); (h) labor and AUM grazing usage (ll); and (i) a
requirement for authorized animals from the livestock mix. They enter the GHG balance
reflecting net emissions (le), including those from fossil fuel, enteric fermentation, and
manure. Manure management alternatives are incorporated in an associated variable.
Within the GAMS implementation these are the variables AGLVSTBUDGET and
AGLVSTMANURE.

Agricultural processing -- Agricultural processing alternatives. They give the volume of
agricultural processing manufacturing activity. The variable is differentiated by
processing alternative, region, and time period. Some of the processing alternatives are
only defined at the national level. The variables reflect: (a) usage of fixed price inputs in
the objective function (apc); (b) usage of crop commodities (Pc); (c) usage of livestock
commodities (pl,); and (d) agricultural processed commodity production along with
intermediate product usage (py). They enter the GHG balance (pg) reflecting emissions
from fossil fuel usage and biofuel offsets. Within the GAMS implementation these are
cases within the variables AGPROCESS and AGREGPROCESS.

Blend feed -- Feed blending alternatives. The variable involves determination of the
number of units of blended feed manufactured by blending alternative. The variable is
differentiated by feed type, blending alternative, region, and time period. The variables
reflect: (a) fixed price input usage (afc) in the objective function; (b) crop commodity
usage (fc); and (¢) processed commodity usage (fs). Within the GAMS implementation
these are cases within the variable AGREGPROCESS.

Sup water, AUMs, Labor -- Agricultural factor supply of water, labor, and AUM grazing.
They give the amount supplied from fixed price and upward sloping supply curve
portions. For water, this involves fixed price government owned, but leased, sources and
an upward sloping supply curve for pumped, private, surface and ground water. For
labor, this includes fixed price family and upward sloping hired labor supply. For AUM
grazing, this includes fixed price AUMs available through grazing fees and AUMs
available in an upward sloping fashion through private markets. The variable is
differentiated by resource, type of source, region, and time period. The variables reflect:
(a) the per unit fixed price or area underneath the supply curve relevant to the quantity of
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the factors supplied in the objective function (afs); and (b) supply into the resource usage
balance row. Within the GAMS implementation these are cases within the variable
AGRESSUPPLY.

Crop/pasture exchange -- Transformation of crop land to and from pasture or grasslands.
The variable gives acres transformed in each direction by region and time period. The
variables reflect: (a) per acre fixed cost of transformation in the objective function(al);
(b) supply or usage of crop land from the tilled land and can change tillage balances and
(c) supply or usage of pasture land. These variables also enter the GHG balance, giving
the trajectory of change in soil sequestration (ds), which is positive or negative depending
on the direction of land use change. Within the GAMS implementation these are cases
within the variable AGPASTLNDUSECHG.

Crop/livestock mix -- Choice among historically observed distributions within regions
and livestock mix distributions across regions. The variable involves determination of the
number of acres or head authorized within each observed mix. The crop mix variable is
differentiated by region, historical alternative, and time period. The livestock mix
variable is differentiated by historical alternative and time period. The variables reflect:
(a) the share of the acreage of each crop in the total mix per unit of the alternative (cm);
and (b) the share of the lives