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1.0 INTRODUCTION

This report provides a description of the structure of the Forest and Agriculturd Sector Optimization
M odel (FASOM ), adynamic, nonlinear programming model of the forest and agricultura sectorsin
the United States. The modd depicts the alocation of land, over time, to competing activitiesin both
the forest and agricultura sectors. It has been developed for the U.S. Environmenta Protection
Agency (EPA) to evduate the wdfare and market impacts of dternative policies for sequestering
carbonintrees. The modd isaso desgned to aid in the gppraisal of awider range of forest and
agriculturd sector policies. In the longer term an expanded version of the model may be used to
amulate the effects of climate-induced changesin yields on market behavior and economic agentsin
both sectors.

The conceptud structure of FASOM is an outgrowth of two previous studies! In the first of these,
Adams et a. (1993)? modified an existing, price-endogenous, agricultura sector model (ASM)
developed by McCarl (McCarl et d., 1993) to include consderation of tree planting and harvest on
agricultural land to sequester carbon. While the study was by no means the first to estimate the cost of
sequestering carbon, it was a pioneering effort in severd respects. Firg, it provided estimates of the
cogis of sequestering carbon that took into account the increases in agricultura prices that would occur
when agricultura crops were displaced by trees. Second, it presented estimates of the impacts of
different size programs on both the total and the distribution of the consumers and producers welfarein
the agriculturd sector. Findly, it showed that harvesting the trees used to sequester carbon had the
potentia to greatly depress regiona stumpage pricesin the United States.

An important limitation of this sudy was that there was no effort to mode the dynamics of tree growth.
Rather, the trees were assumed to be harvested in a steady state uniform rotation. A subsequent study,
by Haynes et d. (1994a), employed the Timber Assessment Market Modd (TAMM) and alinked
inventory modd, caled ATLAS, to look at thisissue. As expected, the inventory of existing trees
acted like afilter, spreading out the period of time over which the trees that had been planted to

1 Initsbroad form the forest sector of FASOM isa"model 2" harvest scheduling structure as described by
Johnson and Scheurman (1977) or a"transition” timber supply model as outlined by Binkley (1987). Itisrelated to
previous models of this sort as developed by Berck (1979) and to the Timber Supply Model (TSM) developed by
Sedjo and Lyon (1990). In both FASOM and TSM the forest inventory is modeled in an even-age format using a set
of discrete age classes with endogenous decisions on management intensity made at time of planting. Only asingle
demand region isidentified and market interactions are restricted to thelog level. The TSM is solved using methods
of optimal control with an annual time increment. FASOM, using a decade time step, is solved using nonlinear
programming.

2 This paper was originally presented as a paper in 1991 at the annual meeting of the Western Economics
Association.
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sequester carbon were harvested. Modeling the dynamics of the forest inventory had the effect of
damping the decreases in sumpage prices rdative to the resultsin Adams et d. (1993).

The structure of the models used in these two previous studies did not make it possible to look at the
effects of future price expectations on the behavior of the owners of existing private timberland; their
subsequent reaction to lower expected ssumpage prices, and the likely impacts on the total amount of
carbon sequestered. They assumed, in effect, that the harvest and reforestation (or afforestation)
decisons of private timberland owners were not sgnificantly influenced by the planting of millions of
acres of potentidly-harvestable timber by farmers. However, if timberland owners knew these trees
would be harvested sometime in the future, they would probably take actions to reduce the Size of their
inventory holdings, either by harvesting sooner, reforesting a alower management intendty, or by
shifting investment to other sectors of the economy. Thiswould reduce the price impacts of "tree
dumping” from the agricultural sector on the forest sector, but it would aso reduce the amount of
carbon that was sequestered in totd.

This limitation could only be addressed by specificdly linking the forest and agriculturd sectorsin a
dynamic framework, so that producers in both sectors could, in effect, foresee the future consequences
of aternative tree planting policies and take actions to accommodate the future effects. Thus the need
to model the intertempora optimizing behavior of the economic agents that would be affected by
carbon sequestration policies was amgor driving force in the creation of FASOM.

Linking the two sectors in adynamic framework aso has a number of other advantages related to the
effects of tree planting, forest and farm management programs on land transfers. Existing studies of
land use transfers between the agriculturd and forest sectors are, a best, sudied usng a static, partia
equilibrium (i.e., one-sector) framework in which land prices between the two sectors are not alowed
to resolve. FASOM, on the other hand, allows transfers of land between sectors based on its marginal
profitability in al dternative forest and agricultura uses over the time horizon of the modd.

11 FASOM FEATURES
The modeling system includes a set of core capabilities. A brief description of these features follows.

1 Based on joint, price-endogenous, market structure. The agriculturd and forest
product sectors are linked in asingle model and compete for a portion of the land base.
Pricesfor agricultura and forest sector commodities are endogenoudy determined
given demand functions and supply processes. Competition for land between
agriculturd and timberland enterprises provides the basis for smultaneous price
determination in both sectors. The structure of the two sectorsis based in part on
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elements of the TAMM (Adams and Haynes, 1980) and ASM (McCarl et ., 1993)
models.

Land uses can change over time, based on expectations about the future. For example,
if thereis upward pressure on agricultura prices and downward pressure on sumpage
prices as aresult of a specific tree planting policy, thereisthe potentid to convert forest
land into crop and pasture land. The land use shifts that occur in FASOM are based
on comparisons of endogenoudy determined returnsto land in dternative uses.

Model based on welfare accounting. The mode provides estimates of total welfare,
and the digtribution of welfare, broken down by agricultura producers, timberland
owners, consumers of agricultural products and purchasers of ssumpage.

Uses an optimization approach. FASOM isanonlinear mathematica program (i.e,
optimizing modd). The modd maximizes the net present vaue of the sum of: @)
consumers and producers surplus (for each sector) with producers surplus interpreted
as the net returns from forest and agricultura sector activities. GAMS (Generd
Algebraic Modding System) is used to define and solve the model (see Appendix D for
overview of file structure). Supply curves for agricultura products, sequestered carbon
and sumpage are implicitly generated within the system as the outcome of competitive
forces and market adjustments. Thisisin contrast to supply curvesthat are estimated
from observed, hitoricd data. This gpproach is used in part because FASOM will be
used to andyze conditions which fal well outsde the range of historica observation
(such aslarge scale tree-planting programs).

I ncor por ates 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 sumpage and agriculturd product prices and incorporate that information into
their behavior. The FASOM modd uses deterministic expectations, or "perfect
foresight", whereby expected future prices and the prices that are redlized in the future
aeidentica.

Uses methods smilar to the ATLAS inventory projection model and data drawn
from the RPA Timber Assessment. FASOM modds forest inventory using the
same age-based structure as ATLAS and basic inventory data drawn from the Forest
Service's 1993 RPA Timber Assessment Update data base (Haynes et d., 1994b).
Rdative dengity adjustment mechanisms and other growth and yield projection guides
are based on those in the ATLAS system.
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6. Includes forest management alter natives. Unlike TAMM, timber management
investment decisonsin FASOM are endogenous. Actions on the inventory are
depicted in aframework that alows timberland owners and agricultura producersto
inditute management activities that dter the inventory consstent with maximizing the net
present value of the returns from the activities in which they engage.

7. Projects changesin carbon inventory in both sectors. The modding system
performs carbon accounting in both sectors. Carbon accounting in the modd includes
carbon in growing stock, soil, understory, forest floor, woody debris, and in forest
products, landfills, and displaced fossi| fuds.

8. Can be expanded easily to include new features. The programming structure of
FASOM dlows projections of the forest sector either alone or linked to the agricultural
sector and the addition of awide array of activities and/or congtraints to emulate other
market or policy featuresin either sector.

0. Can evaluate a wide range of policies, scenarios, and sensitivities. The modding
system is designed to provide information about the effects of awide range of potentid
policies on carbon sequestration, market prices, land dlocation and consumer and
producer welfare under dternative supply and demand scenarios and
eigibility/participation condraints. The modding system isdesigned so that it is possible
to evaluate the sengttivities of these policies and thelr results to different assumptions
about policy structure, aswell as financid assumptions.

10. Can beused to evaluateforest only, agricultural only, or linked sector issues.
The modeling system is designed to work on the forest and/or agricultura sectors either
independently or smultaneoudy. This dlows one to study sectora issues either
independently or across the two sectors.

1.2  SCOPE AND ORGANIZATION OF THISREPORT

This report describes how the capabilities, described above, are built into the structure of the FASOM
modd. Thediscusson isprimarily in conceptud terms as opposed to a detailed mathematical depiction
of the modd.

The report is divided into 4 sections and four gppendices. Following the Introduction, Section 2.0
provides an overview of the mgor features of the mode, such asthe regiona ddineation and the basic
structure of the forest, agricultura and carbon accounting sectorsin the modd. Section 3.0 presentsa
amplified tableau of FASOM and uses this to describe, in agenera way, the variables and equations
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that are in the moddl and the functions they serve. Section 4.0 describes the outputs of the FASOM
modedl, discusses how the model can be used to evauate dternative policies for sequestering carbon,
and outlines potentia future directions for the modd. Appendix A contains additiona detail on the
scope of the agricultural model while Appendix B contains additional detail on the scope of the forest
modd. Appendix C contains the current version of the main FASOM moded code. Appendix D
provides a description of the computer program and data file structure for the FASOM modeling
system asawhole. Findly, Appendix E contains a detailed listing of the outputs of the modd.
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2.0 MODEL OVERVIEW

This section provides a brief description of the mgor features and important assumptions of the
FASOM modd. Itisfollowed by brief discussons of each of the sectorsin the modd: forest,
agriculture, and carbon accounting.

21 MODEL FEATURES

Operationdly FASOM is adynamic, nonlinear, price endogenous, mathematical programming mode!.
The generic meaning of thesetermsisasfollows. FASOM isdynamic in that it solvesjointly for the
multi-market, multi-period, equilibrium in each agricultura and stumpage product market included in the
modd, over time, and for the intertempora optimum in the assat market for land. FASOM is nonlinear
in that it contains a nonlinear objective function, representing the sum of producers and consumers
aurplusesin the find marketsincluded in the modd. FASOM is price-endogenous in that the prices of
the products produced in the two sectors are determined in the modd solution. Findly, FASOM isa
mathematica programming moded because it uses numerica optimization techniquesto find the muilti-
market price and quantity vectors that maximize the value of the objective function, subject to a set of
congraints and associated right-hand-side (RHS) vaues that characterize: the transformation of
resources into products over time, initid and termina conditions, the availability of fixed resources, and
policy congraints.

FASOM employs 11 supply regions and asingle nationad demand region. The supply regions, as
shown in Figure 2-1, are: Pacific Northwest-West, Pacific Northwest-East, Pacific Southwest, Rocky
Mountains, Northern Plains, Southern Plains, Lake States, Corn Belt, South Central, Northeast, and
Southeast. Alaskaand Hawaii are not included in the FASOM modd. Land use and exchanges of
land between sectorsin some of the regions are constrained for empirica or practica reasons. Under
the current climatic regime, environmenta conditions in the Northern Plains Sates are not conducive to
sgnificant amounts of cogt-effective commercid forest or carbon sequestration activities. However,
these States are important agriculturaly and are included in the modd only with agricultura sectors.
The sameistrue for the western portions of Texas and Oklahoma (i.e., the Southern Flaing). Findly,
the Pacific Northwest (PNW) was divided into an eastern region (PNWE) and awestern region
(PNWW) to reflect differences in environmental conditions and production practices on either Sde of
the Cascade Mountains in Oregon and Washington. In the PNWW region it is assumed that land isin
equilibrium between forest and agriculturd use for the various available classes and Stes. A substantia
amount of land transfer between agricultural and forestry usesis not believed to be appropriate or
likely. For this reason, and because PNWW agricultura production of the crops modded in ASM is
relatively small, only the forest sector isincluded in thisregion.
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Figure2-1.

FASOM Regions.
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Production, consumption and price formation are modeled for hardwood and softwood sawlogs,
pulpwood, and fuelwood in the forest sector as well 75 primary and secondary cropand livestock
commodities in the agricultural sector. The modd is designed to smulate market behavior over a 100-
year period, with explicit accounting on a decade by decade bass. The modd incorporates nationa
demand curves for forest and agricultural products by decade for the projection period 1990-2080.
The production component includes agriculturd crop and livestock operations as well as private
nonindustrial and industria forestry operations. Harvests from public forest lands are trested as
exogenous. From an agriculture policy perspective, the modd includes 1990 farm programs for its
initid decade then operates without afarm program from thereon.

The forest sector of FASOM depicts the use of existing private timberland® as well as the reforestation
decison on harvested land. The flow of land between agriculture and forestry is dso an endogenous
element of themodd. Forested land is differentiated by region, the age cohort of trees* ownership
class, cover type, Site condition, management regime, and suitability of land for agricultural used.
FASOM accounts for carbon accumulation in forest ecosystemns on private timberland, as well as the
fate of this carbon, both at and after harvest.

The possbility of planting trees with arotation length which would carry them beyond the explicit time
frame of the moded necessitates the specification of termind conditions. At the time of planting
producers should anticipate aflow of costs and returns which justify stand establishment costs. The
planting of a stand with an expected 30 year lifein year 80 of a 100 year projection is potentialy
problematic, however, because the anticipated harvest date is beyond the modd time frame. A
mechanism is needed to reflect the value of inventory carried beyond the explicit modd time frame.
Thisis done with "termind conditions' which represent the projected net present value of an asset for dl
time periods beyond the end of the modd projection. Termind conditionsin FASOM are resolved
using downward doping demand curves for the termind inventory.

Four types of termind inventory are valued in FASOM: @) initid stands which are not harvested during
the projection; b) reforested stands remaining at the end of the projection; ¢) undepreciated forest
processing capacity; and d) agriculturd land retained in agriculture. Specific vauation approaches for
each of these dements are discussed in Section 2.5.

3 Timberland 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.

# Forest lands are grouped in ten 10-year cohorts: 0to 9years, 10t0 19, ..., 90 + years. Harvesting is assumed to
occur at the midyear of the cohort.
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2.2 FOREST SECTOR

The forest sector in FASOM consigts of the following basic building blocks:
< Demand functions for forest products
< Timberland area and inventory structure and dynamics

< Production technology and costs.

2.2.1 Product Demand Functions

FASOM employs asingle nationa demand region for forest products which treats only the log market
portion of the sector. Thereis, in fact, very little interregiona shipment of logsin the U.S. forest sector.
Competitive price reations between regions at the log and ssumpage market levels are maintained
through extensive trade and competition at the secondary product level (lumber, plywood, pulp, €tc.).
Use of asingle consuming region for logs emulates the effects of competition at higher market levels
without the use of an explicit representation of activity at these levels.

The demand for logs derives from the manufacture of products a higher market levels. In FASOM log
demands are aggregated into sSix categories. sawlogs, pulpwood, and fuelwood for both softwoods and
hardwoods. Log volumes are adjusted to exclude al but the growing stock portion.® Thus, demand is
for growing stock log volumes ddlivered to processing facilities. Log demand curves are derived from
solutions of the TAMM and NAPAP (Ince, 1997) models by summing regiona derived demands for
logs from manufacturing at higher market levels (sawlogs from TAMM, pulpwood from NAPAP).
Fuewood demand, which is not price sengtivein TAMM, is represented by a fixed minimum demand
quantity and afixed price. Nationd fuelwood demand volumes by decade were derived from
appropriate scenariosin the 1993 Timber Assessment Update report (Haynes et d., 1994b). Demand
curves are linearized about the point of tota decade quantity and average decade price. Demand
curves shift from decade to decade, reflecting changes in the underlying secondary product demand
environment, secondary processing technology and secondary product capacity adjustment across
regions®

5 Nongrowing stock volumes are included only for carbon accounting.

% For both sawlogs and pulpwood, "national” price istaken as the highest of the regional average prices
observed during the 1980s. Regional prices are then derived from the national price by deducting the historical
average difference between the national and regional price. These differences become the "transportation” costsin
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Off-shore trade in forest products occurs at the supply region level and includes both softwood and
hardwood sawlogs and pulpwood. Fuelwood is not traded. Price-senditive, linear demand (export) or
excess supply (import) relations were developed for the various regions and products as appropriate
for their current trade pogition. For example, the Pacific Northwest-West region faces a net export
demand function for softwood sawlogs but no offshore trade demand for hardwood products or other
softwood log products.

2.2.2 Inventory Structure

Forest inventory in FASOM is divided into a number of strata, each representing a particular set of
region, forest type (gpecies), private ownership, Ste class, age, agriculturd use suitability, and timber
management intendty characteristics. Each stratum is characterized in terms of the number of
timberland acres and the growing stock volume per unit area (in cubic feet per acre) it contains.
Inventory estimates for the existing forest inventory on private timberland are drawn from dataused in
the 1993 RPA Timber Assessment Update (Haynes et d., 1994b).

The descriptors used in FASOM to characterize the structure of the inventory on private timberland in
each region are asfollows:

< Owner groups. Forest industry and other private’ (the traditiona definitions are used,
inwhich industrid owners are integrated to some form of secondary processng and
other private owners are not).

the market model and are assumed to be constant over the projection. Since all transactions are measured "at the
mill" or in"mill delivered" terms, intraregional log haul costs areincluded in prices. Demand equations for
sawlogsfor the fiveinitial decades of the projection were derived from TAMM by summing regional derived demand
relations for sawlogs (with prices adjusted to the national level). Demand elasticities varied between

-0.34 and -0.44 for softwood and -0.19 and -0.22 for hardwood. Pulpwood demand relations were derived from the
basic NAPAP roundwood consumption and price projections assuming alinear demand approximation and a
demand elasticity of -0.4. Inthismanner, the projected |log demand equations reflect the specific log processing
technology assumptions incorporated in the Update analysis as well as the underlying product demand and macro-
economic forecasts. Demand projections for different assumptions on technology trends or demand determinants
(asin the sensitivity analyses) were derived from appropriate projections of TAMM and NAPAP. In addition, for
any given policy (public cut) scenario the evolution of product demand is likely to vary in responseto trendsin
prices of forest products and substitutesin a manner unique to that scenario. We approximate this dynamic
development of log demand by rerunning the TAMM and NAPAP models with the appropriate scenario input to
obtain revised demand equation projections.

" Unlike Powell et al. (1993), the Other Private inventory in FASOM does not include Native American Lands.
Harvests on these lands are included with the Other Public exogenous harvest group.
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< Forest type/species. Softwood and hardwood in the current rotation and immediately
preceding rotation.

< Suitability for agricultural use. Land is classfied by type of dternative use for which
it issuited (crop, pasture, or forest) and by its present use (crop, pasture, or forest).
Multiple suitability classes are only used for the other private ownership, as dl forest
indudtry timberland is classified asforest only.

< Site quality classes. High, medium, and low based on the Forest Service productivity
classfication scheme.

< M anagement intensity classes. Three current classes for both private owner groups
(high, medium, and low) are based on a qualitative characterization, drawn from the
management intengty classes used inthe ATLAS system (Haynes et d., 19944). A
fourth class, low-low, is used to characterize any future harvested timberland that is
totaly passvely managed thereafter and is not converted to agriculture.

< Age cohorts. Ten-year intervals, based on FIA descriptions, from the 0-9 year class
(just regenerated) to the 90+ year class.

Any portion, from 0 to 100 percent, of a Stratum can be harvested at atime. The harvested acres then
flow back into a pool, from which they can be dlocated for severd different modes of regeneration as
new timber stands or shifted to agricultural use. FASOM dlows for newly regenerated stands, whether
on timberland or agriculturd land, to be subject to severd different levels of management intengty.
While management intensity shifts cannot occur after a stand has been regenerated (as can occur within
ATLAYS), thisis not thought to be a problem, given that the modd employs perfect foresght in
adlocating land to competing activities.

FASOM smulates the growth of existing and regenerated stands by means of timber yield tables which
give the net wood volume per acre in unharvested stands for Strata by age cohort. Relative dendty
adjusment mechaniams (Mills and Kincaid, 1992) were used to adjust tree volume stocking levelsin
deriving yidds for exiging timberland and for any timberland regenerated into the low timber
management class. Timber yieds for plantations on agriculturd lands are based on the most recent,
reconciled estimates by Moulton and Richards (1990) and Birdsey (1992a).2

8 Timber yields contained in Moulton and Richards (1990) were derived from estimates for plantations from
Risbrudt and Ellefson (1983). In some cases such as for the Rocky Mountains region, these estimates have been the
subject of some debate because they are fairly high relative to yields on commercial timberland. Estimates of timber
yields used by Birdsey (1992a), based on yield tablesin ATLAS, used for the RPA, are much lower. The two groups
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The above growth and inventory structureis used only for private timberland.® Two additional
categories of forest land need to aso be addressed: public timberlands and nontimberland forest land.
Private timberland constitutes about 70 per cent of the timberland and about 50 per cent of the total
forest land in the United States. Timberland in various public ownerships-—-including Federd, State and
locd owners--represents about 30 percent of the timberland and about 20 percent of the forest land in
the United States. Data from which to sufficiently characterize the ste qudity and age Structure of the
public inventory in the East were not available when parale private timber data sets were assembled
for the FASOM sudy. In the West, which contains the mgority of public timberland, the USDA
Forest Serviceisin the process of collecting the necessary data for public timberlands to augment the
private inventory data. Currently, the data that do exist for public timberlands in the West are reldively
gparse and difficult to organize, and the earliest date that afull reliable set may possibly be avalableis
1997 for usein the next RPA Assessment. Because of the current unavailability of data for key regions
and the complexity and cost associated with developing an inventory of public timberlands, FASOM
does not modd their inventory. Harvest on these lands is taken as exogenous. Thisis consstent with
current public policy and the expected direction of future policies that will likely place increasing weight
on the management of public lands for nonmarket benefits

Nontimberland, forested land congtitutes about 30% of the forestland in the United States. This
includes trangtion zones, such as areas between forested and nonforested lands that are stocked with at
least 10% of forest trees. It also includes forest areas adjacent to urban and built-up lands (e.g.,
Montgomery County, VA) and some pinyon-juniper and chaparrd areas of the West. While this area
islarge, the data to characterize the Ste class and inventory structure of this inventory are much poorer
than for public lands. Also, the fact that thisland is not very productive and is widdly dispersed among
private owners with avariety of management objectives makesit avery difficult "target” for either
regulatory or incentive-based forest management/carbon sequestration programs. In light of these
difficulties, harvest on thisland is taken as exogenous and changes in inventory volumes or structure are
not accounted for in the modd.

2.2.3 Production Technology, Costs, and Capacity Adjustment

Harvest of an acre of timberland involves the s multaneous production of some mix of softwood and
hardwood timber volume. In FASOM thisis trandated into hardwood and softwood products

of researchers are currently working on reconciling their differences.

9 Under Forest Service definitions (adopted here), forest land is any land with at least 10 percent tree cover (as
would beidentifiable in an aerial photograph). Timberland isforest land that has the capability to grow at least 20
cubic feet per acre per year of commercial timber products.
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(sawlogs, pulpwood, and fuelwood) in proportions that are assumed to be fixed. The product mix
changes over time, as the stand ages, and between rotations if the management regime (intengty)
changes. Downward subgtitution (use of alog "normaly” destined for ahigher vaued product in a
"normaly” lower valued application) is alowed when the price soread between pairs of productsis
eliminated. Sawlogs can be subgtituted for pulpwood and pulpwood, in turn, can be substituted for
fuelwood, provided that the prices of sawlogs and pulpwood, respectively, fdl low enough to become
competitive subgtitutes for pulpwood and fuelwood, respectively. This"down grading” or interproduct
subgtitution is technicdly redigtic and prevents the price of the pulpwood from risng above that of
sawlogs and the price of fuelwood from rising above that of pulpwood.

Stratain the inventory have specific management (planting and tending) costs that vary by inventory
characterigtics and the type of management. These costs were derived from avariety of sources,
including Moulton and Richards (1990) and those used in the 1989 RPA Timber Assessment (Alig et
al., 1992).2° Each product, in turn, has specific harvesting and hauling costs (hauling in thisinstance
relates to the movement of logs from the woods to aregiona concentration or delivery point). These
costs were derived from the TAMM data base and cost projections used in the Forest Service's 1993
RPA Timber Assessment Update (Haynes et ., 1994b).

Consumption of sawlogs and pulpwood in any given time period is restricted by available processng
capacity in theindudtries that use theseinputs. Investment in additiond cgpacity is made endogenous
by dlowing purchase of capacity increments at externaly specified prices. This raisesthe current
capacity bound and the boundsin future periods aswell. It dso reduces producers surplus by the cost
of the capacity acquisition. Over time, capacity declines by an externdly specified depreciation rate.
Capacity incrementsin any period are dso limited by preset bounds. Since capacity may be added but
not fully depreciated before the end of the projection, the objective function is augmented by aterm
giving the current market vaue of the undepreciated stock.

23 AGRICULTURAL SECTOR

In developing FASOM, two approaches to modeling the agricultural sector were consdered. Thefirst
involved representing the agricultural sector through carbon sequestration supply curves. These curves
would capture the relationship between a) welfare; b) the amount of carbon that could be sequestered,;
and c) the acreage required to sequester that carbon. This approach would reduce the size of
FASOM, so that the model would not have taken as long to run. However, the supply curves would
depend on policy variables that one would like to vary from run to run. This would necessitate the

10" see Appendix B for amore detailed description of the timber growth and yield, management costs and
assumptions about trends in nonagricultural uses of forested lands.
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development of alarge number of supply curves prior to running the modd for policy analys's purposes.
Each supply curve would be developed by running the ASM modd a number of times.

The second gpproach involves "importing” averson of ASM modd into FASOM. By doing this, the
need to conduct alarge number of ASM runsto develop supply curvesisavoided. The man
disadvantage of this gpproach is that it increases the Sze of FASOM. However, the modeling team
decided that the advantages of this approach outweighed its costs, especidly given the processing
speed of modern work stations.

The ASM mode that has been adapted for usein FASOM is described in detail in Appendix A with an
overview given in McCarl et d. (1993). The only red difference from the full ASM isin regiona
delinegtion. The modd here is aggregated to the 11 FASOM regions (without any varigblesin the
PNWW region) whereas the ASM modd is organized around 63 state-level and, in some cases, sub-
date level production regions.

Operationdly, ASM is a price-endogenous agricultural sector modd. It smulates the production of 36
primary crop and livestock commodities and 39 secondary, or processed, commodities. Crops
compete for land, labor, and irrigation water at the regiond level. The cost of these and other inputs
are included in the budgets for regiond production variables. There are more than 200 production
possibilities (budgets) representing agricultura production in each decade. Theseinclude fidd crop,
livestock, and tree production. The field crop variables are dso divided into irrigated and nonirrigated
production according to the irrigation facilities available in each region.

The secondary commodities are produced by processing variables. They are soybean crushing, corn
wet-milling, potato processing, sweetener manufacturing, and use feed mixing of various livestock and
poultry feeds, and the conversion of livestock and milk into consumable meat and dairy products.
Processing cost of each commodity is calculated as the difference between its price and the costs of the
primary commodity inputs.

A unigue feature of ASM is the method it uses to prevent unredistic combinations of crops from
entering the optima solution, a common problem in mathematica programming models. While the
agricultura sector in FASOM isdivided up into 10 "homogenous' production aress, each of which has
available alarge number production possihilities, it is often the case thet the optimal, unconstrained
solution in some regionsiis represented by one crop budget -- complete specidization. In redlity, risks
associated with weather and the effects of other "exogenous' and sometimes trangent variables on
agriculturd priceslead to diverdfication in crop mixes and such arepresentation cannot capture the full
factor-product substitution possibilities in each of those aress. 1n these cases, it can lead to quite
mideading results. Thisis avoided by requiring the cropsin aregion to fal within the mix of crops
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observed in the Agriculturd Stetistics historical cropping records. The modd is congtrained so that for
each area the crop mix falswithin one of those observed in the past 20 years.

Primary and secondary commodities are sold to nationd demands. These demand functions are
characterized by ether congtant eadticity of subgtitution or linear functions. The integrals of these
demand functions represent tota willingnessto pay for agriculturd products. The difference between
total willingness to pay and production and processing costsis equd to the sum of producer and
consumer surplus. Maximization of the sum of these surpluses condtitutes the objective function in
ASM. Thisobjective function isincluded in FASOM to characterize the behavior of economic agents
in the agriculturd sector. Thisformulation is used for the forest sector, as well.

The ASM agricultura sector is static, in contrast to the dynamic nature of the forest sector
characterization. Modding agriculturd activity in a gatic framework does not introduce complications
for two reasons. Firgt, the crops depicted in the mode are planted and harvested in asingle year.
Second, agricultural land that is planted to trees becomes a part of the forest inventory (although the
classfication of agriculturd land is not lost) and is tregted, in agenerd way, like other acresin the forest
inventory. Consequently, the planning problem smulated in FASOM dlows land ownersto foresee the
profitability consequences of al the possible agriculturd and forest uses of their land, over time.
Typicdly, yields on agriculturd land are higher than on private timberland, but these productivity
differences are reflected in the growth and yield tables applied to trees on that land. Once astand is
harvested, it can be regenerated as forested land, or it can be returned to agricultural use. The method
used in FASOM to dlow land use shifts will become clearer after the reader has seen the FASOM
tableau in Section 3.0.

The most important feature about the land use decision that is smulated in FASOM isthat, in eech
period, owners of agricultural land can decide:

< Whether to keep each acre of land in agricultura production or plant trees
< What crop/commodity mix to plant and harvest, if the land staysin agricultura land use
< What type of timber management to select, if the land is to be planted in trees.

These decisons are made entirely on the basis of relatively profitability of land in its various competing
dternative uses over the life-span of the foreseeable choices (for land in elther crops or trees).

Correspondingly, owners of timberland can decide in each period:

< Whether to harvest a stand or keep it for another decade
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< Whether to replant a harvested stand in trees or convert to agricultura crops
< What type of timber management to select if the land is planted in trees

< What crop/commodity mix to plant and harvest, if the land is converted to agricultura
land use.

24  CARBON SECTOR

The carbon sector in FASOM was designed with a number of different featuresin mind. Firgt,

FASOM is able to account for changes in the quantities of carbon in the mgor carbon poolsin private
timberland and cropland. Second, the carbon sector in FASOM s structured such that policy
congraints can be imposed on ether (or both) the size of the totd carbon pool a any given time or the
rate of accumulation of carbon from year to year. Third, these congtraints can be imposed by region,
owner group, land class, etc., condgstent with proposed policy instruments. Findly, the carbon sector
has been designed so that carbon can be vaued in the objective function, instead of constrained to meet
gpecific targets. Thismakesit possible to modd carbon subsdies directly in the mode without having
to estimate carbon equiva ents associated with specific subsidy prices.

The carbon accounting part of FASOM performs the following basic functions:

< It accounts for the accumulation of carbon in forest ecosystems on exigting forest stands
in the exigting private timberland inventory during the Smulation period.

< It accounts for the accumulation of carbon in forest ecosystems on both regenerated
and afforested stands during the smulation period.

< It accounts for carbon losses in nonmerchantable carbon pools from stands thet are
harvested from the time of harvest until the stand is regenerated or converted into
agricultura land.

< It accounts for carbon "decay" over time, after harvested sumpage is transformed into
products.

< It accounts for carbon on agriculturad lands.

The carbon accounting conventions associated with carbon in growing stock biomass and in the soil,
forest floor and understory closdly follows the methodology of Birdsey (1992b). Recently, Turner et d.
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(1993) have developed a somewhat different gpproach to carbon accounting, taking into account the
buildup and decay of woody debris on forest sands. The carbon accounting in FASOM includes dl of
these carbon pools. In adapting these two approaches to FASOM, every effort has been made to
preserve flexibility in two ways a) so that new empirical findings can be integrated into the existing
structure; and b) so that changes can be made to this structure, if warranted, and the data are available
to support it.

The carbon accounting structurein FASOM s depicted graphicdly in Figure 2-2. In FASOM, carbon
in the forest ecosystemn in stands in the existing inventory is divided into two broad pools. Thefirg of
these poolsistree carbon (A), which includes carbon in the merchantable portion of the growing stock
volume and in the unmerchantable portion of growing stock volume, congisting of bark, roots and
branches. The second pool consists of what is labeled ecosystem carbon (C), which includes ol
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Figure2-2.  Carbon Sector Structure.
carbon, understory carbon and forest floor carbon.

When a cohort of treesis harvested in FASOM, the merchantable and unmerchantable portions of tree
carbon are physicaly separated and follow different life cycles. In any period, merchantable carbon
follows one of three different paths. In any given period, some portion of this carbon pool isstored in
wood products or landfills (A,), or it isburned (A,), or it oxidizes to the amosphere in the form of
decay. However, not dl of the carbon that is burnt islost immediately in FASOM. In any given
period, some portion of it displaces existing fossil fuel emissons, while the remainder represents
emissions to the atmosphere. In FASOM, the fractions that determine the distribution of merchantable
carbon and burned carbon change from period to period.
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Nonmerchantable carbon has a somewhat smpler life-cyclein FASOM. The fraction of the growing
stock that is not harvested represents woody debris or, as depicted in Figure 2-2, resdue. In any given
period, some portion of this residue survives, while the remainder is oxidized in the form of decay. As
in the case of the merchantable carbon pool, the fractions that determine the distribution of
nonmerchantable carbon change from year to year.

The continuity of ecosystem carbon over time is somewhat more complicated to characterize, and we
leave that for the discussion of soil carbon in Section 2.4.1.
24.1 Preharvest Carbon Accumulation
In FASOM, carbon is accumulated on exigting forested land, on agricultura lands that are converted
into forested land, and on any land that is planted in treesin subsequent rotations past thefirst. As
stated earlier, thetota carbon stored in the forest ecosystem of an unharvested stand is composed of
the following four carbon "poals':

< Tree carbon

< Soil carbon

< Forest floor carbon

< Understory carbon.
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Tree Carbon

On average, tree carbon ranges from as low as about 30 per cent of ecosystem carbon to about haf of
total ecosystem carbon, depending upon species, region and age. Tree carbon on astand in FASOM,
prior to harvest, is the product of three factors: 1) merchantable volume; 2) theratio of total volumeto
merchantable volume in the stand; and 3) a carbon factor that trandates tree volume into carbon.
Merchantable volume, by age, on each representative stand is obtained from the growth and yield
tablesin the model. The volume factor and carbon factor parameters vary by species and region and
are obtained from Birdsey (1992b).

Soil Carbon

Of the four pools, soil carbon is, on average, the second-largest contributor to total ecosystem
carbon.** Our treatment of this pool generdly follows that of Birdsey (1992b). This approach, which
isaso gpplied to forest floor and understory carbon, is represented graphically in Figure 2-3. For both
afforested and reforested stands, the gpproach assumes that soil carbon isfixed at apostive, initia level
(that varies by land type and region) upon regeneration of anew stand. In afforested stands, soil

carbon then increases by afixed annua increment until it reaches another fixed vaue (that varies by
region and species) at acritical age (somewhere between age 50-60). In reforested stands, soil carbon
decreases initidly and then increases until it once again reechesthe initid level at the critical and age.
After that, soil carbon increases at a decreasing rate over time, until the tree is harvested. (The post-

1 For some species, in some regions, soil carbon yield isactually larger than tree carbon yield at reasonable
rotation ages.
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harvest pattern of soil carbon, and for understory and forest floor carbon, as shown in Figure 2-3, will
be discussed in Section 2.4.2.)

Figure2-3. Ecosystem Carbon Structure.

Note that, in Birdsey's formulation, soil carbon is independent of tree carbon and merchantable volume.
Consequently, soil carbon can be caculated outside the nonlinear programming (NLP) part of
FASOM. In FASOM, soil carbon varies by region, land type, species and age of acohort. Estimates
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of soil carbon, by region, forest type, land type and age were obtained from USDA.*2 These tables
were aggregated into hardwoods and softwoods using forest-type - species distribution information for
1987 from Waddell et al. (1989).

12 Personal communications with Rich Birdsey, North East Forest Experiment Station, Radnor PA, during the
period September 1992 through June 1993.
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Forest Floor Carbon

Forest floor carbon congtitutes the third largest carbon storage pool, but is much smaller than the other
two. Birdsey treats forest floor carbon in afashion smilar to soil carbon. Thet is, forest floor carbon
vaues are fixed a regeneration, and then increase by a congtant annua increment up to another fixed
vaue at agiven critical age. Once the criticd ageis achieved, forest floor carbon incresses a a
declining rate over time, until the treeis harvested. As with soil carbon, forest floor carbon is
independent of tree carbon and merchantable volume. Consequently, it can be caculated outsde the
NLP part of FASOM. Like soil carbon, forest floor carbon varies by region, land type, species and
age of acohort. Estimates of forest floor carbon, by region, forest type, land type and age were
obtained from USDA. These tables were aggregated into hardwoods and softwoods using forest type
- gpecies digtribution information for 1987 from Waddell et a. (1989).

Understory Carbon Yidd

Understory carbon yield is quite small, usudly less than a percent of total ecosystem carbon. In
Birdsey's formulation, understory yidd isfixed at age 5, depending upon region and species.
Understory yield increases from age 5 to a critical age (50 or 55) by a congtant annua increment.
Understory yield at the critica age, and in al subsequent years, is computed as afixed fraction of tree
carbon yield, that varies between about 0.007 and 0.02, depending upon region and species. Note
that, unlike soil carbon and forest floor yields, understory yield does depend on tree carbon yield.

Since undergtory carbon is such asmal fraction of the total carbon in aforest ecosystem and because it
isonly dependent on tree carbon yield for aportion of the life-cycle of atree, we decided to model
understory as carbon yidd as effectively independent of tree carbon yield in the moddl. As such, this
pool could be treated just like soil and forest floor carbon. Like the above two carbon pooals,
understory carbon varies by region, land type, species and age of acohort in FASOM. Estimates of
understory carbon, by region, forest type, land type and age were obtained from USDA. Thesetables
were aggregated into hardwoods and softwoods using forest type - species distribution information for
1987 from Wadddll et a. (1989).

24.2 Carbon at Harvest
FASOM smulates the fate of carbon, stored in the forest ecosystem, when astand is harvested. The

fate of carbon at harvest isfollowed in each of the four pools - tree carbon, soil carbon, forest floor and
understory carbon.
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Tree Carbon

As dated previoudy, tree carbon is divided into two smaler pools: 1) merchantable carbon that is
trandated into products; and 2) nonmerchantable carbon, consisting of carbon in bark, branches and
leaves, etc., that is not harvested and not useable or is not harvested and below ground carbon in roots.
Each of these poolsis afixed fraction of tree carbon at the harvest age, as determined by the region-
and species- gpecific volume factors.

When a cohort is harvested in FASOM, the fraction of total tree carbon that is merchantableis
maintained. No losses occur a harvest to this fraction. The remaining fraction - carbon that isin
nonmerchantable timber - is adjusted to reflect immediate harvest losses. The fraction of tree carbon
left on Steimmediatdy after atimber harvest was determined by adjusting the nonmerchantable fraction
derived from Birdsey's volume factors to agree with information about the magnitude of thisfraction
from Harmon (1993).

Sail, Forest Floor, and Understory Carbon

The treatment of soil, forest floor and understory carbon at harvest isillugtrated in Figure 2-3. When a
gand is harvested it is assumed that carbon in each of these pools will return to an appropriate initia
vaue by the end of the decade period in which harvesting occurred. The gppropriate initid level
depends upon the use to which the stland will revert in the subsequent rotation. If agtand that isina
forest use remainsin aforest use, the gppropriate initid leve for carbon in these poolsisthat of a
forested gand. If astand that isin aforest use rotates back into agriculture, then the appropriate initial
level for carbon in these poolsisthat for agriculturd land.

2.4.3 Carbon Fatein Wood Products and Woody Debris

FASOM physicaly tracks the fate of carbon, after harvest, from both merchantable and
nonmerchantable timber carbon pools.

M erchantable Carbon

FASOM trandates harvested stumpage into three products. sawlogs, which are used for lumber,
plywood, and other applications requiring large diameter logs, pulpwood, which is used for paper
products; and fuelwood, which isburned. The life-cycle of each of these harvested products can vary
greatly depending on both short term fluctuations in relative prices and long-term technological change.
However, the life-cycle of these products in these later life-cycle phases is not modeed as an economic
decison in FASOM. Instead, data developed using the HARVCARB modd (Row, 1992), is used to
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smulates the fate of carbon in trees after they are harvested, converted into wood and paper products,
are used in avariety of ways and then burned or disposed in landfills.

Specificdly, HARVCARB outputs are used to model the fate of products in the sawlog and pulpwood
products, over time. The fate of carbon for each product is determined by a set of coefficients,
showing the "average" fraction of merchantable carbon remaining after harvesting a specific cohort in
each subsequent time period in four different "uses': 1) wood productsin use; 2) wood productsin
landfills™® 3) burned wood products; and 4) emissions to the atmosphere (i.e., oxidization). These
carbon fate coefficients vary by product, species, and length of time after harvest. The fate of carbon in
wood that is burned is determined by fixed proportions that divide this carbon into two categories:
displaced fossil fuds, an addition to the carbon pool, and emissionsto the air. These fractions only
aoply for asingle decade. All wood is assumed to be burned within a decade of harvesting.

The same generd treatment is accorded fuelwood, except that it is assumed that fuelwood displaces
conventiond fossl fuelsin fixed proportions, representing the average fossil fuel use mix for resdentia
space heating. Thus, not of dl the carbon that is released in fuelwood burning will be lost.** However,
asin the case of other products that are burned, the accounting caries forward for only asingle period,
to reflect the fact that fuewood must be used rlatively quickly after harvest to be an effective source of
space heeting fudl.

Nonmer chantable Carbon

Nonmerchantable carbon, or woody debris, aso decays after harvest. The decay rates vary by region,
species, and decade. Data for modeling these decay rates were obtained from Harmon (1993). One
problem in tracking the buildup and decay of woody debris is due to the fact that FASOM does not
track stands, on an acreage basis, after harvest. Once acohort is harvested in FASOM, the land on
which that cohort resided is thrown into an undifferentiated pool of acres from which new acres can be
drawn for regeneration purposes. Thus, if one assumesthat al nonmerchantable carbon decays at the
ratesindicated in Harmon's data, there is atendency for very large accumulations of carbon to develop
inthis pool. Oneway to ded with this problem isto truncate the number of periods over which the

13 For convenience, the first two categories were combined to reflect asingle stored carbon pool, regardless of
thelife-cycle stage.

1% Thetreatment of pulpwood as afuel for co-generation is treated explicitly in HARVCARB in the same fashion
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woody debris from any given cohort can accumulate. A truncation of 3 to 4 periods, tends to produce
atermina woody debris pool that converges on the size of the pool smulated by Turner et d. (1993).%°

2.4.4 Old Growth Timber

Old growth timber represents a unique modding chalenge, with important policy ramifications. In the
past, a least one Congressiond Bill, the so-called Cooper-Synar Bill, dlowed firmsto receive CO,
emisson credits for planting trees and then maintaining them as old growth forests, past 100 years. The
optima age for rotating trees under a carbon sequestration objective is not a settled question by any
means. However, if carbon decay rates are high, relaive to carbon accumulation in growing trees, than
thiswill create pressure to lengthen harvest rotations. Unfortunatdly, the growth and yield tables that
are available, dmost without exception, are for stands that are managed for timber supply (i.e,
financid) objectives. They do not, asarule, follow the growth of merchantable volumesin a stand
much after areasonable harvest age. Nor do they modd the trangition and climax of an old growth
forest that is unmanaged for 100 to 300 years. Thisisaso true for the carbon accounting conventions
that are used by Birdsey and others.

Theyidd tablesin FASOM assume arange of conventiond timber management practices up to
rotation ages that are reasonable from an economic and forest management perspective. The carbon
that accumulatesin the trees whose growth is smulated by FASOM is congstent with this type of
growth. For FASOM to smulate the carbon and economic consequences of developing and
preserving old growth or climax forests will require the development of accurate growth and yield
tables, both for trees older than 90+ years and for stands (like unmanaged Douglas-fir) that may make
the trandtion to a different climax species, if left unmanaged.

2.45 Public and Noncommercial Timber Carbon

The carbon from these sourcesis not included in FASOM due to alack of inventory data.

25 DYNAMIC STRUCTURE

15 with atruncation of this length, carbon in woody debris accounts for about 8% to 12% of the total carbon by
2080, close to the 10% estimate obtained by Turner et a. (1993) in their simulations.
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FASOM contains a number of important dynamic features involving the structure of, and linkages
between, various parts of the land asset base within the modd, the termind conditions, and the
objective function.

25.1 Dynamic Entities

There are four types of dynamic entities related to the land base within the modd: 1) exigting forest
lands; 2) potentidly reforestable lands; 3) agriculturd lands; and 4) lands transferred between sectors.
The mode trests each of these differently.

Exiging forested lands are held until they reach their endogenoudy determined harvest dates. They
incur maintenance (tending) cogts for dl the years up to the harvest date. Once these stands reach
harvest age, land is released for another use. Theland may be elther reforested or transferred to
agriculture. This decison aso embodies anumber of dynamic dimensons. The potentidly reforestable
acres are balanced decade by decade with the land available from forest harvest and in-migration from
agriculture. When land is reforested the model also sdects another optimal future harvest date. These
acres are then retained in the forest base until their harvest date at which time another reforestation-
transfer decison is made,

The agricultura sector, unlike forestry, comprises a set of single "typicd™ year enterprises. The
adoption of an activity by the model embodies the assumption that the land is used in that pattern
throughout the decade. The same thing is done year after year, without direct implication for land usein
the next decade. Thus, the agriculturd activities are typicd year activities. Asaconsequence the
returns and cogts are multiplied by afactor giving the vaue of returnsif the patternisfollowed indl 10
years.

Land trandferred to and from agriculture is modeled under the assumption that when the land movesit
changestheland base in dl periods through the end of the projection period. Thus an acre trandferring
into agriculture in decade 2 aso provides land in decades 34,...N. Similarly an acre transferring out
will be removed from dl future periods. This does not preclude land moving into agriculture for severd
periods then exiting.

252 Terminal Conditions

The mode has three sets of termina conditions. These apply to:

< Thetermind inventory of private timberland



2-30

< Agriculturd landsin the termind period
< Stumpage processing capacity in the termind period.

Timber inventory remaining at the end of afinite projection period should be incorporated in the
objective at the vaue that would obtain if it were managed in an optima fashion in perpetuity (from the
termind time point onward). If dl possible termind inventory states were vaued in a such afashion, the
infinite horizon harvest problem would involve (in the spirit of Bdlman's principle of optimdity) choosing
the optima path from afixed starting point (the current inventory) to one of the severd termind
inventory sates, so asto maximize the sum of trangtion and termind vaues. Vauing, or gpproximating
the vaue of, the termind states would be aided if they could be characterized in some generd way. If
al externd conditions are held congtant after some point, available theoreticad studies generdly concur
that convergence to some form of equilibrium (fixed cycles or even flow) isto be expected, but it is
difficult to be more specific except in specid cases.

If, asin the case of FASOM, policy concernislimited to the first few periods of the projection, a
practica solution isto adopt some gpproximation for termina inventory vauation and extend the
projection period to the point where the discounted contribution of the termina state is so smal that it
does not influence the results in the period of interest. Thisisthe approach taken here. For any given
termina inventory volume, an associated perpetud periodic harvest volume is computed assuming the
inventory isfully regulated. We used von Mantd's triangle formula smplification for this purpose.
Rotation ages for this caculation were drawn from harvest ages observed in the FASOM solution in the
decades prior to termination.® The vaue of this

6The simplification (see Davis and Johnson, 1987) assumes a linear yield function so that in aforest fully regulated
on arotation of R years the annual harvest volume would be determined as twice the growing stock divided by the
rotation age. A fully regulated forest has an equal number of acresin each age class from regeneration through the
rotation age and can produce an even flow of volume in each year by harvesting just the oldest (rotation age) class.
This"target" structure seems areasonable terminal approximation. Our choice of rotation should approximate the
so-called Faustmann rotation age, and there are numerous studies that demonstrate the optimality of the Faustmann
rotation for afully regulated, steady state forest in the long-run (e.g., Heaps, 1984; Brazee and Mendel sohn, 1988;
Hellsten, 1988; and Lyon and Sedjo, 1983). Asnoted above, however, clear demonstration that an optimal harvest
trajectory leads directly to full regulation of the forest on a Faustmann rotation in the long-run has proven elusive
(see Mitraand Wan, 1985; 1986).
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3.0 FASOM STRUCTURE AND TABLEAU

This section presents the programming structure of the mode! in two sections. The first deds with the
overd| formulation, detailing the forestry component with an highly smplified agriculturd representation.
The second concentrates on the agricultura component.

31 THEFASOM TABLEAU: FORESTRY COMPONENT

A tabular overview of the forestry component of FASOM for a singleregion isgivenin Table 3-1.
The columns in this table represent variables, while the rows represent equations. The tableau has been
amplified, so it can be included on a single page and till convey the basic structure and festures of the
model. The carbon sector is presented only in abbreviated form. The tableau does not portray
externd product trade (import/export) activities or congtraints nor does it show the data computations
that are made within the GAMS code. The reader interested in a more detailed version of the tableau
can consult Appendix C, which contains a copy of the GAM S computer code for the current version of
FASOM.

3.1.1 Variables

The tableau represented in Table 3-1 depicts four time periods. now (t=0), ten years from now (+10),
twenty years from now (+20), and never. Management decisions are condensed into eight (8) types of
non-negetive variables. These gppear as columnsin the tableau. If the value of one of these varigbles
is zero, information is provided that shows what it would cost society, in terms of the changein
consumers and producers surplus, to force one unit of that activity into the objective function. This
vaueis sometimes referred to as the "opportunity cost” of avariable. The variables are described
briefly below and more fully in Section 3.3.

< Harvest Exigting Lands, by harvest period:

Now (t=0)

10 yrs. from now (+10)
20 yrs. from now (+20)
Never.

U U U O




3-33

Table 3-1. Sample Tableau for Overall FASOM Model Emphasizing Forestry Component

(Note: The coefficients below give the signs/values of the parameters in the model.)

1 2 3 3 4 5 6 7 9
Reforest in Transfer Ag
Reforest Now for ~ +10 for Transfer Forest | Land to Forest Transport Forest Sell Forest Build Forest
Harvest Existing Land Harvest Harvest in JLand to Ag Use Use Ag Land Use Products Products ProcessCapacity] Terminal Value

Equations Now +10 +20 Never| +10 +20 Never +20 Never [Now +10 +20 |[Now +10 +20 |Now +10 +20 |Now +10 +20| Now +10 +20| Now +10 +20] Timber Capacity RHS
Objective Fn. - - - - - - - - - - - - +- -+ - - - + + + - - - + +
Existing +1  +1  +1 +1 #+
Forest
Forest Now - +1 #+
Products +10 - - +1 #+
Supply +20 - - - +1 #+
Forest Now -1 +1 #0
Products +10 -1 +1 #0
Demand +20 -1 +1 #0
Forest Now +1 - #+
Products +10 +1 - - #+
Capacity +20 +1 - - - # +

Now - - - - - - - - - #0

Carbon +10 - - - - - - - - - #0
Balance +20 - - - - - - - - - #0
Reforested Now -1 +1  +1 +1 +1 -1 # -
Lands +10 -1 -1 +1 +1 +1 -1 #-
Balance +20 -1 -1 +1 +1 -1 #-
Ag Now -1 +1 +1 #+
Lands +10 -1 1 +1  +1 +1 #+
Balance +20 101 -1 P+l 41+l +1 #+
Max Land to Ag +1  +1  +1 #+
Transfer to For +1 +1  +1 #+
Terminal Timber -1 -1 -1 +1 #0
Balance Capacity - - - +1 #0
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< Reforest land with a harvest date, by planting period and harvest period:’
P Pant Now, harvest:
— 10 yrs. from now (+10)
— 20 yrs. from now (+20)
— Never.

P Plant 10 yrs From Now, harvest:

— 10 yrs. later (i.e., 20 yrs. from now)
— Never.

P Plant 20 years from Now, harvest:
— Never.
< Transfer Land, to/from Agriculture by period of transfer
P To Agriculture from Foredts:
— Now
— 10 years from now (+10)
— 20 years from now (+20).
P From Agriculture to Forests:
— Now
— 10 years from now (+10)

— 20 years from now (+20).

< Use Agricultura Land by period:

7 The progression of variables, expressed here, is afunction of the number of management periods. More
generdly, if therearet=1,...,N (1=Now and N=Never) harvest periodsin the model, there would be k=1,...,N-1 planting
periods. If the harvest interval isthe same duration as the length of the planting period (e.g., 10 yrs.) then there will
be N-1 broad planting periods harvesting periods, for atotal of 2N = N-1 + N-2 + N-3 +... N-(N-1) variables or
variables under this heading.
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P Now
P 10 yrs. from now (+10)
P 20 yrs. from now (+20).

< Transport forest product to demand by period:

P Now
P 10 yrs. from now (+10)
P 20 yrs. from now (+20).

< Sdll Forest Products by sale period:

P Now
P 10 yrs. from now (+10)
P 20 yrs. from now (+20).

< Build Processing Capacity by period:

P Now
P 10 yrs. from now (+10)
P 20 yrs. from now (+20).

< Vdue Termind Inventory for:

P Forest Sector
P Forest Processing Capacity.

3.1.2 Equations

The reduced tableau in Table 3-1 contains twelve equations, including one nonlinear equation for the
objective function and ten linear congtraint equations. These equations are represented by the rowsin
the FASOM tableau in Table 3-1. The nonlinear portion of the objective function is not normaly
revealed in a standard tableau and is discussed in more detail, dong with the rest of the congraints, in
Section 3.4. Each of the ten congtraints has an inequaity direction associated with it and an indication
of the 9gn of the associated right-hand-sde (RHS) vadue. If the variablesin the modd fully utilize dl of
the resource on the RHS of a specific condraint, then there will be a shadow price on this congraint.
This shadow price indicates the change in the objective function resulting from an increase in the RHS
of the congtraint by one unit.
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The following condraints are included in the modd!:

<

Exiding Land Baance
Forest Products Supply Balance by period:
P Now

P 10 yrs. from now (+10)
P 20 yrs. from now (+20).

Forest Products Demand Balance by period:

P Now
P 10 yrs. from now (+10)
P 20 yrs. from now (+20).

Forest Processing Capacity by period:
P Now

P 10 yrs. from now (+10)
P 20 yrs. from now (+20).

Carbon Baances by period:

P Now

P 10 yrs. from now (+10)

P 20 yrs. from now (+20)

P Termina period.

Reforested Land Baance by period:
P Now

P 10 yrs. from now (+10)
P 20 yrs. from now (+20).

Agricultura Land Baance by period:

P Now
P 10 yrs. from now (+10)
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20 yrs. from now (+20).
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< Maximum Land that can Transfer:

P ToAg
P To Foredtry.

< Termind Bdances.

P Termina Forest Processing Capacity
P Termina Forest Inventory.

3.1.3 Variables

The columns in the tableau represent variablesin FASOM. The order in which the varigbles are
described in the sections below is shown numericaly above each column. For example, the discusson
of the variable(s) characterizing the building of mill capacity (Build Milling Capacity) is shown discussed
in Section 3.1.3.7, as indicated by the number seven (7) above the tableau columns.

3.1.3.1 Harvest Existing Lands

The mode includes the decison of when to harvest gands that are in the private timberland inventory at
the start of the projection. These lands are grouped by region, agricultura suitability class and
immediate past use, type of owner, Site quality, age cohort, species and immediate past Species,
management regime, and time of harvest. The tableau illustrates these variables for harvests that teke
place in the current period ("now™), in +10 and +20 years, and "never”. In the full modd, the time of
harvest can range from the current period to 90 years from now, or never. This variable appearsin the
FASOM NLP formulation with:

< A negative objective function coefficient, reflecting the net present vaue of all
management and harvesting cogts from now to the time of harvest

< A positive onein the existing inventory row, reflecting use'® (harvest) of an acre

18 Theterm "use" in connection with a variable means that the variable uses some of the resource in the
constraint equation allotted to that resource. The amount of useisindicated by the symbol in the tableau, where a
+1 meansal:l useand a+ sign impliesthat theratio of useto resource availability islessthan or greater than 1. For
example, in Table 3-1, thereisaone (1) under each variable called "Harvest Existing" (e.g., forests) in the row called
"Existing Land". Thismeansthat 1 unit of land istaken from the right-hand-side of the existing land row for each
acre harvested.



3-40

< A negative entry in the supply row for wood products, reflecting the yield of products
including the smultaneous production mixture of softwood and hardwood sawlogs,
pulpwood, and fuelwood in the decade when the land is harvested

< A negative entry in the carbon balance row which accounts for yield of carbon before
and after harvest, including the carbon remaining in products in decades after the stand
is harvested

< A negative onein the reforested land balance row, which can be reforested or
transferred in the decade where the harvesting occurs

< A negative one in the termind baance row, indicating the volume of wood on
unharvested acres at the end of the projection period.

3.1.3.2 Reforest Land and Harvest

FASOM smulates the decision of reforesting previoudy harvested lands or afforesting lands transferred
from agriculture. Theselands are grouped by region, agriculturd suitability and immediately prior land
use class, owner, Site quality, management regime, species and immediately prior species, decade when
the stand is established, and time of harvest for the new stand. Time of harvest can range from the
current period to 90 years from now, or never. This variable appears in the FASOM NLP formulation
with:

< A negative entry in the objective function, reflecting the present vaue of the
edtablishment, maintenance and harvest cost of a stand over itslife

< A negative entry in the forest products supply row giving the yield of wood productsin
the decade of harvest, which includes sawlogs, pulpwood, and fuelwood

< A negative entry in the carbon baance row giving the supply of carbon in the relevant
mode decades, which includes carbon before and after harvest, including the carbon
remaining in products in decades after the stand is harvested

< A positive one in the appropriate reforested land balance row, indicating the use of an
acre of land in the decade when the stand is established
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< A negative one in the gppropriate reforested land baance row, indicating release of
land for forestry or agricultura uses, including reforestation in the decade when the
harvesting occurs

< A negative one in the termind vaue row, reflecting the volume of unharvested wood at
the end of the projection period.

3.1.3.3 Trandfer Land to/from Agriculture

The modd dlows land to be transferred to agriculture rather than being reforested. Harvested
timberland and regenerated timberland in the lowest management intensity class can be transferred to
cropland or pasture land class categories. Transfers are grouped by region, land class, type of owner,
cover type, Ste qudity, age cohort of existing trees, management regime, and decade when the
timberland istransferred. This variable gppears in the FASOM NLP formulation with:

< A negative entry in the objective function, equaling the net present vaue of converting
the land to agriculturd production

< A positive one in the reforested |ands baance row, indicating use of an acre of land in
the decade in which the transfer took place

< A negative one in the ag lands baance row, indicating supply of land for agricultural use
in the decade when the transfer occurs and in al future decades

< A posgitive one in the maximum land transfer congraint.

The model dso depicts the decison of trandferring land from agriculture to forestry. The shift isalowed
only for lands that are in the cropland or pasture land class categories and accounts for transfers by
region, land class, type of owner, and dte qudity. This variable gppearsin the FASOM NLP
formulation with:

< A zero in the objective function since the "converson” cods are incorporated in the
establishment cost portion of the timber management budgets

< A negative one in the reforested |and balance row, indicating supply of land that can be
forested in the decade when the land is transferred
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A postive onein the land available row, indicating withdrawa of the land from
agricultural use in the decade when the transfer occurs and al subsequent decades.

A positive one in the maximum land transfer congraint.
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3.1.3.4 Agricultural Land Use

Thisactivity and the row labded "Ag Land Baance' represent the highly smplified ASM modd in this
tablea. FASOM includes dl the production, factor supply, demand, processing, crop mix and farm
program features of ASM. These features are explained in the next section.

<

Both positive and negetive coefficients in the objective function, indicating the net
present vaue of the agricultura portions of ASM. These terms include the integration
of areas under the agricultura supply and demand curves. The coefficientsin the last
period are multiplied by afactor converting them to an infinite stream providing termind
conditions on land in agriculture.

A st of pogtive onesin the agricultura land rows in the decade when the land is used

A number of other congtraint entries (not shown in the tableau) to depict linkages
between agriculturd production and processing, obeyance of crop mix regtrictions, etc.

3.1.3.5 Forest Product Transport to Demand

The modd simulates trangport of forest products between domestic regions and foreign trade regions.
Hows of products are grouped by region of origin, product type, and decade. This variable appearsin
the FASOM NLP formulation with:

A negative entry in the objective function and import source supply, reflecting the net
present vaue of transporting the good

A postive onein the forest products supply rows, indicating use of aunit of the good in
the area of origin during the decade of transport

A negative one in the nationd forest product demand or export equations, indicating
supply of aunit of the good for consumption during the decade of transport.

3.1.3.6 Forest Products Sale

The sde of productsis depicted for both domestic and international transaction by decade. The
variables are defined for sawlogs, pulpwood, and fuewood from both hardwood or softwood sources.
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The modd accounts for the vaue of forest products sold by integration under the forest products
demand curves. Thisvariable gppearsin the FASOM NLP formulation with:

< A positive entry in the objective function which is the net present value of the integrd of
the area under the forest product demand curves

< A positive one in the forest product demand rows, indicating use of one unit of the
relevant forest product.

< A positive one in the forest product capacity row.

3.1.3.7 Build Forest Products Processing Capacity

The modd determines whether the forest product processing capacity is adequate or whether additional
capacity needs to be congtructed. This variable gppears in the FASOM NLP formulation with:

< A negative entry in the objective function which reflects the net present value of the cost
of capacity construction

< A negative entry in the forest products capacity row, reflecting the supply of capacity in
thisand dl future decades, where dl capacity increments are adjusted for depreciation
in future decades

< A negative entry giving the supply of depreciated capacity in the termina capacity row.

3.1.3.8 Forest Products | mportsExports

Although these variables are not shown in Table 3-1, the optima import and export of productsis
depicted by international trade possibilities by decade arising when sawlogs, and pulpwood are traded,
differentiated by hardwood or softwood sources. The model accounts for the costs and returns from
forest products trade by integration under the forest product import supply and export demand curves.
These variables gppear in the FASOM NLP formulation with:

< A negative entry in the objective function, reflecting the net present value of the integrd
of the area under the forest product import supply curves or a positive entry for the
integral under the export demand equation
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< A negative one in the imported quantity row, depicting supply of one unit of the rlevant
forest product import

< A positive one in the exported quantity row, depicting use of one unit of the relevant
forest product for export.

3.1.3.9 Terminal Value of Unharvested Forest Stands and Processing Capacity

The mode vaues unharvested stands at the end of the projection period by means of the final decade
demand curve. The quantities valued are differentiated by age, region, land class, type of owner, site
quaity, management regime, and whether the trees are from an origind or reestablished sand. As
previoudy indicated, agricultura returns and costs in the next-to-last decade are multiplied by afactor
treating them as an infinite stream. Cgpacity isvaued at its development cost. This variable gppearsin
the FASOM NLP formulation with:

< A positive entry in the objective function, equaling the net present vaue of the area
under the standing forest termind vaue demand curve minus management costs or the
replacement cost of aunit of capacity

< Postive one in the termind vaue row, indicating use of ether: @ an acre from the
termind inventory accounting rows, or b) a unit from the termind capacity row.

3.1.4 Mode Equations

The modd equations are represented by the rows of the tableau. The order in which the equations are
described below is the same asiin the tableau.

3.1.4.1 Objective Function

The FASOM objective function depicts maximization of the net present value of producers and
consumers surplus. Assuch it isatechnica device which smulates production and price formation in
competitive markets over time for both agricultural and forest products. In that sense, the first-order
(Kuhn-Tucker) conditions for the choice variables in the modd provide a set of rules for economic
agents to follow, leading to the establishment of a competitive equilibrium.
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The objective function contains a nonlinear portion, which represents the area under the demand curves
for agricultural and forest products. In FASOM, demand for agriculturd products is characterized by
congtant eadticity demand functions, while demand for forest productsis characterized by linear
functions. The linear portion of the objective function includes the costs associated with producing,
managing, harvesting and sdlling agriculturd and forest products in the various regions in the modd.
This equation appears in the FASOM NLP formulation with terms for each type of variable for each
decade, weighted by the discount rate as follows:

<

A negative entry for the Harvest Exigting Lands variable, reflecting the net present vaue
of dl cogswhich areincurred in managing and, if rlevant, harvesting a sand

A negative entry for the Reforest and Harvest a New Forest Stand variable, reflecting
the present vaue of the costs of establishing, maintaining and, if relevant, harvesting the
gand

A negative entry for the Transferring Land to Agriculture varigbles, reflecting the net
present vaue of the cost of preparing the land for agricultura production

No entry in the objective function for the Transfer Land from Agriculture varigbles as
the costs are assumed present in the establishment cost part of the reforestation budgets

Postive and negative entries for the Agriculturd Land Use varigble giving the net
present value of the agricultura portions of the moddl. Some of these terms include the
integration of areas under the agricultural supply and demand curves. The entries of the
last period are multiplied by a congtant converting them to an infinite stream.

A negative entry for the Forest Product Transport variables, reflecting the net present
vaue of trangportation cogts for the forest products

A postive entry for the Forest Products Sale variables giving the net present value of
the integra of the area under the forest product demand curve

A negative entry for the Build Capacity varigble, reflecting the cost of building
additional forest processing capacity

A postive entry for the Termind Vauation variables, equaing the net future value for
unharvested stands, and forest product processing capacity in the find model decade.
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< A negative entry for the Forest Products Import variables, reflecting the net present
vaue of the integrd of the area under the forest imports curve.

3.1.4.2 Existing Forested L ands Balance

The model has congtraints which restrict the use of currently forested lands to those that are available.
The redriction is only defined for stands in existence in the initid model decade. The redtriction
accounts for the inventory by region, land class, type of owner, cover type, Ste qudity, and age cohort.
This congtant gppearsin the FASOM NLP formulation with:

< A positive one under the Harvest Exigting Forested lands variables, depicting usage of
an acre

< A postive entry giving the exiging forest inventory on the RHS,

3.1.4.3 Forest Products (Supply) Balance

The modd has a congtraint which redtricts sale of forest products to those that are produced. The
regtriction is defined for dl modd decades. The redtriction accounts for sawlogs, pulpwood and
fuelwood products both from hardwood and softwood sources on aregiona basis. This condraint
gopears in the FASOM NLP formulation with:

< A negative entry under the Harvest Existing Forested Lands variables which depicts the
yield of harvested products in the relevant decade

< A negative entry under the Reforest and Harvest variables, which depict supply of
harvested products in the relevant decade

< A positive one under the Market Trangport variables, indicating withdrawa of a unit of
the good from the area of origin during the decade of transport

< A positive entry on the RHS, depicting supply of products from public lands aswell as
any other exogenous supply.

3.1.4.4 Forest Products (Demand) Balance
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The mode has congraints which ensure that the sum of dl shipments to domestic destinationsis
equivaent to total demand. These congtraints are defined for each product and decade in the
projection. The congtraints appear with:

< A negative one under the Transport Forest Products variables indicating movement of
one unit of the good into national demand from the area of origin during the decade of
transport

< A positive one in the Sall Forest Products variables, indicating use of one unit in
mesting demand

< A zero RHS vaue, indicating that demand levels can be no larger than the volumes
shipped.

3.1.4.5 Forest Processing Capacity

The mode has a constraint which accounts for capacity utilization verses cgpacity supply. This
congtraint appears in the FASOM NLP with:

< A positive one under the domestic Sell Forest Products variables, indicating capacity
utilizetion

< A negative entry under the Build Capacity variables which reflect the addition of
capacity in the year added and the addition of depreciated capacity in subsequent years

< A positive entry on the RHS, reflecting the depreciated availability of initid capacity by
decade.

3.1.4.6 Carbon Balance

The modd has a congtraint which accounts for carbon sequestered in the forest by decade. The
relation is defined for al modd decades. Pre- and post- harvest carbon are accumulated. The
caculations account for the increase in sequestration from existing unharvested standsin the
merchantable and unmerchantable portions of the tree and in the soil, understory, and forest floor,
accounting for the harvest losses and fate of carbon over time in both forest products and woody
debris. The redtriction accounts for carbon by decade on anationa basis. This equation appearsin the
FASOM NLP formulation with:
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< A negative entry under the Harvest Exigting Forested Lands variables, which depict
carbon in standing timber and carbon fate after harvest in al decades

< A negative entry under the Reforest and Afforest Lands variables, which depicts carbon
in standing timber and carbon fate after harvest in al decades after establishment

< A positive entry under the Agricultura Production variables (not shown in Table 3-1)
giving the amount of soil carbon on agricultura lands

< Zero RHSvdues. Alternatively, provisions can be made to include a set of "buy
carbon” varigblesin FASOM with a postive carbon price or downward doping
demand curves for carbon and these variables would take carbon from this set of
equations and trandfer it to the sell carbon activity. Thiswould alow the user to modedl
subsidy programs and even the margind socid benefits of carbon (in the demand curve
framework). These dternatives avoid the need to force carbon quantities into the
optimal solution and replace it with a dual*® approach, and will be incorporated in
model experiments and policy andyses.

3.1.4.7 Reforested Lands Balance

The model has a congraint restricting the use of land which potentidly could be reforested or afforested
to those lands released by harvesting adjusted for agricultura trandfers. (These transfers include
conversions to urban/developed uses are reflected in the congtraints, with a certain percentage of timber
volumes on converted lands contributing to timber harvest). The redtriction is defined in each model
decade. The redtriction accounts for land by region, land class, type of owner, and Site characterigtic.
This condraint gppearsin the FASOM NLP formulation with:

< A negative one under the Harvest Existing Forested Lands variables, which depict
release of an acre after harvest for potentia reforestation

< A positive one under the Reforest Lands variables, which depict use of land in the
relevant decade

19 Theterm dual refersto the fact that the shadow price associated with a given quantity of carbon onthe RHS
of this equation can be used as the price of an activity that replaces the RHS value (such asa"buy carbon" activity),
resulting in amodel solution that will yield the same carbon value (quantity) as on the original RHS.
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< A negative one under the Harvest Reforested Lands variables, which depict supply of
land for subsequent reforestation in the relevant decade

< A positive one under the Transfer Land to Agriculture variables, which depict flow of
land from forestry to agriculture in the relevant decade

< A negative one under the Transfer Land from Agriculture variables, which depict supply
of additional land into the forestry sector in the relevant decade

< A st of negative RHS vauestto reflect the transfer of land to urban encroachment and
the transformation of the new lands into forestry.
3.1.4.8 Agricultural Lands Balance
The mode has a condraint set which baances land flowing to and from agriculture. Theredrictionis
defined by modd decade. The redtriction accounts for land by region, and land class. This congraint
gopears in the FASOM NLP formulation with:
< A negative one under the Transfer Land to Agriculture variables which depicts an
incoming flow of land into the agriculturd sector in the decade it trandfers and all
subsequent decades

< A positive one under the Trangfer Land from Agriculture variables, which depict land
flowing out to forestry in the decade it transfers and dl subsequent decades

< Positive and negative entries under the Agriculturd Land Use varigbles (not fully shown
in the sample tableau) which depict land use and supply consderationsin ASM by
decade

< Postive RHS values.

3.1.4.9 Maximum Land That Can Transfer

The model limits the amount of land that can transfer between sectors over the entire model time
horizon. These condraints are defined for each sector and region. The congtraints have:

< A positive one under the land transfer variable summed across dl the decades
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3.1.4.10

A positive RHS giving the amount of land that can trandfer.

Terminal Unharvested Forest Stand Balance

The model accounts for unharvested stands at the end of the explicit modd time horizon. Quantities are
accounted by cohort, region, land class, type of owner, Ste qudity, management regime, and whether
the trees are from an origind or reestablished stand. This constraint gppearsin the FASOM NLP
formulation with:

31411

A negative one under the Harvest Existing Lands variables which depicts supply of the
volume of timber |eft unharvested after the mode time frame

A negative one under the Reforest and Harvest a New Forest Stand variables which
reflect the volume of reestablished stands which are not harvested during the explicit
model time horizon

A positive one under the Termina Vaue variables which reflect use of unharvested
inventory in assgning a vaue to future use of unharvested stands

Zero RHS vaue.

Terminal Capacity

The mode accounts for the future value of undepreciated processing capacity after the model times
horizon with termind conditions. These equations have:

<

3.1.4.12

A negative entry under the Build Capacity variables, reflecting undepreciated capacity

A positive one under the Termind Vaue variables, reflecting capacity use when
contracting termind vauation.

Zero RHSvaue.

Congtraints Not Shown in the Sample Tableau
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To asmplify the sample tableau some classes of condraints were deleted because they are of lesser
overdl importance in the functioning of the forest sector. These congraints include:

Forest Imports/Exports

The modd has constraints which balance the transportation of imported and exported forestry product
with the forest products imported and exported. These congtraints appear in the FASOM NLP
formulaion with:

< A positive entry under the Import Trangportation variable, which reflect a movement of
aunit of goods from importsinto one of the demand markets

< A negative entry under the Import Supply variable, which reflects the supply of aunit
from imports

< A negative entry under the Export Transportation variables which reflect amovement of
goods from one of the supply areas to export.

Agricultural Resource Balances

The mode has saverd condraint sets which redtrict agriculturd activity as explained in the following
discusson.

32 THEFASOM TABLEAU-AGRICULTURAL COMPONENT

Table 3-2 presents an overview of the agriculturd part of FASOM. This details the agricultural
variables and resource condtraintsin Table 3-1. Table 3-2 portrays the tableau for one typical time
period and one regiond dimensgion. The columnsin this tableau represent variables, in the FASOM
modd, while the rows represent congraints. The tableau has been smplified so it fits on asingle page
and Hill conveys some of the basic structure and features of the model. Also the tableau does not
include computations within the GAMS code. The reader who isinterested in looking a more detals
can turn to Appendix C, which contains a copy of the GAMS computer code for the current version of
FASOM.

3.21 Variables
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The Agricultura model contains 19 types of variables. The first three variable sets have aready been
explained in the forestry section above. The others are particular to agriculture. Briefly these variables

are

N

Forestry Variables - those detailed in Table 3-1
Trandfer Land from Forest - transfers of land from forest to agricultura use
Transfer Land to Forest - transfers of agricultural crop or pasture land to forest

Program Crop Production - production of cropped acreage which is participating in the
farm program

Nonprogram Crop Production - production of cropped acreage not covered under the
farm program and/or not participating in the farm program

Livestock Production - production of livestock
Crop Mix - acreage in historically observed crop mixes by region

Livestock Mix - anumber of hitorically observed nationd distributions of selected
livestock commodities
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Table 3-2. Sample Tableau for Agricultural Component of FASOM
Program Non—(;:)rr(())gram
Crop Produc?ion Livestock | Crop | Livestock Land AUM Water Labor Input Export Import CCC Deficiency Other FP
Equation Production Production § Mix Mix Supply | Supply Supply Supply Purchase | Process Demand Demand Supply | Loan Payment Payments | RHS
Objective - - - - - - - - - + + - + + +
Crop Land + +1 -1 #0
Max Crop +1 #+
Pasture Land + -1 #0
Max Pasture +1 #+
AUM + -1 #0
Grazing
Max PubAUM +1 #+
Water + + + -1 #0
Fixed Water +1 #+
Labor + + + -1 #0
Family Labor +1 #+
Ag Inputs + + + -1 + #0
Primary - - +/- +/- +1 +1 -1 +1 -1 #0
Products
Secondary + +/- +1 +1 -1 +1 #0
Products
Farm Program - +1 #0
Products
Other Farm - +1 #0
Programs
Crop Mix +1 +1 - =0
Livestock Mix + - =0

RCG/Hagler Bailly
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< Land Supply - supply of pasture, crop, and AUM (anima unit month) land available
according to supply curves

< Water Supply - supply of irrigation water including fixed price and pumped water
components according to supply curves

< Labor supply - supply of family and hired labor according to supply curves
< Input Purchase - use of a set of fixed price inputs

< Processing - quantity of primary commodities processed into secondary agricultural
products

< Domestic Demand - quantity of domestic consumption for primary and secondary
products according to demand curves

< Export Demand - quantity exported of primary and secondary commodities according

to excess demand curves

< Import Supply - amount of imports of primary and secondary commodities according
to excess supply curves

< CCC Loan - government purchases of some primary and secondary commodities
under the CCC Loan program

< Deficiency Payment - payment of deficiency payment to farm program digible
participating commodities

< Other Farm Program Payments - 50/92, paid acres, diverted acres, and other program
payments where agriculture gets payments for commodities not being produced.
3.2.2 Equations

There are 19 equations in the model. These include the objective function and 18 congraints. The
congrants are as follows:

< Forestry Land - reflects the set of forestry congtraints covered under the Table 3-1
discusson
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Cropland - balances land available for crops with land supplied while accounting for the
migration of land in and out of agriculture

Maximum Cropland - Limits the maximum amount of cropland that can bein use a any
time

Pasture Land - baances the supply of pasture land againgt livestock use of pasture
while accounting for land trandferring in and out of agriculture

Maximum Pesture Land - imposes a limit on the maximum amount of pasture land

AUM Grazing Land - baances the supply of AUM grazing from public and private
sources with the use of AUMSsin livestock rearing

Maximum Public AUMSs - impases alimit on the maximum AUMSs of public grazing

Water - baancesirrigation water supply with the water utilized in crop and possibly
livestock production

Fixed Water Maximum - limits the maximum amount of fixed price water

Labor - baances labor used in production with totd labor supply including both family
and hired labor

Maximum Family Labor - impaoses a maximum on the family labor available

Agricultura Inputs - balances the supply of agriculturd inputs with the use by
processing crop and livestock production

Primary Products - balances primary products supplied and consumed. The primary
products are supplied by crop and livestock production or imports. They can be
consumed in livestock production, processing market demand, or export variables.

Secondary Commodities - balances the secondary commodities supplied and
demanded

Farm Program Products - balances participating production with that receiving
deficiency payments
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< Other Farm Program Provisions - balances the supply of diverted production igible
for farm program payments with the commodities for which payments are made
< Crop Mix - congtrains cropsto fal in their regiona historica acreage
< Livestock Mix - congrains livestock commodities to fal within their nationd historical
digtribution.
3.23 Variables

The agriculturd variables are defined in more detail below, including some variables not mentioned in
Table3-2. A full list of dl these variables gppearsin the GAMS modd. Also, the firgt three variables
listed in Section 3.2.1 will be omitted as those have dready been discussed in the forestry section

above.

3.2.3.1 Program Crop Production

Crops can be produced insde or outside the farm program context. The mode depicts participating
farm program crop production differentiated by decade, region, type of crop, water technology
(dryland or irrigated) and concelvably crop technology. These variables appear in the FASOM NLP

with:

N

A negative entry in the objective function giving per acre cost of miscellaneous inputs
plus nomind profits

A postive entry in the land baance giving cropland use. The quantity recorded
includes both the use of an acre that is harvested plus the use of any acreage which
must be set aside or diverted.

A positive entry in the water row giving the use of irrigation water for production
variables which areirrigated

A positive entry in the labor row giving the use of labor for crop production

A positive entry in the input balance row giving the use of inputs for production
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< A negative entry in the primary baance row, reflecting the production of primary
products. The coefficient here only equas the amount not eigible for deficiency
payments which equas that produced from land not participating in the farm program
plus the amount produced in excess of the farm program yield.

< A positive entry in the secondary baance congtraint giving the use of secondary
products in production; in generd thisis zero

< A negative entry in farm program yield balance equetion giving yield digible for
deficiency payments. The coefficient equals the amount of the crop produced digible
for deficiency payments times the participating acreage.

< A negative entry in the 50/92 yield row giving the foregone yield quantity incurred by
participation in the 50/92 program. Notethisis not actud yidd but is"foregone.”

< A negative entry in the paid diverson row giving the amount of foregone yidd digible
for diverson payments due to the participation in the paid diverson program

< A negative entry in the unharvested production rows giving the production foregone
because it isleft unharvested but is digible for deficiency payments

< A negative entry in the artificid yield row which reflects the yield in cases when the
actud yield is below the farm program yield, reflecting deficiency payments on crops
that are not grown

< A positive one in the regiond crop mix equation and a negative one in the regiond tota
crop mix equation showing the number of harvested acres of this crop

< Upper or lower bounds when relevant.

3.2.3.2 Nonprogram Crop Production

Thisvarigble is essentidly identicd to the farm program production varigble above. The differences are
that the land use is only one acre, that the production occurs only in the primary balance row and that
there are no entries for program deficiency payment, 50/92, etc. rows. These variables have the same
dimensions as above and are defined both for nonprogram crops and for nonparticipating acreage of
program crops.
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3.2.3.3 Livestock Production

The modd solves for the number of livestock reared. Livestock are depicted as users of land labor and
feedgtuffs while producing both fina products (i.e., animads for daughter) and intermediate products
(i.e, cavesfor feeding). These variables are defined by decade, region, type of animal, and livestock
technology choice. The variables reflect production of multiple products. The variables enter the
modd formulaion with:

<

A negative entry in the objective function giving the miscellaneous costs and profits for
the livestock production activity

A positive entry in the land use baance giving the use of crop and pasture land; usudly
thisis confined to pasture land

A postive entry in the AUM use baance giving the use of AUMS in livestock
production

A poditive entry in the water row when there is water use for irrigated pasture

A positive entry in the labor row giving labor use for production

A postive entry in the input balance giving agriculturd input use

Both negative and poditive entries in the primary balances, reflecting production and the
use of primary agricultura products. Some commoditiesi.e., hogs produced, feeder
pigs, cull sows, will only be produced appearing with negative sgns while use of
feedstuffs such as corn and soybeans will appear with positive coefficients.

A positive entry in the secondary balances, reflecting the use of some secondary
commoditiesin livestock production. In particular, feed and soybean med are used for
feedduffs.

A postive entry in the nationd livestock mix row controlling the production of
commodities 50 it is condstent with the nationad commodity mixes

Upper and lower bounds when present.

3.2.3.4 Regional Crop Mixes
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The regiona crop mix variables are equa the acres produced under each of the historical observed
cropping patterns. Collectively, their presence restrains harvested crop acreage to fal somewherein
the historica observations. These variables are defined by region, decade, and for the historical
observationsin the modd. Currently, these consst of about atwenty year series. These varigbles help
resolve the aggregation problem as explained in McCarl et d. (1993). There could be some concernin
using the crop mixesfor dl years and thus they are dropped after the first 20 years. These variables
enter the modd with:

< A negative entry in the crop mix by crop rows giving the amount of the commodity in
the crop mix

< A negative entry in the total crop mix row giving the sum of the acreage in the crop mix.

3.2.3.5 National Mix

The nationd mix variables give the amount of commodity by region in each historicaly observed
production pattern. The variables require that the spread of production of selected commodities among
the regions being consstent with historical national mixes for that commodity. These variables are
defined by decade, for a particular commodity and then historical dternatives. They are also dropped
after thefirst 20 years. These variables have:

< A negative entry in the nationd mix rows giving the number of units of the commodity
produced in a given modd region.
3.2.3.6 Agricultural Land Supply
The land supply variables reflect the provison of pasture land, cropland, and AUM grazing land
according to the specified supply curve. These variables are defined by decade, region, and land type.

The variables enters the modd with:

< A negative entry in the objective function giving the integrd of the area underneeth the
land supply curve depicting as a cost of using land

< A negative one in the land supply balance, indicating supply of land

< A pogtive one in the maximum congraint on land availahility.
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3.2.3.7 Public AUM Grazing Supply
Anima unit months (AUMS) of grazing are supplied viaatwo part structure. Thefird part refersto the
State and federd supplies through such agencies as the Bureau of Land Management and Forest
Sarvice. Thisland isavallable at afixed renta rate up to amaximum. The public grazing variable
enters the model with 3 coefficients. They are

< A negative entry in the objective function giving the cost of public grazing

< A negative one in the AUM grazing baance, reflecting the supply of public grazing

< A pogtive one in the public grazing limit row.

3.2.3.8 Private AUM Grazing Supply

Anima unit months of grazing are aso supplied from private sources viaa supply curve. These
varigbles enter the modd with:

< A negative entry in the objective function giving the area under the private grazing
supply curve

< A negative one in the AUMS grazing baance, indicating supply

< Upper bounds on totd private grazing availability.

3.2.3.9 Variable Price Water Supply

The modd depicts supply of both fixed price water and variable price pumped water. The variable
price water supply indicates more can be pumped at successively higher prices. The quantity that is
pumped depicts both groundwater and the use of certain surface water. The variable price water
supplies are defined by decade and region. This variable enters the mode with:

< A negative entry in the objective function giving the integrd of the area underneeth the
water supply curve

< A negative one in the water baance to indicate a supply of water.
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3.2.3.10 Fixed Price Water Supply

The counterpart to the variable price water varigble above is the fixed price water variable. The fixed
price water is avallable a afixed price up to a quantity upper limit. This Stuation reflects publicly
owned surface water which is sold to farmers at afixed price up to the quantity that they have been
dlocated. Thisvariableis defined by decade and region and enters the mode with:

< A negdtive entry appears in the objective function, reflecting the price of the fixed water
vaiables

< A negative onein the water balance, indicating supply of weter
< A positive one in the fixed price water maximum drawing on the fixed price water
avalahility.

32311 Hired Labor Supply
Labor supply is defined in an analogous fashion to the water supply above. Thereisasupply of family
labor at afixed price and then a supply of hired labor according to a supply schedule. The hired |abor
activity depictsthat supply schedule and reflects a successively higher wage rate as more labor that is
hired. Thisis defined by decade and by region. The varigble enters the modd with:

< A negative entry in the objective function giving the area undernegth the hired labor
supply schedule

< A negative onein the labor baance, reflecting supply.

3.2.3.12 Family Labor Supply

The second part of the labor supply isfamily [abor which is made avalaole at alower price than the
hired labor wage rate and is available up to afixed quantity. The family |abor varigble enters the model
asfollows

< A negative entry in the objective function giving the cost of family |abor

< A negative onein the labor balance, indicating supply
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< A pogtive one in the family labor limit row drawing againg the maximum amount of
family labor thet isavallable.

3.2.3.13 National Input Supply
The nationa input supply variables depict the supply of inputs with assured congtant prices and are
defined by decade and input. The inputs are listed in the scope of ASM agppendix. The variables enter
the modd with:

< A negative entry in the objective function giving the price of the input is reflected

< A negative onein the input balance, reflecting supply of the input is entered.

32314 Processing

The processing variables reflect the transformation of primary agricultura products into one or more
secondary products and are defined by decade and processing dternative. In the model, these
variablesincdude feed mixing, corn sweetener manufacturer, sugar refining, soybean crushing, livestock
daughter, etc. aslisted in Appendix A. These variables enter the mode with:

< A negative entry in the objective function giving the costs and profit cons derations of
processing

< A positive entry on the input balances giving the processing usage of agriculturd inputs

< A positive entry in the primary commodity balance, reflecting use of primary
commodities in processing. Negative entries are dso possible when primary
commodities are supplied by processing.

< A negative production of secondary commodities. Postive entries are dso possible
when secondary commodities are used as inputsin processing. This structure can be
somewhat complex. For example, confectioneries are produced by a processing
activity but also use the secondary commodity refined sugar.

< Maximum and minimum bounds on processing.
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3.2.3.15 Domestic Demand for Primary Commodities

Primary products can be used in domestic demand. Such demand is defined for decade and for each
of the primary commodities which have nonzero demand. The variables enter the modd with:

< A positive entry in the objective function giving the area undernesth the demand curve
for the commodity. This can involve a price eadtic curve, a perfectly dastic demand
curve (if afixed priceisinvolved) or no entry if aminimum isal that isinvolved.

< A poditive one in the primary baance, indicating a demand

< Upper and lower limits on the maximum quantity demanded.

3.2.3.16 Primary Exports Demand
A number of primary commodities are exported. The export variables indicate the quantity of such
exports and are entered in much the same format as the domestic demand equations where the variable
is defined for each decade and primary commodity. The varigbles contain the following:

< A positive entry in the objective function giving the area under the export demand curve

< A positive one the primary commaodity baance, indicating a use of the commodity

< Upper and lower bounds on the quantity exported.

3.2.3.17 Primary Imports Supply

Sdlected primary commodities can be imported. These variables indicate the imports of primary
commodities for each primary commodity and decade. The variables enter the mode with:

< A negative entry in the objective function giving the area under the import supply
equations

< A negative one in the primary commodity baance, indicating a supply of acommodity

< Bounds giving the maximum and minimum quantity that can be imported.
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3.2.3.18 Secondary Commaodity Demand, Imports and Exports

These variables depict the demand imports and exports for processed commodities (seelist in
Appendix A) and areidentica in concept to the three immediately discussed above. They have:

< Objective function coefficients that reflect the area underneath their respective curves
with the area being positive for domestic demand and exports and negative for imports
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< Entries of pogitive onesin the secondary commodities balance row under the domestic
demand and export variables minus ones present for import supply

< Upper and lower bounds.

3.2.3.19 CCC Loan Purchase

The Commodity Credit Corporation acquisitions of commodities put under loan are reflected in the
CCC Loan purchase variables. Commodities placed under loan are removed from the marketplace
and are assumed to be disposed in some nonmarket distorting use. These variables are defined by
decade and digible commodity. The modd user has the ability to eiminate the farm program from
particular decades and it is currently dropped after the first decade. These variables enter the model
with:

< A postive entry in the objective function giving the price of the commodity as pad
under the loan is entered as arevenue

< A positive one in the primary or secondary balance for digible commodities, indicating
use of aunit of the commodity.

3.2.3.20 Deficiency Payments

The deficiency payment variable gives the amount of crops receiving deficiency payments. Thisis
present for the decades and primary commodities which receive such payments. This payment isvaried
through iteration to make sure that the difference between the market price and the target priceis equa
to the deficiency payment. These variables enter the model as follows:

< A posdtive entry enters the objective function reflects the deficiency payment as
revenue, this coefficient isiterated over to obtain convergence on deficiency payments

< A negative one in the primary commodity baance, indicating a supply of commodity
appears

< A positive one in the farm program commodity, indicating commodity use appears
balance.



3-67

The variable transfers the commodity from arow accounting for goods digible for deficiencies
payments to the market row and reflects receipt of the deficiency payment. This causes the market
price to be less than or equal to the farm program price.

3.23.21 Miscellaneous Farm Program Payments

These variables reflect government payments for farm program provisionsinvolving 50/92, diverted
acres unharvested production, and production below farm program yield. The model does not reflect
an actua commaodity produced under these features as acreage is diverted from production and farmers
are paid for foregone production. These are defined for each decade and commodity that the farm
program is active in. These variables enter the modd with:

< A postive objective function coefficient equaling the deficiency or diverson payment
found during the iterations

< A positive one in the relevant farm program baance equation, reflecting use of diverted
production under the farm program provisonsis entered.

3.2.3.22 Tolerance Allowing Variables
Tolerance variables are entered to avoid both infeasibility and cycling when dedling with the crop and
national mixes. They alow smal deviations from these mixes. These are defined for each decade,
crop, and region for the regiona crop mixes and by commodity, decade and region for the nationd
Crop mixes.
3.24 Modd Equations
The agricultural component of the modd equations dso merit discusson. Here, we will skip the
forestry parts of the tableau and concentrate on the agriculturd partsincluding the agricultura
component of the objective function.

3.2.4.1 The Objective Function - Agricultural Component

The agricultura objective function is weighted by a factor which reflects the fact that agriculturd
products are harvested each year during adecade. Thisfactor equals the sum of the present vaue
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factors over 10 years. Furthermore the last decade is weighted by afactor equaling the future value of
an infinite sream thereby supplying the termind conditioning for land remaining in agriculture.

The basic objective function components include the discounted area undernesth the downstream
export demand curves for the commodities; plus the deficiency and other farm program payments;,
minus the area under the import, land, labor, AUM S and water supply curves, minus the miscellaneous
cost of production. The overall value measure isthe net present value of consumers and producers
aurplus. Thisis accumulated over the entire time frame of the moddl. The particular termsin the
agriculturd part of the objective function are:

<

A negative entry for the crop production variables giving production costs for program
and nonprogram crops where the cost is the sum of severd miscdlaneous cost items
and farm profits

A negative entry for the livestock production variables giving production costs including
profits and miscellaneous cost

A negative entry for the land supply curves for pasture, and cropland. The caculaions
can involve a congtant eadticity, fixed price or fixed quantity supply curve

A negative entry for the AUM private supply variables giving the area under the supply
curve

A negative entry for the AUM fixed price supply varigbles giving the price a which
such grazing land can be rented

A negative entry for the pumped water varigbles giving the area under the pumped
water congtant elagticity supply curve

A negative entry for the fixed price water varigbles giving the price of fixed water

A negative entry for the hired labor variables giving the area undernesth the hired labor
condant eladticity supply curve

A negative entry for the family labor variables giving the price of family labor

A negative entry for the input acquisition varigbles giving the input prices
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A positive entry under the domestic demands giving the area underneeth the primary
and secondary demand curves. The demand curves are constant dagticity curves.
There dso isaprovison for the demand curve to be either fixed price, where the area
IS price times quantity, or fixed quantity in which case no areaiis entered. The demand
curve integration aso involves atruncation factor, where the demand curve is integrated
from the larger of 1/10 of the quantity or the quantity that would cause 10 times the
price. Thisisdone since the constant eladticities demand curves go asympitatic to the
axisand can lead to very large aress.

A positive entry under the export demand variables giving the area under the curves for
both primary and secondary commodities computed in afashion andogous to the
domestic demand

A negative entry under the import supply curves giving the area under the curve for
both primary and secondary commodities, again, with provisons for fixed price and
fixed quantity curves

A postive entry for the loan rate variables, reflecting revenue from placing crops under
loan

A positive entry for the deficiency payments variables, reflecting farmer revenues from
government deficiency payments, thiswill be iterated over when the farm program is
present

A positive entry for the 50/92, unharvested acreage, artificia, and diverted acreage
variables, reflecting payments.

3.2.4.2 Agricultural Land Balance

The agricultura land balance equations equate the pasture, and cropland utilized for agriculture with the
land supplied. The equations dso include the congderation of the land migrating in and out of
agriculture to the forest sector. The land equations are defined by decade, region, and land type. The
coeffidentsin this equation include:

A plus and minus one for the land trandferred to and from forestry variables depending
on whether the land is being trandferred in or out
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< A positive land use by crops planted under the farm program variables. The
coefficients here are one plus the set-aside rate adjusted for the participation rate

< A postive one under the nonprogram and nonparticipating production variables,
reflecting land use

< A positive entry under the livestock production variable, indicating crop and pasture
land use by livestock

< A negative entry under the land supply variable, indicating that land is supplied.

3.2.4.3 Maximum Land

The maximum amount of land that can be used is limited for each decade, region, and land type. The
coefficients asfor the equation are:

< A positive one for the land supply variable, reflecting land use.
< A postive right-hand side entry giving the maximum amount of the land used in the past
twenty years as an upper bound on land use by region.
3.2.4.4 AUM Grazing Balance

The AUM grazing baance equation links usage of AUM grazing with the supply from public and
private sources by region and decade. The coefficients in this equation include:

< A positive entry under the livestock production variables giving AUM grazing use by
livestock; the coefficients reflect the AUM grazing requirements as specified in the
livestock data

< A negative one under the private land grazing supply variables, reflecting AUM supply

< A negative one under the public land grazing supply variables, reflecting AUM supply.

3.2.4.5 Maximum Public AUM Availability
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Public AUMS are limited to their maximum availability by region and decade. The coefficientsin this
equation include

< A positive entry under the public land AUM supply variables

< A positive entry on the right hand side giving endowment of AUMS by region.

3.2.4.6 Water Balance

Water supply and use is balanced by decade and region. Coefficients gppearing in this equation are as
follows

< A positive entry for irrigated crop production possihilities for both participating and
nonparticipating possibilities giving water use

< A positive entry for livestock production, reflecting water use
< A negative one under the fixed price water supply variables, reflecting water supply
< A negative one under the variable price (pumped) water supply, indicating water
supply.
3.2.4.7 Maximum Fixed Price Water
The maximum amount of fixed price water islimited by region and decade. These equations contain:
< A positive one under the fixed price water supply variable

< A postive right hand side giving the quantity available.

3.2.4.8 Labor Balance

Labor use from livestock and crop production is baanced with labor from hired and family sources.
The condraint is disaggregated by region and decade. The coefficients are as follows.
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< A paositive entry for the participating and nonparticipating crop production variables
giving labor usage

< A positive entry for the livestock production variables giving labor usage
< A negative one for the family labor supply varigble, indicating supply

< A negative one for the hired labor supply varigble, indicating supply.

3.2.4.9 Family Labor Limit

The maximum amount of family labor available is congtrained as that available in each decade and
region. These equations contain:

< A plus one under the family labor supply variable

< A positive RHS vdue indicating the quantity of family labor avalable.

3.24.10 Hired Labor Limit

The maximum amount of hired labor that can be used in each decade and region is bounded here.
These equations contain:

< A plus one under the hired labor supply variable

< A postive RHS vaue indicating the maximum quantity of hired labor avalable.

3.24.11 Input Acquisitions Balance

Input acquisition is balanced with input use by input and decade. The entries are
< A positive entry under the crop and livestock production variables, reflecting input use
< A negative one under the input acquisition variables, reflecting supply of inputs.

< A positive entry under the processing variables, reflecting input use
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3.24.12

Primary Commaodity Balance

A baanceis struck between the primary commodities produced and the commodities consumed for
each of the primary commodities in each decade. The entriesin this equation are:

<

3.24.13

A negative entry under the participating farm program varigble, reflecting yield. The
amount entered is that from the nonparticipating part of the variable (See Chang et d.)
plus the amount produced that is not subject to deficiency payments. Thus, the entries
are the portion of the commaodity yidd which is not digible for deficiency payments.
The amount digible for deficiency paymentsis recorded in afarm program row.

A negative entry for the nonparticipating production variables, reflecting yield

Both positive and negative entries for the livestock production variables, reflecting the
use of primary commodities as feedstuff aswell as production (negative) of livestock
commodities

Both pogtive and negative entries under the processing variables, depending on
whether the primary commodities are being used or supplied by the processing
vaiables, generdly, these are positive, indicating use of the primary commodity

A positive one under the primary domestic demand variables, reflecting use of the
primary commodity

A positive one, indicating demand under the primary export varigbles

A negative one under the primary import variables, indicating demand

A postive one under the CCC loan purchase variables, indicating use.

A negative one under the deficiency payment variables making participating production

available to the market after the deficiency payment is paid

Secondary Commodity Balance

Thisbaanceislargely identica to the primary balance except that the farm program congderations are
not entered. Theentriesare:
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3.24.14

A positive entry for the livestock production varigbles, indicating the use of the
secondary products (such as the use of feed)

Both positive and negative entries under the processing variables, indicating the usage
and supply secondary of products

A positive one for the domestic demand and export varigbles, indicating the use of the
commodity in consumption

A negative one for the import supply varigbles, reflecting supply.

A positive one for the CCC Loan variables, reflecting the receipt of a CCC Loan on
secondary commodities like butter

Farm Program Production Balance

Production under the farm program that is digible for deficiency payments is balanced with that amount
recelving deficiency payments by commodity and decade. The coefficients are:

<

3.24.15

A negative entry under the participating crop production variables giving the maximum
of the farm program yield and the actud yield times the participation fraction for the
participating production variables indicating the amount of production igible for farm
program payments

A positive one under the deficiency payment variables, indicating receipt of payments.

50/92 Balance

The amount of production foregone by participation in the 50/92 program is balanced with an variable
which pays for the 50/92 program. Thisis controlled by decade and crop. The entries consist of:

<

A negative entry under the participants production variables giving the farm program
yield times 92% of the production times the participation fraction times the amount of
acreage that falls under 50/92

A positive one under the 50/92 payment variable.
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3.2.4.16 Diverted Acres

Thisis samilar in concept to the 50/92 row above where the foregone production on the acreage
diverted is balanced with that receiving payments. Thisis controlled by decade and crop.
3.24.17 Artificial Production

The amount of production thet is digible for deficiency payments does not aways equd actud

production. Eligible production is baanced with the artificia payments. This recorded by decade and
crop and is done asin the above 50/92 baance.
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3.24.18 Unharvested Acres

Here again, the amount of yield foregone on unharvested acreage is balanced with payments for
unharvested yield by decade and crop.

3.24.19 Crop Mix Balances

The crop mixes are controlled both by crop and region aswell asintota in aregion. Theentriesin
these rows include:

< A positive one under the production variables, indicating the harvested acres of the
crops produced

< Negative coefficients under the crop mix variable, indicating the amount of the crop that
gopears in each of the crop mixes and the sum of acresin the tota mix rows

< A positive one under the Tolerance variables.

3.24.20 National Mix Balances

The regiond distribution of production of certain commoditiesis controlled so it fals in the pattern
exhibited by historicad mixes of those commodities among regions by decade. The baances are present
for the controlled commodities in each region.

< A positive entry under the crop production variables, reflecting the amount of the
commaodity being produced by the crop production variablesin the region

< A positive entry for the livestock variables, reflecting the amount of the primary
commodities produced by livestock production

< A negative entry under the nationd mix variables giving the production of eech of the
controlled commodity observed in each of the representative years by region.
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40 FASOM OUTPUTSAND POLICY APPLICATIONS

This section describes the outputs of the FASOM mode. It aso discusses some of the policy
questions the model can be used to address and shows how FASOM would be applied in these cases.
Findly, it suggests some directions for future modd revisons and modifications to improve FASOM
and expand the scope of policy questionsiit can be used to address. A detailed listing of modd outputs
is contained in Appendix E.

41 MODEL SOLUTION INFORMATION

The FASOM solution is addressed here both in terms of the information it yields and its economic
properties. The FASOM objective function involves the maximization of the present value of
consumers plus producers surplus net of transport and capacity codts. It depicts (assumes), therefore,
amulti-period smulation of economic activity in competitive sectors under perfect foresght of future
price conditions. The sizes of timberland holdings are assumed to be small enough that owners do not
individually affect prices but are knowledgeable of future forest product prices and land opportunity
cods. Harvest decisons are made so that stands are harvested at the point where the (marginal
present) value of wood and carbon growth (if priced) is no larger than the (present vadue of) margind
cods of maintaining the stand plus the margind opportunity cost of holding the land in the current stand
for an additiond period (the present vaue of future rotations). In addition, the movement of land into
forestry from agriculture will occur if the expected returns in forestry exceed the returns in agriculture
over the remaining decades in the modd plus the termind vaues. The decision regarding transferring
land to agriculture would involve the opposite considerations.

The solution to the nonlinear programming problem in FASOM provides the following informeation in
eght aress

< Consumers and producers welfare
< Agricultura production and prices
< Forest inventory amounts

< Harvest levels and prices

< Wood product output and prices

< Land and forest asset values
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< Carbon sequestration amounts and "prices’
< Land trandfers.

Appendix E ligs a definition of itemsin current versons of the FASOM outpLt.

411 Consumer and Producer Wdfare

As previoudy stated, the FASOM objective function represents the net present value of consumer and
producer surplusin the two sectors. Consumers surplusis calculated in both sectors. Producers
aurplusssis cdculated regiondly. Thus, the moded produces information about the digtribution of the
present and future values of consumers and producers surplus over both space and time.

4.1.2 Agricultural Production and Prices

FASOM provides regiond level information about the market-clearing production and price levels for
al of the ASM commodities at the regiona level by decade. Regiond production levels for crops can
be further broken down into average yield levels and acreage harvested. Price levels for agricultura
products are endogenous in FASOM.

Tree planting programs have the potentid to reduce input use by farmers. Annua management costs
associated with tree plantations are considerably below agricultura production costs. Large enough
reductionsin input use by farmers may cause the prices of some inputs, such as hired labor and water
to decrease. FASOM contains input supply curves for land and hired labor. Consequently, price (and
cost) impacts on these inputs are an output of FASOM. The impacts of reductions in the use of other
inputs can be measured, in aggregate, in terms of cost decreases to farmers, or as revenue decreasesto
input suppliers (on the other sde of the balance sheet).

4.1.3 Forest Inventory Levels

For each 10 year period in the smulation period, FASOM reports regiona inventory levels by owner,
land use suitability, forest type/species, Site class, management regime, and age -- in other words, by
each of the dimensions that characterizes a representative inventory aggregate in the model. Thisleve
of detail can overwhelm an andyd, so inventory levels are usudly aggregated over one or two
descriptors, a mogt, at any one time, with forest type and owner being the most common and useful for
regiond-leve andyss.
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414 Harvest Levalsand Prices

Havest levels are provided by FASOM at the same leved of detail as other inventory statistics.
Regiond and nationa price levels are outpuit.

4.1.5 Wood Product Output and Prices

Wood product output levels, by period, will be provided for each of the three products (sawlogs, pulp,
and fuelwood) at least by region and forest-type. Price levelsfor these products are endogenous.

416 Landand Forest Asset Values

Since FASOM smulates the competition between forest and agriculturad activities for land, FASOM
produces information about margind land and forest asset vaues over time. Margind land values for
agricultura and forestland can be determined from shadow prices on the potentia reforested land

ba ance and on the agricultura land balance. Asset vaues for regiond inventories can be caculated
from this information using information about volumes per acre from the solution to the NLP.

4.1.7 Carbon Sequestration Amountsand Prices

FASOM will produce region- and nationd-level information about the total amount of carbon in
gtorage in each period and the storage rate (i.e., change in storage) during each period. If carbonis
"forced" into the modd, then FASOM wiill generate an estimate of the shadow price associated with
that requirement, provided that the congraint is binding.

418 Land Trandes

An important feature of FASOM s the intersectoral linkage between agriculture and forests. FASOM
was designed so that transfers of land between sectors would occur endogenoudy within the model as
aresult of intertempora economic forces. Thus, an important output of FASOM isthe ligting of land
transfers that occur in each decade. These transfers are shown by region and sector (from - to) for
each decade. Depending on the needs of the user, further breakdowns are possible showing the land
class, crop or management intengity both from and to which land was transferred.
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4.2  POLICY APPLICATIONS

Theinitid motivation behind FASOM was to develop a modd to evauate dterndive policiesto
sequester carbon in an economic framework, one that could take into account not only the impacts of
these policies on forest and agricultura sector markets, but aso the reaction of consumers and
producers in these markets to these policies. Subsequently, it became clear that FASOM could dso
be used to eva uate the carbon consequences of awide range of forest and agricultura policies, not just
those intended to promote carbon sequestration.

The scope of the policies and future scenarios that can be andyzed by FASOM taxes the imagination,
snce FASOM contains representations of both the agricultural and forest sectors and is the only model
currently available to andyze land use subgtitution between the two sectors in a comprehensive and
consistent economic framework. However, the potentid of FASOM as a policy analysistool can be
illugtrated by looking briefly at the way the mode will be used, initidly, to look at the following seven
different policies and future scenarios.

4.2.1 TreePlanting Programs

A number of different programmatic features can be smulated usng FASOM. The smplest gpproach
involves usng FASOM to develop carbon sequestration supply curves for different levels of carbon
sequestration. These target levels can be specified on a decadd basis or over alonger period of time,
for example the full 100 year smulation period, depending on policy dictates. By running FASOM
repeatedly for dterndive levels, one can obtain information to characterize margina and total cost
curves for both carbon and land. Such an andysis would show the welfare consequences and market
impacts of different policy condraints. For example, policies that might be consdered involve those
that restrict harvesting of cost-shared tree plantations below a certain age class, or prevent harvesting
entirdy, athough one should be cautious about forcing "old growth” forests for reasons Sated earlier.
Other types of condraints on the digibility of land could be imposed to target specific types of land or
to reflect the potentia duggishness of agricultura land owners in responding to these policies.
Congtraints could also be impaosed to limit management dternatives to reflect potential conservatismin
managemen.

The gpproach, outlined above, relies on the use of fixed RHS vaues for carbon and the subsequent
parametric development of supply curves. An dternative, dud gpproach, involves "pricing” carbon in
the objective function and then tracing out the margind productivity (i.e., demand) and tota benefit
curves for carbon consstent with different levels of carbon sequestered at different prices. This
approach can be implemented with and without a variety of congtraints to reflect both policy and redl
world consderations, asin the initid approach.
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4.2.2 Subdgtitution of Tree Planting Subsidiesfor Farm Program Payments

The agricultura sector in FASOM can be set up to include (or exclude) the provisions of the current
farm bill, or many other program dternatives. Assuch, it is possble to use FASOM to examine the
effects of reducing loan rates and target prices, while increasing tree planting payments, like the current
Conservation Reserve Program (CRP). The replacement type of andysis, indicated above, isan
attempt to model policy trade-offs. However, the welfare consequences of switching subsidies could
have dramétic implications for the digtribution of welfare snce farm programs keep agricultura prices
low, while tree planting programs force these prices up. Therefore, an dternative andytic gpproach
could involve usng FASOM to estimate the level of sequestered carbon for which the reduction in
deficiency payments (and replacement with carbon subsidies) will hold total welfare congtant (at the
basdine levd).

4.2.3 Adoption of Advanced Agricultural Technology

Higoricdly, the amount of land in agriculturd production and the share of agricultura output in total
GNP has been steadily dropping since the late 1900s. This trend has been taking place in spite of
susgtained population and income growth in the U.S.,, as well as recent surgesin U.S. agriculturd
exports. This phenomenon is due largely to a combination of steady increasesin agriculturd
productivity and the rdatively price-inelagtic nature of the demand for most agricultura commodities.

The long term effects of sustained agriculturd productivity on U.S. agricultura policy isatopic that has
important ramifications for programs to sequester carbon. High agricultura productivity reducesthe
number of acres required to produce a given amount of food, lowers the opportunity cost of "excess'
agricultura land (i.e,, those acres that are subsdized), and creates politica incentives to increase
agricultural subsidies, while at the same time it provides more potentid land to be afforested. Thus, an
important set of future scenarios to be consdered by FASOM are those which include higher (and
lower) rates of technologica progress than have been observed higoricaly. Thisisaccomplished easily
in FASOM by changing the FASOM data for expected gainsin productivity.

4.2.4 Significant Changesin Net Export Demandsfor Key Crops

The history of American agriculture has shown atendency for exports to fluctuate over both long and
short cycles. For example, wheat exports in the mid-1970s reached dl-time highs, after decades of
relatively modest changes. Similarly, exports of corn and soybeans surged in the early 1980s, making
the U.S. aworld leader in the export of both products. The fluctuating character of export demandsin
the U.S. has provided one of many rationaes for agricultural subsidies. At the sametime, leadership in
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world export markets, such asthe U.S. has enjoyed periodically in soybean markets, has provided an
important simulus to agriculturd production. Given current politica ingtability in some mgor food
demand and supply regions, the potentid for large increasesin net export demands for some U.S.
crops could be integrated into future scenarios developed for FASOM. Such increases have the effect
of counteracting the impacts of increased productivity on tree planting programs as discussed in the
previous section, athough increased productivity is, a the same time, akey factor in lowering U.S.
production prices closer to world levels. Increasesin net export demands are easy to Smulatein
FASOM by shifting the export demand functions for those crops in which the U.S. might expect
increases, such as corn and, possibly, wheat, and other mgjor commodities where the comparative
advantage between the U.S. and other nations could be narrowed.

4.25 Reforestation and Forest Management Programs

There have been severd efforts to evauate ether the timber supply and/or carbon sequestration
potentia of various types of proposed reforestation programs, such as the Stewardship Incentive
Program (SIP) and Americathe Beautiful (ATB). Studies by Dutrow et d. (1981) and the USDA
Forest Service (1990) evauated the timber supply potentid of investment opportunitiesinthe U.S,, as
awhole, while a subsequent study by Alig et d. (1992) eva uated forest investment opportunitiesin the
South. A more recent study was undertaken by Moulton and Richards (1990) that looked at the
carbon sequestration consequences of both afforestation and reforestation programs. Dutrow et dl.
(1981), USDA Forest Service (1990) and Alig et d. (1992) dl estimated the potential amount of
available acreage and the rate of return on investments in forest management, including both
regeneration of new stands and improvement of existing sands. These sudies both identified arange of
potentialy profitable investments in forest management, but did not modd the effect of programmetic
subsidy levels on investment enrollment. The study by Moulton and Richards, whileit did provide cost-
based supply curves for both timber and carbon on reforested land, did not take into account the effect
of programmatic subsidy levels on acreage enrollment (i.e., used asocid cost sance). Thus, ther study
may not provide an accurate indication of the potentia acreage enrollment patterns that can be
expected from programs like SIP or ATB.

In FASOM, dl investmentsin land compete with each other a the margin in the asset market for land.
Programs, like SIP and ATB, can be smulated in FASOM by reducing management cogts to reflect
program payments; by constraining program participation by total program costs or some State
digtribution of cogts; and by introducing into FASOM changesin yields and cogsto reflect the
technology associated with digible management dternatives.
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4.2.6 Changing Harvest Levelson National Forest Land

Public policy on Nationa Forest and other public timberland seems to be moving in the direction of
increased set-aside of timberland for nontimber purposes, with ether restricted timber harvests or no
harvesting on some timberlands. This policy trend, if it continues, will result in smdler and smaler
harvests of timber from public lands. Thiswill alow carbon stored in existing trees to accumulate
further, dthough at a dower rate as trees in the public inventory grow older. At the same time, potentia
land on which to plant new trees that can sequester carbon a amore rapid rate will decline. The net
impact of these two forces on total carbon sequestration is made uncertain by a variety of factors, not
the least of which involves knowing the rate a which carbon in wood products oxidizes &fter atreeis
harvested. Thus, a continuation of current trends on public lands raises important policy questions that
can not be answered easly without amodd like FASOM.

While FASOM currently does not contain a detailed representation of the forest inventory on public
lands, it includes harvesting from thisland. Reductions in harvests from public lands can easlly be
amulated and it is possble to examine the impact of these reductions on harvesting and management
investment decisons in the private sector and on the change in total carbon sequestration. Reductions
in harvests from public lands can be treated as a policy in and of itsdlf, or it can be included in afuture
scenario which is used to assess other policies.

4.2.7 Increasesin Paper Recycling and Wood Processing Technology

Thereis growing interest in the impact of increased use of wastepaper as raw materia for paper and
various types of fiber board production. Producersin Japan and many other developed countries use
amost twice as much wastepaper as raw materid for the production of paper and board products as
U.S. producers. Interest in this phenomenon led to an andysis of the impacts of increasing the use of
wastepaper to levels observed e sawhere in the 1989 RPA (USDA Forest Service, 1990). Theresults
of this analys's showed decreases in pulpwood use and increases in forest inventories. Haynes et dl.
(199483) estimated the impact of these increasesin inventory volumes on carbon sequedtration, using the
TAMM/ATLASarea change modeding system.

While productivity in the forest products industry has not increased as repidly asin the agricultura
sector, a steady downward trend in log sizes has been accompanied by an increase in the amount of
lumber than can be recovered from a given volume. Technologica increases in various wood products
markets have aso substantially reduced real harvest costs; led to the adoption and rapid spread of
various fibre board products that have replaced plywood; and have aso caused reductionsin the
amount of materiad needed to make a number of primary and secondary wood products. Meanwhile,
lower cost substitutes continue to replace wood fibre materiasin a number of uses.
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Because the sumpage and product demand relationshipsin FASOM are derived directly from
TAMM, modding both increased use of waste paper and technologica change can be smulated by
shifting the relevant product demand curves insde FASOM using information obtained from previous
TAMM runs. The important difference between the results that are obtained from FASOM and those
that have been obtained from TAMM, in the padt, for these cases is that the foreseeable consequences
of technologica change on sumpage and product prices will influence the behavior of timberland
ownersin current periods.

43 FUTURE DIRECTIONSFOR FASOM

As previoudy dated, one of the principles guiding the development of FASOM involves building the
modeling system in stages. In that regard, the first order of business has been to develop aworking,
vdidated verson of the modeing system that incorporates the important features of the modeling
system required by EPA's needs (joint markets and conversion activities, future price expectations,
basic timber inventory, management investment, carbon sequestration accounting), and then expanding
the system to meet other important needs of the agency.

It is somewhat difficult to foresee dl of the modifications that might be needed. However, based on
current work, there are severd obvious future directions in which the mode could be profitably
extended. Theseindude the following:

< Developing a better representation for the inventory on public timberland

< Enhancing carbon accounting in the agricultura sector to capture the effects of changes
in management on carbon sequestration

< Adding biomass feedstocks and, possibly, conversion technologies to evauate the costs
and benefits of biomass plantations for offsetting "conventiona fossil fud emissons’

< Adding features to reflect the stickiness of forestry actions by certain ownership classes

< Adding features to estimate emissions of greenhouse gases from both sectors and
calculate net carbon sequestration
< Including provisions for climate feedbacks on crops and forests, so that we could look

at the interaction between the effects of climate change and efforts to mitigate them by
reducing emissons
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< Adding more forward market detail to better track the fate of carbon in wood products
based on the behavior of these markets.

Each of theseitemsis discussed in more detall in the ensuing text.

4.3.1 Public Inventory Modeling

As previoudy dtated, the information regarding inventories of timber on public land is ether extremely
limited or very difficult to use for large scde studies and in some cases not of the same qudity across
regions of the country. Organizing this data, developing assumptionsto fill in data gaps, etc., isa
subgtantia, time-consuming effort. Consequently, a decision was made not to modd thisinventory in
thisverson of FASOM. From apolicy perspective, it seemsless and less likely that public lands will
play alarge rolein carbon sequestration. However, the impacts of reducing harvests on these lands
and preserving old growth on carbon sequestration in other "parts’ of the forested land inthe U.Sisan
issue that warrants consideration in future work. Asimproved data on public timber resources
accumulates, the inventory detail in FASOM can be improved accordingly. Thefirst stage of related
future work could be to test the integration of existing information about the inventory in Washington
and Oregon into the model. However, as dated earlier, sufficient information for this region may not be
available until the 1998 RPA Assessment. This can be followed by incorporating improved inventory
datafor Cdifornia and the Rocky Mountain region as they accumulate. For the East, assembly and
processsing of Nationa Forest data coordinated by Richard Birdsey at the NE Station of the USDA
Forest Service could be reviewed as a starting point to evaluate whether that data could be used in
some form into FASOM.

4.3.2 Enhanced Carbon Accounting for the Agricultural Sector

In the current version of the model, only abase leve of agricultural soil carbon is modded. Effects of
changes in agricultural practices areignored. It would be possible to modify FASOM to answer these
questions by introducing specific tillage variables and associated carbon capture coefficients into the
agricultura sector in FASOM. The parent ASM modd dready has a version with tillage dternatives.
However, information on the effects of tillage practices on carbon isincomplete. The mgor research
issues associated with including carbon accounting in the agricultural sector arer @ whether it isworth
expanding moded sizeto include al of the appropriate cropping variables, and b) developing a
congstent set of net sequestration coefficients for these variablesinthe modd. A rdated issueis
whether the modd ought to be extended, till further, to include greenhouse gas emissons coefficients
S0 that one could explore the effects of aternative policies on net emissons from the sector ina
smultaneous framework.
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4.3.3 Adding Biomass Activities

The current version of FASOM is equipped to look at policies to store carbon in trees. Itisnot
equipped to look at policies to encourage the production of biomass-based energy that can displace
conventiond foss| fuel emissons. FASOM can be modified to assess these policies. The exigting
agricultura sector model in FASOM dready has most of the important agricultura commodities with
which feedstock "crops’ must compete on the supply side. Biomass production and conversion could
be added in three steps. Firgt, feedstocks, either annua or short-rotation trees, would be included
using available budget information. Second, sets of fud and perhaps even energy production activities
(covering al stages of production and marketing) would be added in each region, usng one or more
competing processes.’ Findly, the model would be updated to track the carbon flow from these
biomass products and the digplacement of carbon in conventiond fossi| fuels.

By adding these activities to the modd, conventiond forest and agriculturd activities would be forced to
compete with feedstocks for land. In this framework, one can use FASOM to determine the cost-
effectiveness of the dternatives for sequestering carbon and displacing emissons in acomprehensive
policy. At the same time, one can evauate the impacts of both approaches on markets and the
digtribution of consumer and producer welfare. The same modifications would alow FASOM to be
used to develop supply curves, parametricaly, for either feedstocks or biomass energy to be employed
in more comprehensive energy models.

4.3.4 "Stickiness' in Timberland Management | nvestment Decisions

In the current modd form, timberland management investment decisons depend exclusvely on the
prospective present net welfare impacts of the activities, where the intertempora nature of these
impacts is known with certainty. Investment decisons adjust "ingantaneoudy” to any changesin
externaly imposed modding conditions such as interest rate, intertempora demand shifts, costs, and o
forth or to conditions created by hypothetical policies such as the afforestation of margind agricultura
lands to sequester atmospheric carbon. 1t is commonly suggested, however, that such rapid adjustment
does not accurately characterize actua investment behavior in the sense that investment decisons are
"dicky" in nature, dow to change and exhibit some inertia

Stickinessin investment decisions can arise for severa reasons (Alig et d., 1990a):

20 An alternative would be to introduce, di rectly into FASOM, feedstock demand functions.
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1. Failuresin the assumption of perfect capital markets, including capital budgets or
restrictions on borrowing, so that not al investments that promise to yield a postive
present net welfare impact can be undertaken, and divergence in the lending and
borrowing rates redlized by investors.

2. Lumpiness or discreetness in investments that impose some minimum size or extent of
invesment.
3. Imperfectionsin investors knowledge of future markets, including price impacts of

future supplies restricted or augmented by investment decisions (the "price feedback” of
investments), ignorance of future demand shifts, etc.

4, Uncertainty of future public programs related to timber supply or timber demand.

5. Forest landowners derive utility both from the goods that can be consumed using
income derived from timber harvest and directly from the stlanding stock of timber itsalf
or the wildlife and other nontimber forest outputs and services that depend on the stock
and its characterigtics (aesthetic and amenity vaues).

FASOM might be modified to Smulate the effects of the first four of these congderations by: (i)
introducing bounds or limits on the areas replanted in future time periods, or the areas replanted to the
higher management intengty dasses; (ii) impaosition of explicit investment budgets; (iii) ralsng minimum
harvest ages above the implicit optimal levels found in uncongtrained runs (forcing retention of stands
beyond economicaly optima periods); or (iv) any of an array of restrictions decoupling the planting
investment decision from perfect information on future prices, eg., by requiring the replanting of some
preset portion of the area harvested in each period to the lowest management intensity classor a
portion based on some function of past prices.

Thefifth areainvolves congderation of the utility function(s) of timber owners. Binkley (1987) and
Kuuluvainen and Salo (1991) summarize recent research on the theoretica development and
econometric testing of so-called "household production” models of forest landowner behavior in which
owner utility depends on both harvest income and direct amenity outputs derived from the forest. Since
little is known about the form of owner utility functions, implementation of a modification of thissort in
FASOM would involve some essentialy arbitrary assumption about the form and sengtivity of utility to
aspects of the timber stock. An example of such an approach in the context of intertempora harvest
decisonsis given by Max and Lehman (1988).
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435 Edgimation of Greenhouse Gas Emissions

The modd, as currently structured, does not provide information about the production of greenhouse
gases from forest and agriculturd activities. In fact, the ASM model has been used for this purposein
at least one published study (Adams et d., 1992). Adding emissions coefficients for the various
greenhouse gases in the two sectorsis a difficult task from the standpoint of finding data to support and
develop a comprehensive and consistent set of emissions coefficients for appropriate variablesin the
agricultura sector. However, by adding this capability to the model, it would be possible to maintain an
account for net emissons (i.e., emissons less sequedtration and displacement) either on agas by gas
basis or in terms of the combined Globa Warming Potentid (GWP) of the various gases produced and
carbon stored in the two sectors.

4.3.6 Incluson of Climate and CO, Fertilization Feedbacks

Both ASM and TAMM have been used to modd the effects of changesin yields dueto air pollution
and other factors on the agricultural and forest sectors, respectively. Since FASOM retains the
important structurd eements of both modelsto do this, it follows that FASOM can dso be used to
look at the interaction between the effects of climate change and mitigation of these effects through
carbon sequestration policies. The agricultural sector in FASOM s dready well-developed to ook,
smultaneoudy, a the effects of climate-induced changesin yields and reductions in water availability on
both dryland and irrigated agriculture and the effects of higher CO, on crop yields and water use
efficiency. However, both climate-induced changesin yields, as well as those due directly to CO,
fertilization, in the forest sector are more difficult to modd accurately with the current verson of
FASOM due to the potentia for forest type transitions to occur as climate changes. A first-order
andysis of the effects of dimate change could be undertaken by changing the growth and yidd tablesin
each region to reflect the best available information on productivity changes due to the effects of climate
and CO, fertilization. However, this gpproach does not accurately capture changes in species
composition and acreage in the inventory due to trandition.?! To simulate these changes will require
expanding the species-leved variety in the growth and yidd tables and cost budgets in the modd and
then exogenoudy introducing these transition changes over timeinto the mode, based on available
evidence about the effects of climate changes on forest growth and trangtion.

2L |tisalso debatable if information about simulated transitions within unmanaged forest ecosystems from one
forest type to another isrelevant to managed forests where, in some very prominent cases, the "natural” climax

speciesisremoved or thinned from stands to allow an economically more attractive species to dominate.
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4.3.7 Adding Forward Markets

The TAMM model, on which certain features of the forest sector in FASOM are based, isatwo-leve
modd, which includes both a set of regiond stumpage markets and a set of regiond primary product
markets for the most important primary products. In FASOM, this structure is collgpsed into asingle
market for sumpage products (sawlogs, pulpwood, and fuewood). Thiswas done as a practica
condderation, since adding more market levels increases the complexity and size of the modd, dthough
if the trandation from two into asingle set of marketsis done correctly dl of the information contained
in the original demand curves ought to be preserved. What islogt in this processisthe ahility to trace
the fate of carbon in products in such away that the distribution of productsis based on economic
behavior. Inthe current version of FASOM, the distribution of forward products will be assumed to be
fixed at some representative mix, and carbon fate will be tracked exogenoudy for this mix. It would be
preferable to have the modd, itself, solve for thismix of productsin primary markets.

This modification can be accomplished by importing the two levels of demand curves from TAMM
directly into FASOM and then adding carbon decay coefficients that are specific to each product.
Carbon fate in subsequent phases of the product life cycle would remain fixed. Thisisalargetaskin
terms of the amount of data that would have to be taken from TAMM and then modified to fit the
dynamic structure of FASOM.



3-93

5.0 REFERENCES

Adams, D.M. and R.M. Haynes. 1980. "The 1980 Softwood Timber Assessment Market Mode!:
Structure, Projections, and Policy Smulations.” Forest Science Monograph 22, supplement to Forest
cience. September:1-64.

Adams, RM., SA. Hamilton, and B.A. McCarl. 1986. "The Benefits of Air Pollution Control: The
Case of Ozoneand U.S. Agriculture” Amer. J. Agr. Econ. 68:886-94.

Adams, R., JM. Cdlaway, C. Chang, and B.A. McCarl. 1992. "The Role of Agriculturein Climate
Change: A Prdiminary Evduation." InJ. Relly, ed. Globa Change: Agriculture. Forestry and Natura
Resources. Westview Press, Boulder, CO. pp. 273-287.

Adams, D., R. Adams, JM. Cdlaway, C. Chang, and B.A. McCarl. 1993. "Sequestering Carbon on
Agriculturd Land: A Prdiminary Analyss of Socid Costs and Impacts on Timber Markets.™
Contemporary Policy Issues. Winter:76-87.

Aillery, M.P., P. Bertds, J.C. Cooper, M.R. Moore, S. Vogd, and M. Weinberg. 1993. Samon
Recovery in the Pacific Northwest: Agriculturd and Other Economic Effects. Draft Working Peper,
U.SD.A., Economic Research Service, Washington, D.C.

Alig, RJ, K.J. Lee, and R.J. Moulton. 1990a. Likelihood of Timber Management on Nonindustrial
Private Forests. Evidence from Research Studies. USDA Forest Service Generd Tech. Report SE-
60. Southeastern Forest Exp. Station, Ashville, NC. 17 pp.

Alig, R.J., W. Hohengein, B. Murray, and R. Haight. 1990b. Changesin Areaof Timberland in the
United States, 1952-2040, by Ownership, Forest Type, Region, and State. USDA Forest Service
Genera Tech. Report SE-64. Southeastern Forest Exp. Station, Ashville, NC. 34 pp.

Alig, R.J., JM. Vasevich, and K.J. Lee. 1992. "Economic Opportunities to Increase Timber Growth
on Timberland”. In A. Qureshi, ed. Proceedings of the Conference: Forestsin a Changing Climate;
Climate Ingtitute, Washington, D.C. pp. 115-125.

Alig, R.J, E. Moore, and P. Bettinger. 1994. Modding Land Use Changes Involving Timberland in
the United States: Forestry Data Sources, Historical Trends, and Projections’. USDA Forest Service
General Tech. Report PNW-in process. Pacific Northwest Forest Experiment Station, Portland, OR.



3-94

Atwood, JD., C. Chang, B.A. McCarl, and K. Alt. 1993. The Agricultural Sector Impacts of
Reducing Crop Commodity Subsidies and Requiring Erosion Control. Draft Working Paper,
U.S.D.A., Soil Conservation Service, Washington, D.C.

Baumes, H. 1978. "A Partia Equilibrium Sector Modd of U.S. Agriculture Opento Trade: A
Domegtic Agriculturd and Agriculturd Trade Policy Andyss”" PhD Thess, Purdue Universty.

Berck, P. 1979. The Economics of Timber -- a Renewable Resource in the Long Run. Bell Journal
of Economics and Management Science. 10:447-462.

Binkley, C.S. 1987. "Economic Models of Timber Supply” in Kalio, M., D.P. Dykstra, and C.S.
Binkley (eds). The Global Forest Sector An Analytical Perspective. John Wiley & Sons.

Birdsey, R. 1992a Forests and Globa Change: Val. | -- Opportunities for Increasing Forest Cover.
In R.N. Sampson and D. Hair, eds. American Forestry Association. 285 pp.

Birdsey, R. 1992b. Prospective Changesin Forest Carbon Storage from Increasing Forest Areaand
Timber Growth. USDA Forest Service Technical Publication, Washington, D.C.

Brazee, R. and R. Mendelsohn. 1988. "Timber Harvesting with Fluctuating Prices” Forest Science.
34.359-372.

Bryant, K.J.,, JD. Atwood, R.D. Lacewel, V.D. Lansford, B.A. McCarl, and P.T. Dyke. 1993.
"Farm Leve Impacts of the Coastd Zone Management Act Proposed Erosion Regulations.” Journal
of Soil and Water Conservation, forthcoming; aso Working Paper, Dept. Agric. Econ., Texas A &
M Universty.

Burton, R.O. and M.A. Martin. 1987. "Redrictions on Herbicide Use An Analysis of Economic
Impactson U.S. Agriculture” N. Cent. J. Agr. Econ. 9:181-94.

Chang, C.C, B.R. Eddleman, and B.A. McCarl. 1991. "Potential Benefits of Rice Variety and Water
Management Improvementsin the Texas Gulf Coast." Western Journal of Agricultural Economics.
16:185-193.

Chang, C., B.A. McCal, J. Mjelde, and J. Richardson. 1992. "Sectora Implications of Farm
Program Modifications” American Journal of Agricultural Economics. 74:38-49.



3-95

Chang, C., JD. Atwood, K. Alt, and B.A. McCarl. 1993. "Economic Impacts of Erosion
Management Measures in Coastd Drainage Basins" Journal of Soil and Water Conservation.
Forthcoming; aso Technica Article #31103 of the Texas Agricultura Experiment Station.

Chattin, B.L. 1982. "By-Product Utilization from Biomass Conversion to Ethanol.” PhD Dissertation,
Purdue Universty.

Coble, K.H., C.C. Chang, B.A. McCarl, and B.R. Eddleman. 1992. "Assessing Economic
Implications of New Technology: The Case of Cornstarch-Based Biodegradable Plastics.” Review of
Agricultural Economics. 14:33-43.

Davis, L.S. and K.N. Johnson. 1987. Forest Management. 3rd. ed. New York: MagraHill, Inc.
790 pp.

Dutrow, G., M. Vasievich, and M. Conkin. 1981. Economic Opportunities for Increasing Timber
Supplies. USDA Forest Service. Mimeo.

Hamilton, SA. 1985. "The Economic Effects of Ozone on U.S. Agriculture: A Sector Modding
Approach.” PhD Dissertation, Oregon State University.

Harmon, M.E. 1993. "Woody Debris Budgets for Selected Forest Typesinthe U.S." in D.P. Turner
et d., ed. The Forest Sector Carbon Budget of the United States. Carbon Pools and Flux Under
Alternative Policy Options. EPA/600/3-93/093. USEPA, Environmental Research Laboratory.
Corvdlis, OR.

Haynes, R., R. Alig, and E. Moore. 1994a. Alternative Smulations of Forestry Scenarios Involving
Carbon Sequestration Options. Investigation of Impacts on Regiona and Nationd Timber Markets.
USDA Forest Service, PNW Station, Research Paper--in press.

Haynes, R., D. Adams, and J. Mills. 1994b. The 1993 RPA Timber Assessment Update. USDA
Forest Service, PNW Station. Draft Report.

Heaps, T. 1984. "The Forestry Maximum Principle” Journal of Economic Dynamics and Control.
7:131-151

Hellgten, M. 1988. "Socidly Optima Forestry." Journal of Environmental Economics and
Management. 15:387-394.



3-96

Hickenbotham, T.L. 1987. "Vegetable Oil asaDiesd Fud Alternaive: An Investigation of Selected
Impactson U.S. Agriculturd Sector.” PhD Thess, University of Minnesota.

House, RM. 1987. USMP Regiona Agricultural Mode. Washington D.C.: Department of
Agriculture, Econ. Res. Serv. NED Draft.

Ince, P.J. 1994. Recycling and Long-Range Timber Outlook. USDA, Forest Service, Rocky
Mountain Forest and Range Experiment Station, Generd Technica Report RM-242. Fort Callins,
CO.

Ince, P.J., J. Fedkiw, H.E. Dickerhoof, and H.F. Kaiser. 1989. Nationa Measures of Forest
Productivity for Timber. USDA Forest Service, Generd Technica Report FPL-TR-61.

Johnson, R.N. and H.L. Scheurman. 1977. "Techniquesfor Prescribing Optima Timber Harvests and
Investment Under Different Objectives.” Forest Science Monograph No. 18.

Kuuluvainen, J. and J. Sdo. 1991. Timber Supply and the Life Cycle Harvest of Nonindudtrid Private
Fores Owners. An Empiricd Analysis of the Finnish Case. Forest Science. 37(4):1011-1029.

Lyon, K.S. and RA. Sedjo. 1983. "An Optima Control Theory Modd to Estimate the Regiona
Long-Term Supply of Timber." Forest Science. 29(4):798-812.

Max, W. and D.E. Lehman. 1988. "A Behaviora Modd of Timber Supply”. Journal of
Environmental Economics and Management. 15:71-86.

McCarl, B.A. 1982. "Cropping Activitiesin Agriculturd Sector Modds: A Methodologica Proposd.”
American Journal of Agricultural Economics. 64:768-72.

McCarl, B.A. and T.H. Spreen. 1980. "Price-Endogenous Mahematical Programming asa Tool for
Sector Analyss”" Amer. J. Agr. Econ. 62:87-102.

McCarl, B.A., C. Chang, JD. Atwood, and W.I1. Nayda. 1993. Documentation of ASM: TheU.S.
Agriculturd Sector Modd. Texas A&M University, College Station, TX. Draft Report.

Mills, J. and J. Kincaid. 1992. The Aggregate Timberland Assessment System--ATLAS: A
Comprehensive Timber Projection Model. USDA Forest Service Generd Technica Report PNW-
GTR-281. PNW Station, Portland, OR. 160 pp.



3-97

Mitra, T. and H.Y. Wan, J. 1985. "Some Theoretica Results on the Economics of Forestry.”
Review of Economic Studies. 52:263-282.

Mitra, T. and H.Y. Wan, J. 1986. "On the Faustmann Solution to the Forest Management Problem.”
Journal of Economic Theory. 52:263-282.

Moulton, R. and K. Richards. 1990. Costs of Sequestering Carbon Through Tree Planting and Forest
Management in the United States. USDA Forest Service, GTR WO-58. Washington, D.C.

Norton, R. and G.W. Schiefer. 1980. "Agriculturd Sector Programming Moddls A Review."
European Review of Agricultural Economics. 7:229-64.

Powdl, D., J. Faulkner, D. Darr, et al. 1993. Forest Resources of the United States, 1992. USDA
Forest Service Generd Technical Report RM-GTR-234. Rocky Mountain, Ft. Callins, CO. 132 pp.

Risbrudt, C. and P. Ellefson. 1983. An Economic Evaduation of the 1979 Forestry Incentives
Program. Station Bulletin 550. Agriculturd Experiment Station, University of Minnesota, St. Paul, MN.

Row, C. 1992. Carbon Sequestration Impacts of Forestry: Using Experience of Conservation
Programs. Paper presented at Symposium on Forest Sector, Trade, and Environmental |mpact
Modes. Theory and Applications. April 30 - May 1, 1992, sponsored by CINTRAFOR, University
of Washington, Seeitle, WA.

Samudson, PA. 1952. "Spatid Price Equilibrium and Linear Programming. American Economic
Review. 42:283-303.

Sedjo, RA. and K.S. Lyon. 1990. The Long Term Adequacy of World Timber Supply. Resources
for the Future, Washington, D.C. 230 pp.

Takayama, T. and G.G. Judge. 1971. Spatid and Tempora Price Allocation Models. Amaerdam:
North-Holland Publishing Company.

Tanyeri-Abru, A. 1990. "An Agriculturd Sector Andysis of the United States Sugar Import Policy.”
PhD Thess TexasA&M Universty.

Turner, D.P., JL. Lee, G.J. Koerper, and J.R. Barker. 1993. The Forest Sector Carbon Budget of
the United States. Carbon Pools and Flux Under Alternative Policy Options. EPA/600/3-93/093. US
Environmenta Protection Agency, Environmental Research Laboratory, Corvallis, OR.



3-98

Tyner, W., et d. 1979. "The Potentid of Producing Energy from Agriculture”” W. Lafayette IN:
Purdue University School of Agriculture Report to Office of Technology Assessment.

USDA, Economic Research Service. 1982. FEDS Budgets. Washington, D.C.

USDA, Forest Service. 1988. The South's Fourth Forest: Alternatives for the Future. Forest Service
Report No. 24. USDA Forest Service, Washington, D.C.

USDA, Forest Service. 1990. An Analysis of the Timber Situation in the United States, 1989-2040.
Generd Technica Report, RM-199. USDA Forest Service, Rocky Mt. Forest and Range Experiment
Station, Ft. Callins, CO.

USDA, Forest Service. 1992. Tree Planting Report for the United States. State and Private Forestry,
Cooperative Forestry. R. Mangold, ed. Washington, D.C.

USDA, Soil Conservation Service. 1981. Land Resource Regions and Mgjor Land Resource Areas
of The United States. Agricultural Handbook 296. Washington, D.C.: U.S. Government Printing
Office.

USDA, Soil Conservation Service. 198%9a Summary Report 1987 Nationa Resources Inventory.
Stat. Bull. No. 790. Washington, D.C.

USDA, Soil Conservation Service. 1989b. The Second RCA Appraisa. Soil, Water, and Related
Resources on Nonfederd Land in the United States. Andysis of Condition and Trends. Washington,
D.C.

USEPA, Office of Water. 1991. Proposed Guidance Specifying Management Measures for Sources
of Nonpoint Pollution in Coastal Waters. WH-553, Washington, D.C.

USEPA, Office of Water. 1993. Guidance Specifying Management Measures For Sources of
Nonpoint Pollution in Coastal Waters. 840-B-92-002, January, Washington, D.C.

Wadddll, K.L., D.D. Oswald, and D.S. Powell. 1989. Forest Statistics of the United States, 1987.
USDA Forest Service, Pacific Northwest Research Station, Resource Bulletin PNW-RB-168.



3-99

APPENDIX A

SCOPE OF THE ASM VERSION IN FASOM
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This gppendix documents the basic assumptions and eements regarding the agricultura sector mode
(ASM) of the United States that is currently residing in FASOM. Various versons of the ASM have
been and are being used to investigate the economic impacts of technologica change, trade palicy,
commodity programs, introducing new products, environmental policy, and globa warming onthe U.S.
agricultura sector (Baumes, 1978; Burton and Martin, 1987; Chattin, 1982; Tyner et d., 1979;
Hamilton, 1985; Adams, Hamilton, and McCarl, 1986; Hickenbotham, 1987; House, 1987; Tanyeri-
Abur, 1990; Coble et d., 1992; Chang et a., 1992; Chang, Eddleman, and McCarl, 1991; Adams et
al., 1993).

Conceptudly, the ASM is a price-endogenous mathematica programming framework following the
gpatial equilibrium concept devel oped by Samuelson (1952), Takayama and Judge (1971) as reviewed
by McCarl and Spreen (1980) and Norton and Schiefer (1980). The modd was originadly designed to
smulate competitive equilibrium solutions under a given set of demand and supply conditions. The
objective function is the summation of al areas beneath product demand curves minus the summation of
al areas under import and factor supply curves, i.e., the area between the demand and supply curvesto
the left of their intersection. Thisareais dso referred to as producers and consumers surplusin the
economic literature. This objective function represents a socid welfare function which measures the
benefits of producers and consumers from producing and consuming the agriculturd commodities.

The production and consumption sectors are made up of alarge number of individuas operating under
the competitive market conditions. When producers plus consumers surplusis maximized, the model
solution represents an intersection of supply and demand curves and, thus, smulates a perfectly
compsetitive market equilibrium. Therefore, prices for dl factors of production and outputs are
endogenoudy determined by the supply and demand relationships of dl the commodities in the modd.

The agricultural sector modd component is designed to smulate the effects of various changesin
agricultural resource use or resources availability, in turn determining the implications for prices,
quantities produced, consumers and producers welfare, exports, imports and food processing. In
doing thisthe model congiders production, processing, domestic consumption, imports, exports and
input procurement. The modd distinguishes between primary and secondary commodities with primary
commodities being those directly produced by the farms and secondary commodities being those
involving processing. For production purposes the U.S. is disaggregated into 63 geographical
subregions. Each subregion possesses different endowments of land, labor and water as well as crop
yidds. Therefore, the disaggregate information is aso an important feature in thismodd. The supply
sector of the modd works from these regiona input markets and a set of regiond budgets for a number
of primary crops and livestock and a set of national processing budgets which uses these inputs. There
are dso import supply functions from the rest of the world for a number of commodities. The demand
sector of the mode is condtituted by the intermediate use of al the primary and secondary commaodities,
domestic consumption use and exports. Detals on the items mentioned above follow.
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Al10 PRIMARY COMMODITIES

There are 33 primary commoditiesin the modd. These arelised in Table A-1. The primary
commodities are chosen s as to depict the mgority of tota agricultura production, land use and
economic value. They can be grouped into crops and livestock.

Both supply and demand information (i.e., prices, quantities, dopes and/or eadticities) are required in
themodd. Thetotd supply conssts of domestic production from dl agriculturd regions and imports.
Totad demand is made up of domestic and foreign (or export) components. Domestic demand includes
food consumption, CCC stock, livestock feed and processing. Transportation costs to the market are
included in the supply budget. Livestock feed and processing demands are endogenoudly determined.
The prices and quantity data came from Agriculturd Statidtics, Agricultural Prices Annua Summary,
and Livestock and Mest Stetidtics Supplement. Eladticity, dope, and other information came from
Baumes, Burton, Tanyeri-Abur and Bob House in the USDA.

A2.0 SECONDARY COMMODITIES

The mode incorporates processing of the primary commodities. The production of primary
commodities are regiondly specified, but the processing of secondary commoditiesis donein the
overdl U.S. aggregate sector. Table A-2 lists the 37 secondary commodities that are processed in the
mode. These commodities are chosen based on their linkages to agriculture. Some primary com-
modities are inputs to the processing activities yie ding these secondary commodities and certain
secondary products (feeds and by-products) arein turn inputs to agriculture. The primary data sources
were Agriculturd Satistics, Agricultural Prices Annuad Summary, Livestock and Meat Situation, and
Livestock Saughter Annual Summeary.

A3.0 NATIONAL INPUTS

The modd contains 24 national inputs. They arelisted in Table A-3. For the most part these are
gpecified in dollar terms; for example, ten dollars worth of nitrogen, twenty dollars worth of repairing
cod. Indoing 0, the input use is converted into a homogeneous commodity. These inputs are usualy
assumed infinitely available at fixed prices and the prices are updated annually according to the paid-
by-farmersindex in Agriculturdl Statigics.

A40 REGIONAL DISAGGREGATION
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The mode operates with the 11 region FASOM regiond disaggregation. The data from the full 63
region verson of ASM are aggregated to this basis.



3-4

Table A-1. Primary Commodities

Crop Commodities Units Livestock Commodities Units
1 Cotton Bales 14 Milk Cwt
2 Corn Bushd 15 Cull Dairy Cows Head
3 Soybeans Bushd 16 Cull Dairy Caves Head
4 Whest Bushd 17 Cull Beef Cows Cwt, LW
5 Sorghum Bushd 18 Cdves Cwt, LW
6 Rice Cwt 19 Yealings Cwt, LW
7 Barley Bushd 20 Nonfed Beef Cwt, LW
8 Oats Bushdl 21 Fed Beef Cwt, LW
9 Slage Ton 22 Ved Cdves Cwt, LW
10 Hay Ton 23 Cull Sows Cwt, LW
11 Sugar Cane 1000 Ibs 24 Hogs Cwt, LW
12 Sugar Besets 1000 Ibs 25 Feeder Pigs Cwt, LW
13 Potatoes Cwt 26 Poultry GCAU
27 Cull Ewes Cwt, LW
28 Wool Cwit
29 Feeder Lambs Cwt, LW
30 Saughter Lambs Cwt, LW
31 Unshorn Lambs Cwt, LW
32  Wool Subsidy $
33 Other Livestock GCAU

Note: LW indicateslive weight
GCAU isgran consuming animd unit.
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Table A-2. Secondary Commaodities

Crop Commodities Units Livestock Units
Commodities
1 Soybean Mesl Cwt 25 Huid Milk Cwt
2 Soybean Ol 1000 Ibs 26 Skim Milk Ib
3 Raw Sugar 1000 Ibs 27 Nonfat Dry Milk Ib
4 Refined Sugar 1000 Ibs 28 Cream Ib
5 Corn Starch 1000 Ibs 29 Butter Ib
6 Corn Gluten Feed 1000 Ibs 30 Ice Cream Ib
7 Corn Ol 1000 Ibs 31 American Cheese Ib
8 Ethanol 1000 Ibs 32 Other Cheese Ib
9 HFCS 1000 Ibs 33 Cottage Cheese Ib
10 Corn Syrup 1000 Ibs 34 Fed Beef Cwt,CW
11 Dextrose 1000 |bs 35 Nonfed Beef Cwt,CW
12 Confectioneries 1000 Ibs 36 Vedl Cwt,CW
13 Beverages 1000 Ibs 37 Pork Cwt,CW
14 Baked Goods 1000 Ibs
15 Canned Goods 1000 Ibs
16 Dried Potatoes Cwt
17 Chipped Potatoes Cwt
18 Frozen Potatoes Cwt
19 Feed Grains 1000 Ibs
20 Dairy Protein Feed 1000 Ibs
21 High Protein Swine Fd 1000 Ibs
22 Low Protein Swine Fd 1000 Ibs
23 Low Protein Cattle Fd 1000 Ibs
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24 High Protein Cattle Fd 1000 Ibs

Note: Cw mean carcass weight.
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Table A-3. National Inputs

Listsof Inputs
Nitrogen
Potassum
Phosphorous
Lime
Other Chemicals
Custom Operation
Seed Costs

Fud and Energy Codts
Interest on Operating Capital

Irrigation Energy Cost
Repair Costs

Vet and Medica Cogts
Marketing/Storage Costs
Insurance (Except Crop)

Machinery
Management

Land Taxes

Genera Overhead Costs
Noncash Variable Costs

Crop Insurance
Land Rent

Units

*
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22.
23.
24,

Set-Aside (Conservation Cost)
Processing Labor
Other Variable Costs
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A50 REGIONAL INPUTS

There are four inputs that are available a the regiond level; water, AUM grazing, land, and farm labor.
Production of crops and livestock compete for these scarce resources in each region. Therefore, the
price and quantities of these inputs are determined on aregiond basis

Two mgor types of land are specified. Thefirst one (type 1) island suitable for crop production. The
second land type (type 2) is suitable for pasture or grazing. The availability on these two types of land
was derived from Agriculturad Satisics The regiond prices of these land were derived from the
informetionin Farm Real Estate Market Developments. Cash rentd prices of land were used to reflect
annua opportunity costs to the owners.

The grazing land supply is divided into public and private grazing. Public grazing isavailable a a
constant price while private grazing can be obtained by a upward- doping supply schedule.
Information on public grazing comes from the Grazing Statistical Summary by USDA Forest Service
and Public Land Statidtics by the Bureau of Land Management in the U.S. Department of the Interior.
Private grazing information comes from the estimatesin An Analysis of the Range Forage Situation in
the United States. 1989-2040 by L.A. Joyce. Information on grazing fees originates from Edimating
Forage Vaues for Grazing Nationd Forest Lands by W.F. Hahn et d. and the Bureau of Land
Management.

The labor input aso include two components. family labor and hired labor. The mode requires
Specification of amaxima amount of family labor available, and a reservation wage for family labor.
The additiond labor to be hired is based on an inducement wage rate which is higher than the
reservation wage. Theregiond information about the quantities and wages was obtained from Farm
Labor.

The water input is dso divided into fixed (or surface) and variable available (or pumped ground) weter
and issupplied. The fixed water is available for a constant price but the amount of variable water is
provided according to a supply schedule where increasing amounts of water are available for higher
prices. Theinformation on water came from USDA and NASS sources who used the Farm and
Ranch Irrigation Survey and other government sources in its formation.

A6.0 REGIONAL PRODUCTION ACTIVITIES

Currently more than 200 production possibilities (budgets) are specified to represent agricultura
production. These include major field crop production, livestock production, tree production and some
miscellaneous trandfer activities. Somefidd crop activities are dso divided into irrigated and
nonirrigated according to theirrigation facilities available in each region.



3-9

In some cases, the production possibilities produce more than one commodity. All commodities are
produced by more than one production possibility. Most field crops (except rice) are produced by
ether irrigated or nonirrigated production practices. Livestock production is somewhat more
complicated. Table A-4 lists the main types of production activities and details the relationship between
the production activities and primary commodities.

For each activity, information on yields, and uses of nationa and regiond inputs or other commoditiesis
required. The basic source of these information isthe 1982 USDA FEDS budget. The
irrigated/nonirrigated budget breakdown arose from the USDA water group who developed budgets
based on the FEDS survey sources, the survey of irrigated acreage, extension budgets and SCS budget
sets.? Theyiddsin al the crop budgets were updated annualy according to the Agriculturd Satistics.
The Livestock budgets came straight from the FEDS system 198222 Some of their yields could aso be
updated by the information available in the Agricultural Satidtics.

A7.0 PROCESSING ACTIVITIES

The secondary commodities are produced by anumber of processing activities. They are soybean
crushing, corn wet-milling, processing of potatoes, sweeteners, and timber, combining feed ingredients
into various livestock and poultry feed, and the conversion of livestock and milk into consumable mest
and dairy products. Processing cost of each commodity is calculated as the difference between its
price and the costs of the primary commodity inputs. A list of the processng activitiesisgivenin Table
A-5.

Soybean crushing involves conversion of soybean med and oil. Two soybean crushing activities are
included so that the model can sdect the more profitable one. The meat processing includes conversion
from culled animas to daughter and from daughter to meet. The dairy processing involves converson
of raw milk to five different dairy products. The feed dternatives involve multiple processng activities
S0 that the model can sdect the least cost combination of feed ingredients.

22 Thanksto Bob House, Marcel Aillery, Glen Schaible and Terry Hickenbotham in the USDA/ERS Policy and
Soil and Water Groups for making these data available.

2 Thanksto Bob House and Terry Hickenbotham for making these data available.
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Table A-4. Production Activitiesand Primary Commaodities

(1). Crop Production

Production Activities

Cotton

Primary Commaodities

Cotton Irrigated Cotton
Corn o
Corn Irrigated

Soybeans

Soybeans Irrigated Soybeans
Whest

Whezt Irrigated Whesat
Sorghum

Sorghum Irrigated Sorghum
Rice Irrigated Rice
Barley

Barley Irrigated Barley
Oats

Oéats Irrigated Oats
Slage .

Silage Irrigated Slage
Hay

Hay Irrigated Hay
Sugar Cane

Sugar Can Irrigated Sugar Cane
Sugar Beets

Sugar Bedts Irrigated Sugar Beets
o Potatoes

Potatoes | rrigated
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Table A-4 (continued). Production Activitiesand Primary Commodities

(1. Livestock Production

Production Activities

Primary Commodities

Cull Beef Cows, Beef Feeder Yearlings,

Beef Cow Live Cdves
Beef Feed Slaughtered Fed Beef Cows
Cull Beef Cows,
Cow Caf Live Calves,
Beef Feeder Yearlings
Milk,
Dairy Cull Dairy Cows,
Live Cdves
Farrow Finishing Hogs for Saughter, Cull Sows
Feeder Pig Feeder Pigs, Cull Sows
Feedlot Slaughtered Fed Beef Cows
Hog Farrow Hogs for Saughter, Cull Sows
Fig Anishing Hogs for Saughter
Other Livestock Other Livestock (Primary Horses)
Poultry Poultry
Saughtered Lambs, Feeder Lambs,
Sheep Culled Ewes, Wool, Wooal Incentive
Payments, Unshorn Lamb Payments
Stocker Live (Beef Feeder) Calves,

Slaughtered Nonfed Beef
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Table A-5. Processing Activities

Processing Activities

Soybean Crushing:

Soybean to soybean med and ail
Livestock to Mesat and Dairy Products.
Culled Beef Cow to Nonfed Slaughter
Culled Dairy Cow to Nonfed Saughter
Beef Feeder Y earling to Nonfed Saughter
Nonfed Saughter to Nonfed Beef

Live Cdf to Cdf Saughter

Culled Dairy Cdf to Caf Saughter

Cdf Saughter to Ved

Fed Slaughter to Fed Beef

Hog Slaughter to Pork

Sow Saughter to Pork

Raw Milk to Skim Milk and Cream

Raw Milk to Huid Milk and Cream

Raw Milk to Butter and Nonfat Dry Milk
Cream and Skim Milk to American Cheese
Cream and Skim Milk to Other Cheese
Cream and Skim Milk to Ice Cream
Cream and Nonfat Dry Milk to Ice Cream
Cream and Skim Milk to Cottage Cheese
Livestock Feed Mixing:

Feed Grain

Dairy Protein Feed

High Protein Swine Feed

Low Protein Swine Feed

High Protein Cattle Feed

Low Protein Cattle Feed

Potato Processing:

Potatoes to Frozen Potatoes

Potatoes to Potato Chips

Number of Activities

P PR R R R RPRRPRRRRPRPRRRERRRRRR
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—Potatoesto Dehydrated Potatoes. 1

Table A-5 (continued). Processing Activities

Processing Activities Number of Activities

Corn Wetmilling:

Corn to Corn-Qil, Gluten Feed, and Starch
Gluten Feed to Soybean Medl

Starch to HFCS

Starch to Corn Syrup

Starch to Dextrose

Starch to Ethanol

Sweetener Processing:

HFCS and Refined Sugar to Beverages
HFCS and Refined Sugar to Confectioners
HFCS and Refined Sugar to Canned Good
HFCS and Refined Sugar to Baked Good
Sugar Cane to Cane-Refinering

Cane-Refinering to Refined Sugar
Sugar Beetsto Refined S igar

N

S S N N =
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A8.0 CROPMIXES

The sector model disaggregated into 63 regions. Within each region, individua crop production was
often represented by one budget. Such representation cannot capture the full factor-product
subdtitution possibilities in each of those areas. In cases, this can lead to quite mideading results. This
is avoided by requiring the cropsin aregion to fal within the mix of crops observed in the Agricultura
Statidtics higtorical cropping records. The model is congtrained so that for each areathe crop mix fals
within one of those observed in the past 20 years.
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APPENDIX B

DATA USED IN MODELING THE FORESTRY SECTOR IN FASOM:
TIMBER GROWTH AND YIELD, TIMBER MANAGEMENT COSTS,
AND LAND USE CHANGES



The objective of this gppendix isto provide more detailed information than isin the text about the
following topics.

< Generd makeup of the forest sector portion of the modd and important definitions
< Data formats and data sources for the forest sector portion of the model
< Trestment of land uses changesinvolving the forest sector

< A glossary of foredtry terms.

B1.0 GENERAL FORMAT AND DEFINITIONS

The first-generation FASOM moded was developed using the strata presented in Table B-1 to describe
the private timberland base.

TableB-1. StateUsed in FASOM: Regional, Land Class, Owner ship Group, Species, Site, M anagement
Intensity, and Age
Region CLS Owner Species Site MIC Cohort
NE FORONLY F SOFSOF HIGH LOLO 0TO9
LS CROPFOR OP HARHAR MED LO 10TO19
CB PASTFOR HARSOF LOW ME 20TO29
SE FORCROP SOFHAR HI 30TO39
sC FORPAST 40TO49
RM 50TO59
PSW 60TOBG9
PNWW 70TO79
PNWE 80TO89
90PLUS




B1.1 LAND CLASS(CLS)
FASOM includesfiveland classesin its sructure. Theseinclude:

FORONLY  Includestimberland acres which are not converted to agricultural uses

FORCROP  Includes acres which begin in timberland and which can be converted to crop

FORPAST  Includes acres which begin in timberland and which can be converted to
pasture

CROPFOR  Includes acres which begin in crop and which can be converted to timberland

PASTFOR  Includes acres which begin in pasture and which can be converted to
timberland.

B1.2 OWNERS

FASOM includes two different private, forest owner groups. These owner groups include:

Fl Forest industry
OP Other private.

The traditional definitions are used, where industrid owners possess processing capacity, and other
private owners do not.%*

B1.3 SPECIES
FASOM employs four different speciestypes, asfollows:

SOFSOF Softwood forest type in current and subsequent mode periods
HARHAR Hardwood forest type in current and subsequent model periods
HARSOF Hardwood forest type that is naturally regenerated or replanted to softwood

type
SOFHAR Softwood forest type that is regenerated or replanted to hardwood type.

2 Unlike Powell et al. (1993), the Other Private inventory in FASOM does not include Native American lands.
Harvests on these lands are included with the Other Public exogenous harvest group.
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FASOM includes three different Ste classes. Site classes are ameasure of forest productivity. These
Ste clasesinclude:

HIGH High ste productivity group (as defined in ATLAS)
MEDIUM Medium dte productivity group
LOW Low dite productivity group.

The site groups were defined based on ATLAS inputs from the 1993 RPA Update (Hayneset d.,
1994b). Productivity ranges can vary by region. For the South, the HIGH sSite group produced at least
85+ cubic feet/acrelyear a culmination of MAI. The MEDIUM site group produced 50-84 cubic
feet/acreflyear while the LOW site group produced 20-49 cubic feet/acrelyear. In the Pecific
Northwest-Westside region, the site groups were defined for Hemlock and other species. For
Hemlock, the HIGH site group can produce at least 225+ cubic feet/acrelyear a culmination of MAL;
the MEDIUM site group can produce 120-224 cubic feet/acrelyear while the LOW site group can
produce 20-119 cubic feet/acre year. For al other species, the HIGH site group produced at |east
165+ cubic feet/acrelyear; the MEDIUM site group 120-164 cubic feet/acrelyear; and the LOW site
group produced 20-119 cubic feet/acrelyear. Yidds can vary markedly by site groups, and any
refinementsin FASOM dassification of Ste ratings will depend heavily on related developmentsin
ATLASSs handling of productivity measures.

B1.5 MANAGEMENT INTENSITY CLASSES (MIC)

FASOM has four different management classes or regimes that dictate how cohorts are managed in the
modd.

LO-LO Lowest management intendty

LO Low management intengity class
ME Medium management intengty cass
HI High management intendity class.

The LO, ME, and HI MICs were derived from ATLAS management intengity classes from the 1993
RPA Assessment Update (Haynes et d., 1994b). The management regimes within aMIC varies
acrossregions. Inthe RPA Assessment Update, for the ATLAS modd five dternative management
intengities were developed for pine plantations in the Southcentral and Southeastern regions, and for the
Douglas-fir and western hemlock typesin the Pacific Northwest - Westside subregion. These are:



Pacific Northwest - Westside Subregion

Yields represent the current average growth rate for al stands

Plantation establishment of 400 trees per acre

Pantation establishment and practice precommercia thinning

Pantations established with genetically improved seedlings, practice precommercid thinning,
and fertilize 10 years prior to harvest

5. Pantation established with genetically improved seedlings, practice precommercid thinning,
commercid thin and fertilize 10 years prior to find harvest.

A wbdpE

South

1 Regular planting stock without thinning

2. Regular planting stock with commercid thinning

3. Geneticdly improved planting stock without thinning

4, Gendicdly improved planting stock with thinning

5. Genetically improved planting stock without thinning but with the most intensive Ste preparation

and management practices.

For the Pacific Northwest-Westside region, FASOM MIC LO was equivaent to ATLAS MIC #1,
FASOM MIC ME was equivalent to ATLAS MICs #2 and #3; while FASOM MIC HI isequivaent
to ATLAS MICs#4 and #5. For the South, al Natura Stand stands were placed in FASOM MIC
LO while ATLAS MICs#1 and #3 were placed in FASOM MIC ME and ATLAS MICs#2, #4, and
#5 were placed in FASOM MIC HI.

Indl other regions, ATLAS places dl timberland acresin the LO MIC or M1 #1, thereby assuming
that al acres are naturdlly regenerated and receive no significant intermediate treatments before find
harvest. Likewise, in the regions outside the South and the PNWW, ATLAS currently only uses one
aggregate Ste class.

The LO-LO MIC was added to the ATLAS-based MICs to represent future harvested acres that are
totally passively managed, where the owner accepts whatever type and rate of regeneration occurs
naturdly. Rdative to the LO MIC, future merchantable timber yields for the LO-LO MIC are lagged
10-years and are some proportion of the LOW timber yields for that same Ste class and forest type,

depending on the region.

B1.6 PRODUCTS



Finally, the following products (PRODS) associated with the forest sector are defined:

SAWTSW  Softwood sawtimber products
PULPSW Softwood pulpwood products
FUELSW Softwood fuelwood products
SAWTHW  Hardwood sawtimber products
PULPHW Hardwood pul pwood products
FUELHW Hardwood fuelwood products.

The dlocation of products can vary by region, forest type, Site class, MIC, and by age class. The
estimates were obtained from the regiond FIA units, with most based on andysis of available FIA data
and expert opinions of analystsin each region. The product alocations by age class and other
descriptors are one set of model inputs that warrant more attention in future sudies for empiricd
veification.

B2.0 DATA FORMAT AND SOURCES

The sources and format of associated data representing forest inventory, timber yields, and timber
management costs in FASOM are discussed next in Sections B2.1 through B2.3. More detailed
descriptions are provided by Alig et d. (1994). To provide perspective, 358 million acres of private
timberland existed in the U.S. in 1992 (Powell et d., 1993). One-hdf of the private timberland acres
arein the South. In addition, 80 percent of the private timberland acre are held by other private
owners, dthough alarge percentage of forest land in the Pacific Northwest is owned by the Forest
Industry. Findly, hardwood species are the predominant forest species group in the East while
softwood species are the primary forest species group in the West.

B2.1 FOREST INVENTORY

Inventory data representing the private timberland base consists of the area by strata described earlier
and the merchantable timber volume per acre. FASOM inventory data were derived from the ATLAS
inventory estimates for the 1993 RPA Update (Haynes et d., 1994b). The ATLAS datasets are
based on over 70,000 inventory plots that are periodically remeasured on nonfederd timberlands by
the regiond FIA units.

The ATLAS inventory dataincludes estimates of privately owned timberland (acres) and growing stock
yields (cubic feet per acre) for each RPA region by age class, forest type, Ste class, and management



intengity cdlass?® Acreswithin ATLAS age classes were assigned to appropriate FASOM age cohorts.
Acres by region which could potentidly be converted from crop or pasture land to forest land were
included in the CROPFOR and PASTFOR land classes respectively based on Natural Resource
Inventory data of the Soil Conservation Service (1989). All other acres were assigned to the
FORONLY land class.

In trandating from ATLAS to FASOM data sets, for the South it was necessary to aggregate the 5-
year age classesin ATLAS to the 10-year age classes used in the FASOM model. Weighted yields
for each ATLAS age class within aFASOM age cohort were used for this purpose. The age classes
were aggregated as presented in Table B-2.

TableB-2. AgeClassesin FASOM and ATLAS
FASOM ATLAS
AgeClass Age AgeClass

0 09 0

1 10-19 1,2

2 20-29 3,4

3 30-39 56

4 40-49 7,8

5 50-59 9,10
6 60-69 11,12
7 70-79 13,14
8 80-89 15,16
9 90+ 17

% The FASOM dtarti ng inventory estimates by owner will not match thosein Powell et al. (1993) in some cases
because (1) Native American lands are not included in FASOM's Other Private category, and (2) John Mills did not
update all theregional ATLASfilesfor the 1993 RPA Assessment Update as was done for Powell et al. Mills' input
fileswere used in constructing FASOM inventory files and as aresult FASOM starting inventory estimates may
differ from Powell et al.



For planted pine in the South, ATLAS MICs 1 and 3 were placed in the FASOM ME MIC while
ATLASMICs 2, 4 and 5 were placed in the HI FASOM MIC. All Southeast and Southcentral
natura pine from ATLAS was placed in the LO FASOM MIC.

Inventory datafor all regions were broken out by land class (CLS) using USDA Soil Conservation
Service (SCS) (1989a) National Resources Inventory estimates of other private forestland with
medium or high potentid for conversion to cropland and pasturdland. Estimates of cropland and
pasturdland acres with medium or high potentia for conversion to cropland and pasturdland were
entered in the FORCROP and FORPAST land classes respectively. The FORCROP and FORPAST
acreswere assigned to FASOM high or medium Ste classes. All remaining timberland acres were
assigned to the FORONLY land class. Nonstocked acres by region were entered in 0-9 age class.



B2.2 FOREST YIELDS

The FASOM modd requires projections of yields for existing stands, reforested stands, and afforested
lands. Note that no afforestation yields are given for the Pacific Northwest-Westside region due to the
assumption, discussed earlier, that the land base isin equilibrium between forest and agriculturd usein
thisregion. Dataon existing stand and reforestation yields were obtained from the corresponding
ATLAS Inputs used in the 1993 RPA Update (Haynes et d., 1994b). The RPA data give yields per
acre based on FIA plot data aswell as base yield tables for each RPA region broken out by age class,
forest type, Ste class, and timber management intensity class. In FASOM, al timber yidds are
assumed to remain congtant after 90+ years, tied to the FASOM age cohort 90+. Minimum harvest
agesin FASOM are drawn as well from the ATLAS inputs used in the 1993 Assessment RPA Update
(Hayneset d., 1994b). Minimum harvest ages vary by region, owner, site group, forest type, and
MIC.

Yiddsfor afforested lands are derived from yield tables that were updated from Moulton and Richards
(1990) and reconciled with Birdsey's (1992a) estimates. The afforestation yield estimates are given by
region (defined in Moulton and Richards, 1990) and forest type for both crop and pasture land.
B2.2.1 Exiging Stand Yidds
The following procedures were used to derive yidds for exigting stands in the FASOM modéd.
Step 1: Derive stocking ratio for each management unit (MU) (Mills and Kincaid, 1992):
a) Set up table using base yidld table yidd estimates (ft*/acre) from 93 Update MANAGE
file. Thinning volumes were added to yidds in dl periods following the time period
suggested by the ATLAS MANAGE file.

b) Set up plot yidd table using existing inventory yidd (ft3/acre) data from 93 Update
INVEN file.

) Determine stocking ratio for current time period:
S = V./Y, for eech MU by management class
where S, = stocking ratio

for age class=1i and time period = t,
V;; = exiding inventory volume/acre, and



Y, = base yidd table volume/acre.

In the South, for each ATLAS MU, volume/acre for FASOM age classes 1-8 was determined using a
weighted average of acreswithin the ATLAS age classes (1-17) associated with eech FASOM age
cohort. If there was no inventory for an MU within a given FASOM age cohort, the yield for the age
cohort was assumed to be the mean volume/acre vaue for the two associated ATLAS age classes.

A sample of stocking ratio derivation methods for existing inventory is provided below in Table B-3 for
the Rocky Mountain region, Foronly land class, Other Private ownership class, Hardwood forest type,
Medium site class and Low management intengity class (landid = 612221) at age cohort 40to49 in time
period Now.

TableB-3. Example of Stocking Ratio Derivation in FASOM

FASOM ATLAS Plot Base
Landid Management Yield Yield Stocking
Class Unit® (ft¥acre) (ft¥acre) Ratio
612221 91450 84 1159 0.7626
92450 557 934 0.566

Step 2: Apply relative dendity change (rdc) coefficients using full and half linear®” approach to normal
equations as appropriate:
Full Approach: S.;1 = by + b*S;.
Half Approach: S, = (S¢ + by + by* §))/2.

An example of deriving stocking ratios for future time periodsis given in Table B-4 for landid class
612221. The rdc coefficients associated with landid class 612221 are b, = 0.193 and b, = 0.729,

% The ATLASM anagement Units are defined as follows:

91450 = Rocky Mountain region x North subregion x Farmer/Other Private owner x Hardwood forest type; 92450 =
Rocky Mountain region x South subregion x Farmer/Other Private owner x Hardwood forest type.

27" Quadratic form equations were used in the Northcentral regions (L ake States and Corn Belt).



which were derived from 1993 RPA Assessment Update ATLAS input decks. The projected stocking
ratios were generated using the full gpproach to normal equation given above.

Table B-4. Examplefor Deriving Stocking
Ratiosfor Future Time Periods
Stocking Stocking

Time Age Ratio Ratio
Period Cohort M U=91450% M U=92450
Now 40to49 0.7626 0.5660

+10 50to59 0.7490 0.6056

+20 60to69 0.7390 0.6345

+30 70to79 0.7317 0.6555

+40 80to89 0.7264 0.6709

+50 90+ 0.7226 0.6821

Stocking ratios for each MU were determined for each time period and age class usng the appropriate
rdc coefficients and relative density change equation. Stocking ratios were arranged by ATLAS
management unit and time period. If stocking ratios in time period Now exceeded 1.2, they were st
equa to 1.2 while if stocking ratios in time periods after time period Now were greater than 1.5, they
were set equd to 1.5.

Step 3: Yidds (ft3/acre) were estimated for existing stands by age class over time using the following
formula

— *
Vi+1,t+1 - S+1,t+1 Yi+1

where V = volume/acre for age classi+1 and time period t+1,
S = rdc coefficient for age classi and time period t, and

2 stocki ng Ratios for time periods after Now are derived using the formula SR,,; = 0.193 + 0.729* SR, for MUs
91450 and 92450.



Y =baseyidd for age classi+1.

In the South, the ATLAS base yield estimates from the MANAGE input file (5-year age classes) were
aggregated into FASOM age cohorts (10-year age cohorts) using weighted averages of the percentage
of acresin each ATLAS age class associated with a given FASOM age cohort. These percentages
were multiplied by the ATLAS base yield table volumes and aggregated by FASOM age cohort. The
weighted yield estimates were arrayed by MU and FASOM age cohort. FASOM exigting yields by
ATLAS management unit were the product of ATLAS base yidds by age cohort and associated
gtocking ratios. An example for management unit 91450 of landid class 612221 is given In Table B-5.

Table B-5. ExampleInformation for Building FASOM
Yield Tables: Stocking Ratio Adjustment
Stocking Base Existing

Time Age Ratio Yidds Yield
Period Cohort M U=91450 M U=91450 M U=91450

Now 40to49 0.7626 1159 884

+10 50to59 0.7490 1740 1303

+20 60to69 0.7390 2303 1702

+30 70to79 0.7317 2566 1878

+40 80to89 0.7264 2748 1996

+50 90+ 0.7226 2867 2072

To obtain aggregate existing yield projections, weighted yidds for each ATLAS MU were aggregated
using the weighted yield of each management unit associated with each FASOM landid class. Note
that the weights of each MU (by age cohort) within a FASOM aggregate class vary by age but not
over time. Thefind aggregate exidting yield estimates for each FASOM landid class are the sum of the
welghted yields by age cohort over timefor al MU'swithin aFASOM landid class. For landid class
612221, two-thirds of existing acres for age cohort 40to49 arein MU 91450 while the remaining one-
third arein MU 92450. Thus, for landid 612221, aggregate existing yields would be computed asin
Table B-6.

Next, aggregate existing yields are broken out by softwood and hardwood components.  Softwood
percentages are derived from softwood percentage estimates given in the ATLAS MANAGE input file.
In the South, softwood percentages for each management unit are determined in amanner Smilar to the



weighted exigting yidds with ATLAS age class softwood percentages aggregated into FASOM age
cohorts. Softwood percentages are weighted based on the percentage of acres within each
management unit and age class. Weighted softwood proportions® for each management unit are then
aggregated by FASOM

TableB-6. Example Information for Building FASOM Yield Tables:
Weighted Yield Adjustment
Existing Existing Weighted Weighted Adggregate
Time Age Yield Yield Yield® Yield Existing
M U=91450 M U=92450 MU=91450 M U=92450 Yield™

Now 40to49 834 557 592 134 776
+10 50to59 1303 877 873 289 1163
+20 60to69 1702 1166 1140 385 1525
+30 70to79 1878 1424 1258 470 1728
+40 80to89 1996 1656 1337 546 1884
+50 90+ 2072 1865 1388 615 2003

modeling cdll. Weighted softwood proportions are arrayed by modeling cell and age cohort over time.
Aggregate softwood and hardwood yields by FASOM modeling cell are the product of the aggregate
exiging yield estimates and the associated aggregate softwood (hardwood) percentage estimates by
age cohort and time period.

Then, existing softwood and hardwood yields are broken out by softwood and hardwood products
(sawtimber, fuelwood, and pulp) with the percentage of softwood and hardwood going to sawtimber,

2 Note that hardwood percentages are derived as 1 - sw% for each age and time period by FASOM landid
class.

0 wei ghts were determined by the number of acres of existing inventory for each mu within alandid class. For
landid class 612221, mu 91450, age 40to49 had 100,164 acres while mu 92450, age 40to49 had 49,304 acres. Thusthe
weights were 0.67 for mu 91450 and 0.33 for mu 92450.

31 Aggregate existing yield is the sum of weighted existing yields for each mu within alandid class.



pulp, and fuelwood determined based on estimates provided by USDA Forest Service FIA sources.
The percentage estimates were provided by fiber type (softwood or hardwood) and age cohort for
each product in the model. The yidld/acre for each product was derived by smply taking the product
of the aggregated softwood (or hardwood) yields and the associated product percentages for each
FASOM cdl and age cohort over time.

In the first verson of the modd, time congtraints led to severd gpproximeations pertaining to growth and
yield and growing costs. Commercid thinning volumes were added to base yield volume estimates,
darting at the age when thinning volumes firgt arise, in the two southern regions and the Pacific
Northwest-Westside for derivation of existing and regenerated stand yield tables. Once again, these
are the only three regions with timber management intengties other than "Low."

Yiddsfor existing and reforested stands in the LOW MIC were derived from the base yield tables
(including thinning), relative density change ("approach to norma™) equations and regeneration stocking
ratios. Stocking ratios for existing stands for time period NOW were theratio of plot yield to base
yield table vaues by age cohort from the 1993 RPA Update ATLAS input decks while regeneration
stocking ratios (r9r's) for regenerated stands (in the LOW MIC) were derived from coefficients given in
the ATLAS inputs.

B2.2.2 Regenerated Stand Yields

Regenerated stand yidds were derived from base yidd tablesin the ATLAS MANAGE input file for
the 1993 RPA Update. For ATLAS management units with alow management intengty class
(naturdly regenerated forests), yields were derived using regeneration stocking ratios (rsr's) from
ATLAS inputs. Stocking ratios for age cohorts 10t019, 20to29, etc. were derived using "approach to
norma" equations and the relaive dengty change coefficients used in deriving FASOM exigting stand
yidds. If the regeneration stocking ratio at age 0to9 exceeded 1.2, the stocking ratio was set equd to
1.2 while stocking ratiosin ages 10to19, 20to29, etc. which exceeded 1.5 were set equal to 1.5.
Aggregate regenerated stand yields for the LO MIC were the product of the weighted average of base
yield table values for ATLAS management units within eech corresponding FASOM cdll and
associated stocking ratios by age cohort. Aggregate yields were broken out by softwood and
hardwood products to form the FORONLY, FORCROP, and FORPAST yidds.

For regenerated stands with a medium or high FASOM management intensity class, sands were
assumed to be fully stocked (the stocking ratio for any age cohort was equa to one). For these stands,
the aggregate regenerated stand yields were smply the weighted average of base yidd table vaues for
ATLAS management units within each FASOM cell. The aggregate regenerated stand yields for the
ME and HI MICs were then broken out by softwood and hardwood products.



Regenerated stand softwood and hardwood yiel ds were determined using the aggregate softwood or
hardwood percentages used to derive existing stand softwood and hardwood yields. Regenerated
stand product yields were derived using the percentages used to develop existing stand yield tables.
Regenerated stand yields for ages over 90+ were assumed constant. Regenerated stand yields were
assumed to be equivalent for the FORONLY, FORCROP, and FORPAST land classes.

B2.2.3 Afforested Land Yidds

Afforestation yields were derived from Birdsey (19924) and Moulton and Richards (1990). Birdsey
givesyields (cubic feet per acre) by Moulton and Richards (1990) region and forest type for crop and
pasture land. These yields were assumed to represent the low FASOM dite class while for the
Southeast, Southcentral and Pacific Northwest-Westside regions, medium and high site classyidds
were determined using inflation factors derived from ATLAS base yield tables for equivaent forest
types by region. Forest types by region were determined using Birdsey's (1992a) estimates of forest
types planted by state, nationa tree planting data (USDA Forest Service, 1992) and expert opinion.
Forest types planted on margind crop and pastureland by region are givenin Table B-7.

TableB-7. Forest TypesUsed to Construct Afforestation Yields

FASOM Region Forest Type
North East Red/White Pine
Spruce
Southern Pine
South Central Southern Pine
South East Southern Pine
L akes States Red/White Pine
Corn Bdlt Mixed Hardwoods
Mixed Softwoods
Rocky Mountains Ponderosa Pine
Pacific Southwest Douglass Fir

Ponderosa Pine

Pacific Northwest-W Douglass Fir

Pacific Northwest-E Ponderosa Pine




All afforested acres were assumed to be fully stocked in terms of ATLAS yield standards. Thus, yidds
were derived directly from Birdsey's yied tables for those regions in which only one species was
planted. Weighted afforestation yields were derived for the Northeast and Pacific Southwest (PSW)
regions based on planting percentages by forest type given in Birdsey and NIPF planting statistics
(USDA, 1992). In addition, PSW afforestation yields for the low management intengity class were
assumed to be 0.76 of Douglas Fir yiddsin Birdsey's "Pecific” region. The "Pacific" region Douglas Fir
yields were used to derive the FASOM PNWW region afforestation yields while the "Pacific” region
Ponderosa Pine yields were used to derive FASOM PNWE afforestation yields. Cropland planted to
forest was assigned a high FASOM site class while acres planted on pastureland were assigned a
medium sSite class. Afforestation yields for FASOM age cohort "0to9" was the mean of Birdsey age
dass"0" and "5" whileyields for FASOM age cohort "90+" were the average of Birdsey's age classes
"95" and "105". Findly, afforestation yields were assumed congtant after age cohort 90+.

No commercia thinning volumes were included in deriving afforetation yield tables. Afforestation
yiddsfor ME and HI MICs were derived by using ratios of ME to HI MIC yidlds for regenerated
lands from ATLAS for the forest types assumed planted by region.

Afforestation softwood and hardwood yields were determined using the softwood percentages used to
derive existing stand softwood and hardwood yields** Findly, afforestation product yields were
derived from percentages used to develop existing stand yield tables. Afforestation yields are given for
the land classes CROPFOR and PASTFOR.

B2.3 FOREST ESTABLISHMENT/LAND CONVERSION AND MANAGEMENT
COSTS

FASOM cost tables were developed for mgjor forestry activities. These activitiesinclude costs of
gtand establishment (including conversion costs associated with planting agricultura land to trees),
intermediate treatment or maintenance, harvest and hauling of timber from a stand. Taxes were not
included in the forestry costsin order to keep them cong stent with cost accounting on the longer-
gtanding agriculturd sde of FASOM.

FASOM tables associated with forest establishment costs and intermediate management costs were
derived from a variety of data sources (Alig et d., 1994). Establishment costs include costs of site

3 |nthe FASOM Corn Belt region softwood percentages suggested by Birdsey were used to generate
afforestati on softwood and hardwood yields.



preparation, planting, and conversion (land clearing, wind rowing, burning, etc.) while intermediate
management costs include cogts of thinning, prescribed burning, timber cruising, road maintenance, and
other costs. The management codsts are decadd averages in the first-generation FASOM model and in
the next model verson an attempt will be made to build in point estimates for intermediate management
costs.

Establishment costs vary by FASOM land class (CLS), with generdly higher costs for reforested acres,
such as those on for FORONLY acres, and lower cogts for afforesting CROPFOR and PASTFOR
acres. A prohibitive cost estimate of 999.999 vaue was used to ensure that selected management
options were not selected (such as LO MIC for afforestation, as currently configured).

Cogt egtimates were also assembled for converting timberland to cropland or pastureland. Sources
were various Economic Research Service studies and expert opinion. However, most of the formal
studies were dated, with most conducted before the 1980s and before significant changes in conversion
technology, and so were augmented by expert opinion. To reflect different levels of converson costs
due to site, topography, drainage, and other factors, three levels of costs were used to represent a step
function or increasing margina costs of converson as more timberland is converted. Costs include that
for land clearing, wind rowing, burning, etc. and any necessary leveling and removing large chunks for
seedbed preparation. Any timberland converted to agricultura land is assumed to occur after harvest
of any merchantable trees, and 75% of timber volume removed in land clearing is assumed to be hauled
to market.

B2.3.1 Relationship of FASOM Inventory, Yield, and Cost Tables

Any stand can be regenerated or converted to an agricultura use after harvest or a any time in its span
of exigenceif it is grouped in the lowest management intengty class. The dlocation sdlected is based
on the net present value of the aternative uses (forest, crop, and pasture). In addition, the FASOM
model will select anong the dternative management intengties when regenerating astand. As before,
the mogt profitable option will involve consderation of supply and demand conditions, prices, yidds
and costs. Yields associated with regenerated stands are arrayed by forest product, region, land class,
owner, Ste class, management intensity and age cohort. If astand is converted to an agricultura use, it
may be converted back to forestry in future time periodsiif it is more profitableto do so. Yidds
associated with such afforested stands are given for land classes CROPFOR and PASTFOR (Alig et
al., 1994).

B3.0 LAND USE CHANGESINVOLVING FORESTRY



The competition for land between the forestry and agricultura portions of FASOM, aswell as the shift
of some timberland to urban and developed uses, necessitates explicit considerations of pathways for
land coming in and out of forestry in the FASOM modeling. Through the land dlass definitions used to
describe the INVENTORY acres, described above, we identify other private timberland acreage that
could potentidly be converted to cropland and pastureland; or vice versa, agriculturd land that could
be shifted into forestry.

The land class definitions alow usto distinguish area of agricultura land converted actively to
timberland (i.e., agricultura land planted to trees) vs. that converted to agricultural uses from
timberland** We aso constrain cropland-forestry land use shifts to the high site group, and
pastureland-forestry shifts to the medium site group.3* From the forestry side, the timber yields on land
suitable for agricultura do not differ from those for the corresponding FORONLY cdls. When forest
land is shifted to agriculture, it is assumed that the timberland converted to cropland was in the high ste
group for other private timberland. Further, associated timber yields for actively afforested land are
aigned with unique afforestation Steratings, e.g., high ste for afforested land has higher productivity
than for high ste FORONLY land.

Afforestation enrollments are placed into either the medium or high MICs depending on the FASOM
relative profitability computations. By definition, afforested acres are precluded from being placed in
the low MIC since the afforested acres are assumed to be planted.

Conversion between forestry and agricultura land uses takes place in FASOM when the present value
of expected land rentsin agriculturd uses exceed those from timber growing, or viceversa. The
INVENTORY accounting reflects congtraints that only a specified percentage of other private
timberland, by region, could be converted to cropland or pastureland over the 100-year FASOM
horizon. When an afforested stand is harvested, the options for the next time period include replanting
to obtain the same timber yields over the rotations as for the first afforested stand. In contrast,

FASOM dso has the option of placing the harvested afforested acreage into the low MIC class, where
natura regeneration at lower cost takes place. It logicaly wouldn't enroll harvested afforested stands
into the ME or HI MICsfor FORONLY because the timber management costs would be essentialy
identica to that for afforested land but with lower timber yields a corresponding ages. For the other

3 The possibility of passive reversion of ag. land to timberland is being considered for incorporation in future
versions of FASOM. For example, idle agricultural land in some regions of the country would be candidates to
slowly revert to tree cover under certain circumstances. In those cases, timber yields on naturally reverting land
would be discounted and lagged relative to naturally regenerated FORONLY yields.

3 A related assumption is that timberland acres can not shift across site groups over the projection period, i.e.,
acresremain in the same site group.



private owner group, timber yields for timberland are potentialy spread across five LANDCLASS
categories, however, for FORONLY, FORCROP, and FORPAST the timber yields are identical for
corresponding cells.

The amount of rangeland suitable for tree planting is assumed to be insgnificant, asis the amount of
timberland likely to be converted to rangeland.

Congraints on the amount of timberland that could be converted to agricultural uses were derived from
data from the Natural Resource Inventory by SCS (1989), pertaining to other private forestland with
medium or high potentia for conversion to cropland and pastureland. The data were checked against
that for prime farmland defined on p. 21 of The Second RCA Appraisd, representing forest,
pastureland, cropland, rangeland, or other minor land uses that have good potentid for cultivated crops
(e.g., dope less than 5%, not excessively eroded, not wetlands, etc.). The published SCS data does
not identify forestland qualifying as prime cropland below our FASOM region, thus adlocation of prime
cropland by forest type, MIC, and age cohort is by assumption (proportional to what isin the highest
forestry Ste group).

B3.1 EXOGENOUSLAND TRANSFERS

Two primary types of exogenous land transfersinto and out of forestry in the current FASOM mode
are: 1) tree planting due to government programs, and 2) transfers to urban and other developed uses.
Tree planting due to government programs was enrolled each decade by region, for reforestation and
afforestation. Estimates were based on RPA Land Base andyses (Alig et a., 1990b), tree planting
reports by State and Private Forestry, and personal communication with State and Private Forestry
qaff.

Projected exogenous levels of other private timberland converted to urban and devel oped uses were
incorporated by region, based on considerations of projected changes in population and personal
income (Alig et d., 1990b). For forest industry, no net change in timberland area was assumed in this
modeling phase. This means that the amount of other private timberland acquired by forest industry will
offset the conversion of some forest industry land to urban and developed uses. Acres are assumed to
exit the timberland base by age cohort in proportion to the tota timberland area by age cohort.

B4.0 FORESTRY GLOSSARY

Age cohort - Timber stands are grouped by their average age, i.e., years Since origin (either natura
seeding or plantation). Since treesin agiven stand can vary in their ages, a and's age is the class that



best characterizes the stand. In FASOM, 10-year age cohorts are employed; 0-9 yearsis called age
cohort 1, 10-19 yearsis caled age cohort 2, and so on.

ATLAS - Aggregate Timberland Assessment System (Mills and Kincaid, 1992) that has been used in
RPA Timber Assessments to project timber growth and yield vialinkage with the TAMM mode to
reflect harvests, and account for timberland area changes viainteraction with area change models.
ATLASrelated information was incorporated where appropriate in FASOM's forestry sector.

Baseyield table - input yidd tablein ATLAS input decks for RPA Assessment. Theyieldsare
derived based on empirical data as well as from forest growth models.

Crop land - Land used for the production of adapted crops for harvest including row crops, smdl grain
crops, hay crops, nursery crops, orchard crops, and other speciaty crops. The land may be used
continuoudy for these crops, or they may be grown in rotation with grasses and legumes.

Forest Inventory and Analysis (FIA) - Regiond research work units of the USDA Forest Service
that conduct period surveys of the nation's forest resources. Data on forest growth, harvest, and
renewa are collected to support a number of private and public analyses, including information
compiled for the 1992 Resources Planning Act (RPA) Assessment Update (Powell et d., 1993).

Forest industry owner ship class - A diverse group of forest products manufacturers with processing
fadilities that own timberland.

Forest land - Land at least 10% stocked by forest trees of any size, including land that formerly had
such tree cover and that will be naturdly or artificially regenerated.

Forest type- A classfication of forest land based upon the species presently forming a plurdity of the
live-tree stocking. FASOM softwood and hardwood forest types are aggregations of ATLAS and
FIA forest types.

Fuelwood - wood used by conversion to some form of energy, primarily resdentia use.

Growing stock volume - Net volume in cubic feet of live poletimber and sawtimber trees, including al
live trees larger that 5 inches in dbh except cull trees. Volume is measured from a one-foot high sump
to aminimum 4-inch top (of centrad stem) outside the bark. Net volume equals gross volume less

deduction for rot and missing bole sections.

Hardwood - A dicotyledonous tree, usudly broad-leaved and deciduous.



Major Eastern Forest Type Groups

White-red-jack pine - Forests in which eastern white pine, red pine, or jack pine, sngly or in
combination comprise a plurdity of the socking. Common associates include hemlock, aspen, birch,
and maple.

Spruce-fir - Forestsin which spruce or true firs, sngly or in combination comprise a plurdity of the
stocking. Common associates include white cedar, tamarack, maple, birch, and hemlock.

L ongleaf-dash pine - Forestsin which longleaf or dash pine, singly or in combinaion comprise a
plurdity of the stockings. Common associates include other southern pines, oak and gum.

L oblolly-shortleaf pine - Forestsin which loblolly pine, shortlesf pine, or southern yellow pines,
except longleaf or dash pine, singly or in combination comprise a plurdity of the stocking. Common
associates include oak, hickory, and gum.

Oak-pine - Forests in which hardwoods (usualy upland oaks) comprise aplurdity of the stocking, but
inwhich pine or eastern red cedar comprises 25-50% of the stocking. Common associates include
gum, hickory, and yellow-poplar.

Oak-hickory - Forestsin which upland oaks, or hickory, singly or in combination comprise a plurdity
of the stocking except where pines comprise 25-50%, in which case the stand would be classified as
oak-pine. Common associates include yellow-poplar, m, maple, and black walnut.

Oak-gum-cypr ess - Bottomland forests in which tupelo, blackgum, sweetgum, oaks, or southern
cypress, singly or in combination comprise a plurdity of the stocking except where pines comprise 25-
50%, in which case the stand would be classfied as oak-pine. Common associatesinclude
cottonwood, willow, ash, em, hackberry, and maple.

Elm-ash-cottonwood - Forestsin which em, ash, or cottonwood, singly or in combination comprise a
plurdity of the socking. Common associates include willow, sycamore, beech, and maple.

M aple-beech-bir ch - Forests in which maple, beech, or yellow birch, angly or in combination
comprise aplurdity of the stocking. Common associates include maple and basam fir.

Aspen-bir ch - Forests in which aspen, basam poplar, paper birch, or gray birch, singly or in
combination comprise aplurdity of the slocking. Common associates include maple and basam fir.

Major Western Forest Type Groups



Douglas-fir - Forests in which Douglas-fir comprises a plurdity of the stocking. Common associates
include western hemlock, western red cedar, the true firs, redwood, ponderosa pine, and larch.

Hemlock-Sitka spruce - Forests in which western hemlock and/or Sitka spruce comprise a pluraity
of the stocking. Common associates include Douglasfir, grand fir, and tanoak.

Redwood - Forests in which redwood comprises a plurdity of the stocking. Common associates
include DouglasHir, grand fir, and tanoak.

Ponder osa pine - Forests in which ponderosa pine comprises a plurdity of the stocking. Common
associaes include Jeffrey pine, sugar pine, limber pine, Arizona pine, Apache pine, Chihuahua pine,
Douglasir, incense cedar, and white fir.

Wester n white pine - Forests in which white pine comprises a plurdity of the socking. Common
associates include western red cedar, larch, white fir, Douglas-fir, lodgepole pine, and Engedmann
spruce.

L odgepoale pine - Forestsin which lodgepole pine comprises a plurdity of the stocking. Common
associates include apine fir, western white pine, Engelmann spruce, aspen, and larch.

L arch - Forests in which western larch comprises a plurdity of the stocking. Common associates
include Douglas-ir, grand fir, western red cedar, and western white pine.

Fir-spruce - Forestsin which true firs, Engelmann spruce, or Colorado blue spruce, singly or in
combination comprise a plurdity of the stocking. Common associates include mountain hemlock and

lodgepole pine.

Management intensities - timberland management categories developed for the Aggregate
Timberland Assessment System (ATLAYS) to represent the development of stands under various
improved management practices. FASOM's three management classes are aggregations of ATLASS
five dternaive management intengties. ATLASS maximum number of classes were developed for pine
plantations in the Southcentra and Southeastern regions, and for the Douglas-fir and western hemlock
typesin the Pacific Northwest - Westside subregion. These are:

Pacific Northwest - Westside Subregion
1 Yields represent the current average growth rate for al stands

2. Plantation establishment of 400 trees per acre
3. Pantation establishment and practice precommercia thinning



4, Pantations established with genetically improved seedlings, practice precommercid thinning,
and fertilize 10 years prior to harvest

5. Pantation established with genetically improved seedlings, practice precommercid thinning,
commercid thin and fertilize 10 years prior to fina harves.

South

1. Regular planting stock without thinning

2. Regular planting stock with commercid thinning

3. Geneticdly improved planting stock without thinning

4, Geneticdly improved planting stock with thinning

5. Geneticaly improved planting stock without thinning but with the most intensve Site preparation

and management practices.

Marginal crop and pasture land - Cropland and pasture that could yield higher rates of return to the
owner if planted to pine or those other trees.

Natural pine - Forestsin which 50% or more of the naturaly established stand isloblally pine, dash
pine, shortleaf pine, longleaf pine, or other southern pines singly or in combination. Common associates
include oak, hickory, and gum.

Net annual growth - The net increase in the volume of trees during a specified year. Components
include the increment in net volume of trees at the beginning of the specific year surviving to itsend, plus
the net volume of trees reaching the minimum size class during the year, minus the volume of trees that
died during the year, and minus the net volume of trees that became cull trees during the yesr.

Net volumein board feet - The gross board-foot volume of the sawlog portion of live sawtimber
trees less deductions for rot or other defects affecting use of lumber.

Net volumein cubic feet - The gross volume in cubic feet less deductions for rot, roughness, and
poor form. VVolume is computed for the centrd stem from a 1-foot stump to aminimum 4.0 inch top
diameter outsde bark, or to the point where the centra stem breaks into limbs.

Other private - All private owners other than forest industry, and the diverse group includes farmers.

Pacific Northwest - Eastside - The areain the states of Oregon and Washington that is east of the
crest of the Cascade Range.



Pacific Northwest - Westside - The areain the states of Oregon and Washington that is west of the
crest of the Cascade Range.

Pastureland - Agriculturd land holding improved grass or other vegetation egten by grazing farm
animdls, in contrast to natura vegetation of rangeland category.

Productivity class - A classfication of forest land in terms of potentia annua cubic-foot volume
growth per acre a culmination of mean annua increment in fully stocked natural stands.

Pulpwood - Roundwood, whole-tree chips, or wood residues that are used for the production of
woodpulp.

Relative density change - stocking adjustment for timber stands which moves the dengity of an
exiging stand over time relative to that of areference yidd.

Regeneration stocking ratio - represents the average stocking of the regenerated timber stand
relative to the reference yield table.

Sawlog - A log meeting minimum standards of diameter, length, and defect, including logs & least 8 feet
long, sound and straight, and with aminimum diameter inside bark of 6 inches for softwoods and 8
inches for hardwoods, or meeting other combinations of Size and defect specified by regiond standards.
A log usudly used in the manufacture of lumber.

Sawtimber - Stands at least 10% occupied with growing stock trees, with half or more of total
stocking in sawtimber or poletimber trees, and with sawtimber stocking at least equa to pole-timber
gtocking.

Site productivity - A measure of inherent capability of land to grow timber based on fully stocked
natural stands.

Softwood - A coniferous tree, usudly evergreen, having needles or scaelike leaves.

Stocking - The degree of occupancy of land by trees, measured by basal area and/or number of trees
by size and spacing, compared to a stocking standard; i.e., the basal area and/or number of trees
required to fully utilize the growth potentid of the land.

Stumpage - Standing timber (trees) in the forest.

Stumpage price - The price paid for standing timber in the forest.



Timber removals - The net volume of growing stock trees removed from the inventory by harvesting;
culturd operations, such as timber stand improvement; land clearing; or changesin land use.

Timberland - Forest land that is producing or is capable of producing crops of industrial wood and not
withdrawn from timber utilization by statute or adminigtrative regulation. Aress qudifying as timberland
have the cagpability of producing in excess of 20 cubic feet per acre per year of industrid wood in
naturd stands. Currently inaccessible and inoperable areas are included if they meet the productivity
requirements and are not withdrawn.
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The purpose of this gppendix is to present alisting of the GAMS file FAMODEL. FAMODEL
contains the basic structure of the model and isthe "core" file for the FASOM modding system from
which other program and datafilesare caled. Thefile structurein FASOM is discussed in greater
detall in Appendix D.

$ont ext
fasom nodel conponent fanodel

Version as of Jan 24, 1994

$OFFTEXT
YESAG-=1; YESFOR=1;

$i ncl ude "fapol dat"

$i ncl ude "fanpdset"

sepfor = 1;

sepag = 1;

set dir /fromag, t oag/

PARAMETER YESsite(cls,site,dir ) identify |land transfer types
/cropfor.hi.fromag 1 , pastfor.nme.fromag 1,
forcrop.hi.toag 1 , forpast.ne.toag 1,
cropfor.hi.toag 1 , pastfor.ne.toag 1/

paranmeter whentran(reg,cls,site, owner,spec,dir) identifies when |and transfer allowed;

whentran(regs, cls,site, "op", spec, “toag")$yessite(cls,site, "toag")=1%(

SUM THREE, CONVERT( REGS, CLS, " CCOST", THREE)) GT 0

AND
SUM ( SPMAPPR( SPECI ES, SPEC) , M C, WHEN2) ,
| SNEW REGS, CLS, "op" , SPECI ES, site, M C,WHEN2) ) GT 0) ;
whentran(regs, cls,site, "op", spec, “fromng") $yessite(cls,site, "fromg")
=1

*  SUM THREE, CONVERT( REGS, CLS, " CCOST", THREE)) GT 0
* AND

SUM ( SPMAPPR( SPECI ES, SPEC), M C, WHEN2) ,

| SNEW REGS, CLS, "op" , SPECI ES, site, M C, WHEN2)) GT 0);
whentran(" pnww', cl s, site, owner, spec, dir) =0;
*whentran("gp", cl s, site, owner, spec, dir)=0;
*whentran("sw', cl s, site, owner, spec, dir)=0;
*whentran(reg, "forcrop”, site, owner, spec, "fromag")
*whentran(reg, "forpast”, site, owner, spec, "fromag")
*whentran(reg,cls,site,"fi", spec, dir)=0;

*whentran(reg, "cropfor”,"lo", "op", spec, dir)=0;
*whentran(reg, "cropfor”,"ne", "op", spec,dir) :0,
*whentran(reg, "pastfor","lo", "op", spec, dir)=0;
*whentran(reg, "pastfor","hi", "op", spec, dir)=0;

*di spl ay i snew, whentran;
*

* MODEL DEFI NI TI ON

* AAANAAAAAANAANAANAAN

* SPECI FY NAMES OF VARI ABLES WHI CH ARE RESTRI CTED I N SI GN
* ANANANNANANANAAANAANAR
PGOSI TI VE VARI ABLES

EXI ST(REG, CLS, OWNER, SPECI ES, SI TE, COHORT, M C, WHEN) AREA CUT FROM EXI STI NG STANDS
"WHEN' = AGE AT HARVEST

* UNI'TS l 000 ACRES
NEW REG, CLS, OMNER, SPECI ES, SI TE, M C, WHEN, DECS, pol i cy) REESTABLI SHVENT ACTI VI TY

* "WHEN' = AGE AT HARVEST

* "DECS" = DECADE OF ESTABLI SHVENT

* UNI'TS 1,000 ACRES
BUI LDCAP( PRODS, DECS) BUI LD FOREST CAPACI TY
DEMANDFOR( PRODS, DECS) FOREST PRODUCT DEMAND( MVCF)
DEMANDFORS( PRODS, DECS, STEPS) FOREST PRODUCT DEMAND( MVCF) SEPERABLE
PRODUCT SUB( PRODS, PRODS, DECS) FOREST PRODUCT SUBSTI TUTI ON( MVCF)
TRANSFOR( REG, PRODS, DECS) FOREST PRODUCT TRANSPORT ( MVCF)
TRADEFPTRN( REG, TRADEREG, PRODS, DECS, TRADE) FOREST PRODUCT TRADE TRANSPORT
TRADEQUAN( TRADEREG, PRODS, DECS, TRADE) QUANTI TI ES TRADED OF FOR PRCD
TRADEQUANS( TRADEREG, PRODS, DECS, TRADE, STEPS) QUANTI TI ES TRADED OF FOR PROD SEPERABLE
LANDFROMAG( REG, CLS, DECS) LAND GO NG | NTO FORESTRY(M ACRES)
LANDTOAG( REG, CLS, DECS, THREE) LAND GO NG | NTO AG( M ACRES)

CONVRTTOAG( REG, CLS, DECS, SPEC) FOREST LAND CONVERTED TO AG( M ACRES)
CONVRTFRAG( REG, CLS, DECS, SPEC) AG LAND CONVERTED TO FOREST( M ACRES)

COSTS( REG, DECS) UNDI SCOUNTED VALUE OF FORESTRY COSTS ($ 1990 M LLI ONS)
TERMVOLN( PRODS) TERM NAL VOL. OF FOREST I NV. (MVCF)
TERWOLNS( PRODS, STEPS) TERM NAL VOL. OF FOREST I NV. (MVCF) SEPERABLE
FUEL SUB( REG, DECS) FUELWOOD SUBSTI TUTI ON
ENDFUEL SUB( REG) TERM NAL FUELWOOD SUBSTI TUTI ON
CARBONSE( DECS) CARBON SEQUESTERED

*ASM PART

CROPBUDGET( DECS, REG, CROP, WIECH, CTECH, TECH)  CROP BUDCETS

LVSTBUDGET( DECS, REG, ANI MAL, LI VETECH) LI VESTOCK BUDGETS

LANDSUPPLY( DECS, REG, LANDTYPE) REGI ONAL LAND SUPPLY

LANDSUPPLS( DECS, REG, LANDTYPE, STEPS) REGI ONAL LAND SUPPLY-- SEPERABLE

PROCESS( DECS, PROCESSALT) PROCESSI NG BUDGETS

WATERFI X( DECS, REG) FI XED PRI CE - FI XED WATER SUPPLY
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WATERVAR( DECS, REG)

WATERVARS( DECS, REG, STEPS)
AUMSPUB( DECS, REG)

AUMSPRI V( DECS, REG)

AUMSPRI VS( DECS, REG, STEPS)

FAM LY( DECS, REG)

HI RED( DECS, REG)

HI REDS( DECS, REG, STEPS)
DEMANDP( DECS, PRI MARY)
DEMANDPS( DECS, PRI MARY, STEPS)

| MPORTP( DECS, PRI MARY)

| MPORTPS( DECS, PRI MARY, STEPS)
EXPORTP( DECS, PRI MARY)
EXPORTPS( DECS, PRI MARY, STEPS)
DEMANDS( DECS, SECONDARY)
DEMANDSS( DECS, SECONDARY, STEPS)
| MPORTS( DECS, SECONDARY)

| MPORTSS( DECS, SECONDARY, STEPS)
EXPORTS( DECS, SECONDARY)
EXPORTSS( DECS, SECONDARY, STEPS)
M XR( DECS, REG, CRPM XALT)

NATM X( DECS, PRI MARY, NATM XALT)
CCCLOANP( DECS, PRI MARY)
CCCLOANS( DECS, SECONDARY)
DEFPRODN( DECS, ALLI )

PRDN5092( DECS, ALLI )

DI VPRODN( DECS, ALLI )

ARTI F( DECS, ALLI)

UNHARV( DECS, ALLI)

* AAANAANAAANAANANNANN

* SPECI FY NAMES OF VARI ABLES WHI CH

* AAANAAAAANANAANANNANN

VARI ABLES
WVELFARE
TW D( DEC, CRCOP, REG) ALLOWS |
TOLR( DEC, PRI MARY, REG) ALLOWS |

* AAANAAAAANANAANANNANN

* SPECI FY EQUATI ON NAMVES
¥ AAAAAAAAAAAAAAAAAAAA
EQUATI ONS

VELFAR

I NVENTORYA( REG, CLS, OWNER, SPECI ES, SI TE, M C, COHORT)
LANDBALANC( REG, CLS, OANER, SI TE, DECS, SPEC)

si pLANDBAL( REG, CLS, SI TE, DECS, SPEC)
avai | money(policy)

f or cedl and( policy)

PRODBAL SUP( REG, PRODS, DECS)
PRODBALDEM PRODS, DECS)

CPRDBALDEM PRODS, DECS)

CAPACLI M PRCDS, DECS)

TRADEBAL ( TRADEREG, PRODS, DECS)

CTRADEBAL ( TRADEREG, PRODS, DECS, TRADE)

COSTBAL ( REG, DECS)
NENDI NVEN( PRODS)
CNENDI NVEN( PRODS)

*LAND TRANSFERS
TRNt oLDBAL ( REG, CLS, DECS)
TRNf r LDBAL ( REG, CLS, DECS)
LANDTRNLI M REG, CLS, THREE)
AGLDTRNL| M REG, CLS)

* CARBON SECTOR
CARBON( DECS)

*  ASM PART
PRI MARYBAL ( DECS, PRI MARY)
CPRI BALDOM DECS, PRI MARY)
CPRI BALI MP( DECS, PRI MARY)
CPRI BALEXP( DECS, PRI MARY)
SECONDBAL ( DECS, SECONDARY)
CSECBAL DOM DECS, SECONDARY)
CSECBAL | MP( DECS, SECONDARY)
CSECBAL EXP( DECS, SECONDARY)
MAXLAND( DECS, REG, LANDTYPE)
LAND( DECS, REG, LANDTYPE)
CLAND( DECS, REG, LANDTYPE)
WATERR( DECS, REG)

CWATERR( DECS, REG)

FI X( DECS, REG)

AUMSR( DECS, REG)
CAUVSR( DECS, REG)
PUBAUMS( DECS, REG)
LABOR( DECS, REG)

FAM LYLI M DECS, REG)
CLABOR( DECS, REG)

HI REL| M DECS, REG)

M XREG( DECS, CROP, REG)
M XREGTOT( DECS, REG)
M XNAT( DECS, PRI MARY, REG)
FRMPROG( DECS, CROP)
P5092( DECS, CROP)

DI VERT( DECS, CROP)

ARTI FI CI AL( DECS, CROP)

VARI ABLE COST - PUMPED WATER SUPPLY

VARI ABLE COST - PUMPED WATER SUPPLY-- SEPERABLE
PUBLI C FI XED PRI CE AUMS SUPPLY

PRI VATE AUMS SUPPLY

PRI VATE AUMS SUPPLY -- SEPERABLE

FAM LY LABOR SUPPLY

HI RED LABOR SUPPLY

HI RED LABOR SUPPLY-- SEPERABLE

PRI MARY PRODUCT DOMESTI C DEMAND

PRI MARY PRODUCT DOMESTI C DEMAND- - SEPERABLE
PRI MARY PRODUCT | MPORTS

PRI MARY PRODUCT | MPORTS- - SEPERABLE

PRI MARY PRODUCT EXPORTS

PRI MARY PRODUCT EXPORTS- - SEPERABLE

SECONDARY PRODUCT DOVESTI C DEMAND

SECONDARY PRODUCT DOVMESTI C DEMAND- - SEPERABLE
SECONDARY PRODUCT | MPORTS

SECONDARY PRODUCT | MPORTS- - SEPERABLE
SECONDARY PRODUCT EXPORTS

SECONDARY PRODUCT EXPORTS-- SEPERABLE

CROP M XES BY REG ON

PRI MARY PRODUCT M XES ACROSS REG ONS
PRI MARY PRODUCT CCC LOAN SALES
SECONDARY PRODUCT CCC LOAN SALES
PRODUCTI ON RECEI VE DEFI C PYMI
PRODUCTI ON RECEI VE 5092 PYMT
PRODUCTI ON RECEI VE DI VERSI ON PYMI'
ARTI FI CI AL PRODUCTI ON

UNHARVESTED PRODUCTI ON

ARE UNRESTRI CTED I N SI GN

TOTAL CONSUMERS PLUS PRODUCERS( PRESENT VALUE $1990 M LLI ON)

MPRECI SION I N CROP M XES
MPRECI SION I N LI VESTOCK M XES

OBJECTI VE FUNCTI ON

GROW NG STOCK | NV OF EXI STI NG STANDS
LAND AVAI LABLE TO BE FORESTED OR CONVERTED
LAND AVAI LABLE TO used in sip

noney AVAI LABLE TO used in sip

| andforced in by a policy

FOREST SUPPLY MARKET BALANCE

FOREST DEVAND MARKET BALANCE

FOREST DEMAND MARKET CONVEX

FOREST DEMAND CAPACI TY LIM TS

FOREST PRODUCT TRADE BALANCE

FOREST PRODUCT TRADE CONVEX

FORESTRY COSTS

NAT TERM NAL FOREST | NV.

NAT TERM NAL FOREST CONVEX

LAND to ag | NTERFACE

LAND to for | NTERFACE
LAND CONVERSION LIM T TO AG
LAND CONVERSI ON LIM T FROM AG

SEQUESTERED CARBON

PRI MARY PRODUCT BALANCE

PRI MARY PRODUCT DOMESTIC -- CONVEXITY FOR SEPERABLE
PRI MARY PRODUCT | MPORT -- CONVEXI TY FOR SEPERABLE
PRI MARY PRODUCT EXPORT CONVEXI TY FOR SEPERABLE
SECONDARY PRODUCT BALANCE
SECONDARY PRODUCT DOMESTI C - -
SECONDARY PRODUCT | MPORTS -- CONVEXI TY FOR SEPERABLE
SECONDARY PRODUCT EXPORTS -- CONVEXI TY FOR SEPERABLE
MAXI MUM LAND AVAI LABLE | N A REG

REG ONAL AG LAND BALANCE
REGI ONAL AG LAND BALANCE - -
REG ONAL WATER BALANCE

REGI ONAL WATER CONVEXI TY FOR SEPERABLE

REGI ONAL MAXI MUM FI XED PRI CE WATER

REG ONAL AUMS BALANCE

REG ONAL AUMS BALANCE -- CONVEXI TY FOR SEPERABLE
MAXI MUM FI XED PRI CE PUBLI C AUMS

REG ONAL LABOR BALANCE
MAXI MUM FAM LY LABOR

REG ONAL HI RED BALANCE - -
MAXI MUM HI RED LABOR

CROP M X CONSTRAI NTS BY ACREAGE | N REG ON
TOTAL ACRES IN A CROP M X

PRI MARY PRODUCT DI STRI BUTI ON ACCROSS REGI ONS
TOTAL FARM PROGRAM PRODUCTI ON

TOTAL 5092 ACREAGE PRODUCTI ON

TOTAL VOLUNTARY DI VERSI ON PRODUCTI ON

ARTI FI Cl AL FARM PROGRAM PRODUCTI ON

CONVEXI TY FOR SEPERABLE

CONVEXI TY FOR SEPERABLE

CONVEXI TY FOR SEPERABLE
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UNHARVEST( DECS, CROP) PAI D BUT UNHARVESTED FARM PROGRAM PRODUCI TON

* AAANAANAAANAANANNANN

* SPECI FY EQUATI ONS

* AAANAANAAANAANANNANN

* 88888888888888888888&E&EELEEEEEELELLEELEES
*OBJECTI VE FUNCTI ON
WELFAR. . WELFARE =E=

SUM DEC$yesf or, DI SC( DEC) *
* FOREST PROCESSI NG CAPACI TY COST
(- SUM ( PRODS) $( CAPACI TY( PRODS, " NOW NPLACE") GT 0),
BUI LDCAP( PRODS, DEC) * CAPACI TY( PRODS, " COSTNEW ) ) * SCFOR
* AREA UNDER DOVESTI C FOREST PRODUCT DEMAND CURVE
+ SUM ( PRODS) $FPDEMAND( PRODS, DEC, " SLOPE") ,
((( - FPDEMAND( PRODS, DEC, " | NTERCEPT" ) /
FPDEMAND( PRODS, DEC, " SLOPE"
+ 0.5 * (1/ FPDEMAND( PRODS, DEC, " SLOPE"))
* SCFOR* DEMANDFOR( PRODS, DEC) ) *
SCFOR* DEMANDFOR( PRODS, DEC) ) $( SEPFOR LE 0)
SUM_ STEPS, ( ( ( - FPDEMAND( PRODS, DEC, " | NTERCEPT" ) /
FPDEMAND( PRODS, DEC, " SLOPE") )
+ 0.5 * (1/ FPDEMAND( PRODS, DEC, " SLOPE"))
* QI NC( STEPS) * DEMANDQ( PRODS, DEC) )
* QI NC( STEPS) * DEMANDQ PRODS, DEC) )
* DEMANDFORS( PRODS, DEC, STEPS) ) $SEPFOR)
SUM ( PRODS) $( FPDEMAND( PRODS, DEC, " SLOPE") * EQ 0
AND FPDEMAND( PRODS, DEC, " FI XP") GT 0),
FPDEMAND( PRODS, DEC, " FI XP") * DEMANDFOR( PRODS, DEC) * SCFOR)
* AREA UNDER EXPORT FOREST PRODUCT DEMAND CURVI
+ SUM ( TRADEREG, PRODS) $TRADFOR( TRADEREG, " EXPORT", PRODS, DEC, " SLOPE") ,
(((- TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, " | NTERCEPT" ) /
TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, " SLOPE" ) )
+ 0.5 * (1/ TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, " SLOPE"))
* SCFOR* TRADEQUAN( TRADEREG, PRODS, DEC, * EXPORT") )
* SCFOR* TRADEQUAN( TRADEREG, PRODS, DEC, " EXPORT" ) ) $( SEPFOR EQ 0)
SUM STEPS, ( (- TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, " | NTERCEPT" ) /
TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, " SLOPE" ) )
+ 0.5 * (1/ TRADFOR( TRADEREG, " EXPORT", PRODS, DEC, " SLOPE") )
* QI NC( STEPS) * TRADEQ( TRADEREG, PRODS, DEC, " EXPORT" ) )
* QI NC( STEPS) * TRADEQ( TRADEREG, PRODS, DEC, " EXPORT" ) *
TRADEQUANS( TRADEREG, PRODS, DEC, " EXPORT" , STEPS) ) $SEPFOR)
+ SUM ( TRADEREG, PRODS) $( TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, " SLOPE") EQ 0
AND TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, " FI XP*) GT 0),
SCFOR* TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, " FI XP") *
TRADEQUAN( TRADEREG, PRODS, DEC, " EXPORT" ) )
* AREA UNDER | MPORT FOREST PRODUCT DEMAND CURVE
- SUM ( TRADEREG, PRODS) $TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " SLOPE" ),
(( (- TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " | NTERCEPT") /
TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " SLOPE"
+ 0.5 * (1/ TRADFOR( TRADEREG, " | MPORT", PRODS, DEC, " SLOPE") )
* SCFOR* TRADEQUAN( TRADEREG, PRODS, DEC, " | MPORT"
* SCFOR* TRADEQUAN( TRADEREG, PRODS, DEC, " | MPORT" ) ) $( SEPFOR EQ 0)
+ SUM STEPS, ( (- TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " | NTERCEPT") /
TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " SLOPE" ) )
+ 0.5 * (1/ TRADFOR( TRADEREG, " | MPORT", PRODS, DEC, " SLOPE"))
* QI NC( STEPS) * TRADEQ( TRADEREG, PRODS, DEC, " | MPORT" ) )
* QI NC( STEPS) * TRADEQ( TRADEREG, PRODS, DEC, " | MPORT"
TRADEQUANS( TRADEREG, PRODS, DEC, " | MPORT" , STEPS) ) $SEPFOR)
- SUN((TRADEREG PRODS)$(TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " SLOPE") EQ 0
RADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " FI XP") GT 0),
SCF('R* TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " FI XP") *
TRADEQUAN( TRADEREG, PRODS, DEC, " | MPORT" ) )
* COST OF TRANSPORT FOR DOMESTI C FOREST PRODUCTS
- SUM ( REGS, PRODS) $( TRANSCOST( REGS, PRODS) NE 0 AND
YESI TI S( REGS, PRODS) GT 0 )
, SCFOR* TRANSCOST( REGS, PRODS) * ( TCOSTI NF( DEC, REGS) )
* TRANSFOR( REGS, PRODS, DEC)
* COST OF TRANSPORT FOR | MPORTED AND EXPORTED FOREST PRODUCTS
- SUM ( REGS, TRADEREG, PRODS, TRADE) $YESI TI S( REGS, PRODS) ,
TRADEFPTRN( REGS, TRADEREG, PRODS, DEC, TRADE) $
( TRADFOR( TRADEREG, TRADE, PRODS, DEC, " | NTERCEPT") GT 0 OR
TRADFOR( TRADEREG, TRADE, PRODS, DEC, " M NQ') GT 0 OR
TRADFOR( TRADEREG, TRADE, PRODS, DEC, " FI XP" GT 0)
* SCFOR* TRADECOST( REGS, TRADEREG, PRODS) * ( TCOSTI NF( DEC, REGS) ) )
* PRODUCTI ON AND HARVEST COSTS
- SUM REGS, SCFOR* COSTS( REGS, DEC) )
* A SMALL COST FOR DOANWARD PRODUCT SUBSTI TI ON
- SUM ( PRODUCTS, PRODS)
) , SCFOR* 0. 1* PRODUCTSUB( PRODUCTS, PRODS, DEC) $SUBS( PRODUCTS, PRODS) )

* TERM NAL VALUE OF FORESTED LANDS

+

+

+

+ (SUM ( PRODS) $(yesfor gt 0 and
SUM ( REGS, CLS, OWNER, SPECI ES, SI TE, M C, COHORT2) ,
I NVENT (REGS CLS, OWNER, SPECI ES SITE, M C, OG-!G?TZ)) GT 0)
, (( SUM DEC$( ORD( DEC) EQ CARD(DEC) AND
ABS( FPDEMAND( PRODS, DEC, " SLOPE")) GT 0.000000011),
(( - FPDEMAND( PRODS, DEC, " | NTERCEPT" ) /
FPDEMAND( PRODS, DEC, " SLOPE") + 0.5/
FPDEMAND( PRODS, DEC, " SLOPE" ) *
( SCFOR* TERMWOLN( PRODS) ) ) *
( SCFOR* TERWOLN( PRODS) ) ) $( SEPFOR EQ 0)
+ ( SUM STEPS, ( - FPDEMAND( PRODS, DEC, " I NTERCEPT" ) /
FPDEMAND( PRODS, DEC, " SLOPE") + 0.5/
FPDEMAND( PRODS, DEC, " SLOPE" ) *



( TERMWOLQ PRODS) * QI NC( STEPS) ) ) *
( TERWOLQ PRODS) * QI NC( STEPS) )
* TERMWOLNS( PRODS, STEPS) ) ) $( SEPFOR GT 0) ))
* RETAIN FI XED PRI CE TERM NAL CONDI Tl ON WHEN YOU DONT HAVE SLOPE
+( TERMVOLN( PRODS) * SCFOR* TERMVAL UE( PRODS) )
$ SUM DEC$( ORD( DEC) EQ CARD(DEC)),
1$( FPDEMAND( PRODS, DEC, " SLOPE") EQ 0)))
*(1+DI SCRATE) ** (- ( SUM DEC$( ORD( DEC) EQ CARD(DEC)) , DATE( DEC) +10- TODAY))))
/ gs( 1+DI SCRATE) **10- 1) )
YESFOR

* DEDUCT COSTS OF MANAGEMENT AND HARVESTI NG FOR TERM NAL | NVENTORY
-((SUM (REGS, CLS, M C, SPECI ES) $rotation(regs)
, ESTCOST( REGS, CLS, M C, SPECI ES) *

(
* the followi ng code replaces TERMAREA( REGS, CLS, M C, SPECI ES)
+SUM VWHEN$( TODAY+ELAPSED( WHEN) GT LASTDAY),
SUM ( OWNER, PRODS, SI TE, COHORT) $
| SEXI ST( REGS, CLS, OANER, SPECI ES, SI TE, COHORT, M C, WHEN) ,
EXI ST( REGS, CLS, OWNER, SPECI ES, SI TE, COHORT, M C, WHEN) ) )
+ SUM OLDDEC,
SUM_ ( WHEN, TI ME2) $( WHENDONE( OLDDEC, WHEN) GT 0 AND
( ( DATE( OLDDEC) +ELAPSED( WHEN) - LASTDAY EQ 10* ( ORD( TI ME2) - 1))
OR ( ( DATE( OLDDEC) +ELAPSED( WHEN) - LASTDAY GT 10* ( ORD( TI ME2) - 1))
AND ( ORD( TI ME2) EQ CARD(TIME2))))),
SUM ( OWNER, PRODS, SI TE, POLI CY) $
(I SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) GT 0
AND exam ne(policy)*POLI CYl NC( POLI CY, OLDDEC, "EXI ST") gt 0 and
YESPOLI CY( POLI CY, CLS, OANER, SPECI ES, SI TE,M C) GT 0),
NEW REGS, CLS, OANER, SPECI ES, SI TE, M C, WHEN, OLDDEC, POLI CY) ))))
/ ( ROTATI ON( REGS) / 10) )
+SUM ( REGS, CLS, M C, SPECI ES)$r0t atl on(regs)
. ( ROTATI ON( REGS) / 10-
+SUM WHENS ( TODAY+EL APSED( WHEN) Gr LASTDAY) ,
SUM ( OWNER, PRODS, SI TE, COHORT) $
| SEXI ST( REGS, CLS, O/\NER SPECI ES, SI TE, COHORT, M C, WVHEN) ,
EXI ST( REGS, CLS, OWNER, SPECI ES, SI TE, COHORT, M C, WHEN) ) )
+ SUM OLDDEC,
SUM_ ( WHEN, TI ME2) $( WHENDONE( OLDDEC, WHEN) GT 0 AND
( ( DATE( OLDDEC) +ELAPSED( WHEN) - LASTDAY EQ 10* ( ORD( TI ME2) - 1))
OR ( ( DATE( OLDDEC) +ELAPSED( WHEN) - LASTDAY GT 10* ( ORD( TI ME2) - 1))
AND ( ORD( TI ME2) EQ CARD(TIME2))))),
SUM ( OWNER, PRODS, SI TE, POLI CY) $
(1 SNEW REGS, CLS, OANER, SPECI ES, SI TE, M C, WHEN) GT 0
AND EXAM NE( POLI CY) GT 0),
NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN, OLDDEC, POLI CY) *
YESPOLI CY( POLI CY, CLS, OANER, SPECI ES, SI TE, M C)
*POLI CYI NC( POLI CY, OLDDEC, " EXI ST" ))
/ ( ROTATI ON( REGS) / 10) * GROWCOST( REGS, CLS, M C, SPECI ES) )
+SUM ( REGS, PRODS) ,
*the foll owing code replaces TERWOL(REGS, PRODS)
(2. 0/ (ROTATI ON( REGS) / 10) ) *(
+  SUM WHENS$( TODAY+ELAPSED( WHEN) GT LASTDAY),
SUM ( CLS, OWNER, SPECI ES, SI TE, COHORT, M C) $
| SEXI ST( REGS, CLS, Q/\NER SPECI ES, SI TE, COHORT, M C, V\HEN)
EXI ST( REGS, CLS, OWNER, SPECI ES, SI TE, CG-!('RT M C, WHI
EXI STYLD( PRODS, REGS, CLS, OWNER, SPECI ES, COHORT, SI TE M C, WHEN) ) )
+ SUM OLDDEC,
SUM ( WHEN, TI ME2) $( WHENDONE( OLDDEC, WHEN) GT 0 AND
( DATE( OLDDEC) +ELAPSED( WHEN) - LASTDAY EQ 10* ( ORD( Tl ME2) - 1))
OR ( ( DATE( OLDDEC) +ELAPSED( WHEN) - LASTDAY GT 10* ( ORD( TI ME2) - 1))
AND ( ORD( TI ME2) EQ CARD(TIME2))))),
SUM ( CLS, OWNER, SPECI ES, SI TE, M C, pol i cy) $(
| SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) gt O
and exan ne( pol i cy) gt 0),
NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN, OLDDEC, pol i cy) *
yespol i cy(pol icy,cls, owner, speci es, site, mc)
*pol i cyi nc(policy, ol ddec "exist")*
NEWYLD( PRODS, REGS, CLS, O/\NER SPECI ES, SI TE, M C, Tl ME2)) ))
+ENDFUEL SUB( REGS) * FUELSUBDAT( PRODS) $YESI TI §( REGS " FUELHW ) )
*the above code repl aces TERMWOL ( REGS, PRODS)
* HARVCOST( PRODS, REGS) ) )
*(1+Dl SCRATE) ** (- ( SUM DEC$( ORD( DEC) EQ CARD(DEC)) , DATE( DEC) +10- TODAY)))
/ ((1+DI SCRATE) **10- 1))
$YESFOR

* DEDUCT THE PRESENT VALUE OF TRANSPORT COSTS FOR SHI PMENTS
* OF REGULATED FLOWS FROM TERM NAL | NVENTORY

- (SUM ( REGS, PRODS) $( TRANSCOST( REGS, PRODS) NE 0 AND
YESI TI S( REGS, PRODS) GT 0
, SCFOR* TRANSCOST( REGS, PRODS) * ( SUM DEC$( ORD( DEC) EQ CARD( DEC))
, TCOSTI NF( DEC, REGS) ) )
*the followi ng code replaces TERWOL(REGS, PRODS)
* (2. 0/ (ROTATI ON( REGS) / 10) ) * (
+  SUM WHENS$( TODAY+ELAPSED( WHEN) GT LASTDAY),
SUM ( CLS, OWNER, SPECI ES, SI TE, COHORT, M C) $
| SEXI ST( REGS, CLS, Q/\NER SPECI ES, SI TE, COHORT, M C, V\HEN)
EXI ST( REGS, CLS, OWNER, SPECI ES, SI TE, CG-!('RT M C, WHI
EXI STYLD( PRODS, REGS, CLS, OWNER, SPECI ES, COHORT, SI TE M C, WHEN) ) )
+ SUM OLDDEC,
SUM ( WHEN, TI ME2) $( WHENDONE( OLDDEC, WHEN) GT 0 AND
( DATE( OLDDEC) +ELAPSED( WHEN) - LASTDAY EQ 10* ( ORD( Tl ME2) - 1))
OR ( ( DATE( OLDDEC) +ELAPSED( WHEN) - LASTDAY GT 10* ( ORD( TI ME2) - 1))
AND ( ORD( TI ME2) EQ CARD(TIME2))))),
SUM ( CLS, OWNER, SPECI ES, SI TE, M C, pol i cy) $(
| SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) gt O
and exan ne(pol i cy) gt 0),
NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN, OLDDEC, pol i cy) *
yespol i cy(pol icy,cls, owner, species,site, mc)
*pol i cyi nc(policy, ol ddec, "exi st ") *
NEWYL D( PRODS, REGS, CLS, OANER, SPECI ES, SI TE, M C, TI ME2) ) ))
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+

ENDFUEL SUB( REGS) * FUEL SUBDAT( PRODS) $YESI Tl S( REGS, " FUELHW ) ) )

*the above code repl aces TERWOL ( REGS, PRODS)
*(1+Dl SCRATE) ** (- ( SUM DEC$( ORD( DEC) EQ CARD(DEC)) , DATE( DEC) +10- TODAY)))

/((1+DI

SCRATE) **10- 1) ) $YESFOR

MILLETLEE b r i r i b r i r e r e e iy
*| NTERSECTORAL LAND MOVEMENT

SUM DEC,
sun( (

DI SC( DEC) * SUM ( REGS, CLS, THREE) $
owner, si te, spec), whentran(regs, cl s, site, owner, spec, "toag"))
LANDTOAG( REGS, CLS, DEC, THREE)
* SUM LNDMATf rfr (LANDTYPE, CLS) SCALE( LANDTYPE) / SCFOR)
*scfor *CONVERT(REGS, CLS, " coosT" REE) $
YESCONLND( REGS, CLS, three)))$( YESFGR’*YESAG GT 0)

* AGRI CULTURAL PART OF OBJECTI VE FUNCTI ON
+ ( SUM DEC, DI SC( DEC) * WIAG( DEC) *
DOVESTI C PRI MARY DEMAND

(' SUM PRI MARY$( PDEMAND( PRI MARY, " QUANTI TY")  GT 0 AND

*

*

*

PDEMAND( PRI MARY, " PRI CE") GT 0° AND
PDEMAND( PRI MARY, " ELASTI CI TY") LT -0.05 ),
( ( DEMANDP( DEC, PRI MARY) * SCALE( PRI MARY) /
( PDEMAND( PRI MARY, " QUANTI TY" ) * DEMANDGRW PRI MARY, DEC) ) )
** (1. ] PDEMAND( PRI MARY, " ELASTI CI TY"))

* DEMANDP( DEC, PRI MARY) * SCALE( PRI MARY) * PDEMAND( PRI MARY, " PRI CE")

* PDEMAND( PRI MARY, " ELASTI CI TY")/ ( 1. +PDEMAND( PRI MARY, " ELASTI CI TY"))
(1. 0/ PDEMAND( PRI MARY, " TFAC")) ** (1. 0/ PDEMAND( PRI MARY, " ELASTI CI TY"))
* PDEMAND( PRI MARY, " QUANTI TY" ) / PDEMAND( PRI MARY, " TFAC")

* DEMANDGRW( PRI MARY, DEC) * PDEMAND( PRI MARY, " PRI CE")

/(1. 0+(1. 0/ PDEMAND( PRI MARY, " ELASTI CI TY")))

+( 1. 0/ PDEMAND( PRI MARY, " TFAC") )

** (1. 0+1. 0/ PDEMAND( PRI MARY, " ELASTI CI TY"))
* PDEMAND( PRI MARY, " QUANTI TY" ) * DEMANDGRW PRI MARY, DEC)
* PDEMAND( PRI MARY, " PRI CE") ) $( SEPAG LE 0)

+( SUM STEPS$( PDEMAND( PRI MARY, "TFAC") GE 1/ Q NC( STEPS)

+(1.

*
*

AND PDEMAND( PRI MARY, " TFAC') GE QI NC( STEPS)),

( QI NC( STEPS) ** (1. / PDEMAND( PRI MARY, " ELASTI CI TY"))
* PDEMAND( PRI MARY, " QUANTI TY" ) * QI NC({ STEPS) * DEMANDGRW( PRI MARY, DEC)
* PDEMAND( PRI MARY, " PRI CE")
* PDEMAND( PRI MARY, " ELASTI CI TY")/ ( 1. +PDEMAND( PRI MARY, " ELASTI CI TY"))
(1. 0/ PDEMAND( PRI MARY, " TFAC") ** (1. 0/ PDEMAND( PRI MARY, " ELASTI CI TY") )
* " PDEMAND( PRI MARY, " QUANTI TY" ) / PDEMAND( PRI MARY, " TFAC")
* DEMANDGRW( PRI MARY, DEC) * PDEMAND( PRI MARY, " PRI CE")
* PDEMAND( PRI MARY, " ELASTI CI TY") / (1. 0+PDEMAND( PRI MARY, " ELASTI CI TY")))
0/ PDEMAND( PRI MARY, " TFAC") ) ** (1. 0+1. 0/ PDEMAND( PRI MARY, " ELASTI CI TY"))
PDEMAND( PRI MARY, " QUANTI TY" ) * DEMANDGRW PRI MARY, DEC)
PDEMAND( PRI MARY, " PRI CE") ) * DEMANDPS( DEC, PRI MARY STEPS)))$SEPAG)

0 A

+ SUM PRI MARY$( PDEM‘\ND( PRI MARY, " PRI CE")

PDEMAND( PRI MARY, " ELASTI CI TY") 'GE - 0. 05
AND PDEMAND( PRI MARY, " QUANTI TY") NE 0 ),
PDEMAND( PRI MARY, " PRI CE" ) * DEMANDP( DEC, PRI MARY) * SCALE( PRI MARY) )

EXPORT PRI MARY DENMAND
+( SUM PRI MARY$( PEXPORT( PRI MARY, " QUANTI TY")  GT 0 AND

PEXPORT( PRI MARY, " PRI CE") GT 0" AND
PEXPORT( PRI MARY, " ELASTI CI TY") LT -0.05 ),
( (EXPORTP( DEC, PRI MARY) * SCALE( PRI MARY) /
( PEXPORT( PRI MARY, " QUANTI TY" ) * EXPORTGRW PRI MARY, DEC) ) )
**( 1./ PEXPORT( PRI MARY, " ELASTI CI TY"))

* EXPORTP( DEC, PRI MARY) * SCALE( PRI MARY) * PEXPORT( PRI MARY, " PRI CE")

* PEXPORT( PRI MARY, " ELASTI CI TY")/ ( 1. +PEXPORT( PRI MARY, " ELASTI CI TY"))
(1. 0/ PEXPORT( PRI MARY, " TFAC")) ** ( 1. 0/ PEXPORT( PRI MARY, " ELASTI CI TY"))
* PEXPORT( PRI MARY, " QUANTI TY" ) / PEXPORT( PRI MARY, " TFAC")

* EXPORTGRW PRI MARY, DEC) * PEXPORT( PRI MARY, " PRI CE")
/(1. 0+( 1. 0/ PEXPORT( PRI MARY, " ELASTI CI TY")))

+( 1. 0/ PEXPORT( PRI MARY, " TFAC") ) ** (1. 0+1. 0/ PEXPORT( PRI MARY, "ELASTI CI TY"))

* PEXPORT( PRI MARY, * QUANTI TY" ) * expor t GRW PRI MARY, DEC)
* PEXPORT( PRI MARY, " PRI CE")) $( SEPAG LE 0)

+ ( SUM STEPS$( PEXPORT( PRI MARY, "TFAC"') GE 1/ Q NC( STEPS)

+( 1. 0/ PEXPORT( PRI MARY, " TFAC") ) ** (1. 0+1. 0/ PEXPORT( PRI MARY, "ELASTI CI TY") )

AND PEXPORT( PRI MARY, " TFAC') GE QI NC(STEPS)),

( QI NC( STEPS) ** (1. / PEXPORT( PRI MARY, " ELASTI CI TY"))
* " PEXPORT( PRI MARY, " QUANTI TY" ) * QI NC({ STEPS) * EXPORTGRW( PRI MARY, DEC)
* PEXPORT( PRI MARY, " PRI CE")
* PEXPORT( PRI MARY, " ELASTI CI TY") / ( 1. +PEXPORT( PRI MARY, " ELASTI CI TY"))
(1. 0/ PEXPORT( PRI MARY, " TFAC") ** ( 1. 0/ PEXPORT( PRI MARY, “ ELASTI CI TY"))
* PEXPORT( PRI MARY, " QUANTI TY" ) / PEXPORT( PRI MARY, " TFAC")
* EXPORTGRW PRI MARY, DEC) * PEXPORT( PRI MARY, " PRI CE")
* PEXPORT( PRI MARY, " ELASTI CI TY") / (1. 0+PEXPORT( PRI MARY, " ELASTI CI TY")))

* PEXPORT( PRI MARY, " QUANTI TY") * expor t GRW PRI MARY, DEC)

* PEXPORT( PRI MARY, " PRI CE") ) *

EXPORTPS( DEC, PRI MARY, STEPS) ) ) $SEPAG )
GT 0 AND

+ SUM PRI MARY$( PEXPORT( PRI MARY, " PRI CE")

PRI MARY
- SuM

*
/

*

PEXPORT( PRI MARY, " ELASTI CI TY") GE - 0.05
AND PEXPORT( PRI MARY, " QUANTI TY") NE 0 ),
PEXPORT( PRI MARY, " PRI CE") * EXPORTP( DEC, PRI MARY) * SCALE( PRI MARY) )
| MPORT SUPPLY
PRI MARYS$( Pl MPORT( PRI MARY, " PRI CE") GT 0 AND
PI MPORT( PRI MARY, " QUANTI TY") = GT 0 AND
PI MPORT( PRI MARY, " ELASTI CI TY") GT 0. 05 ),
( PI MPORT( PRI MARY, " ELASTI CI TY" )/ (1. +PI MPORT( PRI MARY, " ELASTI CI TY"))
( PI MPORT( PRI MARY, " PRI CE")  * (| MPORTP( DEC, PRI MARY) * SCALE( PRI MARY)
( PI MPORT( PRI MARY, " QUANTI TY" ) * | MPORTGRW PRI MARY, DEC) ))
*( 1./ Pl MPORT( PRI MARY, " ELASTI CI TY"))
| MPORTP( DEC, PRI MARY) * SCALE( PRI NARY) ) )
$( SEPAG LE 0 OR Pl MPORT( PRI MARY, "ELASTI CI TY") LE 0. 05)

+( SUM STEPS,

*
*
*
*

PI'MPORT( PRI MARY, " ELASTI CI TY") / (1. +PI MPORT( PRI MARY, " ELASTI CI TY"))
( PI MPORT( PRI MARY, " PRI CE")
Q NC( STEPS) ** (1. / Pl MPORT( PRI MARY, " ELASTI CI TY"))
(PI MPORT( PRI MARY, " QUANTI TY" ) * | MPORTGRW( PRI MARY, DEC) ) * Q NC( STEPS)
I MPORTPS( DEC, PRI MARY, STEPS) )))
$(SEPAG GT 0 AND PI MPORT( PRI MARY, " ELASTI CI TY") GT 0.05))
SUM PRI MARY$( Pl MPORT( PRI MARY, " PRI CE" ) GT 0 A
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Pl MPORT( PRI MARY, "ELASTI CI TY") LE 0.05
AND Pl MPORT( PRI MARY, " QUANTI TY") NE 0 ),
PI MPORT( PRI MARY, " PRI CE") * | NPORTP( DEC, PRI MARY) * SCALE( PRI MARY) )
* SECONDARY DOMESTI C DEMAND
+ ( SUM SECONDARY$( SDEMAND( SECONDARY, " QUANTI TY") ~ GT 0 AND
SDEMAND( SECONDARY, " PRI CE") GI 0 AND
SDEMAND( SECONDARY, "ELASTI CI TY") LT -0.05 ),
( ( DEMANDS( DEC, SECONDARY) * SCAL E( SECONDARY) /
( SDEMAND( SECONDARY, " QUANTI TY" ) * DEMANDGRW SECONDARY, DEC) ) )
** (1. / SDEMAND( SECONDARY, "ELASTI CI TY"))
* DEMANDS( DEC, SECONDARY) * SCAL E( SECONDARY)
*  SDEMAND( SECONDARY, " PRI CE" )
*  SDEMAND( SECONDARY, " ELASTI CI TY")
/(1. +SDEMAND( SECONDARY, " ELASTI CI TY"))
- (1. 0/ SDEMAND( SECONDARY, " TFAC") )
** (1, 0/ SDEMAND( SECONDARY, " ELASTI CI TY"))
*  SDEMAND( SECONDARY, " QUANTI TY" ) / SDEMAND( SECONDARY, " TFAC")
*  DEMANDGRW SECONDARY, DEC) * SDEMAND( SECONDARY, " PRI CE")
/ (1.0+(1. 0/ SDEMAND( SECONDARY, " ELASTI CI TY")))
+ (1. 0/ SDEMAND( SECONDARY, " TFAC"))
** (1, 0+1. 0/ SDEMAND( SECONDARY, " ELASTI CI TY"))
*  SDEMAND( SECONDARY, " QUANTI TY" ) * DEMANDGRW SECONDARY, DEC)
* SDEMAND( SECONDARY, " PRI CE") ) $( SEPAG LE 0)
+ ( SUM STEPS$( SDEMAND( SECONDARY, "TFAC') GE 1/ Q NC( STEPS)
AND SDEMAND( SECONDARY, " TFAC') GE Q NC(STEPS)),
( QI NC( STEPS) ** (1. / SDEMAND( SECONDARY, " ELASTI CI TY") )
* SDEMAND( SECONDARY, " QUANTI TY" ) * QI NC( STEPS) * DEMANDGRW SECONDARY, DEC)
* SDEMAND( SECONDARY, " PRI CE")
* SDEMAND( SECONDARY, " ELASTI CI TY")/ ( 1. +SDEMAND( SECONDARY, " ELASTI CI TY"))
- (1. 0/ SDEMAND( SECONDARY, " TFAC") ** (1. 0/ SDEMAND( SECONDARY, " ELASTI CI TY"))
* SDEMAND( SECONDARY, " QUANTI TY" ) / SDEMAND( SECONDARY, " TFAC")
* DEMANDGRW SECONDARY, DEC) * SDEMAND( SECONDARY, " PRI CE" )
* SDEMAND( SECONDARY, " ELASTI CI TY" )/ ( 1. 0+SDEMAND( SECONDARY, " ELASTI CI TY")))
+ (1. 0/ SDEMAND( SECONDARY, "TFAC") )
**(1.0+1. 0/ SDEMAND( SECONDARY, " ELASTI CI TY") )
* SDEMAND( SECONDARY, " QUANTI TY" ) * DEMANDGRW SECONDARY, DEC)
* SDEMAND( SECONDARY, " PRI CE") )
* DEMANDSS( DEC, SECONDARY, STEPS) ) ) $SEPAG ))
+SUM SECONDARY$( SDEMAND( SECONDARY, " PRI CE") GT 0 AND
SDEMAND( SECONDARY, " ELASTI CI TY") GE -0.05
AND SDEMAND( SECONDARY, " QUANTI TY") NE 0 ),
SDEMAND( SECONDARY, " PRI CE" ) * DEMANDS( DEC, SECO\IDARY) * SCALE( SECONDARY) )
* SECONDARY EXPORT DEMAND
+( SUM SECONDARY$( SEXPORT( SECONDARY, " QUANTI TY") ~ GT 0 AND
SEXPORT( SECONDARY, " PRI CE") GI 0 AND
SEXPORT( SECONDARY, "ELASTI CI TY") LT -0.05 ),
( (EXPORTS( DEC, SECONDARY) * SCAL E( SECONDARY) /
( SEXPORT( SECONDARY, " QUANTI TY" ) * EXPORTGRW SECONDARY, DEC) ) )
** (1. / SEXPORT( SECONDARY, "ELASTI CI TY"))
* EXPORTS( DEC, SECONDARY) * SCALE( SECONDARY) * SEXPORT( SECONDARY, " PRI CE")
* SEXPORT( SECONDARY, " ELASTI CI TY") / (1. +SEXPORT( SECONDARY, " ELASTI CI TY"))
- (1. 0/ SEXPORT( SECONDARY, "TFAC") ) ** (1. 0/ SEXPORT( SECONDARY, "ELASTI CI TY"))
*  SEXPORT( SECONDARY, " QUANTI TY" ) / SEXPORT( SECONDARY, " TFAC")
*  EXPORTGRW SECONDARY, DEC) * SEXPORT( SECONDARY, " PRI CE")
/ (1.0+(1. 0/ SEXPORT( SECONDARY, "ELASTI CI TY")))
+ (1. 0/ SEXPORT( SECONDARY, "TFAC"))
** (1. 0+1. 0/ SEXPORT( SECONDARY, " ELASTI CI TY") )
*  SEXPORT( SECONDARY, " QUANTI TY") * expor t GRW SECONDARY, DEC)
* SEXPORT( SECONDARY, " PRI CE")) $( SEPAG LE 0)
+ ( SUM STEPS$( SEXPORT( SECONDARY, " TFAC') GE 1/ Q NC( STEPS) AND
SEXPORT( SECONDARY, " TFAC') GE Q NC(STEPS)),
(Q NC( STEPS) ** (1. / SEXPORT( SECONDARY, " ELASTI CI TY") )
*  SEXPORT( SECONDARY, " QUANTI TY" ) * QI NC( STEPS) * EXPORTGRW SECONDARY, DEC)
* SEXPORT( SECONDARY, " PRI CE")
*  SEXPORT( SECONDARY, " ELASTI Cl TY")/ (1. +SEXPORT( SECONDARY, " ELASTI Cl TY") )
- (1. 0/ SEXPORT( SECONDARY, "TFAC") ** (1. 0/ SEXPORT( SECONDARY, "ELASTI CI TY"))
*  SEXPORT( SECONDARY, " QUANTI TY" ) / SEXPORT( SECONDARY, " TFAC")
*  EXPORTGRW SECONDARY, DEC) * SEXPORT( SECONDARY, " PRI CE" )
* SEXPORT( SECONDARY, " ELASTI CI TY")/ (1. 0+SEXPORT( SECONDARY, " ELASTI CI TY")))
+ (1. 0/ SEXPORT( SECONDARY, " TFAC") )
** (1. 0+1. 0/ SEXPORT( SECONDARY, " ELASTI CI TY") )
*  SEXPORT( SECONDARY, " QUANTI TY") * expor t GRW SECONDARY, DEC)
* SEXPORT( SECONDARY, " PRI CE") ) * EXPORTSS( DEC, SECONDARY, STEPS) )) $SEPAG ))
+ SUM SECONDARY$( SEXPGQT( SECONDARY, " PRI CE") GI' 0 AND
SEXPORT( SECONDARY, "ELASTI CI TY") GE -0.05
AND SEXPORT( SECONDARY, " QUANTI TY") NE 0 ),
SEXPORT( SECONDARY, " PRI CE" ) * EXPORTS( DEC, SECONDARY) * SCALE( SECONDARY) )
* SECONDARY i nPORT suppl y
- SUM SECONDARY$( SI MPORT( SECONDARY, " QUANTI TY")  GT 0 AND
S| MPORT( SECONDARY, " PRI CE" ) GT 0 AND
S| MPORT( SECONDARY, "ELASTI CI TY") GT 0.05 ).
(' SI MPORT( SECONDARY, " ELASTI CI TY") / (1. +SI MPORT( SECONDARY, " ELASTI CI TY"))
* (S| MPORT( SECONDARY, " PRI CE") * ( | MPORTS( DEC, SECONDARY) * SCAL E( SECONDARY)
/' ('SI MPORT( SECONDARY, " QUANTI TY") * | MPORTGRW SECONDARY, DEC) ) ) * *
( 1./ SI MPORT( SECONDARY, " ELASTI CI TY") )
* | MPORTS( DEC, SECONDARY) * SCALE( SECONDARY) ) )
$(SEPAG LE 0 OR SI MPORT( SECONDARY, "ELASTI CI TY") LE 0.05)
+ (SUM STEPS, SI MPORT( SECONDARY, " ELASTI CI TY")
/(1. +SI MPORT( SECONDARY, " ELASTI CI TY") ) * (Sl NPG?T( SECONDARY " PRI CE")
* Q NC(STEPS) **(1./8l NPG?T( SECONDARY, "ELASTICI T
* ('SI MPORT( SECONDARY, " QUANTI TY") * | MPORTGRW( SECONDARY, DEC) ) * Ql NC( STEPS)
* | MPORTSS( DEC, SECONDARY, STEPS))))
$(SEPAG GT 0 AND SI NPOQT( SECONDARY, "ELASTI CI TY") GT 0.05))
- SUM SECONDARY$( SI MPORT( SECONDARY, " PRI CE”) GT 0 AND
S| MPORT( SECONDARY, "ELASTI CI TY") LE 0.05
AND S| MPORT( SECONDARY, " QUANTI TY") NE 0 ),
S| MPORT( SECONDARY, " PRI CE" ) * | NPO?TS( DEC, SECONDARY) * SCALE( SECONDARY) )
*LAND SUPPLY
- SUM ( REGS, LANDTYPE) $( NEWLNDSUPP( LANDTYPE, REGS, " QUANTI TY") GT 0 AND
NEW.NDSUPP( LANDTYPE, REGS, " PRI CE") GT 0 AND
NEW.NDSUPP( LANDTYPE, REGS, "ELASTI CI TY") GT 0.05 ),
( ( NEWLNDSUPP( LANDTYPE, REGS, " ELASTI CI TY")



(1. +NEWL.NDSUPP( LANDTYPE, REGS, " ELASTI CI TY"))
NEWL.NDSUPP( LANDTYPE, REGS, " PRI CE")
( LANDSUPPL Y( DEC, REGS, LANDTYPE) * SCAL E( LANDTYPE)
( NEW.NDSUPP( LANDTYPE, REGS, " QUANTI TY")
AGLANDGRW( REGS, LANDTYPE, DEC)) )
** (1. /| NEW.NDSUPP( LANDTYPE, REGS, " ELASTI CI TY"
* LANDSUPPLY( DEC, REGS, LANDTYPE) * SCALE( LANDTYPE) ) $( SEPAG EQ 0)
+ SUM STEPS, ( NEW.NDSUPP( LANDTYPE, REGS, " ELASTI CI TY")
(1. +NEW.NDSUPP( LANDTYPE, REGS, " ELASTI CI TY"))
NEWLNDSUPP( LANDTYPE, REGS, " PRI CE")
Q NC( STEPS) * * (1. / NEW.NDSUPP( LANDTYPE, REGS, " ELASTI Cl TY")
NEWLNDSUPP( LANDTYPE, REGS, " QUANTI TY") * AGLANDGRW REGS, LANDTYPE, DEC)
Q NC( STEPS))
* L ANDSUPPLS( DEC, REGS, LANDTYPE, STEPS) ) $( SEPAG GT 0))
- SUM ( REGS, LANDTYPE) $( NEWL.NDSUPP( LANDTYPE, REGS, " PRI CE") GT 0 AND
NEW.NDSUPP( LANDTYPE, REGS, " ELASTI CI TY") LE 0.05 AND
NEWL.NDSUPP( LANDTYPE, REGS, " QUANTI TY") NE 0.0 ),
NEWLNDSUPP( LANDTYPE, REGS, " PRI CE"
* LANDSUPPLY( DEC, REGS, LANDTYPE) * SCALE( LANDTYPE) )
*WATER SUPPLY
- SUM REGSS$( NEWAATSUP( REGS, " PUMPQ' ) GT 0 AND
NEWAATSUP( REGS, " PUVPPRI CE")  GT 0 AND
NEWATSUP( REGS, " PUMPELAS") GT 0.05 ),
( NEWAATSUP( REGS, " PUMPELAS") / ( 1. +NEWAATSUP( REGS, " PUMPELAS" ) )
* NEWWMATSUP( REGS, " PUMPPRI CE") * ( WATERVAR( DEC, REGS) * SCALE( " WATER")
/' ( NEWAATSUP( REGS, " PUMPQ' ) * WATERGRW REGS, DEC) ) )
*% (1. | NEWNATSUP( REGS, " PUMPELAS'" )
* WATERVAR( DEC, REGS) * SCALE( " WATER" ) ) $( SEPAG LE 0)
+ SUMSTEPS, NEWAATSUP( REGS, " PUMPELAS") " / (1. +NEWAATSUP( REGS, " PUMPELAS" ) )
* NEWAATSUP( REGS, " PUMPPRI CE" ) * ( Q NC( STEPS) )
** (1. | NEWANATSUP( REGS, " PUMPELAS" ) )
* ( NEWMTSUP( REGS, " PUMPQ') * WATERGRW( REGS, DEC) * Q NC( STEPS) )
* WATERVARS( DEC, REGS, STEPS) ) $( SEPAG GT 0))
- SUM REGS$( NEWATSUP( REGS, " PUMPPRI CE")  GT 0" AND
NEWAATSUP( REGS, " PUMPELAS") LE 0. 05 AND
NEWAATSUP( REGS, " PUMPQ') NE 0. 0
NEWAATSUP( REGS, " PUMPPRI CE" ) * WATERVAR( DEC, REGS) * SCALE( " WATER") )
- SUM REGS, WATERF| X( DEC, REGS) * NEWAATSUP( REGS, " FI XEDPRC" ) * SCALE( " WATER") )
* AUMS SUPPLY
- SUM REG$( NEWAUMSSUP( REG, " PRI VATEQ') GT 0 AND
NEWAUMSSUP( REG, " PRI VATEP" ) GT 0 AND
NEWAUMSSUP( REG, " PRI VATELAS" ) GT 0.05 ),
( NEWAUMBSUP( REG, " PRI VATELAS") / ( 1. +NEWAUMSSUP( REG, " PRI VATELAS") )
* NEWAUMSSUP( REG, " PRI VATEP")
* ( AUMBPRI V( DEC, REG) * SCALE( " AUMS" ) / NEWAUMSSUP( REG, " PRI VATEQ') )
** (1. / NEWAUMSSUP( REG, " PRI VATELAS" ) )
* AUMSPRI V( DEC, REG) * SCALE( " AUNS")) $( SEPAG LE 0)
+ SUM STEPS, NEWAUMSSUP( REG, " PRI VATELAS") / (1. +NEWAUMSSUP( REG, " PRI VATELAS") )
* NEWAUMSSUP( REG, " PRI VATEP" ) * ( Q NC( STEPS) )
** (1. | NEWAUMSSUP( REG, " PRI VATELAS"
* NEWAUMSSUP( REG, " PRI VATEQ') * Q NC( STEPS) * AUMSPRI VS( DEC, REG, STEPS) )
$(SEPAG GT 0) )
- SUM REGS$( NEWAUMBSUP( REG, " PRI VATEP") GT 0 AND
NEWAUMBSUP( REG, " PRI VATELAS")  LE 0.05 AND
NEWAUMBSUP( REG, " PRI VATEQ') NE 0.0
NEWAUMSSUP( REG, " PRI VATEP" ) *  AUMSPRI V( DEC, REG)*SCALE( " AUMS") )
- SUM REGSNEWAUMSSUP( REG, " PUBLI CPRC") , AUMSPUB( DEC, REG)
* NEWAUMSSUP( REG, " PUBLI CPRC" ) * SCALE( " AUMS" ) )
*LABOR SUPPLY
- SUM REGS$( NEWLABSUPP( REGS, " HI REQ'") GT 0 AND
NEWLABSUPP( REGS, " HI REP" ) GT 0 AND
NEW_ABSUPP( REGS, " HI REELAS")  GT 0. 05 ),
( NEWLABSUPP( REGS, " Hi REELAS") /(1. +NEWLABSUPP( REGS, " HI REELAS"))
* NEWLABSUPP( REGS, " HI REP") * ( H RED( DEC, REGS) * SCALE( " LABOR") /
( NEWLABSUPP( REGS, " HI REQ') * LABORGRW REGS, DEC) ) ) * *
1. / NEW.ABSUPP( REGS, " HI REELAS") )
* HI RED( DEC, REGS) * SCALE(" LABOR') ) $(SEPAG LE 0)
+ SUM STEPS,
( NEW.ABSUPP( REGS, " HI REELAS') /(1. +NEW ABSUPP(REGS, " HI REELAS"))
* NEWLABSUPP( REGS, " Hl REP") * ( Q NC( STEPS) )
* (1. / NEW.ABSUPP( REGS, " HI REELAS"))
* NEW.ABSUPP( REGS, " HI REQ') * LABORGRW REGS, DEC) * QI NC( STEPS)
* HI REDS( DEC, REGS, STEPS) )) $SEPAG)
SUM REGS$( NEWLABSUPP( REGS, " HI REQ') LE 0 AND
NEW.ABSUPP( REGS, " HI REP" ) GT 0 AND
NEW.ABSUPP( REGS, " Hl REELAS") LE 0.05 AND
NEW.ABSUPP( REGS, " Hl REQ') NE 0. 0),
NEW_ABSUPP( REGS, " HI REP" ) * HI RED( DEC, REGS) * SCALE( " LABOR" ) )
- SUM REGS, FAM LY( DEC, REGS) * NEW.ABSUPP( REGS, " FAM LYPRC") * SCALE( " LABOR"))
* CROP PRODUCTI ON COSTS
- SUM ( REGS, CROP, WIECH, TECH) $( FARMPROD( " SLI PPAGE", CROP) GT 0.0 AND
NEWBUDDATA( CROP, REGS, CROP, WIECH, " PARTI CI P, TECH) GT 0. 0),
(' TUNE( CROP)
+ SUM COST, NEWBUDDATA( COST, REGS, CROP, WIECH, " PARTI CI P", TECH)
*  AGQDYN( COST, DEC) )
* ¢cr opBUDGET( DEC, REGS, CROP, WIECH, " PARTI Cl P", TECH) * SCALPROD
+ ( TUNE( CROP)
+ SUM COST, NEWBUDDATA( COST, REGS, CROP, WIECH, " NONPART" , TECH)
* AGQDYN( COST, DEC) ) )
* CROPBUDGET( DEC, REGS, CROP, WIECH, " NONPART" , TECH) * SCALPROD)
SUM ( REGS, CROP, WIECH, TECH) $( FARMPROD( " SLI PPAGE" , CROP) LE 0.0 AND
NEWBUDDATA( CROP, REGS, CROP, WIECH, " BASE", TECH) GT 0.0),
+ ( TUNE( CROP)

+ SUM COST, NEWBUDDATA( COST, REGS, CROP, WIECH, " BASE" , TECH)
* AGQDYN( COST, DEC) ) )
* CROPBUDGET( DEC, REGS, CROP, WIECH, " BASE" , TECH) * SCALPROD )
* | VESTOCK PRODUCTI ON COSTS
- SUM ( REGS, ANI MAL, LI VETECH) ,
( SUM( COST, NEWLI VEBUD( COST, REGS, ANI MAL, LI VETECH) * AGQDYN( COST, DEC) ) )
*' LVSTBUDGET( DEC, REGS, ANI MAL, LI VETECH) ) * SCALLI VE
* PROCESSI NG COSTS
- SUM PROCESSALT, PROCESS( DEC, PROCESSALT) * SCAL PROC

% %~

* ok ok~
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SUM COST, PROCBUD( COST, PROCESSALT) * AGQDYN( COST, DEC))) )
*NATI ONAL | NPUT COSTS
- SUM( I NPUT, | NPUTPRI CE( | NPUT) * DYNI NPCOST( | NPUT, DEC) * (
+SUM REGS,
SUM ( CROP, WIECH, TECH) $FARMPROD( " SLI PPAGE" , CROP)
CROPBUDGET( DEC, REGS, CROP, WIECH, " PARTI Cl P", TECH)
* SCALPROD * AGQDYN( | NPUT, DEC)
* NEWBUDDATA( | NPUT, REGS, CROP, WIECH, " PARTI Cl P", TECH)
+ CROPBUDGET( DEC, REGS, CROP, WIECH, " NONPART" , TECH)
* SCALPROD * AGQDYN( | NPUT, DEC)
* NEWBUDDATA( | NPUT, REGS, CROP, WIECH, " NONPART" , TECH) )
+ SUM ( CROP, WIECH, TECH) $( FARMPROD( " SLI PPAGE", CROP) LE 0. 0),
CROPBUDGET( DEC, REGS, CROP, WIECH, " BASE" , TECH)
*  SCALPROD* AGQDYN( | NPUT, DEC)
* NEWBUDDATA( | NPUT, REGS, CROP, WIECH, " BASE" , TECH) )
+ SUM (ANI MAL, LI VETECH) ,
LVSTBUDGET( DEC, REGS, ANI MAL, LI VETECH) * AGQDYN( | NPUT, DEC)
* SCALLI VE* NEWLI VEBUD( | NPUT, REGS, ANI MAL, LI VETECH) )
+ SUM PROCESSALT, PROCESS( DEC, PROCESSALT) * PROCBUD( | NPUT, PROCESSALT)
* AGQDYN( | NPUT, DEC) ) * SCALPROC) )
* FARM PROGRAM PARTI CI PATI ON REVENUES
+ SUM CROP$( FARMPROD( " TARGET" , CROP) * FARVPROGY(DEC) GT 0 AND
FARMPROD( " SLI PPAGE", CROP) GT 0 AND
FARMPROD( " MKTLOANY- N', CROP) GT 0),
( FARMPROD( " DEFI C', CROP)
+  FARMPROD( " MKTLOANY- N', CROP) * FARVPROD( " MKTLOAN'" , CROP) )
* DEFPRODN( DEC, CROP) * SCAL E( CROP) * FARMPROGY( DEC)
SUM CROP$( FARMPROD( " TARGET" , CROP) * FARMPROGY( DEC) GT 0 AND
FARMPROD( " SLI PPAGE" , CROP) GT 0 AND
FARMPROD( " MKTLOANY- N', CROP) LE 0),

+

( FARMPROD( " DEFI C", CROP) * DEFPRODN( DEC, CROP) * SCALE( CROP) * FARMPROGY( DEC) ) )

+

SUN( CR0P$( FARMPROD( " TARGET" , CROP) * FARVPROGY( DEC) GT 0),
ARMPROD( " DEFI C', CROP) * PRDN5092( DEC, CROP) * SCALE( CROP) )
SUN( CR0P$( FARMPROD( " TARGET" , CROP) * FARMPROGY( DEC) 0
ARMPROD( " DI VERPAY" | CROP) * DI VPRODN( DEC, CROP)  * SCALE( CROP) )
SUN( CROP$( FARMPROD( " TARGET" , CROP) * FARMPROGY( DEC) GT 0 AND
FARMPROD( " FPYI ELD", CROP) GT 1. 0),
FARMPROD( " DEFI C', CROP) * ARTI F( DEC, CROP)  * SCALE(CROP) )
SUM CROP$( FARMPROD( " TARGET" , CROP) * FARVPROGY( DEC)  GT 0° AND
FARMPROD( " UNHARVACR" , CROP)  GT 0) ,
FARMPROD( " DEFI C", CROP) * UNHARV( DEC, CROP)  * SCALE( CROP) )
+ SUM PRI MARYS$( FARMPROD( " LOANRATE" , PRI MARY) * FARVPROGY( DEC) GT O AND

+

+

+

FARMPROD( " MKTLOANY- N*, PRI MARY) LT 1.0 AND FARMPROGY(DEC) GT 0),

FARMPROD( " LOANRATE" , PRI MARY) * CCCLOANP( DEC, PRI MARY) * SCALE( PRI MARY) )
+ SUM SECONDARYS$( FARMPROD( " LOANRATE" , SECONDARY) * FARMPROGY( DEC) GT 0 AND
FARMPROD( " MKTLOANY- N' | SECONDARY) LT 1.0
AND FARMPROGY(DEC) GT 0),
FARMPROD( " LOANRATE" , SECONDARY) * CCCLOANS( DEC, SECONDARY)
* SCALE( SECONDARY) ) )
/ SCALOBJ )) $( YESAG GT 0) ;

* 88888888888888888888&E&EELEEEEEELEELEELEES
$ONTEXT

EXI STI NG FORESTED LAND AVAI LABLE EQUATI ON

THI'S EQUATION IS DEFI NED FOR A REG ON, TYPE OF LAND, TYPE OF OANERER,
COHORT OF TREES, SITE CLASS, M C, AND LAND SUI TABI LI TY CLASS
THE EQUATION LIM TS THE USE OF THE ACREAGE TO THE LAND AVAI LABLE
THE $ NOTATI ON AFTER THE | NVENTORYA LI NE CAUSES THE CONSTRAI NT TO ONLY
EXI ST WHEN THERE ARE | NVENTORY DATA
THE $ NOTATI ON AFTER THE M SUM I N THE EXI ST TERM LIM TS
THE MANAGEMENT ALTERNATI VES CONSI DERED TO ACTI VI TI ES WHI CH HAVE YI ELDS

$OFFTEXT

I NVENTORYA( REGS, CLS, OWNER, SPECI ES, SI TE, M C, COHORT)
$( 1 NVENT( REGS, CLS, OWNER, SPECI ES, SI TE, M C, COHORT) GT 0
AND YESFOR GT 0). .

SUM WHENS$I SEXI ST( REGS, CLS, OANER, SPECI ES, SI TE, COHORT, M C, WHEN) ,
EXI ST( REGS, CLS, OWNER, SPECI ES, SI TE, COHORT, M C, WHEN) )
=E=
I NVENT( REGS, CLS, OWNER, SPECI ES, SI TE, M C, COHORT) / SCFOR;

* 888888888888888888&E&EELEELEEEEEELEELEELEES
$ONTEXT

BALANCE EQUATI ON FOR LAND WHI CH CAN BE REFORESTED

THI'S EQUATION | S DEFINED FOR A REGI ON, CLS, TYPE OF OWNERER,
SI TE, AND DEC

* THI'S EQUATI ON BALANCES LAND HARVESTED THI S DEC PLUS PRI OR | DLED
* LAND AND LAND CONVERTED FROM AG W TH NEWLY PLANTED LAND,
* LAND CONVERTED TO AG AND LAND | DLED

THE $ NOTATI ON AFTER THE LANDBALANC EQUATI ON DEFI NI TI ON LI NE
CAUSES THE CONSTRAI NT TO ONLY BE DEFI NED WHEN THERE | S
SOME OF THI'S TYPE OF LAND AVAI LABLE

THE $ NOTATI ON AFTER THE WHEN SUM I N THE FI RST (EXI ST) TERM
LIM TS THE MANAGEMENT ALTERNATI VES CONSI DERED TO ACTI VI TI ES
WHI CH ARE HARVESTED IN THI S DEC

THE $ NOTATION AFTER THE M C SUM IN THE FI RST (EXI ST) TERM
LIM TS THE MANAGEMENT ALTERNATI VES CONSI DERED TO ACTI VI Tl ES
WHI CH HAVE YI ELDS AND THOSE WHI CH LEAVE LAND I N THI S CONDI TI ON

THE $ NOTATI ON AFTER THE WHEN SUM I N THE SECOND (NEW TERM
LIM TS THE REESTABLI SHMENT ALTERNATI VES CONSI DERED TO
ACTI VI TI ES WHI CH HAVE NONZERO YI ELDS
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* THE $ NOTATION IN THE | DLE TERM LIM TS | DLE LAND CONSI DERATI ON
* TO DECS AFTER THE FI RST

$OFFTEXT

LANDBALANC( REGS, CLS, OANER, SI TE, DEC, SPEC)
$ (SUM (M C, SPECI ES, WHEN) ,
| SNEW REGS, CLS, OANER, SPECI ES, SI TE, M C, WHEN)) GT 0
AND YESFOR GT 0).

- SUM WHENS$( TODAY+EL APSED( WHEN) EQ DATE( DEC)),
SUM SPECI ES$SPMAPPR( SPECI ES, S
SUM (M C, COHORT) $I SEXI ST( REGS CLS, OWNER, SPECI ES, S| TE, COHORT, M C, WHEN) ,
EXI ST( REGS, CLS, O\NER, SPECI ES, SI TE, COHORT, M C, WHEN) ) ) )
+ SUM SPECI ES$SPMAPFOL ( SPEC, SPECI ES) ,
SUM (M C, WHEN, policy) $
(1 SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) * WHENDONE( DEC, WHEN) GT 0
and exami ne(policy) gt 0),
NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN, DEC, pol i cy) *
yespol i cy(pol icy,cls, owner, species,site, mc)
*pol i cyi nc(policy, dec, "exi st")))
- SUM SPNAPPR( SPECI ES, SPEC) , SUN( (M C, OLDDEC, WHEN, pol i cy)
$( DATE( OLDDEC) +ELAPSED( WHEN) EQ DATE( DEC)
and exami ne(policy) gt O
AND
(1 SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN)
* WHENDONE( OLDDEC, WHEN) ) GT 0
NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, V\HEN OLDDEC, pol i cy)*
yespol icy(policy,cls, owner, speci es, si t e, mc)
*pol i cyinc(policy, ol ddec, "exi st "))
+ (CONVRTTOAG( REGS, CLS , DEC, SPEC) $whentran(regs, cl s, site, owner, spec, "toag")
- CONVRTFRAG( REGS, CLS, DEC, SPEC) $whentran(regs, cl s, site, owner, spec, "fromag")
$( YESFOR* YESAG) )

[ANDTRN( REGS, CLS, OWNER, SI TE, DEC, SPEC) / SCFOR;

si pLANDBAL( REGS, CLS, SI TE, DEC, SPEC)
$ (SUM (si pM C, SPECI ES, WHEN) $SPMAPFOL ( SPEC, SPECI ES) ,
| SNEW REGS, CLS, "op", SPECI ES, SI TE, si pmi c, WHEN)) GT 0
AND YESFOR GT 0
and exami ne("sip")*policyinc("sip",dec,"exist") gt 0)..

- SUM WHEN$( TODAY+ELAPSED( WHEN) EQ DATE( DEC) ),
SUM SPECI ES$SPMAPPR( SPECI ES, SPEC) ,
SUM ( COHORT) $I SEXI ST( REGS, CLS, "op", SPECI ES, S| TE, COHORT, "| 0", WVHEN) ,
EXI ST(REGS, CLS, "op", SPECI ES, SI TE, COHORT, "I 0", WHEN) ) ) )
+ SUM SPECI ES$SPMAPFOL ( SPEC, SPECI ES) ,
SUM ('si pM C, WHEN) $
(| SNEW REGS, CLS, "op", SPECI ES, Sl TE, si pM C, WHEN) *V\HENDO\IE( DEC, WHEN) GT 0),
NEW REGS, CLS, "op" SPECI ES SI TE, si pM C, WHEN, DEC, "si p") *
yespol i cy( si p el s, "op", speci es, site, sipmnc)
*pol i cyinc("si dec, eX|st")))
- SUM SPNAPPR( SPECI ES, SPEC) , SUM ( OLDDEC, WHEN)
$( DATE( OLDDEC) +ELAPSED( WHEN) EQ DATE( DEC)
AN

D
(1 SNEW REGS, CLS, "op", SPECI ES, SI TE, "| 0", WHEN)
* WHENDONE( OLDDEC, WHEN) ) GT 0
NEV\( REGS, CLS, "op", SPECI ES, SITE, "1 0", V\HEN OLDDEC, "exi sting") ))
=L= ;
avai | money(policy) $ ( exami ne(policy) gt O and nmoney(policy) gt 0)..
* COST TO ESTABLI SH A NEW STAND
sun((REGS dec) $pol i cyi nc(policy, dec "exist"),
SUM VHENS( ELAPSED( WHEN) NE 0
AND WHENDONE( DEC, WHEN) GT 0),
SUM ( CLS, OWNER, SI TE, SPECI ES, M C)
$( | SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) gt 0
and yespolicy(policy,cls, owner, species,site,mc) gt 0),
( GROWCOST( REGS, CLS, M C, SPECI ES) *4/ 10
*(policyinc(policy,dec,"naintain"))
+ESTCOST( REGS, CLS, M C, SPECI ES)
*(policyinc(policy,dec,"establish")))
* NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN, DEC, pol i cy) ))
* COST TO MAI NTAIN A NEW STAND ESTABLI SHED BUT NOT YET AT HARVESTABLE AGE.
+SUM DECSP$( DATE( DECSP) LE DATE( DEC)
and policyinc(policy, decsp, "exist") 0),
SUM VHENS( DATE( DECSP) +ELAPSED( WHEN) GT DATE( DEC)
AND WHENDONE( DECSP, WHEN) GT 0 ),
SUM ( CLS, OWNER, SI TE, SPECIES, M Q) $ (
yespol i cy(policy, cls, owner, species,site,mc) gt 0 and
| SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) " gt  0),
GROWCOST( REGS, CLS, M C, SPECI ES)
*(policyinc(policy,decsp,"naintain"
* NEW REGS, CLS, OANER, SPECI ES, SI TE, M C, WHEN, DECSP, pol i cy) )

=l = noney(policy);

forcedl and(policy) $ ( exami ne(policy) gt 0 and | andmi n(policy) gt 0)..
*| and ESTABLI SHed
sun( ( REGS, dec) $( pol i cyi nc(policy, dec, "forcel and") gt 0

and forcel and(regs, pol i cy) gt 0),

SUM VWHENS ( ELAPSED( WHEN)
AND WHENDONE( DEC V\HEN) GT 0),
SUM ( CLS, OWNER, SPECI ES, site, M C)
$( | SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) gt 0
and yespol i cy(pol i cy, cls, owner, speci es,site, mc) gt 0),
NEW REGS, CLS, O\NER, SPECI ES, SI TE M C, V\HEN DEC pol i cy))))
=g= I andm n( pol i cy)

* 8888888888888 &EELEELEELEELEEEEEELEELEELEES
$ONTEXT
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DEMAND BALANCE FOR FOREST PRODUCTS
THI'S EQUATION IS DEFI NED FOR A REG ON, AND PRODUCT

THE $ NOTATI ON AFTER THE WHEN LI NE CAUSES THE ACTIVITY TO ONLY BE
PRESENT WHEN | T | S HARVESTED THI S DEC

THE $ NOTATI ON AFTER THE DEMANDFOR LI NE CAUSES THE ACTIVITY TO
ONLY BE PRESENT WHEN | T IS I N DEMAND
$OFFTEXT

PRODBAL DEM PRODS, DEC) $( YESFOR GT 0 AND
( FPDEMAND( PRODS, DEC, "SLOPE") NE 0
OR FPDEMAND( PRODS, DEC, "FI XP") NE 0
OR FPDEMAND( PRODS, DEC, "M NQ') NE 0))..

- sun(regs, TRANSFOR( REGS, PRODS, DEC) $( transcost(regs, prods) NE 0

and yesitis(regs,prods) ne 0))
( DEMANDFOR( PRODS, DEC)
$( SEPFOR EQ 0 OR FPDEMAND( PRODS, DEC, " SLOPE") EQ 0) +
SUM STEPS, DEMANDFORS( PRODS, DEC, STEPS)
*Ql NC( STEPS) * DEMANDQ( PRODS, DEC) / SCFOR)
$(SEPFOR GT 0 AND FPDEMAND( PRODS, DEC, " SLOPE") NE 0)) $
( FPDEMAND( PRODS, DEC, " SLOPE") NE 0
OR FPDEMAND( PRODS, DEC, "FI XP") NE 0
OR FPDEMAND( PRODS, DEC, "M NQ') NE 0)
+ SUM PRODUCTS$( ( FPDEMAND( PRODS, DEC, " SLOPE") NE 0
OR FPDEMAND( PRODS, DEC, " FI XP") NE 0O
OR FPDEMAND( PRODS, DEC, "M NQ') NE 0) ),
PRODUCTSUB( PRODS, PRODUCTS, DEC) ~ $SUBS( PRODS, PRODUCTS)
- PRODUCTSUB( PRODUCTS, PRODS, DEC) $SUBS( PRODUCTS, PRODS) )

+

=L=
0;

*

888888888888888 8888888888888 888EEEEEEEEEEE
FOREST DOMESTI C DEMAND CONVEXI TY FOR SEPARABLE PROGRAMM NG

CPRDBAL DEM PRODS, DEC)
$(YESFOR GT' 0 AND SEPFOR GT 0
AND FPDEMAND( PRODS, DEC, "SLOPE") NE 0)..
SUM STEPS, DEMANDFORS( PRODS, DEC, STEPS) ) =L= 1.;

*

* 888888888888888E8ELEELEELEELEEEEEELEELEELEES
$ONTEXT

SUPPLY BALANCE FOR FOREST PRODUCTS
THI'S EQUATION IS DEFI NED FOR A REG ON, AND PRODUCT

THE $ NOTATI ON AFTER THE WHEN LI NE CAUSES THE ACTIVITY TO ONLY BE
PRESENT WHEN | T | S HARVESTED THI S DEC

THE $ NOTATI ON AFTER THE DEMANDFOR LI NE CAUSES THE ACTIVITY TO ONLY BE
PRESENT WHEN | T IS | N DEMAND

$OFFTEXT
PRODBAL SUP( REGS, PRODS, DEC) $( YESFOR GT 0 AND YESI TI S( REGS, PRODS)) . .

- SUM VHENS$( TODAY+ELAPSED( WHEN) EQ DATE( DEC)),
SUM ( CLS, OWNER, SI TE, COHORT, M C, SPECI ES)
$1 SEXI ST( REGS, CLS, OWNER, SPECI ES, S| TE, COHORT, M C, WHEN) ,
EXI ST( REGS, CLS, OWNER, SPECI ES, SI TE, COHORT, M C, WHEN) *
EXI STYLD( PRODS, REGS, CLS, OWNER, SPECI ES, COHORT, SI TE, M C, WHEN) ) )
- SuM OLDDEC$( DATE( OLDDEC) LE DATE(DEC)),
SUM WHENS ( DATE( OLDDEC) +ELAPSED( WHEN) EQ DATE( DEC)
AND WHENDONE( OLDDEC, WHEN) GT 0
SUM ( CLS, OWNER, SI TE, M C, SPECI ES, pol i cy) $(
exami ne( pol i cy) gt 0
and | SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) gt 0),
NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C WHEN, OLDDEC, pol i cy) *
yespol i cy(pol icy, ci s, owner, speci es, site, mc)
*pol i cyinc(policy, ol ddec, " exi st ")
NEWYLD( PRODS, REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) )
+ TRANSFOR( REGS, PRODS, DEC) $(transcost (regs, prods) NE 0
+ SUM TRADEREG$TRADECOST( REGS, TRADEREG, PRODS) ,
TRADEFPTRN( REGS, TRADEREG, PRODS, DEC, " EXPO?T") $
( TRADFOR( TRADEREG, " EXPORT", PRODS, DEC, "| NTERCEPT") GI 0 OR
TRADFOR( TRADEREG, " EXPORT” , PRODS, DEC, "M NQ") Gr 0 OR
TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, " FI XP") GT 0))
- SUM TRADEREG$TRADECOST( r egs, TRADEREG, PRODS) ,
TRADEFPTRN( REGS, TRADEREG, PRODS, DEC, " | MPORT") $
( TRADFOR( TRADEREG, " | MPORT", PRODS, DEC, "SLOPE") GI 0 OR
TRADFOR( TRADEREG, " | MPORT", PRODS, DEC, "M NQ') GT 0 OR
TRADFOR( TRADEREG, " | MPORT", PRODS, DEC, "FI XP") GT 0) )
+FUEL SUB( REGS, DEC) * FUEL SUBDAT( PRODS) $YESI Tl S( REGS, " FUELHW )

))
)

SUM POANER, PUBSUP( POWKER, REGS, DEC, PRODS) ) / SCFOR;
* BREBEEBKEBKESZEEZEEZEEZEESKEBREBEEEZEEZEES.
$ONTEXT

CAPACI TY BALANCE FOR FOREST PROCESSI NG
THI'S EQUATION IS DEFI NED FOR A REG ON, AND PRODUCT

THE $ NOTATI ON AFTER THE WHEN LI NE CAUSES THE ACTIVITY TO ONLY BE
PRESENT WHEN THERE | S CAPACI TY AND DEMAND

$OFFTEXT
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CAPACLI M PRODS, DEC) $( ( CAPACI TY( PRODS, " NOW NPLACE") GT 0) AND
( FPDEMAND( PRODS, DEC, " SLOPE") NE 0
OR FPDEMAND( PRODS, DEC, "FI XP") NE 0
OR FPDEMAND( PRODS, DEC, "M NQ') NE 0)
AND YESFOR GT 0 ).

DEMANDFOR( PRODS, DEC)
$( SEPFOR EQ 0 OR FPDEMAND( PRODS, DEC, " SLOPE") EQ 0) +
SUM STEPS, DEMANDFORS( PRODS, DEC, STEPS)
*Q NC( STEPS) * DEMANDQ( PRODS, DEC) / SCFOR)
$( SEPFOR GT 0 AND FPDEMAND( PRODS, DEC, " SLOPE") NE 0)
=L=
CAPACI TY( PRODS, " NOW NPLACE" ) / SCFOR
*(1- CAPACI TY( PRODS, " EXI STDEPRC") ) * * ( 10* ORD( DEC) )
+SUM DECSP$( ORD( DECSP) LE ORD( DEC)), BUI LDCAP( PRODS, DECSP) *
( 1- CAPACI TY( PRODS, " NEWDEPREC" ) ) ** ( 10* ( ORD( DEC) - ORD( DECSP) ) ) ) ;

* 8888888888888888888888888E&EELEEELEELEELEES
* | MPORT AND EXPORT BALANCE

TRADEBAL ( TRADEREG, PRODS, DEC) $(
( TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, " | NTERCEPT") GT 0
TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, "M NQ') GT 0 OR
TRADFOR( TRADEREG, " EXPORT" , PRODS, DEC, "FI XP") GT 0 OR
TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " | NTERCEPT") GT 0

' OR
OR
TRADFOR( TRADEREG, " | MPORT", PRODS, DEC, "M NQ') GT 0 OR

TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, "FI XP") GT 0)
AND YESFOR GT 0). .

+ (SUM REGBYESI Tl S( REG, PRODS) , TRADEFPTRN( REG, TRADEREG, PRODS, DEC, " | MPORT")
T

RADECOST( REG, TRADEREG, PRODS) )

- ( TRADEQUAN( TRADEREG, PRODS, DEC, " | MPORT" ) $( SEPFOR EQ 0 OR

TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " SLOPE") EQ 0)

+ SUM STEPS, TRADEQUANS( TRADEREG, PRODS, DEC, " | MPORT" , STEPS) *
TRADEQ( TRADEREG, PRODS, DEC, " | MPORT" ) * @ NC( STEPS) / SCFOR) $
(SEPFOR GT 0 AND TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " SLOPE") GT

$( TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, "SLOPE") GT 0 OR
TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, "M NQ') GT 0 OR
TRADFOR( TRADEREG, " | MPORT" , PRODS, DEC, " FI XP") GT 0)
+ (- SUM REGSYESI TI S( REG, PRODS)
TRADEFPTRN( REG, TRADEREG, PRODS, DEC, " EXPORT")
$TRADECOST( REG, TRADEREG, PRODS) )
+ ( TRADEQUAN( TRADEREG, PRODS, DEC, " EXPORT") $

0)))

(SEPFOR EQ 0 OR TRADFOR( TRADEREG, " EXPORT", PRODS, DEC, "SLOPE") EQ 0)

+ SUM STEPS, TRADEQUANS( TRADEREG, PRODS, DEC, " EXPGQT STEPS)
T DEQ( TRADEREG, PRODS, DEC, " EXPORT") * Qf NC( STEPS) / SCFOR) $
(SEPFOR GT 0 AND TRADFG?( TRADEREG, " EXPORT", PRODS, DEC, " SLOPE") LT
)$ ( TRADFOR( TRADEREG, " EXPORT", PRODS, DEC, " SLGDE") LT 0 OR
TRADFOR( TRADEREG, " EXPORT", PRODS, DEC, "M NQ') GT 0 OR
TRADFOR( TRADEREG, " EXPORT", PRODS, DEC, " FI XP") GT 0)
=L= 0;

* &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
*TRADE CONVEX

CTRADEBAL ( TRADEREG, PRODS, DEC, TRADE) $( YESFOR GT 0 AND SEPFOR GT 0 AND
ABS( TRADFOR( TRADEREG, TRADE, PRODS, DEC, " SLOPE")) GT 0).
SUM STEPS, TRADEQUANS( TRADEREG, PRODS, DEC, TRADE, STEPS) ) =L=1;

* 88888888888888888888888888888888888888&E8E&
*  FOREST PRODUCTI ON COST ACCOUNTI NG

COSTBAL( REGS, DEC) $ YESFOR. .

* COST FOR AN I NI TI AL STAND NOT YET HARVESTED
+SUM WHEN$( TODAY+ELAPSED( WHEN) GT DATE( DEC) ),
SUM ( CLS, OWNER, SI TE, COHORT, M C, SPECI ES)
$ | SEXI ST(REGS, CLS, OANER, SPECI ES, SI TE, COHORT, M C, WHEN) ,
GROWCOST( REGS, CLS, M C, SPECI ES) *
EXI ST( REGS, CLS, OWNER, SPECI ES, SI TE, COHORT, M C, WHEN) ) )
* COST FOR HARVESTI NG AN EXI STI NG STAND THI S DEC
+SUM VWHENS$( TODAY+ELAPSED( WHEN) EQ DATE( DEC))
SUM ( CLS, OWNER, SPECI ES, SI TE, COHORT,
$ | SEXI ST( REGS, CLS, Q/\NER SPECI ES S| TE, COHORT, M C, WHEN) ,
( SUM PRODSS$YESI TI S( REGS, PRODS) s HARVOOST( PRODS, REGS)
* EXI STYLD( PRODS, REGS, CLS, OWNER, SPECI ES, COHORT, SI TE, M C, WHEN) )
+GROWCOST( REGS, CLS, M C, SPECI ES) *4/ 10)
* EXI ST( REGS, CLS, OWNER, SPECI ES, SI TE, COHORT, M C, WHEN) ) )
* COST TO ESTABLI SH A NEW STAND
+SUM DECSP$( DATE( DECSP) EQ DATE(DEC)),
SUM VHENS$( DATE( DECSP) +EL APSED( V\HEN) NE DATE( DEC)
AND WHENDONE( DECSP, WHEN) GT 0),
SUM ( CLS, OWNER, SI TE, SPECI ES, M C, pol i cy)
$( | SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) gt 0
and exani ne(policy) gt 0),
( GROWCOST( REGS, CLS, M C, SPECI ES) *4/ 10
*(1-policyinc(policy, decsp,"maintain"))
+ESTCOST( REGS, CLS, M C, SPECI ES)
*(1-policyinc(policy, decsp,"establish")))
* NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN, DECSP, pol i cy) *
yespolicy(policy,cls, ower, species,site, nmc)
*policyinc(policy,decsp,"exist"))))

0))

* COST TO MAINTAIN A NEW STAND ESTABLI SHED BUT NOT YET AT HARVESTABLE AGE.

+SUM DECSP$( DATE( DECSP) LE DATE(DEC)),
SUM VWHENS$( DATE( DECSP) +ELAPSED( WHEN) GT DATE( DEC)
AND WHENDONE( DECSP, WHEN) GT 0),
SUM ( CLS, OANER, SI TE, SPECI ES, M C, pol i cy) $(
| SNEW REGS, CLS, OI\NER SPECI ES, SI TE, M C, WHEN) gt 0
and exam ne( pol icy) gt 0),
GROWCOST( REGS, CLS, M C, SPECI ES)
*(1-policyi nc(pol i cy, decsp, "mai ntain"))
*NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN, DECSP, pol i cy) *
yespol i cy(pol icy,cls, owner, species,site, mc)
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*pol i cyinc(poli cy decsp, "exist"))))
* COST TO HARVEST A NEW STAI
+ SUM DECSP$( DATE( DECSP) LE DATE( DEC)),
SUM WHENS( DATE( DECSP) +ELAPSED( WHEN) EQ DATE( DEC)
AND WHENDONE( DECSP, WHEN) GT 0),
SUM ( CLS, OWNER, SI TE, SPECI ES, M C, pol i cy) $
(1 SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) gt O
and exam ne( pol icy) gt 0),
( SUM PRODS$YESI TI S{ REGS, PRODS) , HARVCOST( PRODS, REGS)
* NEWYLD( PRODS, REGS, CLS, OWNER, SPECI ES, S| TE, M C, WHEN) )
+GROWCOST( REGS, CLS, M C, SPECI ES) * 4/ 10)
* NEW REGS, CLS, OWNER, SPECI ES, Sl TE, M C, WHEN, DECSP, pol i cy) *
yespolicy(policy,cls, owner, species,site, mc)
*policyinc(policy,decsp,"exist"))))
=E=
COSTS( REGS, DEC)

* 8888888888888888888888888888888E8LELLEELEES
* NATI ONAL LEVEL ENDI NG | NVENTORY

* FOR THE NATI ONAL DEMAND CASE, TERWOLN IS ACTUALLY THE FULLY REGULATED DECADE
* FLOW ( HARVEST) VOLUME

NENDI NVEN( PRODS) $ ( TERWALUE( PRODS) GT 0
AND SUM ( PARANMS, DECS) , FPDEMAND( PRODS, DECS, PARAMS)) GT 0
AND YESFOR GT 0 )..

TERMVOLN( PRODS) $( YESFOR GT 0 AND SEPFOR EQ 0 OR
SUM DEC$( ORD( DEC) EQ CARD( DEC) ) , FPDEMAND( PRODS, DEC, " SLOPE")) EQ 0)
+ SUM STEPS, TERWOLNS( PRODS, STEPS) * Q NC( STEPS) / SCFOR*
TERMWOLQ( PRODS) ) $( SEPFOR GT 0 AND
" SUM DEC$( ORD( DEC) EQ CARD( DEC) ) , FPDEMAND( PRODS, DEC, " SLOPE")) NE 0)
- SUM REGS,
*the followi ng code replaces TERWOL(REGS, PRODS)
(2. 0/ (ROTATI ON( REGS) / 10) ) *(
+  SUM WHENS$( TODAY+ELAPSED( WHEN) GT LASTDAY),
SUM ( CLS, OWNER, SPECI ES, SI TE, COHORT, M C) $
| SEXI ST( REGS, CLS, OANER, SPECI ES, SI TE, COHORT, M C, WHEN) ,
EXI ST( REGS, CLS, OWNER, SPECI ES, SI TE, COHORT, M C, WHEN) *
EXI STYLD( PRODS, REGS, CLS, OWNER, SPECI ES, COHORT, SI TE, M C, WHEN) ) )
+ SUM OLDDEC,
SUM ( WHEN, TI ME2) $( WHENDONE( OLDDEC, WHEN) GT 0 AND
( ( DATE( OLDDEC) +ELAPSED( WHEN) - LASTDAY EQ 10* ( ORD( TI ME2) - 1))
OR ( ( DATE( OLDDEC) +ELAPSED( WHEN) - LASTDAY GT 10* ( ORD( TI ME2) - 1))
AND ( ORD( TI ME2) EQ CARD(TIME2))))),
SUM ( CLS, ONNER, SPECI ES, SI TE, M C, pol i cy) $(
| SNEW REGS, CLS, OANER, SPECI ES, Sl TE M C, WHEN) gt O
and exan ne( pol i cy) gt 0),
NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN, OLDDEC, pol i cy) *
yespol i cy(pol icy,cls, owner, species,site, mc)
*pol i cyinc(policy, ol ddec, "exi st ") *
NEWYL D( PRODS, REGS, CLS, OANER, SPECI ES, SI TE, M C, TI ME2) ) ))
+ENDFUEL SUB( REGS) * FUEL SUBDAT( PRODS) $YESI Tl S( REGS, " FUELHW ) )
*the above code repl aces TERWOL ( REGS, PRODS)
$( YESI TI S(REGS, PRODS) GT 0 AND YESFOR GT 0 ))
=L= 0;
* &8E&EEEEEEEEIEZEEZEEZEEEZEZEZELEZEZEEEEEREEES
* CONVEXI TY FOR NATI ONAL LEVEL ENDI NG | NVENTORY

CNENDI NVEN( PRODS) $( YESFOR GT 0 AND SEPFOR GT 0 AND
SUM DEC$( ORD( DEC) EQ CARD( DEC) ), FPDEMAND( PRODS, DEC, " SLOPE")) LT 0)..
SUM STEPS, TERWOLNS( PRODS, STEPS)) =L= 1;

* 888888888888888888&8E&EELEELEEEEEELEELEELEES
$ONTEXT

BALANCE EQUATI ON FOR LAND TRANSFERI NG TO AND FROM AG
THI'S EQUATION IS DEFINED FOR A REGI ON, CLS, AND DEC

THI'S EQUATI ON EUALI ZES SUMS TRANFERRI NG BUT DOES NOT HAVE OWNERSHI P
Si TE OR SPEC SI NCE THEY ARE NOT ACCOUNTED FOR I N THE AG MODEL
$OFFTEXT

TRNt oLDBAL ( REGS, CLS, DEC)
$(yesag*yesfor gt 0 and
sum( (owner, site, spec), whentran(regs, cls, site, owner, spec,"toag")) gt 0)..

- SUM SPEC, COI\NRTTO/-\G( REGS, CLS, DEC, SPEC)
un( (owner, site), whentran(regs, cls, site, owner, spec "t oag")))
+ SUM THREE$YESCO\JLND( REGS CLS, three) LANDTOAG( REGS CLS DEC, THRE E)
SUM LNDMATT r f r ( LANDTYPE, CLS) SCALE( LANDTYPE) | SCFOR)

=L= 0 ;
TRNf r LDBAL( REGS, CLS, DEC)

$(yesag * yesfor gt 0 and

sun( (owner, si te, spec), whentran(regs, cls, site, owner, spec,"fromag")) gt 0)..
+SUM SPEC$sun( (owner, si te), whentran(regs, cls, site, owner, spec,"fronag")),
CONVRTFRAG( REGS, CLS, DEC, SPEC) )
- LANDFROMAG( REGS, CLS, DEC)
* SUM LNDMATTf r f r (LANDTYPE, CLS), SCALE( LANDTYPE) / SCFOR)
=L= 0 ;

* 8888888888888 8E8ELEELEELEELEEEEEELELLEELEES
$ONTEXT

LIMT ON LAND MOVI NG TO AGRI CULTURE EQUATI ON
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THI'S EQUATION | S DEFI NED FOR A REG ON, TYPE OF LAND, ACROSS ALL DEC

THE EQUATION LIMTS THE LAND I N THREE CLASSES

THE $ NOTATION LIM TS THE CONSTRAINT TO APPEAR ONLY WHEN THERE |'S LAND

$OFFTEXT

LANDTRNLI M REGS, CLS, THREE)
$(sun( (owner, site, spec)

whentran(regs cls,site, owner, spec, "toag")) gt 0 and
0).

YESCO\ILND( REGS, CLS, three) gt 0 AND YESFOR* YESAG GT
SUM DEC, LANDTOAG( REGS, CLS, DEC, THREE) )

=L=

CONVERT( REGS, CLS, " CQUAN", THREE) /

SUM LNDMATY r f 1 (LANDTYPE, CLS) , SCALE( LANDTYPE) ) ;

* 88888888888888888&EELEELEELEEEEEELELLEELEES

$ONTEXT
LIMT

ON LAND MOVI NG FROM AGRI CULTURE EQUATI ON

THI'S EQUATION | S DEFINED FOR A REG ON, TYPE OF LAND, ACROSS ALL DEC

THE $ NOTATION LIM TS THE CONSTRAINT TO APPEAR ONLY WHEN THERE |'S LAND

$OFFTEXT

AGLDTRNLI M REGS, CLS)

$(sunm( (owner, site, spec), whentran(regs, cls, site, owner, spec,"fromag"))

AND YESFOR* YESAG GT 0).

SUM DEC, LANDFROVAG( REGS, CLS, DEC) )
- SUM ( DEC, THREE) $yesconl nd( regs, cls,three)

, LANDTOAG( REGS, CLS, DEC, THREE) )

AGCONVERT( REGS, CLS) ;

* 8888888888888888888888888888E8EEELEELEELEES
*AGRI CULTURAL PRI MARY BALANCE

PRI MARYBAL ( DEC, PRI MARY) $( YESAG GT 0). .
- SUM REGS,

SUM ( CROP, WIECH, TECH) $FARMPROD( " SLI PPAGE" , CROP)
CROPBUDGET( DEC, REGS, CROP, WIECH, " NONPART" , TECH)
* SCALPROD
* NEWBUDDATA( PRI MARY, REGS, CROP, WIECH, * NONPART" , TECH)
* AGQDYN( PRI MARY, DEC)
+ CROPBUDGET( DEC, REGS, CROP, WIECH, " PARTI CI P", TECH)
* SCALPROD
* NEWBUDDATA( PRI MARY, REGS, CROP, WIECH, * NONPART" , TECH)
* AGQDYN( PRI MARY, DEC
* (1. 0- NEWFPPART( REGS, CROP) )
+ CROPBUDGET( DEC, REGS, CROP, WIECH, " PARTI CI P", TECH)
* SCALPROD
* NEWBUDDATA( PRI MARY, REGS, CROP, WIECH, " PARTI Cl P", TECH)
* AGQDYN( PRI MARY, DEC)
* NEWFPPART( REGS, CROP) * (1. 0- FARMPROD( " SETASI DE", CROP)
- FARMPROD( " DI VERSI ON", CROP) - FARMPROD( " 50- 92", CROP) )
* (1. 0- FARVPROD( " PERCNTPAI D', CROP) ) )
/ SCALE( PRI MARY)
+ SUM ( CROP, WI'ECH TECH) $( FARVMPROD( " SLI PPAGE", CROP) GT 0.0 AND
ARMPROD( " FPYI ELD", CROP) * FARMPROGY( DEC) LE 1.0),
CROPBUDGET( DEC, REGS, CROP, WIECH, " PARTI CI P", TECH)
* SCALPROD
* NEWFPPART( REGS, CROP) * (1. 0- FARMPROD( " SETASI DE", CROP)
- FARMPROD( " DI VERSI ON", CROP) - FARMPROD( " 50- 92", CROP) )
* FARMPROD( " PERCNTPAI D', CROP)
/ SCALE( PRI MARY)
* NEWBUDDATA( PRI MARY, REGS, CROP, WIECH, " PARTI Cl P", TECH)
* AGQDYN( PRI MARY, DEC)
*(1. 0- FARMPROD( " FPY| ELD", CROP) ) )
+ SUM ( CROP, WIECH, TECH) $( FARMPROD( " SLI PPAGE" , CROP) LE 0.),
CROPBUDGET ( DEC, REGS, CROP, WIECH, " BASE" , TECH)
* SCALPROD
* NEWBUDDATA( PRI MARY, REGS, CROP, WIECH, " BASE" , TECH)
* AGQDYN( PRI MARY, DEC) )
/ SCALE( PRI MARY)
+ SUM (ANI MAL, LI VETECH)
LVSTBUDGET( DEC, REGS, ANI MAL, LI VETECH)
*SCALLI VE
* NEWL| VEBUD( PRI MARY, REGS, ANI MAL, LI VETECH)
) / SCALE( PRI MARY)

- DEFPRODN( DEC, PRI MARY) $( FARMPROD( " SLI PPAGE", PRI MARY) GT 0 AND
FARMP " TARGET", PRI MARY) * FARMPROGY( DEC) GT 0 )

+ DEMANDP( DEC, PRI MARY) $( SEPAG LE 0
OR PDEMAND( PRI MARY, " ELASTI CI TY") GT -.05
AND PDEMAND( PRI MARY, " QUANTl TY') GT 0)
SUM STEPS$( PDEMAND( PRI MARY, " TFAC') GE 1/ QI NC( STEPS)
AND PDEMAND( PRI MARY, " TFAC') GE Ql NC( STEPS)) ,
PDEMAND( PRI MARY, " QUANTI TY" ) * Q NC( STEPS)
*  demandGRW PRI MARY, DEC)
*  DEMANDPS( DEC, PRI MARY, STEPS) ) $( ( SEPAG GT 0
AND PDEMAND( PRI MARY, " ELASTI CI TY") LE -.05

+

)
AND PDEMAND( PRI MARY, “ QUANTI TY") GT 0)/ SCALE( PRI MARY)

+ EXPORTP( DEC, PRI MARY) $( ( SEPAG LE 0
OR PEXPORT( PRI MARY, "ELASTI CI TY") GT -.05)

AND PEXPORT( PRI MARY, " QUANTI TY") " GT 0)

SUM STEPS$( PEXPORT( PRI MARY, " TFAC') GE 1/ QI NC( STEPS)

AND PEXPORT( PRI MARY, " TFAC')' GE_QI NC( STEPS))
PEXPORT( PRI MARY, " QUANTI TY" ) * QI NC( STEPS)
*  EXPORTGRW PRI MARY, DEC) *  EXPORTPS( DEC, PRI MARY, STEPS))
$( SEPAG GT 0

+
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AND PEXPORT( PRI MARY, " ELASTI CI TY") LE -.05
AND PEXPORT( PRI MARY, " QUANTI TY") GT 0)/ SCALE( PRI MARY)

- | MPORTP( DEC, PRI MARY) $( ( SEPAG LE 0
OR PI MPORT( PRI MARY, "ELASTI CI TY") LE . 05)
AND PI MPORT( PRI MARY, " QUANTI TY") GT 0)
- SUM STEPS,
PI MPORT( PRI MARY, " QUANTI TY") * Ql NC( STEPS)
* | MPORTGRW PRI MARY, DEC) * | MPORTPS( DEC, PRI MARY, STEPS) )
$( SEPAG GT 0
AND PI MPORT( PRI MARY, "ELASTICI TY") GT .05
AND Pl MPORT( PRI MARY, " QUANTI TY") GT 0)/ SCALE( PRI MARY)
+ SUM PROCESSALT,
PROCESS( DEC, PROCESSALT) * PROCBUD( PRI MARY, PROCESSALT)
*(1$( PROCBUD( PRI MARY, PROCESSALT) LT 0)
+ 1$( PROCBUD( PRI MARY, PROCESSALT) GE 0)))
/ SCALE( PRI MARY) * SCALPROC
+ CCCLOANP( DEC, PRI MARY)
$( FARMPROD( " LOANRATE" , PRI MARY) * FARMPROGY( DEC) GT 0
AND FARMPROD( " MKTLOANY- N", PRI MARY) LT 1.0)
=L= 0. ;

* 8888888888888888888888888888888888888E8&E8EL
AGRI CULTURAL PRI MARY DOVESTI C DEMAND CONVEXI TY

*

CPRI BALDOM DEC, PRI MARY) $( YESAG GT 0 AND
PAG GT 0 AND PDEMAND( PRI MARY, " QUANTI TY”) GT 0
AND PDENAND( PRI MARY, "ELASTI CI TY") LE -.05).
SUM STEPS$( PDEMAND( PRI MARY, "TFAC') GE 1/ Q NC( STEPS)
DEMAND( PRI MARY, " TFAC') GE Q NC( STEPS))
DEMANDPS( DEC, PRI MARY, STEPS) ) =L=

* 8888888888888888888888888888888888888E8&E8EL
* AGRI CULTURAL PRI MARY EXPORT DEMAND CONVEXI TY

CPRI BALEXP( DEC, PRI MARY) $( YESAG GT 0 AND
SEPAG GT 0 AND PEXPORT( PRI MARY, " QUANTI TY”) GT 0
AND PEXPORT( PRI MARY, "ELASTI CI TY") LE -.05).
SUM STEPS$( PEXPORT( PRI MARY, " TFAC") GE 1/ Q NC( STEPS)
AND PEXPORT( PRI MARY, "TFAC') GE Q NC(STEPS)),
EXPORTPS( DEC, PRI MARY, STEPS) ) =L=1;

* 888888888888888888888888888888888888888&8E8E&
* AGRI CULTURAL PRI MARY | MPORT SUPPLY CONVEXI TY

CPRI BALI MP( DEC, PRI MARY) $( YESAG GT 0 AND
SEPAG GT 0 AND Pl MPORT( PRI MARY, " QUANTI TY”) GT 0
AND PI MPORT( PRI MARY, " ELASTI CI TY") GT . 05).
SUM STEPS, | MPORTPS( DEC, PRI MARY, STEPS) ) =L=1;

* 8888888888888 8 8888888 8888888888888E&E8E8&EEEE
* AGRI CULTURAL PRI MARY CROPS ELI GABLE FOR DEFI Cl ENCY PAYMENTS BALANCE

FRMPROG( DEC, CROP) $( FARIVPROD( "TARGET", CROP) GT 0
AND YESAG GT 0).
- SUM ( REGS, \NI'ECH TECH) ,
CROPBUI T( DEC, REGS CROP, WIECH, " PARTI CI P", TECH)
* SCALPROD
*  NEWFPPART( REGS, CROP)
*  FARMPROD( " PERCNTPAI D", CROP) * AGQDYN( CROP, DEC)
* mn(1.0, FARMPROD("FPYI ELD", CROP))
* NEWBUDDATA( CROP, REGS, CROP, WTECH, " PARTI CI P, TECH) )

| SCALE( CROP)

+ DEFPRODN( DEC, CROP)

=L= 0. ;

* 8888888888888888888888888E888E8EELLELLELLEES
* AGRI CULTURAL ELI GABI LI TY FOR 50/ 92 PAYMENTS BALANCE

P5092( DEC, CROP) $( FARMPROD( " TARGET" , CROP) * FARMPROGY( DEC) GT 0 AND YESAG GT 0). .
- SUM ( REGS, WIECH, TECH), CROPBUDGET( DEC, REGS, CROP, WIECH, " PARTI ClI P", TECH)
* SCALPROD
* NEWFPPART( REGS, CROP) * FARMPROD( " 50- 92" , CROP)
* EARMPROD( " FPYI ELD", CROP)
/ SCALE( CROP)
* NEWBUDDATA( CROP, REGS, CROP, WIECH, " PARTI CI P, TECH) * AGQDYN( CROP, DEC) )
0. 92
+PRDN5092( DEC, CROP)
=Ll= 0. ;
£ 88EBEESKEBREBZEEZEEZEEZELESKEBREBZEEZEEZEES.
*  AGRI CULTURAL ELIGABILITY FOR PAID DI VERSI ON PAYMENTS BALANCE

DI VERT( DEC, CROP) $( FARMPROD( " TARGET" , CROP) * FARMPROGY( DEC) GT 0 AND YESAG GT 0)..
- SUM ( REGS, WIECH, TECH), CROPBUDGET( DEC, REGS, CROP, WIECH, " PARTI Cl P", TECH)
* SCALPROD
* NEWFPPART( REGS, CROP) * FARMPROD( " DI VERSI ON", CROP)
* EARMPROD( " FPYI ELD", CROP)
* NEWBUDDATA( CROP, REGS, CROP, WIECH, " PARTI CI P", TECH) * AGQDYN( CROP, DEC) )
/ SCALE( CROP)
+ DI VPRODN( DEC, CROP)
== 0. ;
£ 88EBEESKEBREBZEEZEEZEEZEESKEBREBEEEZEEZEES.
*  AGRI CULTURAL ELIGABILITY FOR UNHARVESTED ACRES PAYMENTS BALANCE

UNHARVEST ( DEC, CROP)$( FARMPROD( " TARGET" , CROP) * FARMPROGY( DEC) GT 0 AND
ARMPROD( " UNHARVACR' , CROP) GT 0 AND YESAG GT 0). .
- sUM(( REGS WIECH, TECH) ,
CROPBUDGET( DEC, REGS, CROP, WIECH, " PARTI CI P", TECH)
* SCALPROD
* NEWEPPART( REGS, CROP)
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FARMPROD( " PERCNTPAI D', CROP)

FARMPROD( " UNHARVACR" , CROP) ~ * FARMPROD( " FPYI ELD" , CROP)

NEWBUDDATA( CROP, REGS, CROP, WIECH, " PARTI CI P", TECH) * AGQDYN( CROP, DEC) )
SCALE( CROP)

+UNHARV( DEC, CROP)

=L= 0.

~ % o %

* &8888888888888888888EE8E8&EEEEEEEEEEEEE&EEESE
* AGRI CULTURAL ELI GABI LI TY FOR YI ELD BELOW FP YI ELD PAYMENTS BALANCE

ARTI FI CI AL(DEC CROP) $( FARMPROD( " TARGET" CROP)*FARNPROGY( DEC) GT 0 AND
MPROD( " FPYI ELD', CROP) GT 1.0 AND YESAG GT 0)..
- SUM(( REGS \NI'ECH TECH) ,
CROPBUDGET( DEC, REGS, CROP, WTECH, " PARTI Cl P", TECH)
SCALPROD
NEWFPPART( REGS, CROP)
FARMPROD( " PERCNTPAI D', CROP)
( FARVPROD( " FPYI ELD", CROP) - 1. 0)
NEWBUDDATA( CROP, REGS, CROP, WIECH, " PARTI CI P", TECH) * AGQDYN( CROP, DEC)
)/ SCALE( CROP)

ARTI F( DEC, CROP)

* 8888888888888888888888888888888888888E8&EES
* AGRI CULTURAL SECONDARY CROP BALANCE

* ok k% ok

+
=L=

SECONDBAL ( DEC, SECONDARY) $( YESAG GT 0).
+SUM REGS,
SUM( ( CROP, WIECH, CTECH, TECH) $FARMPROD( " SLI PPAGE" , CROP) ,
CROPBUDGET( DEC, REGS, CROP, WTECH, " PARTI Cl P*, TECH)
* SCALPROD
* NEWBUDDATA( SECONDARY, REGS, CROP, WIECH, " PARTI Cl P", TECH)
*( AGQDYN( SECONDARY, DEC)
$( NEWBUDDATA( SECONDARY, REGS, CROP, WIECH, " PARTI CI P, TECH) LT 0)
+1%( NEWBUDDATA( SECONDARY, REGS, CROP, WIECH, " PARTI CI P", TECH) GE 0)) +
CROPBUDGET ( DEC, REGS, CROP, WIECH, " NONPART" , TECH)
* SCALPROD
* NEWBUDDATA( SECONDARY, REGS, CROP, WIECH, " NONPART" , TECH)
*( AGQDYN( SECONDARY, DEC)
$( NEWBUDDATA( SECONDARY, REGS, CROP, WIECH, " NONPART" , TECH) LT 0)
+1$( NEWBUDDATA( SECONDARY, REGS, CROP, WIECH, " NONPART" , TECH) GE 0) )

/ SCALE( SECONDARY)
+SUM_ ( CROP, WIECH, CTECH, TECH) $( FARMPROD( " SLI PPAGE", CROP) LE 0. 0),
CROPBUDGET ( DEC, REGS, CROP, WIECH, " BASE" , TECH)
* SCALPROD
* NEWBUDDATA( SECONDARY, REGS, CROP, WIECH, " BASE" , TECH)
*( AGQDYN( SECONDARY, DEC)
$( NEWBUDDATA( SECONDARY, REGS, CROP, WIECH, " BASE" , TECH) LT 0)
+1$( NEWBUDDATA( SECONDARY, REGS, CROP, WIECH, " BASE" , TECH) GE 0) )

/ SCALE( SECONDARY)
+SUM ( ANI MAL, LI VETECH) ,
LVSTBUDGET( DEC, REGS, ANI MAL, LI VETECH)
*SCALLI VE
* NEWL| VEBUD( SECONDARY, REGS, ANI MAL, LI VETECH)
*( AGQDYN( SECONDARY, DEC)
$( NEWL| VEBUD( SECONDARY, REGS, ANI MAL, LI VETECH) LT 0)
+1$( NEWL| VEBUD( SECONDARY, REGS, ANl MAL. LI VETECH) GE 0))

/ SCALE( SECONDARY)
+DEMANDS( DEC, SECONDARY) $( SEPAG LE 0
OR SDEMAND( SECONDARY, "ELASTI CI TY") GT -.05
AND SDEMAND( SECONDARY, " QUANTI TY") GT 0)
+SUM STEPS$( SDEMAND( SECONDARY, " TFAC") GE 1/ QI NC( STEPS) AND
MAND( SECONDARY, " TFAC') GE QI NC(STEPS)),
SDEMAND( SECONDARY, " QUANTI TY") * QI NC( STEPS)
* DEMANDGRW SECONDARY, DEC) * DEMANDSS( DEC, SECONDARY, STEPS) )
$(( SEPAG GT 0
AND SDEMAND( SECONDARY, " ELASTI CI TY") LE -.05)
D SDEMAND( SECONDARY, " QUANTI TY") GT 0)/ SCALE( SECONDARY)
+EXPORTS( DEC, SECONDARY) $( SEPAG LE 0
OR SEXPORT( SECONDARY, "ELASTI CI TY") GT -.05
AND SEXPORT( SECONDARY, " QUANTI TY") GT 0)
+SUM STEPS$( SEXPORT( SECONDARY, " TFAC") GE 1/ Q NC( STEPS)
AND SEXPORT( SECONDARY, "TFAC') GE Q NC(STEPS)),
SEXPORT( SECONDARY, " QUANTI TY") * Q NC( STEPS)
* EXPORTGRW SECONDARY, DEC) * EXPORTSS( DEC, SECONDARY, STEPS) )
$((SEPAG GT 0
AND SEXPORT( SECONDARY, "ELASTI CI TY") LE -.05)
AND SEXPORT( SECONDARY, " QUANTI TY") GT 0)/ SCALE( SECONDARY)
- | MPORTS( DEC, SECONDARY) $( ( SEPAG LE 0
OR S| MPORT( SECONDARY, "ELASTI CI TY") LT .05)
AND SI MPORT( SECONDARY, " QUANTI TY") GT 0)
- SUM STEPS,
SI MPORT( SECONDARY, " QUANTI TY") * Q NC( STEPS)
*| MPORTGRW SECONDARY, DEC) * | MPORTSS( DEC, SECONDARY, STEPS) )
$((SEPAG GT 0
AND S| MPORT( SECONDARY, "ELASTI CI TY") GT . 05)
AND S| MPORT( SECONDARY, " QUANTI TY") GT 0) / SCALE( SECONDARY)
- SUM PROCESSALT, PROCESS( DEC, PROCESSALT)
* PROCBUD( SECONDARY, PROCESSALT)
*( AGQDYN( SECONDARY, DEC)
$( PROCBUD( SECONDARY, PROCESSALT) LT 0)
+1%$( PROCBUD( SECONDARY, PROCESSALT) GE 0))
/ SCALE( SECONDARY) ) * SCALPROC
+CCCLOANS( DEC, SECONDARY) $
( FARMPROD( " LOANRATE" , SECONDARY) * FARMPROGY(DEC) GT 0 AND
FARMPROD( " MKTLOANY- N', SECONDARY) LT 1.0)
=L= 0. ;

* 8888888888888888888&EELEELEEEEEELEELEELEES



C-16

* AGRI CULTURAL SECONDARY CROP DOVESTI C DEMAND CONVEXI TY

CSECBALDOM DEC, SECONDARY) $( YESAG GT 0 AND
SEPAG GT 0 AND SDEMAND( SECONDARY, " QUANTI TY") GT 0
AND SDEMAND( SECONDARY, " ELASTI CI TY") LE -.05)..
SUM STEPS$( SDEMAND( SECONDARY, " TFAC') GE 1/ Q NC( STEPS)
AND SDEMAND( SECONDARY, " TFAC') GE Q NC(STEPS))
DEMANDSS( DEC, SECONDARY, STEPS) ) =

* 88888888888888888888888888888888888888888&
* AGRI CULTURAL SECONDARY CROP EXPORT DEMAND CONVEXI TY

CSECBALEXP( DEC, SECONDARY) $( YESAG GT 0 AND
SEPAG GT 0 AND SEXPORT( SECONDARY, " QUANTl Tw) GT 0
AND SEXPORT( SECONDARY, " ELASTI CI TY") LE -.05).
SUM STEPS$( SEXPORT( SECONDARY, " TFAC') GE 1/ QI NC( STEPS)
AND SEXPORT( SECONDARY, "TFAC') GE Q NC(STEPS)),
EXPORTSS( DEC, SECONDARY, STEPS)) =L=1;

* 88888888888888888888888888888888888888888&
* AGRI CULTURAL SECONDARY CROP DOVESTI C DEMAND CONVEXI TY

CSECBALI MP( DEC, SECONDARY) $( YESAG GI 0 AND
PAG GT 0 AND SI MPORT( SECONDARY, " QUANTI TY") GTr 0
AND SI MPORT( SECONDARY, " ELASTI CI TY") GT .05).
SUM STEPS, | MPORTSS( DEC, SECONDARY, STEPS) ) =L=1;

* 8888888888888888888888888E&EELEEELELLEELEES
* MAXI MUM LAND AVAI LABI LI TY BY REG ON

MAXLAND( DEC, REGS, LANDTYPE) $( NEWLANDAVL ( REGS, LANDTYPE) GT 0 AND YESAG GT 0)..
SUM ( CROP, WIECH, TECH) $FARMPROD( " SLI PPAGE" , CROP)
CROPBUDGET( DEC, REGS, CROP, WIECH, " PARTI CI P", TECH)
* SCALPRCD
* NEWBUDDATA( LANDTYPE, REGS, CROP, WIECH, " PARTI CI P", TECH)
/| SCALE( LANDTYPE)
+ CROPBUDGET( DEC, REGS, CROP, WIECH, " NONPART" , TECH)
* SCALPROD
* NEWBUDDATA( LANDTYPE, REGS, CROP, WIECH, " NONPART" , TECH)
/ SCALE( LANDTYPE) ) +
SUM ( CROP, WIECH, TECH) $( FARMPROD( " SLI PPAGE" , CROP) LE 0.),
CROPBUDGET( DEC, REGS, CROP, WI'ECH, " BASE" , TECH)
* SCALPROD
* NEWBUDDATA( LANDTYPE, REGS CROP, WIECH, " BASE" , TECH)
/ SCALE( LANDTYPE) )
SUM ( ANI MAL, LI VETECH) ,
LVSTBUDGET( DEC, REGS ANI MAL, LI VETECH)
*SCALLI VE
* NEV\LI VEBUD( LANDTYPE, REGS, ANI MAL, LI VETECH)
SCALE( LANDTYPE) )
+ (SUM CLS$(1$I ndmat frfr(landtype, cls)*sun((owner, site, spec)
,whentran(regs,cls, site, owner, spec, "t oag")) gt 0),
- SUIV( DECSP$( ORD( DECSP) LE ORD( DE Q),
SUM THREE, LANDTOAG( REGS, CLS, DECSP THREE)
$YESOCNLND( REGS, CLS, three))))
+ SUM CLS$( 1%l ndnattofr(landtype,cls)*
sun( (site, spec), whentran(regs, cls,site, "op", spec,"fromag") )),
SUN( fDECSPSI;( ORD( DECSP) LE ORD( DEC) ) , LANDFROMAG( REGS, CLS, DECSP) ')))
yesfor
=L=
NEWLANDAVL ( REGS, LANDTYPE) * AGLANDGRW REGS, LANDTYPE, DEC)
/ SCALE( LANDTYPE) ;

* 88888888888888888888888888EE8EELLEELEELEES
AGRI CULTURAL LAND BALANCE BY REG ON

*

LAND( DEC, REGS, LANDTYPE) $( YESAG GT 0 AND NEV\LANDAVL( REGS, LANDTYPE) GT 0)..
(' SUM( ( CROP, WIECH, TECH) $FARMPROD( " SLI PPAGE" , CROP) ,
CR( G’BUDGET( DEC, REGS, CROP, WIECH, " PARTI Cl P , TECH)
* SCALPRCD
* NEWBUDDATA( LANDTYPE, REGS, CROP, WIECH, " PARTI CI P", TECH) +
CROPBUDGET( DEC, REGS, CROP, WIECH, " NONPART" , TECH)
* SCALPRCD
* NEWBUDDATA( LANDTYPE, REGS, CROP, WTECH, " NONPART", TECH) ) +
SUM ( CROP, WIECH, TECH) $( FARMPROD( " SLI PPAGE", CROP) LE 0.0),
CROPBUDGET( DEC, REGS, CROP, WIECH, " BASE", TECH)
* SCALPRCD
* NEWBUDDATA( LANDTYPE, REGS, CROP, WTECH, " BASE" , TECH) ) +
SUM_ ( ANI MAL, LI VETECH) ,
LVSTBUDGET( DEC, REGS ANI MAL, LI VETECH)
*SCALLI VE
* NEWLI VEBUD( LANDTYPE, REGS, ANI MAL, LI VETECH) ) )
/ SCALE( LANDTYPE)
- LANDSUPPLY( DEC, REGS, LANDTYPE) $( SEPAG LE 0 OR
NEW.NDSUPP( LANDTYPE, REGS, "ELASTI CI TY") LE 0.05
AND NEWL.NDSUPP( LANDTYPE, REGS, " QUANTI TY") GT 0)
- SUM STEPS,
NEWL.NDSUPP( LANDTYPE, REGS, " QUANTI TY") * AGLANDGRW REGS, LANDTYPE, DEC)
* Q NC( STEPS) * LANDSUPPLS( DEC, REGS, LANDTYPE, STEPS) / SCALE( LANDTYPE)
$( SEPAG GT 0 AND NEW.NDSUPP( LANDTYPE, REGS, "ELASTI CI TY") GT 0. 05)
+ (SUM CLS$( 1%l ndnatfrfr(landtype,cls)*sum(owner, site, spec)
,whentran(regs,cls,site, owner, spec,"toag")) gt 0 ),
- SUM DECSP$( ORD( DECSP) LE ORD(DEC)),
SUM THREE, LANDTOAG( REGS, CLS, DECSP, THREE)
$YESCONLND( REGS, CLS, three))))
+ SUM CLS$( 1%l ndnattofr(landtype,cls)*
sun( (site, spec), whentran(regs, cls,site, "op", spec,"fromag") )),
guw( fDECSPSI;( ORD( DECSP) LE ORD( DEC) ) , LANDFROMAG( REGS, CLS, DECSP) ) ))
yesf or
=L= 0. ;

* 8888888888888888888&EELEELEEEEEELEELEELEES
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* AGRI CULTURAL LAND CONVEXI TY

CLAND( DEC, REGS, LANDTYPE) $( YESAG GT 0 AND SEPAG GT 0 AND
NEW.NDSUPP( LANDTYPE, REGS, "ELASTICI TY") GT 0.05 ).
SUM STEPS, LANDSUPPLS( DEC, REGS, LANDTYPE STEPS) ) =L= 1;

* 8888888888888888888888888E8EE&EELLEELEELEES
* AGRI CULTURAL WATER BALANCE BY REG ON

WATERR( DEC, REGS) $( NEWWATSUP( REGS, " FI XEDVAX" ) +NEWIATSUP( REGS, " PUMPQ' ) +
NEWAATSUP( REGS, " PUMPMAX") GT 0 AND YESAG GT 0). .
(' SUM ( CROP, TECH) $FARMPROD( " SLI PPAGE" , CROP) ,
CROPBUDGET( DEC, REGS, CROP, "I RRI G', " PARTI CI P", TECH)
* SCALPROD
* NEWBUDDATA( " WATER", REGS, CROP, "I RRI G', " PARTI Cl P", TECH)
* AGQDYN( " WATER" , DEC) +
CROPBUDGET( DEC, REGS, CROP, "1 RRI G', " NONPART", TECH)
* SCALPROD
* NEWBUDDATA( " WATER", REGS, CROP, "| RRI G', " NONPART" , TECH) )
* AGQDYN( " WATER" , DEC) +
SUM ( CROP, TECH) $( FARMPROD( " SLI PPAGE", CROP) LE 0.0),
CROPBUDGET( DEC, REGS, CROP, "I RRI G', " BASE", TECH)
* SCALPROD
* NEWBUDDATA( " WATER", REGS, CROD "I RRI G', "BASE", TECH)
* AGQDYN( " WATER" , DEC)
SUM ( ANI MAL, LI VETECH) ,
LVSTBUDGET( DEC, REGS ANI MAL, LI VETECH)
*SCALLI VE
* NEWLI VEBUD( " WATER" , REGS, ANI MAL, LI VETECH)
* AGQDYN( " WATER" , DEC) ) ) / SCALE( " WATER")
- WATERFI X( DEC, REGS)
- WATERVAR( DEC, REGS) $( SEPAG LE 0 OR
NEWAATSUP( REGS, " PUMPELAS" ) LE 0.05 )
- SUM STEPS,
( NEWWATSUP( REGS, " PUMPQ' ) * WATERGRW( REGS, DEC) * Q| NC( STEPS))
*WATERVARS( DEC, REGS, STEPS) ) $( SEPAG GT 0 Al
NEWNATSUP( REGS, " PUMPELAS") GT 0. 05) / SCALE( " WATER")
=L= 0;

* &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
* AGRI CULTURAL WATER CONVEXI T

CWATERR( DEC, REGS) $( NEWAATSUP( REGS, " FI XEDMAX" ) +NEWAATSUP( REGS, " PUMPQ' ) +
NEWAATSUP( REGS, " PUMPMAX") GT 0 AND YESAG GT 0 AND
NEWAATSUP( REGS, " PUMPQ') " GT 0 AND SEPAG GT 0). .
SUM STEPS, WATERVARS( DEC, REGS, STEPS)) == 1;

* 88888888888888888888888888888888888888&EES
* AGRI CULTURAL FI XED PRI CE WATER MAXI MUM

FI X( DEC, REGS) $( YESAG GT 0 AND NEWAATSUP( REGS, " FI XEDVAX")) . .
WATERFI X( DEC, REGS)
=L= NEWMATSUP( REGS, " FI XEDMAX" ) * WATERGRW REGS, DEC)
/ SCALE( " WATER") ;

* 8888888888888888888888888888888E8&ELLEELEES
* AGRI CULTURAL AUMS BALANCE BY REGH ON

AUNVSBR( DEC, REG) $( YESAG GT 0 AND
NEWAUMSSUP( REG, " PUBLI CMAX" ) +NEWAUMSSUP( REG, " PRI VATEQ') GT 0). .

SUM ( ANI MAL, LI VETECH) ,
LVST! BUDGET( DEC, REG ANI MAL, LI VETECH)
* SCALLI VE
* NEWLI VEBUD( " AUMS", REG, ANI MAL, LI VETECH)) / SCALE( " AUMS")
- AUMSPUB( DEC, REG) $ ( NEV\AUNSSUP( REG " PUBLI CMAX") GT
- AUMSPRI V( DEC, REG) $( SEPAG LE 0 OR NEWAUMSSUP( REG, " PRI VATELAS") LE 0.05 )
- SUM STEPS
NEV\AUNSSUP( REG, " PRI VATEQ'") * Q NC( STEPS) * AUMSPRI VS( DEC, REG, STEPS) )
$(SEPAG GT 0 AND NEWAUNMSSUP( REG, " PRI VATELAS") GT 0. 05 )/ SCALE(" AUMS")
=L= 0;

* &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
* AGRI CULTURAL AUMS CONVEX

CAUMSR( DEC, REGS) $( YESAG GT' 0 AND SEPAG GT 0
D NEWAUMSSUP( REGS, " PRI VATELAS") GT 0.05)..
SUM STEPS, AUNSPRI VS( DEC, REGS, STEPS) ) =L= 1;

* 8888888888888888888888888888888E8&ELLEELEES
* AGRI CULTURAL PUBLI C AUMS MAXI MUM

PUBAUMS( DEC, REG) $ ( NEWAUMSSUP( REG, " PUBLI CMAX") GT 0 AND YESAG GT 0).
AUNMSPUB( DEC, REG)

=L=
NEWAUMSSUP( REG, " PUBLI CMAX" ) / SCALE( " AUMS" ) ;

* 8888888888888888888888888888888E8EEELEELEES
* AGRI CULTURAL LABOR BALANCE BY REG ON

LABOR( DEC, REGS) $( ( newl absupP( REGS, "FAM LYPRC') gt 0 or
NEW.ABSUPP( REGS, "HI REQ') GT 0) AND YESAG GT 0)..
('SUM ( CROP, WIECH, TECH) $FARMPROD( " SLI PPAGE" , CROP) ,
CROPBUDGET( DEC, REGS, CROP, WECH, " PARTI Cl P", TECH) * SCALPROD
* NEWBUDDATA( " LABOR" , REGS, CROP, WIECH, " PARTI CI P", TECH)
* AGQDYN(" LABOR" , DEC)
+ CROPBUDGET( DEC, REGS, CROP, WIECH, " NONPART" , TECH) * SCALPROD
*NEWBUDDATA( " LABOR" , REGS, CROP, WIECH, " NONPART" , TECH)
* AGQDYN( " LABOR" , DEC)
+ SUM ( CROP, WIECH, TECH) $( FARMPROD( " SLI PPAGE", CROP) LE 0. 0),
CROPBUDGET ( DEC, REGS, CROP, WIECH, " BASE" , TECH) * SCALPROD
* NEWBUDDATA( " LABOR'" , REGS, CROP, WIECH, " BASE" , TECH)
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* AGQDYN( " LABOR" , DEC) )
+ SUM ( ANI'MAL, LI VETECH) ,
LVSTBUDGET( DEC, REGS, ANl MAL, LI VETECH) * SCALLI VE
*NEWLI VEBUD( " LABOR" , REGS, ANI MAL, LI VETECH)
* AGQDYN( " LABOR" , DEC) ) ) / SCALE( " LABOR")
- FAM LY( DEC, REGS) $ NEWLABSUPP( REGS, " FAM LYPRC")
- HI RED( DEC, REGS) $( NEW.ABSUPP( REGS, "HI REQ') GT 0 AND
(SEPAG LE 0 OR NEW.ABSUPP( REGS, "HI REELAS") LE 0.05))
- SUM STEPS,
NEWLABSUPP( REGS, " HI REQ') * LABORGRW REGS, DEC) * @l NC( STEPS) *
HI REDS( DEC, REGS, STEPS) )
$( SEPAG GT 0 AND NEW.ABSUPP( REGS, " HI REELAS") GT 0. 05)
/ SCALE( " LABOR")

=L= 0;

* &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
* AGRI CULTURAL LABOR CONVEX

CLABOR( DEC, REGS) $( YESAG GT 0 AND SEPAG GT 0
AND NEW. ABSUPP( REGS, "HI REELAS") GT 0.05).

SUM STEPS, HI REDS( DEC, REGS, STEPS) ) =L= 1;

* 8888888888888888888888888E&EELEEELEELEELEES
* AGRI CULTURAL FAM LY NAXI MUM

FAM LYLI M DEC, REGS) $(yesag gt 0 and
NEWLABSUPP( REGS, " FAM LYprc") *new absupp(regs, "fanm | ymax") GIr 0 ).
FAM LY( DEC, REGS) =L= NEWL.ABSUPP( REGS, " FAM LYMAX")
* LABORGRW REGS, DEC) / SCALE(" LABOR") ;

* 888888888888888888888888888888E8LEELEELEES
* AGRI CULTURAL HI RED LABOR MAXI MUM

HI RELI N( DEC, REGS) $( NEWLABSUPP( REGS, " HI REMAX") GT 0 AND YESAG GT 0).
RED( DEC, REGS) $( SEPAG LE 0 OR NEWL.ABSUPP( REGS, "HI REELAS") LE 0. 05)

+ SUIV( STEPS,
NEW.ABSUPP( REGS, " HI REQ' ) * LABORGRW( REGS, DEC) * QI NC( STEPS) *

HI REDS( DEC, REGS, STEPS)
$(SEPAG GT 0 AND NEW.ABSUPP( REGS, "HI REELAS") GT 0. 05)

/ SCALE( " LABOR")
=L=
NEWLABSUPP( REGS, " HI REMAX") * LABORGRW REGS, DEC) / SCALE( " LABOR")

* 8888888888888888888888888888888E8&ELLEELEES
* AGRI CULTURAL CROP M X BALANCE BY CROP AND REGI ON

M XREG( DEC, CROP, REGS) $( SUM CRPM XALT, NEWM XDATA( CROP, REGS, CRPM XALT)) GT 0

AND YESAG GT 0 AND CROPM XY(DEC) GT 0).
SUM ( WIECH, TECH) $FARMPROD( " SLI PPAGE" , CROP) ,
CROPBUDGET( DEC, REGS, CROP, WTECH, " PARTI CI P*, TECH)
* SCALPROD/ SCALM X
* (NEWBUDDATA( " CROPLAND" , REGS, CROP, WIECH, " PARTI Cl P", TECH)
- NEVBUDDATA( " ADDLAND" , REGS, CROP, WIECH, * PARTI CI P", TECH) )
+ CROPBUDGET( DEC, REGS, CROP, WIECH, " NONPART" , TECH)
* SCALPROD/ SCALM X
* NEWBUDDATA( " CROPLAND" , REGS, CROP, WIECH, " NONPART" , TECH) )
+SUM ( WFECH, TECH) $( FARVMPROD( " SLI PPAGE" | CROP) LE 0. 0),
CROPBUDGET( DEC, REGS, CROP, WIECH, " BASE" , TECH)
* SCALPROD/ SCALM X
* NEWBUDDATA( " CROPLAND" , REGS, CROP, WIECH, " BASE" , TECH) )
- SUM CRPM XALT
NEV\M XDATA( CROP, REGS, CRPM XALT) * M XR( DEC, REGS, CRPM XALT) )
/ SCA
+ TW D( DEC CROP, REGS)
=E= 0.0;

* 8888888888888888888888888888E&EEELEELEELEES
* AGRI CULTURAL CROP M X BALANCE TOTAL LAND USE BY REG ON

M XREGTOT( DEC, REGS)
$( SUM CRPM XALT, SUM CROP, NEWM XDATA( CROP, REGS, CRPM XALT))) GT 0

AND YESAG GT 0 AND CROPM XY(DEC) GT 0).
SUM ( CROP, WIECH, TECH) $FARMPROD( " SLI PPAGE" , CROP)
CRODBUDGET( DEC, REGS, CROP, WIECH, " PARTI Cl P, TECH)
* SCALPROD/ SCALM X
* ( NEWBUDDATA( " CROPLAND" , REGS, CROP, WIECH, " PARTI CI P", TECH)
- NEWBUDDATA( " ADDLAND" , REGS, CROP, WIECH, " PARTI CI P", TECH) )
+ CROPBUDCET( DEC, REGS, CROP, WIECH, " NONPART" , TECH)
* SCALPROD/ SCALM X
* NEWBUDDATA( " CROPLAND" , REGS, CROP, WIECH, " NONPART", TECH) )
+SUM ( CROP, WIECH, TECH) $( FARMPROD( " SLI PPAGE", CROP) LE 0. 0),
CROPBUDGET( DEC, REGS, CROP, WIECH, " BASE", TECH)
* SCALPROD/ SCALM X
* NEWBUDDATA( " CROPLAND" , REGS, CROP, WIECH, " BASE" , TECH) )
- SUM CRPM XALT, SUM CROP,
NEWM XDATA( CROP, REGS, CRPM XALT) ) * M XR( DEC, REGS, CRPM XALT))
/ SCALM X
=E= 0.;

* &88888888888888 8888888 88&EEEESEEEEEEELEEEEEESE
* AGRI CULTURAL LI VESTOCK NATI OANAL M X BALANCE BY COMMODI TY AND REG ON

M XNAT( DEC, PRI MARY, REGS)
$( SUM NATM XALT, NEWNATM XD( REGS, PRI MARY, NATM XALT)) GT 0 AND

YESAG GT 0 AND CROPM XY(DEC) GT 0)..
SUM ( CROP, WIECH, TECH)
$( FARMPROD( " SLI PPAGE", CROP)
* NEWBUDDATA( PRI MARY, REGS, CROP, WIECH, " PARTI CI P, TECH) ),
CROPBUDGET( DEC, REGS, CROP, WIECH, " PARTI Cl P", TECH)
* SCALPROD/ SCALM X
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* ( NEWBUDDATA( " CROPLAND" , REGS, CROP, WIECH, " PARTI Cl P" | TECH)
- NEVBUDDATA( " ADDLAND" , REGS, CROP, WIECH, * PARTI CI P", TECH) )
+  CROPBUDGET( DEC, REGS, CROP, WIECH, " NONPART" , TECH)
* SCALPROD/ SCALM X
* NEWBUDDATA( PRI MARY, REGS, CROP, WIECH, " NONPART" , TECH) )
+SUM_ ( CROP, WIECH, TECH) $( FARMPROD( " SLI PPAGE", CROP) LE 0.0 AND
NEWBUDDATA( PRI MARY, REGS, CROP, WIECH, " NONPART" , TECH) GT 0),
CROPBUDGET ( DEC, REGS, CROP, WIECH, " BASE" , TECH)
* SCALPROD/ SCALM X
* NEWBUDDATA( PRI MARY, REGS, CROP, WIECH, " BASE" , TECH) )
+SUM ( ANI MAL, LI VETECH) $NEWL| VEBUD( PRI MARY, REGS, ANI MAL, LI VETECH)
LVSTBUDGET( DEC, REGS, ANI MAL, LI VETECH)
*SCALLI VE/ SCALM X
* NEWLI VEBUD( PRI MARY, REGS, ANI MAL, LI VETECH) )
- SUM NATM XALT,
NEWNATM XD( REGS, PRI MARY, NATM XALT) * NATM X( DEC, PRI MARY, NATM XALT) )
/ SCALM X
+ TOLR(DEC, PRI MARY, REGS) =E= 0. ;

* 88888888888888888888888EELEEEEEELEELEELEES
* CARBON BALANCE

CARBON( DEC) .
* CARBON FRG\/I AN | NI TI AL STAND PREHARVEST
( SCFOR* (
( SUM WHEN$( TODAY+ELAPSED( WHEN) GT DATE( DEC)),
(' SUM ( REGS, CLS, OWNER, SI TE, COHORT, M C, SPECI ES)
$1 SEXI ST( REGS, CLS, OWNER, SPECI ES, S| TE, COHORT, M C, WHEN) ,
*TREE CARBON
(' SUM SPEC$SPMAPPR( SPECI ES, SPEC) ,
SUM TI ME2$( 10* ( ORD( Tl ME2) - 1) +TODAY EQ DATE( DECQ)),
SUM PRODS$YESI Tl S( REGS, PRODS) ,
EXI STYLD( PRODS, REGS, CLS, OANER, SPECI ES, COHORT, SI TE, M C, TI ME2) ) )
* TREECARB( REGS, " TREECRBYLD", SPEC) )
* ECOSYSTEM CARBON
+SUM SPEC$SPMAPPR( SPECI ES, SPEC) ,
SUM COHORTS$AGI NG( COHORT, DEC, COHORTS) ,
SUM ECOCARBTYP,
ECOSYSCARB( REGS, COHORTS, SPEC, " FORONLY" , ECOCARBTYP) ))))
*  EXI ST(REGS, CLS, OANER, SPECI ES, S| TE, COHORT, M C, WHEN) ) ) )
* CARBON FROM AN | NI TI AL STAND AT AND AFTER HARVEST
+ SUM WHEN$( TODAY+ELAPSED( WHEN) LE DATE( DEC)),
SUM ( REGS, CLS, OWNER, SI TE, COHORT, M C, SPECI ES)
$1 SEXI ST( REGS, CLS, OWNER, SPECI ES, S| TE, COHORT, M C, WHEN) ,
* HARVESTED WOOD CARBON AND RESI DUE CARBON
+ SUM Tl MESAGESI NCE( WHEN, DEC, TI ME)
SUM SPEC$SPMAPPR( SPECI ES, SPEC) ,
SUM PRODS$YESI Tl S( REGS, PRODS)

EXI STYLD( PRODS, REGS, CLS, OANER, SPECI ES, COHORT, SI TE, M C, WHEN)
( TREECARB( REGS, " CARBONFAC" , SPEC)

( CARBFATE( REGS, PRODS, " | NPRODUCT" , TI ME)

CARBFATE( REGS, PRODS, " BURNDI SPL", TI ME) * | NCLDI SPL)
TREECARB( REGS, " NONMRCCARB" , SPEC) * RESCARBFAT( REGS, SPEC, TI ME)
RESI DUEFR( " | NRESI DUE" , REGS, PRODS) ) ) )

EXI ST( REGS, CLS, OWNER, SPECI ES, SI TE, COHORT, M C, WHEN) ) )
* CARBON FROM A REESTABLI SHED STAND PREHARVEST
+ SUM DECSP$( DATE( DECSP) LE DATE(DEC)),
SUM WHENS ( DATE( DECSP) +ELAPSED( WHEN) GT DATE( DEC)
AND WHENDONE( DECSP, WHEN) GT 0),
SUM ( REGS, CLS, OWNER, SI TE, SPECI ES, M C, pol i cy) $(
| SNEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN) gt O
and exam ne(pol icy) gt 0),
*TREE CARBON
( SUM SPEC$SPMAPPR( SPECI ES, SPEC) ,
SUM TI ME2$( ORD( DECSP) +ORD( Tl ME2) - 1 EQ ORD( DEC)),
SUM PRODS$YESI Tl S( REGS, PRODS)
, NEWYLD( PRODS, REGS, CLS, OWNER, SPECI ES, SI TE, M C, TI ME2) ) )
* TREECARB( REGS, " TREECRBYLD", SPEC) )

* b 4k ok

*

* ECOSYSTEM CARBON
+SUM SPEC$SPMAPPR( SPECI ES, SPEC) ,
SUM COHORTS$AGI NGNEW DECSP, DEC, COHORTS) ,
SUM ECOCARBTYP,
ECOSYSCARB( REGS, COHORTS, SPEC, " FORONLY", ECOCARBTYP) ) )
* NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, V\HEN DECSP, pol i ¢
yespoli cy(pol icy, cl s, owner, speci es, site, mc)
* policyinc(policy, decsp, "exi st "))))
*  CARBON FROM A REESTABLI SHED STAND AT AND POSTHARVEST
+ SUM DECSP$( DATE( DECSP) LE DATE(DEC)),
SUM WHENS( DATE( DECSP) +ELAPSED( WHEN) LE DATE( DEC)
AND WHENDONE( DECSP, WHEN) GT 0),
SUM ( REGS, CLS, OWNER, SI TE, SPECI ES, M C, pol i cy) $
(1 SNEW REGS, CLS, O/\NER SPECI ES, SI TE, M C, WHEN) gt O
and exam ne(pol icy) gt 0),
* HARVESTED WOOD CARBON AND RESI DUE CARBON
+ SUM TI ME2$( ORD( DECSP) +ORD( WHEN) - 1+ORD( TI ME2) - 1 EQ ORD( DEC)),
SUM SPEC$SPMAPPR( SPECI ES, SPEC) ,
SUM PRODS$YESI Tl S( REGS, PRODS)
, NEWYLD( PRODS, REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN )
( TREECARB( REGS, " CARBONFAC" , SPEC)
( CARBFATE( REGS, PRODS, " | NPRODUCT", TI ME2)
CARBFATE( REGS, PRODS, " BURNDI SPL", Tl ME2) * | NCLDI SPL)
TREECARB( REGS, " NONMRCCARB" , SPEC) *
RESCARBFAT( REGS, SPEC, Tl ME2)
RESI DUEFR( " | NRESI DUE" , REGS, PRODS) ) )))
NEW REGS, CLS, OWNER, SPECI ES, SI TE, M C, WHEN, DECSP, pol i cy) *
yespolicy(policy,cls, ower, species,site, nc)
* policyinc(policy, decsp,"exist"))))
* CARBON FROM A STAND COM NG FROM AGRI CUTURE
+ SUM DECSP$( ORD( DECSP) LE ORD(DEC)),
SUM ( REG, cl s, SPEC)
$sum( (site, owner), whentran(reg, cls, site, owner, spec,"fronag")),
SUM COHORT$( ORD( DECSP) +ORD( COHORT) - 1 EQ ORD( DEC) ),

))
y)*

ook
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SUM ECOCARBTYP, ECOSYSCARB( REG, COHORT, SPEC, CLS, ECOCARBTYP) ) ) *
CONVRTFRAG( REG, CLS, DECSP, SPEC)
$( SUM | ndmat t of r (LANDTYPE, CLS), 1) gt 0
and SUN((SPM‘\PPR( SPECI ES, SPEC) , si t e, M C, WHEN2) ,
| SNEW REG, CLS, "OP", SPECI ES, site, M C, V\HEN2)) gt 0)
) $( YESFOR* YESAG) ) )
+sun((regs | andt ype) ,
DSUPPLY( DEC, REGs, LANDTYPE) *agsoi | carb(regs, | andtype)) $yesag
) /22

=E=
CARBONSE( DEC) ~ ;

*FORESTRY BOUNDS

* LIMTS ON CAPACI TY BUI LDI NG MAXI MUM CHANGES

BUI LDCAP. UP(" SAWISW , DEC) $( CAPACI TY( " SAWI'SW " NOW NPLACE") GT 0
YESFOR GT 0) = 800/ SCFOR;
BUI LDCAP. UP(" PULPSW , DEC) $( YESFOR GT 0

AND ( CAPACI TY(" PULPSW , " NOW NPLACE") GT 0)) = 20. 0/ SCFOR;

BUI LDCAP. UP( " PULPHW , DEC) $( YESFOR GT 0
AND ( CAPACI TY(" PULPHW , " NOAN' NPLACE") GT 0)) = 10. 0/ SCFOR;

*LIMT ON FOREST PRODUCTS TRADE
TRADEQUAN. LO( TRADEREG, PRODS, DEC, TRADE) $(
TRADFOR( TRADEREG, TRADE, PRODS, DEC, "M NQ') GT 0
AND YESFOR GT 0) =
TRADFOR( TRADEREG, TRADE, PRODS, DEC, "M NQ') / SCFOR;
TRADEQUAN. UP( TRADEREG, PRODS, DEC, TRADE) $(
TRADFOR( TRADEREG, TRADE, PRODS, DEC, " MAXQ') GT 0
AND YESFOR GT 0) =
TRADFOR( TRADEREG, TRADE, PRODS, DEC, " MAXQ') / SCFOR;

DEMANDFOR. LO( PRODS, DEC)
$( FPDEMAND( PRODS, DEC, "M NQ') GT 0
AND YESFOR GT 0
AND (SEPFOR EQ 0 OR FPDEMAND( PRODS, DEC, " SLOPE") EQ 0))
FPDEMAND( PRODS, DEC, " M NQ') / SCFOR
DEMANDFOR. UP( PRODS, DEC)  $( FPDEMAND( PRODS, DEC, " MAXQ') GT 0
AND YESFOR GT 0
AND (SEPFOR EQ 0 OR FPDEMAND( PRODS, DEC " SLOPE") EQ0)) =
FPDEMAND( PRODS, DEC, " MAXQ') / S

* AGRI CULTURAL BOUNDS

TW D. LO( DEC, CROP, REGS) $( SUM CRPM XALT, NEWM XDATA( CROP, REGS, CRPM XALT)) GT 0

AND YESAG GT 0 AND CROPM XY(DEC) GT 0)
= -0.001* NEWM XDATA( CROP, REGS, "1989")/ SCALM X;

TW D. UP( DEC, CROP, REGS) $( SUM CRPM XALT, NEWM XDATA( CROP, REGS, CRPM XALT)) GT 0

AND YESAG GT 0 AND CROPM XY(DEC) GT 0)
= 0. 001* NEWM XDATA( CROP, REGS, " 1989" )/ SCALM X;

TOLR. LQ( DEC, PRI MARY, REGS)
( SUM NATM XALT, NEWNATM XD( REGS, PRI MARY, NATM XALT)) GT 0
AND YESAG GT 0 AND CROPM XY(DEC) GT 0)
= -0.001* NEWNATM XD( REGS, PRI MARY, "1986") / SCALM X;

TOLR. UP( DEC, PRI MARY, REGS)
$( SUM NATM XALT, NEWNATM XD( REGS, PRI MARY, NATM XALT)) GT 0

AND YESAG GT 0 AND CROPM XY(DEC) GT 0)

= 0.001* NEWNATM XD( REGS, PRI MARY, " 1986" ) / SCALM X ;

| MPORTP. UP( DEC, PRI MARY) $( SEPAG LE 0 AND PI MPORT( PRI MARY, " MAXQ') GT 0
AND YESAG GT 0 )
=_PI MPORT( PRI MARY, " MAXQ') * | MPORTGRW( PRI MARY, DEC)
’ SCALE( PRI MARY)
| MPORTP. LO( DEC, PRI MARY) $( SEPAG LE 0 AND ( PI MPORT( PRI MARY, "M NQ') GT 0 OR
PI MPORT( PRI MARY, " ELASTI CI TY") GT 0)
AND YESAG GT 0)
= MAX(1., PI MPORT(PRI MARY, "M NQ') *1 MPORTGRW PRI MARY, DEC) )
/ SCALE( PRI MARY) :
EXPORTP. UP( DEC, PRI MARY)
$(SEPAG LE 0 _AND PEXPORT( PRI MARY, " MAXQ') GT 0 AND YESAG GT 0)
=_PEXPORT( PRI MARY, " MAXQ') * EXPORTGRW( PRI MARY, DEC)
/ SCALE( PRI MARY)
EXPORTP. LO( DEC, PRI MARY) $( SEPAG LE 0 AND ( PEXPORT( PRI MARY, "M NQ') GT 0 OR
PEXPORT( PRI MARY, " ELASTI CI TY") GT 0)
AND YESAG GT 0)
= MAX(1., PEXPORT(PRI MARY, " M NQ')) * EXPORTGRW( PRI MARY, DEC)
/ SCALE( PRI MARY) :
DEMANDP. UP( DEC, PRI MARY)
$(SEPAG LE 0 AND PDEMAND( PRI MARY, " MAXQ') GT 0
AND YESAG GT 0)
=_PDEMAND( PRI MARY, " MAXQ') * DEMANDGRW( PRI MARY, DEC)
/ SCALE( PRI MARY)
DEMANDP. LO( DEC, PRI MARY) $( ( SEPAG LE 0 AND PDEMAND( PRI MARY, "M NQ') GT 0 OR
PDEMAND( PRI MARY, " ELASTI CI TY") GT 0)
AND YESAG GT 0)
= MAX(1., PDEVAND( PRI MARY, " M NQ') * DEMANDGRW( PRI MARY, DEC) )
/SCALE( PRI MARY)
| MPORTS. UP( DEC, SECONDARY) $( SEPAG LE 0 AND S| MPORT( SECONDARY, " MAXQ') GT 0
AND YESAG GT 0)
= SI MPORT( SECONDARY, " MAXQ') * | MPORTGRW SECONDARY, DEC)
| SCALE( SECONDARY) ;

| MPORTS. LQ( DEC, SECONDARY) $( SEPAG LE 0 AND (' SI MPORT( SECONDARY, "M NQ') GT 0 OR
S|

MPORT( SECONDARY, " ELASTI CI TY") GT 0)
AND YESAG GT 0
= MAX(1., S| MPORT( SECONDARY, "M NQ') * | MPORTGRW SECONDARY, DEC) )
| SCALE( SECONDARY) ;
EXPORTS. UP( DEC, SECONDARY)
$( SEPAG EQ 0 AND SEXPORT( SECONDARY, " MAXQ') GT 0
AND YESAG GT 0)
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= SEXPORT( SECONDARY, " MAXQ') * EXPORTGRW SECONDARY, DEC)
| SCALE( SECONDARY)
EXPORTS. LO( DEC, SECONDARY) $( SEPAG EQ 0 AND ( SEXPORT( SECONDARY, "M NQ') GT 0 OR
SEXPORT( SECONDARY, " ELASTI CI TY") GT 0)
AND YESAG GT 0)
= MAX(1., SEXPORT( SECONDARY, " M NQ') * EXPORTGRW SECONDARY, DEC) )
| SCALE( SECONDARY) ;
DEMANDS. UP( DEC, SECONDARY)
$( SDEMAND( SECONDARY, " MAXQ') GT 0
AND SEPAG EQ 0 AND YESAG GT 0)
= SDEMAND( SECONDARY, " MAXQ') * DEMANDGRW SECONDARY, DEC)
| SCALE( SECONDARY)
DEMANDS. LO( DEC, SECONDARY) $( ( SDEMAND( SECONDARY, "M NQ') GT 0 OR
SDEMAND( SECONDARY, " ELASTI CI TY") " GT 0)
AND SEPAG EQ 0 AND YESAG GT 0)
= MAX( 1., SDEMAND({ SECONDARY, " M NQ') * DEMANDGRW SECONDARY, DEC) )
| SCALE( SECONDARY) ;

LANDSUPPLY. LO( DEC, REGS, LANDTYPE) $( SEPAG LE 0
AND NEW.NDSUPP( LANDTYPE, REGS, " ELASTI CI TY") GT 0
AND YESAG GT 0) = 1.
/ SCALE( LANDTYPE) ;
VATERVAR. LO( DEC, REGS) $( SEPAG LE 0 AND NEW/\ATSUP( REGS, "PUMPELAS") GT 0
AND YESAG GT 0) =
/ SCALE( " WATER")
AUNBPRI V. LO( DEC, REG) $( SEPAG LE 0 AND NEWAUMSSUP( REG, " PRI VATELAS") NE 0) =1.
SCALE( " AUVS")
HI RED. LO( DEC REGS) $(SEPAG LE 0 OR NEWL.ABSUPP( REGS, " HI REELAS”) GT 0
AND YESAG GT 0)
/ SCALE(" LABOR") ;

CROPBUDGET. LO( DEC, REGS, CROP, WI'ECH, CTECH, TECH)
$( NEWBUDDATA( " M NI MUM', REGS, CROP, WIECH, CTECH, TECH)  GT 0
AND YESAG GT 0) =
NEWBUDDATA( " M NI MUM' , REGS, CROP, WIECH, CTECH, TECH) / SCALPROD ;

CROPBUDGET. UP( DEC, REGS, CROP, WIECH, CTECH, TECH)
$( NEWBUDDATA( " MAXI MUM' , REGS, CROP, WIECH, CTECH, TECH)  GT 0
AND YESAG GT 0) =
NEWBUDDATA( " MAXI MUM' , REGS, CROP, WIECH, CTECH, TECH) / SCALPROD ;

LVSTBUDGET. LO( DEC, REGS, ANI MAL, LI VETECH)
$ (NEWLI VEBUD(" M NI MUM', REGS, ANI MAL, LI VETECH) GT 0
AND YESAG GT 0)
= NEWLI VEBUD(" M NI MUM', REGS, ANI MAL, LI VETECH) ;
LVSTBUDGET. UP( DEC, REGS, ANI MAL, LI VETECH)
$( NEWLI VEBUD( " MAXI MUM', REGS, ANI MAL, LI VETECH) GT 0
AND YESAG GT 0)
= NEWLI VEBUD( " MAXI MUM', REGS, ANI MAL, LI VETECH) / SCALLI VE ;
PROCESS. LO( DEC, PROCESSALT) $( PROCBUD( " M NI MUM', PROCESSALT) ~ GT 0
AND YESAG GT 0)
=PROCBUD( "M NI MUM' , PROCESSALT) / SCALPROC;

PROCESS. UP( DEC, PROCESSALT)
$( PROCBUD( " MAXI MUM', PROCESSALT) GT 0
AND YESAG GT 0)
=PROCBUD( " MAXI MUM' , PROCESSALT) / SCALPRCC;

* INITI AL VALUES FOR NONLI NEAR VARI ABLES

| MPORTP. L( DEC, PRI MARY) $( SEPAG LE 0 AND ( PI MPORT( PRI MARY, " QUANTI TY") GT 0 OR
PI MPORT( PRI MARY, " ELASTI CI TY") GT 0)
AND YESAG GT 0)
=PI MPORT( PRI MARY, " QUANTI TY") * | MPORTGRW( PRI MARY, DEC)
/ SCALE( PRI MARY)
EXPORTP. L( DEC, PRI MARY) $( SEPAG LE 0 AND ( PEXPORT( PRI MARY, " QUANTI TY") GT 0 OR
PEXPORT( PRI MARY, " ELASTI CI TY") GT 0)
AND YESAG GT 0)
=_PEXPORT( PRI MARY, " QUANTI TY") * EXPORTGRW( PRI MARY, DEC)
/ SCALE( PRI MARY)
DEMANDP. L( DEC, PRI MARY) $( ( PDEMAND( PRI MARY, " QUANTI TY") GT 0 OR
PDEMAND( PRI MARY, " ELASTI CI TY") GT 0)
AND YESAG GT 0 AND SEPAG LE 0)
=_PDEMAND( PRI MARY, " QUANTI TY") * DEMANDGRW( PRI MARY, DEC)
’ SCALE( PRI MARY)
| MPORTS. L( DEC, SECONDARY) $( SEPAG LE 0 AND ( SI MPORT( SECONDARY, " QUANTI TY") GT 0 OR
S| MPORT( SECONDARY, " ELASTI CI TY") GT 0)
AND YESAG GT 0)
= SI MPORT( SECONDARY, " QUANTI TY") * | MPORTGRW SECONDARY, DEC)
/ SCALE( SECONDARY) ;
EXPORTS. L( DEC, SECONDARY) $( ( SEXPORT( SECONDARY, " QUANTI TY") GT 0 OR
SEXPORT( SECONDARY, " ELASTI CI TY") GT 0)
AND SEPAG EQ 0 AND YESAG GT 0)
= SEXPORT( SECONDARY, " QUANTI TY" ) * EXPORTGRW SECONDARY, DEC)
| SCALE( SECONDARY) ;
DEMANDS. L ( DEC, SECONDARY) $( ( SDEMAND( SECONDARY, " QUANTI TY") GT 0 OR
DEMAND( SECONDARY, " ELASTI CI TY") GT' 0)
AND SEPAG EQ 0 AND YESAG GT 0)
= SDEMAND( SECONDARY, " QUANTI TY" ) * DEMANDGRW SECONDARY, DEC)
|/ SCALE( SECONDARY) ;
LANDSUPPLY. L( DEC, REGS, LANDTYPE) $( SEPAG LE 0 AND
NEW.NDSUPP( LANDTYPE, REGS, " ELASTI CI TY") GT 0
AND YESAG GT 0)
= NEV\LNDSUPP( LANDTYPE, REGS, " QUANTI TY") * AGLANDGRW REGS, LANDTYPE, DEC)
SCALE( LANDTYPE)
WATERVAR. L(DEC REGS) $( SEPAG LE 0 AND NEWWATSUP( REGS, " PUMPELAS"') GT 0.
AND YESAG GT 0)
= NEWWATSUP( REGS, " PUMPQ') * WATERGRW REGS, DEC)
/ SCALE( " WATER") ;
AUNSPRI V. L( DEC, REG) $( SEPAG LE 0 AND NEWAUNMSSUP( REG " PRI VATELAS") GT 0)
=" NEWAUMSSUP( REG, " PRI VATEQ' ) / SCALE( " AUMS"
HI RED. L( DEC, REGS) $( SEPAG LE 0 AND NEWABSUPP(REGS, " HI REELAS") GT 0
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AND YESAG GT 0)
= NEMLABSUPP( REGS, " HI REQ") * LABORGRW REGS, DEC)
/ SCALE( " LABOR") ;

OPTI ON LI MROW£O;
OPTI ON LI MCOL=0;
OPTI ON | TERLI M=1000000;
OPTI ON RESLI M=250000;
MODEL AGFOR / ALL /;
AGFOR. OPTFI LE = 1;
*$i ncl ude "fabasis. put”
*option nl p=bl ockpict;
SOLVE AGFOR USI NG NLP MAXI M ZI NG VELFARE;
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APPENDIX D

FASOM FILE STRUCTURE
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This gppendix details the structure and sequence of the files that make up the FASOM modd.
FASOM isimplemented in the GAMS agebraic modding language. The modd is decompaosed into a
number of files. Thisisdoneto alow separation of digtinctly different types of data and to dlow
disciplinary experts to work on selected parts of the modd. Functiondly the program can be divided
severd ways. The divison we will describe separates out files into categories according to whether
they involve data, data caculations, mode specification, andys's execution and report writing.
Didinctions will dso be made between unifying files, foredtry files, agriculturd files and carbon files.

D1.0 FILE STRUCTURE

Table D-1 gives an dphabetic list of each of the FASOM files.

Filename

ALLOFIT

ALLOFIT.SML

CAP.PRN

EST.PRN

EXIST.PRN

EXIST.PUT

EXIST.PUT

FAAGDAT.SML

FABAS

FABAS.BAS

FAAGDAT.PUT

FAAGDYN

FAALTRUN

FAAGWEL

TableD-1. Description of the FilesWithin FASOM
Description

Unifiesthe presolution filesin FASOM using a set of include statements. Thisisused to
limit the number of job stepsin a GAMSrun.

Small modd version of ALLOFIT

Forest processing capacities.

Forest establishment costs.

Yield tablesfor existing forest crops (reformatted into EXIST.PUT)
Contains reformat of existing yield files including residues and biomass

Reformats NEW.PRN and EXIST.PRN into NEW.PUT
EXIST.PUT and INV.PUT

Small data set version of FAAGDAT.PUT
Invokes GAMSBAS to save a basis

Saved basis

Agricultural datafor the full ASM version.
Dataon dynamic trendsin agriculture.

Contains instructions which cause a alternative runsto be executed. At thispoint the runs
are the SIPS forest subsidy and a change in public harvest cut scenarios.

Agricultural welfare report writing cal culations



FAASMCAL

FAASMRPT

FABASRUN
FACARBON
BIOMASS.PRN
CEA

DEF
EXISTBIO.PRN

EXISTLOG.PRN
(reformatted

FACOMPAR

FACRBRPT
FAFINAL

FAFORDAT

FAFORDAT.SML

FAFORLOT

FAFORLOT.PUT

FAFORRPT

FAFORWEL

FAMODEL

FAMODSET

FAPOLDAT

FARPT

FASETS

Contains the calculations done in the setting up the agricultural sector model.

Containsinstructions which do the reporting on the agricultural sector model part of the
overall model.

Run of Base model

Contains the raw input data on carbon.

Datafor biofuels analysisincluding milling resides.

Economic advisors forestry demand scenario

Guess at deficiency payment

Yields of existing trees harvested for biomass (reformatted into EXI1ST.PUT)

Logging residue yields of existing trees harvested with logging residues gathered
into EXIST.PUT)

Saves data for the comparative report writer. Picks up datafrom the forestry, carbon and
the agricultural report writers for a cross-run comparison.

Carbon report writer.

Summary report writer for a comparative run.

Integrates the forestry datafiles

Small version of aFAFORDAT for debugging proposes.
Savesforestry datain Lotusimportable form

Lotus importable forestry data

Forestry report writer.

Forestry welfare report writers calculations

Unifying equations describing the whole model.

Miscellaneous model setup dataincluding the separable programming step specification.
Data used in setting up the policy scenariosin the alternative runs.
Parameter statements for the report writing routines.

Definitions of the sets which are shared between all the subsectors.



FASETS.SML

FASOLVFP

FAUPDATE

FPDMD.PRN

GROW.PRN

INTER.PRN

INV.PRN

INV.PUT

MINOS5.0PT

MINHARV.RES

NEWBIO.PRN

NEWLOG.PRN

NEW.PRN

NEW.PUT

PUBLIC.PRN

PUB195.PRN

PUB198.PRN

ROTATE.PRN

RECYCLE

TRADEDMD.PRN

Version of FASETS for small model

Solves model including attaing farm program convergence

Updates forestry ISNEW and ISEXIST datato indicate what policy alternatives are being
examined

Forest product demand eguation data.

Forest maintenance costs for growing stock.

Forest product transportation cost data.

Forest inventory.

Reformat of INV.PRN

Option file for use with MINOS.NLP Solver.

Alternative minimum harvest age data

Biomass data for new stands (reformatted into NEW.PUT)
Logging residue for new stands (reformatted into NEW.PUT)

Containsyield tables for reforestation activities (reformatted into new.but)

Reformat of NEW.PRN including biomass and logging residues
Public cut for base model

Low scenario public cut date

High scenario public cut data

Rotation Age data

Recycling scenario data

Forest international trade export and import data.
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These filesmay aso be classfied in terms of their function and am. A liging of thefiles, dong those
lines, isgiven below in Table D-2.

TableD-2. File Structure and Functionsin FASOM

Sector or
Function

Data

Data Calculation

Modd
Specification

Solution
Analysis

Report
Writing

Forest Sector

CAP.PRN EXIST,PUT
EST.PRN
EXIST.PRN
EXIST.PUT
FAFORDAT
FAFORDAT.SML
FPDMD.PRN
GROW.PRN
INTER.PRN
INV.PRN

INV.PUT
NEW.PRN
NEW.PUT
PUBLIC.PRN
ROTATE.PRN
TRADEDMD.PRN

EXISTRPUT

FAFORRPT
FAFORLOT
FAFORWEL
FAFORLOT.PUT

Agricultural
Sector

FAAGDAT
FAAGDAT.PUT
FAAGDYN

DEF

FAASMCAL

FAASMRPT
FAAGWEL

Carbon Sector

FACARBON

FACRBRPT

Unifying

ALLOHT
FAMODSET
FASETS

FAMODEL

FABASRUN
FASOLVFP

FACOMPAR
FAFINAL
FARPT

Policy Analysis

FAPOLDAT
BIOMASS.PRN
CEA
PUB195.PRN
PUB198.PRN
MINHARV.RES
RECYCLE

FAUPDATE

FAAGTREE
FAALTRUN
FACARRUN

Computer files

EXISTRPUT
FABASBAS

MINOS5.0PT
A.BAT
Y




Smal Modd ~ FAAGDAT.SML

Files FASETS.SML
ALLOFIT.SML
FAFORDAT.SML

D2.0 BATCH FILE SEQUENCE AND CONTROL SWITCHES

The basic method isto run five filesin sequence using a baich file, (Prefix).BAT. Thefilesrun areinthe
order given below, with a brief description of their function.

ALLOFIT Includes dl agricultural, forestry, and carbon data as well as associated data
caculations

FAMODEL Defines the FASOM optimization model

FARPT S4t, dias, and parameter definitions for report writer

FABASRUN Causes the base mode and the report writersto be run. Policy experiments

may be run usng FAAGTREE, FACARRUN and FAALTRUN.

FAFINAL Prints a summary report of aggregate results comparing across the runs made

Users may also use an advanced basis in the case of problem cold starts. Using the dternative batch
file BASIS and the statement INCLUDE "FABASISBAS' in FAMODEL incorporates that basis.

FASOM contains 4 switches that may be set which radicaly ater the type of model being andyzed.
These are s&t a the top of the FAMODEL but may be reset anywhere below that point. These
switches and their functions are:

YESAG A switch which controls whether the ag mode! is generated. A nonzero value
activates the ag modd while a zero value suppressssiit.

YESFOR A switch which controls whether the forestry model is generated. A nonzero
value activates the forestry mode while a zero value suppressesit. When both
this switch and YESAG are nonzero the full FASOM two sector modd is
solved.

SEPAG A switch which tells whether the nonlinear or separable mode verson is
generated for the agricultura problem. Currently the separable verson is
required to obtain convergence in the full 100 year ag and forestry FASOM
versgon. The ag modd will run either way when the forest model is suppressed.

SEPFOR A switch which tells whether the nonlinear or separable modd verson is
generated for the forestry part of the problem. Currently the separable verson is
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required to obtain convergence in the full 100 year ag and forestry FASOM
versgon. Theforest modd will run either way when the ag mode is suppressed.

LIM Number of farm program iterations. If equd to one this suppresses farm
program iterations
D3.0 FILE FUNCTIONSAND SEQUENCE

As previoudy dated, the five files caled in the batch file, in turn, cal various associated files and control
the specifications of model setup, solution, and output processes. These are described below.

Table D-3. Operationsof theFive Primary Files
Primary Files
Operations ALLOFIT FAMODEL FARPT FABASRUN FAFINAL
Include Files 5 3 0 4 0
Put Stmts 0 0 0 0 0
Model Settings 0 5 0 0 0
Options 2 4 0 6 Many
Loops 0 0 0 1 0
ALLOFIT

Thisfile indudes the following:

< includefiles:
FASETS - core modd structure
FAFORDAT - forestry sector data
indudefiles
CAP.PRN
TRADEDMD.PRN
PUBLIC.PRN
INV.PRN
EXIST.PRN
NEW.PRN
EST.PRN
GROW.PRN
INTER.PRN



FPDMD.PRN
ROTATE.PRN
FAAGDAT.PUT - agriculture sector data
indudefiles
FAAGDY N - ag. sector dynamics
FACARBON - carbon data
FAASMCAL - ag. data caculations
BIOMASS.PRN - Biomass data

FAMODEL
Thisfile indudes the following:

< includefiles:
FAPOLDAT -palicy dternative sets
FAMODSET - separable programming sets
FABASBAS - (optiond) .I,.m values for advanced basis start
DEF - Guess a deficiency payment

< Key moddl settings:
YESAG - include ag modd ?
YESFOR - include forest modd ?
SEPFOR - do forest modd in separable fashion?
SEPAG - do ag modd in separable fashion?
LIM - number of farm program iterations
SOLVE stmt.

FABASRUN
Thisfile indudes the following:

< includefiles:
FAFORRPT - forestry data report writer
FACRBRPT - carbon data report writer
FAASMRPT - ag. data report writer
FACOMPAR - aternative run comparison report writer
CEA - Council of Economic Advisors Scenario data
PUB185.PRN - Public cut scenario data
PUB187.PRN - Public cut scenaro data
RECYCLE - Recycling Scenario dta
MINHARV.RES - Minimum harvest use restriction data

< Key options
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Scenario Control Loop

LIM - Farm program iterations



C-9

D3.2 FLOW CHART OF MODEL SEGMENTS

ALLOFIT

>r—-——

F

n
g

=

-—— Y P

<FASETS
<FAFORDAT
<CAP.PRN
<TRADEDMD.PRN
<PUBLIC.PRN
<INV.PUT
<EXIST.PUT
<NEW.PUT
<EST.PRN
<GROW.PRN
<INTER.PRN
<ROTATE.PRN

< FPDMD.PRN
<FAAGDAT.PUT
<FAAGDYN
<FACARBON
<FAASMCAL

MODEL

<FAPOLDAT
<FAUPDATE
<FAMODSET
<FABASIS.BAS (optiona)
<DEF

RPT

<CEA
<PUB185.PRN
<RECYCLE
<PUB187.PRN
<MINHARV.RES

BASRUN < FAFORRPT

<FACRBRPT
<FAAGWEL
<FAASMRPT
<FAFORWEL
<FAFORLOT
<FACOMPAR



C-10

FAFINAL



C-11

APPENDIX E

FASOM OUTPUT FILE CONTENTS
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Summary FASOM output is produced in the FAFINAL.LST file by the GAMS ingructions. Other
output aso appearsin the dternative runsfiles (FABASRUN, FAAGTREE, FAALTRUN,
FACARRUN) and in the detailed forest sector output file FAFORRPT. This gppendix defines a
number of the items gppearing in these output files.

E10 COMBINED FOREST AND CARBON SECTOR OUTPUT®*

The following information is provided as output to the modd:

FAWELFARE The Net Present Vaue of forest sector Welfare, including consumers surplus,
producers surplus, foreign interests surplus, returns to public cut, and termind
conditions. The units of thisare million dollars. The components of thistable are:

FAWELFAREP

NETWELF

NETWELFP

PROGCOST

DOMESTCON Forest products domestic consumers surplus
DOMESTPRO Forest products domestic producers surplus
PUBLICCUT Public cut surplus which actudly istotd revenueto

public cut snce public cogts are not included
DOMEST Tota of above three measures

ALLFOREIGN Forest products surplus to foreign imports and exports note this
isjust foreign surplus since the curves are excess supply and
demand relations and cannot be interpreted as consumers or

producers surplus for particular parties
ALL Totd of DOMEST + ALLFOREIGN
TERMINAL Consumers surplus to the termind conditions
GRAND Tota of ALL + GRAND -- interpretable astota NPV
of welfare

Percentage changes in FAWEL FARE from the base scenario. Notea 1.0 value
means a 1% increase from the base

Net Present values of tota welfare less program costs.This has the GRAND
data from the FAWEL FARE table the NPV of sips program costs (SIPCOST)
based on datain the SIPCOST table and their difference
(BOTTOMLINE=GRAND-SIPCOST)

Percent changein NETWELF

Program cost by decade and type of policy

35 carbon sector outputs include carbon associated with existing inventory processes, afforestation, and

reforestation.



TIMBERINV

TIMBERINVP

Nationd Timber Inventory by decade in thousands of acres.This table dso
reports ownership, species and management intendity class. The ownership
classes are OP for other private and Fl for industrial forests. The species are
SOFSOF for softwood following softwood, HARSOF for softwood following
hardwood, SOFHAR for hardwood following softwood, and HARHAR for
hardwood following hardwood

Percentage change in TIMBERINV

TIMBERHAR Nationa Timber Harvest by decade in thousands of acres This table aso reports
ownership, and species. The ownership classes and species are as above

TIMBERHARP

CARBONINV

CARBONINV

REGCARBINV

TIMBPRICE

Percentage change in TIMBERHAR

Metric tons of carbon in inventory by decade in millions of tons
Percentage change in CARBONINV

Metric tons of carbon in inventory by decade and region in millions of tons

Forest Product Pricein $ 1990/ CF by decade and product for pulpwood,
sawtimber and fuelwood from softwoods and hardwoods

TIMBPRICEP Percentage change in TIMBPRICE

TIMBPROD
TIMBPRODP
TIMBCONS
TIMBCONSP
CARBFLUX
CARBFLUXP
TIMBPROP
TIMBPROQ

TIMBCONP

Forest Products Production by decade and product in MM CF
Percentage change in TIMBPROD

Forest Products Consumption by decade and product probably in MCF
Percentage change in TIMBCONS

Annud carbon addition in million metric tonslyr

Percent change in annua carbon addition

Timber producers price index relative to the base

Timber producers quantity index relative to the base

Timber consumers price index relative to the base
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TIMBCONQ

Timber producers quantity index relative to the base

PROGACRES Thousands of acres enrolled in policy programs

TIMBINV

REFOREST

MICHARVEST

TNEW

Tota softwood and hardwood timber inventory in million cu ft
Thousands of acres reforested by MIC and owner for entire US
Thousands of acres harvested by MI1C and owner for entire US

An enumeration of al SIP acresinthelast run, i.e, in the 50% and sSp run

These tables are produced in FAFORRPT for each policy.

LANDDISP

SOFTEXIST

HARDEXIST

SOFTNEW and
HARDNEW

NETRADE

Land actions by region and decade in thousand (M) acres:

HARVEXST harvest of exising sands

HARVNEW harvest of reestablished stands

CONVRTFRAG land converted from ag

TRANSFER land lost or added to the forest base dueto
urban/suburban, infrastructural, and other nonfarm
actions

REFOREST land "replanted” to any of the MIC classes (including
LL)

CONVRTOAG land shifted from forest to ag

Harvest of existing softwood acres, displayed by region, land class, owner,
species, Ste qudity: then the rows show initid age class (cohort) and MIC class
and the columns show the decade of the projection inwhich harvested

The same thing as SOFTEXIST for hardwood species groups

Show comparable detail for reestablished stands. Each block isfor

region, land class, owner, species, and site qudity. The rows givethe MIC
when regenerated and age of harvest in decades (so PLUS0 is 40 years, €tc.)
and the columns show the period in the projection in which the stand was
regenerated (planted). So if you add the age of harvest to the decade
regenerated you can tell when the stand is next cut (e.g., 1990 + 40 = 2030).
Acresin 1,000s

Shows by region, decade and product then net offshore trade of the various
regions. a poditive number is anet export, a negative number a net import.
Volumesin million cubic feet
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CONSBAL

LANDTOFOR

FORTOAG

AGTOFOR

SWINTOT,
HWINTOT

Shows totd US consumption, production, substitution, imports, exports and
apparent consumption (as a check) of products by decade. Volumesarein
million cubic feet. At times the gpparent consumption check column will show a
larger volume than the consumption column. The laiter isthe "red" amount
consumed sinceit is possible to harvest material and not use it or downgrade
(subgtitute) it--this may have some interesting carbon accounting consegquences.
Note the USNETSUB is the net substitution column: a positive number is
materia recelved from ahigher product category an minusis materid shifted
down to alower product category (SAWT is higher than PULP is higher than
FUEL)

An accounting of land shifted to forestry from ag by region, decade and land
class

Represents land shifted from forestry to ag by region and decade
The sametotds as from LANDTOFOR but summing across the land classes

Are tota softwood and hardwood inventories (in million cubic feet) by
owner, region, and decade

E2.0 AGRICULTURAL SECTOR OUTPUTS

The summarized ag output is at the end and gives the following information:

INDEXS

Fisher ided price and quantity indices for anumber of ag items giving the changein
those items relative to the base model result by decade. Theindices and theitemsin
them are;

gran

CORN, SOYBEANS, WHEAT, SORGHUM, RICE, BARLEY,
OATS

livestock OTHERLIVES(MOSTLY HORSES), CULL DAIRY COWS,

CULL BEEF COWS, MILK, HOGS SLAUGHTERED, FEEDER
PIGS, LIVE CALVES, BEEF YEARLINGS, CALVES
SLAUGHTERED, NONFED BEEF, FED BEEF, CULL SOWS,
POULTRY, LAMBS SLAUGHTERED, LAMBS FOR FEEDING,
CULL EWES, WOOL

othercrop SILAGE, HAY, COTTON, SOYBEANS, SUGARCANE,

SUGARBEET, POTATOES
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AGTABLE

feeds FEEDGRAIN, DAIRYPROT1, HIGHPROTSW, LOWPROTSWI,
LOWPROTCAT,HIGHPROTCA, GLUTENFEED

processed SOYBEANMEA, SOYBEANOIL, FLUIDMILK, BUTTER
AMCHEESE, OTCHEESE, ICECREAM, NONFATDRYM,
COTTAGECHE, SKIMMILK, CREAM, HFCS, BEVERAGES,
CONFECTION, BAKING, CANNING, REFSUGAR,
CANEREFINI, CORNOIL, ETHANOL, COSYRUP, DEXTROSE
FROZENPQOT, DRIEDPOT, CHIPPOT, STARCH

meats FEDBEEF, VEAL, NONFEDBEEF, PORK

chemicds NITROGEN, POTASSIUM, PHOSPOROUS, LIMEIN,
CHEMICALCO

otherinput OTHERVARIA, PUBLICGRAZ, CUSTOMOPER, SEEDCOST,
CAPITAL, REPAIRCOST, VETANDMED MARKETING,
INSURANCE, MACHINERY, MANAGEMENT, LANDTAXES,
GENERALOVE, NONCASHVAR, MGT, FUELANDOTH,
CROPINSUR, IRRIGATION, MISCCOST,PROCCOST,
TRANCOST, MISCINPUT

Table of agricultura results which summarize anumber of items by decade. They
indude:

CROPLAND Use of crop land in thousand acres
PASTURE Use of pasture land in thousand acres
DRYLAND Use of dryland crop land in thousand acres
IRRIGLAND Useof irrigated crop land in thousand acres
WATER Use of irrigation water in thousand acre feet
LABOR Use of labor in thousand hours
TOTALWELF Totd surplusin ag modd in thousand $

CONSWELF Totd domestic ag consumers surplusin ag model in thousand $
PRODWELF Totd domestic ag producers surplusin ag mode in thousand $

FORWELF Totd foreign surplusin ag modd in thousand $
DOMESTWEL Tota domesgtic surplusin ag modd in thousand $
GOVTCOST Tota government program cost in ag model in thousand $
NETWELF Net ag surplus after subtracting government cost in thousand $

TRADBAL  Agtradebaancein thousand $



