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Preface

There are many regional economic models in the literature, and a limited number have
been used to investigate the impacts of fishery management policies on communities.
However, there is no formal study in the literature that provides a thorough, comparative
evaluation of the regional economic models that have been, or can be, used for regional
impact analysis for fisheries. In Part I, we describe the Alaska seafood industry, discuss the
importance of the industry to the state economy, and indicate the importance of regional
economic analysis for the Alaska seafood industry. Next a theoretical overview of regional
economic models is provided. Specifically, we discuss major features of each type of
regional economic model — economic base model (EB), input-output model (I0), social
accounting matrix model (SAM), supplied-determined model, and computable general
equilibrium model (CGE). Finally, a comparative discussion of these models is also
provided. While Part I focuses on a theoretical review of regional economic models, Part 11
discusses applications of those regional economic models to fisheries. These include input-
output (I0) models, which have been used in many previous studies of regional economic
impacts for fisheries, the Fisheries Economic Assessment Model (FEAM), which has been
one of the major analytical tools used to examine the impacts of fisheries on the West Coast
and in Alaska, and the first regional computable general equilibrium (CGE) model used for
fisheries in a U.S. region. In addition, some issues related to specifying such models for
Alaska fisheries, data needs and availability for modeling regional economic impacts for
Alaska fisheries, and perspectives on regional economic modeling for Alaska fisheries are

discussed.
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Introduction

The Alaska economy is heavily dependent on the seafood industry. Therefore, it is
important to be able to estimate the impacts of various fishery management actions on this
industry and on the economy as a whole. In 2002, about 5.1 billion pounds of fish and
shellfish were harvested in waters off Alaska with an ex-vessel value of about $812 million
(National Marine Fisheries Service (NMFS) 2003). In the same year, groundfish accounted
for 58% of the ex-vessel value; shellfish, 15%; salmon and halibut, 13% each; and herring
1% (NPEMC 2003). Over the past 5 years, about 23.9 billion pounds of seafood have been
harvested in waters off Alaska (NMFS, various years). In 2002, 54%, by weight, of the U.S.
commercial fishing harvest came from Alaska (NMFS 2003).

The Alaska seafood industry is an important industry in the state, both in terms of
employment and income. Alaska’s dominant position in the U.S. seafood industry translates
into more than 16% of the state’s basic sector employment and more than 47% of private
basic sector employment (ahead of oil and gas, mining, forest products, and tourism).
Seafood is Alaska’s top international export. Fish products represent approximately 40% of
Alaska’s international exports. Participation and employment in the Alaskan seafood
industry has grown in the last decade.

The fishing industry is important to Alaska’s residents and communities. Alaskans
own about 75% of the total limited entry fishing permits. More than 50% of these Alaskan
permit holders reside in rural areas of the state. For many small coastal and river
communities, commercial fishing is the major source of income, whether it is direct or
indirect. The cities and boroughs of the state receive one-half of the state’s fisheries business

taxes. Their share of both the FYO0O fisheries business and fisheries landing taxes was $19.9



million. For many small communities, this likely represents a significant portion of their tax
base (Alaska Department of Fish and Game (ADFG) 2001).

Although the sheer size and importance of this industry to Alaska’s regional economy
necessitates careful analysis of the effects of fishery policies, federal laws also mandate that
such work should be undertaken. Economic analysis of the proposed fishery management
policies is required by the Magnuson-Stevens Fishery Conservation and Management Act,
National Environmental Policy Act (NEPA), and Executive Order 12866. Economic analysis
should include evaluation of regional and community economic impacts of changes in (i) the
biological condition of fishery resources, (ii) economic conditions of fishery industries, and
(ii1) regulations and policies regarding fisheries. To satisfy the requirements of National
Standard 8, it is critical to evaluate the regional economic impacts of the proposed fishery
management policies. To inform the policymakers and the public of the likely impacts
associated with fishery management policies, economists need appropriate economic models
to estimate the regional economic impacts attributable to fishery policies.

There are many regional economic models in the literature, and a limited number
have been used to investigate the community impacts of fishery management policies.
However, there has been no formal study in the literature that provides a thorough
comparative evaluation of the regional economic models that have been, or can be, used for
regional or community impact analysis for fisheries. In this context, the purpose of this
critical review is to:

1) provide a theoretical overview and comparative discussion of the regional

economic models,



i1) discuss modeling and data issues in relation to use of these regional economic
models for fishery management, and

1i1) provide a perspective on regional economic modeling for fisheries in Alaska.

This review consists of two major parts. Part I includes this introduction, a
theoretical overview and comparison of regional economic models, and a summary of Part L.
Part II includes an overview of the topics to be discussed in Part II, describes regional
economic models used to assess the effects of fishery management actions and the issues
involved in specifying such models for Alaska fisheries; discusses the data needs and
availability for modeling regional economic impacts for Alaska fisheries, and concludes this
review and summarizes the major considerations involved in applying regional economic
models to Alaska fisheries. Finally, an Appendix details the structure of the Fisheries
Economic Assessment Model (FEAM), which has been one of the major analytical tools used

to examine the regional economic impacts of fisheries on the West Coast and in Alaska.

Theoretical Overview of Regional Economic Models
Several types of economic impact models have been used to analyze regional
economic issues. These include export-base or economic base (EB) models, input-output
(IO) models (Miller and Blair 1985), social accounting matrix (SAM) models, and
computable general equilibrium (CGE) models. The EB model is the simplest regional
economic impact model, followed by the 10 model, which has been fundamental to regional
economic analysis for the past half century. In an IO model, the effects of changes in

exogenous final demand on the economy are calculated using multipliers. The SAM model



represents a recent extension of IO analysis (e.g., Adelman and Robinson 1986, Marcouiller
et al. 1995). Its genesis is the result of dissatisfaction with both the nature of 10 analysis and
its limitations in assessing income distribution impacts. However, even the SAM model
shares certain other limitations with IO. Specifically, in both types of models, prices are
assumed to be fixed and no factor substitution in production or commodity substitution in

consumption is allowed. As a result, these models tend to overestimate the impacts.

Regional economists have also used supply-determined IO (SD-IO) models in which
final demands for some sectors and gross outputs for the remaining sectors are specified
exogenously (Miller and Blair 1985, Chapter 9). SD-IO models were used in situations
where the productive capacity of a sector is exogenously reduced. Recently, SAM versions
of the SD model, so called supply-determined SAM (SD-SAM) models, have been developed
to examine the impact of a change in industry productive capacity on income distribution.
Although these SD models are more useful for analyzing the impact of a reduction in
productive capacity than the conventional 10 and SAM models, they share the same

limitations discussed above.

Computable general equilibrium (CGE) models overcome the limitations of these
fixed-price models. In CGE models, prices are allowed to vary and substitution effects in
production and consumption are allowed. The CGE model also enables analysts to examine
the welfare implications of a policy change. Furthermore, the CGE approach is more
appropriate than other regional economic model for analyzing the impacts of change in

productive capacity of resource-dependent industries.



The following section explains the theoretical framework and elaborates on the
strengths and weaknesses of each of these type of models. A comparative discussion of these

models is provided at the end of this section.

Economic Base (EB) Models

This subsection draws on Blair (1995). The EB model is based upon the idea that
regional economic growth (an increase in income or employment) is attained only by an
increase in exports. According to EB theory, the economy is divided into two sectors — a
basic sector and a non-basic sector. The basic sector is an export sector, while the non-basic
sector includes local industries that serve local demand. In EB theory, export activity is the
engine of growth. Export industries generate money that flows into a region. A portion of
the income from exports is spent locally by the export workers, which creates local service
jobs. In turn, workers serving the local economy spend much of their income locally, thus
supporting additional jobs. A portion of the income from these additional jobs is spent
locally, generating similar effects. This process continues until the effects disappear.

A simple EB model is presented below (Blair 1995). The EB theory can be derived

from the circular flow model. Income can be expressed as

Y=C+(E-M), Eq. (1)

where Y is total regional income, C is consumption, E is exports, and M is imports. This

equation says that income of local residents is equal to consumption (C) plus net monetary

inflows (E-M). Consumption consists of two components. One component is independent of



level of income. The other component is dependent on local income. The consumption

equation is

C=A+bY, Eq. (2)

where A is constant, and b is marginal propensity to consume. Imports are determined by the

level of local income as follows:

M =iy, Eq. (3)

where i is the marginal propensity to import.

Substituting Equations (2) and (3) into Equation (1),

1

Y =
1-b+i

(A+E). Eq. (4)

Here, 1/(1-b+i), which is greater than one, is called the EB multiplier. The EB multiplier is
calculated as the ratio of total (i.e., basic plus non-basic) activity to basic activity. In
practice, estimates of industry employment and/or payroll are generally used as indicators of
regional economic activity. Thus, an EB employment multiplier is used to calculate the total
number of jobs generated by an increase in export sales sufficient to require the addition of
one job in a regional basic industry. The EB multiplier is conceptually similar to the
Keynesian multiplier in macroeconomic analysis. The multiplier effect occurs because the

initial increase in export income is spent and re-spent, creating additional income. However,



some of the additional spending leaks out of the region in the form of monetary outflows.
More detailed analysis or discussion of the EB theory is found in North (1955), Tiebout
(1956), and Richardson (1973). Excellent critical reviews of theoretical and empirical
studies of EB models may also be found in Krikelas (1991) and Krikelas (1992).

The EB model appeals to regional economists because it provides a clear link
between the national economy and the regional economy of interest within a standard income
determination framework (Richardson 1985). However, the EB theory has many limitations.
Some of the important limitations are the following. First, the EB model is a purely demand-
side model and gives no attention to the supply side of the economy. For example, labor in-
migration or population growth changes the productive capacity of a region, increases output,
and leads to economic growth of the region. Also, increases in factor productivity — such as
an increase in labor productivity due to education and job training, or an increase in capital
productivity due to technological progress — can contribute to economic growth of a region.
Second, the theory ignores import substitution as an alternative development strategy. Rather
than increasing exports, it may be useful to produce locally what otherwise would have been
imported. If products currently being imported are produced locally, which reduces the
quantity of imports, the marginal propensity to import in the Equation (4) above will be
reduced. This will increase the value of the multiplier for a given amount of exports. Third,
a more fundamental criticism concerns the definition of a basic sector. Although balance of
trade statistics (accounts of international flows of goods, services, and finances) are available
at the national level, there is no authoritative accounting of transboundary (i.e., exports and
imports) flows for sub-national regions. Consequently, it is necessary to estimate the

contribution of various industries’ activities to a region’s economic base. This is generally



done by either the simple assignment method (in which all manufacturing and resource-based
activity is simply defined as basic), or the location quotient method (in which basic industries
are defined as those providing a greater proportion of regional employment than that industry
does at the national level). Both of these methods can create serious errors in the estimates of
the export base, especially if the structure of regional production and consumption is very
different than the national average. Also, neither method accounts for the growing
prevalence of self-employed activity and the emergence of non-manufacturing exports (e.g.,
producer services) (Waters et al. 1997). Fourth, a major problem with standard economic
base analysis is that it excludes “non-traditional” components of a regional economic base.
These “non-traditional” components include transfer and property type income, most of
which may be derived from sources outside of a region, and federal government expenditures
made in the region (Waters et al. 1997). Finally, it is very difficult to tell how much local
non-basic activity was attributable to a particular basic industry since its effects are mixed
with impacts caused by other basic industries located in the same region. To separate out the
impacts of a particular basic industry in the interdependent economy, economists have turned

to IO models.

Input-Output (I0) Models
The following discussion relies on Miller and Blair (1985). In the 1930s, Wassily
Leontief developed an IO model of the U.S. to examine the economic interrelationships
among its industries, and the IO model has been fundamental to regional economic analysis
ever since. In the IO model, changes in final demand, an exogenous variable, are estimated

and the effects of these changes on the economy are calculated using multipliers. Since the



development of the IO model by Leontief, several studies have used it to analyze agriculture
(e.g., Geier and Holland 1991, Leones et al. 1994, Sills et al. 1994), regional economic issues
(e.g., Hughes et al. 1991, Holland and Cooke 1992), resource management problems (e.g.,
Young and Gray 1985, Hamilton and Gardner 1986, Martin et al. 1988; Waters et al. 1994),
environmental issues (e.g., Cumberland and Stram 1976, Rose 1983), and marine recreational
fisheries (Schorr et al. 1995, Storey and Allen 1993, Herrmann et al. 2001). Application of
10 models to investigate the impacts of fishery management policies will be discussed in
later in Part I1.

Miernyk (1965), Miller and Blair (1985), and Hewings (1985) provide more detail on
the 10 model. In this review, we will discuss the fundamental features of single-region 10
models. See Hewings and Jensen (1986) for a discussion of interregional and multiregional

IO models. A survey of 10 studies is found in Richardson (1985).

Fundamental Relationships
Suppose that a regional economy is divided into n sectors, and that total output of
sector i and total final demand for sector i’s product are denoted X; and Y;, respectively.

Then, the following equations hold:

Xi:Zil+Zi2+~-~+Zii+-~-+Zin+Yi i:], 2,..., n, Eq (5)

where Z;; are monetary values of interindustry sales from sector i to sector j. The jth equation

in the above equation system represents the distribution of sector j’s output. Consider the

elements in the ith column on the right-hand side of the equations represented by Equation



(5), [Zii, Zai, .., Zii, ..., Zni]. These elements are sector i’s purchases of products of the
various producing sectors, which are used as inputs in sector i’s production. These inputs are
called intermediate inputs. In the 10 framework, a fundamental assumption is that the
interindustry flows from i to j depend entirely and exclusively on the total output of sector j.
The ratio of the flow of input from i to j (Z;;) to sector j’s output (X;) is called a technical

coefficient or input-output coefficient (ajj):
Z. Z.
a.A:X—’ or X.=—2% or Z.=a,X.. Eq. (6)

Since these technical coefficients determine fixed proportions of inputs necessary to produce

output, the production function in an IO model can be represented as

Z, Z,, z,
Xj:min(i, 2 s f] Eq. (7)

Substituting Equation (6) into Equation (5), and rearranging the terms,

(1-a11)X1 — 2112X2 — - aliXi - e — alan =Y1
-a21 X1 + (1—a22)X2 — - AiX; - e — Xy =Y2
-a;1 X1 - apXy — veee. + (1—aii)Xi - e, — anXn =Y; Eq. (8)
anXi - aeXe = e - aXi - e+ (L-ag)Xa = Yo

Expressing Equation system (8) in matrix terms,

10



d-A)X =Y, Eq. (9)

where I is nxn identity matrix; A is nxn input-output coefficient matrix of a;;’s; X is a column
vector of Xj’s; and Y is a column vector of Y;’s. Here, X is a vector of endogenous variables
and Y a vector of exogenous variables. If (I-A) is non-singular, Equation system (9) can be

solved for X as

X=(I-A)"'Y, Eq. (10)

where (I-A)'1 is often referred to as Leontief inverse. When there is a change in final demand
(Y), Equation (10) can be used to calculate the total impact on output (X) in the different

sectors of the economy.

Open Versus Closed Models

The exogenous final demand for a sector’s output in Equation (10) consists of
household demand, government demand, investment demand, and exports. Although
households tend to purchase goods for final consumption, the amount of their purchases is
related to their income, which they earn in payment for their labor inputs to production
processes. Their labor income depends on the output of each of the production sectors. In
most economies, consumer expenditures constitute a major portion of final demand. Thus,
one could make the household sector an endogenous sector. This is known as closing the

model with respect to households. So the Equation system (5) would now be modified to

1



Xi:Zil +Zi2 +...+ Zii+~-~+ Zin+Zi(n+1)+Yi* = 1,2, N (1’1+1). Eq (11)

In Equation (11), Zin+1) represents household demand for sector i’s output and Y;* is the
remaining final demand for the sector’s output. In addition to this modification on each of
the equations in Equation system (5), there would be one new equation for the total output of
the household sector; that is, the total value of its sales of labor services to the various sectors

or total earnings of households. The new equation is

Xne1 =Zneny1 + L2 +o oo+ Zsyi +o oo+ Zineiyn + Zinar1) 041) + Yorny™. Eq. (12)

Here, Zu+1)i (i = 1,2, ..., n) represents dollar flows from sector i to households; that is,
wages and salaries received by households from sector i, and Z+1) m+1) represents household
purchases of labor services. The last term in Equation (12), Y n+1y*, would include, for
example, payments to government employees. Household input-output coefficients are
determined in the same manner as any other element in an input-output matrix. The value of
sector j’s purchases of labor services, Z.1);, divided by the value of total output of sector j,
X, gives the value of household labor services used per dollar’s worth of sector j’s output,

that is,

Ay = et Eq. (13)

12



For household consumption of output from producing sectors, the value of sector i’s sales to
households, Zin+1), is divided by the total output of the household sector, X1, yielding

household consumption coefficients,

_ Zi)
ety = % .

n+l

Eq. (14)

Substituting Equations (6), (13), and (14) into Equations (11) and (12) and

rearranging the terms yields

(I-ainXy = apXs — .. - apXy - ...—  apX, - A X ey = Y1 ¥
-a21Xy +(1-a2)Xs — - X - ... — a3, Xy - az(n+1)X(n+1) =Y,*
Xy - apXo — .+ (T-apXi - L - anXn - @i X@eny = Y5
'anlxl - anZXZ e T ani)<i - ..t (1'ann)Xn - a-r1(n+l))((n+1) =Yn>l<
“Ane)IXT - Ane2X2 = oen - AeDiXi - oo - AaeDnXn F (1rame @) Xos) = Yo ®
Eq. (15)

Expressing Equation system (15) in matrix terms,

d-AFX*=Y*, Eq. (16)
where 1 is (n+1)x(n+1) identity matrix; A* is (n+1)x(n+1) input-output coefficient matrix;
X* is a column vector of X;*’s; and Y*is a column vector of Y;*’s. Solving Equation system

(16) for X*,

X# = (I - A%) 1y, Eq. (17)

13



Multipliers

The notion of multipliers rests upon the difference between the initial effect of an
exogenous (final demand) change and the total effects of that change. Total effects can be
defined in one of two ways — either as the direct and indirect effects (found via elements in
the Leontief inverse of an “open” 10 model), or as direct, indirect, and induced effects (in the
elements of the Leontief inverse of a “closed” IO model). Direct effects represent the
impacts of the expenditures and/or production values specified as direct final demand
changes. Indirect effects represent the impacts caused by iteration of changes in industries’
purchases from other industries in response to the direct final demand changes. Induced
effects represent the impacts on all local industries caused by the change in expenditure of
household income generated by the direct and indirect effects resulting from direct final
demand changes. The multipliers that result from using direct and indirect effects only are
known as simple multipliers. When direct, indirect, and induced effects are used, they are
called total multipliers. Three of the most frequently used types of multipliers are those that
estimate the effects of exogenous changes on outputs of the sectors in the economy, on
income earned by households because of the new outputs, and on employment (in physical
terms) that is expected to be generated because of the new outputs.

A simple output multiplier for sector j is defined as the total value of production in all
sectors of the economy that is necessary in order to satisfy a dollar’s worth of final demand
for sector j’s output. Formally, the simple output multiplier is the ratio of the direct and
indirect effect to the initial effect of the change in final demand. Suppose the elements of the
Leontief inverse in Equation (10) are o;;’s. Then the simple output multiplier for sector j is

given by

14



0, =) a,. Eq. (18)

The total output multiplier, that also captures the induced effects, calculated as

n+l

0, =) a;, Eq. (19)
i=1

where a;/* denote the elements in Leontief inverse in Equation (17). The simple income

multiplier is given by
H, = a,.,a; . Eq. (20)
i=1

A simple income multiplier of, say, 0.5 for sector j implies that an additional dollar of final
demand for sector j’s output, when all the direct and indirect effects are converted into dollar
estimates of income, would generate $0.5 of new household income. The total income

multiplier is calculated as

n+l

H] =2 a0 = Oy, Eq. 21)
i=1

15



The simple employment multiplier is given by

Eq. (22)

E; =2 W

where w1 1S number of employees per dollar’s worth of output in sector i. A simple
employment multiplier for sector j of, say, 0.005 implies that a total of 0.005 jobs will be
created in the economy due to an increase in final demand of $1 for the output of sector j.

The total employment multiplier is given by

n+l1

E; =) Wi, Eq. (23)
i=l1

Limitations of Input-Output (I0) Models

Input-output models are very useful for capturing the inter-industry linkages in a
regional economy. The models are relatively easy to implement with data from IMPLAN
(IMpact analysis for PLANning, Minnesota IMPLAN Group). Though these models remain
useful for the analysis of some regional economic issues, the models have some critical
limitations. First, the IO model is demand-driven and assumes that the supply of outputs and
inputs is unlimited with commodity and factor prices fixed (i.e., the change in demand is
always satisfied by increased supply). The result of this assumption is that the model tends
to overestimate the effects of policies (Hunter 1989, Miller and Blair 1985). Second, the
behaviors of firms and households are not derived from constrained optimization. In the IO

model, factor substitution in production and commodity substitution in consumption are not

16



allowed. Instead, the model assumes fixed factor ratios in production and fixed expenditure
ratios in consumption. Therefore, IO models are not appropriate for the study of economies
facing factor constraints or shifts in relative prices. Third, the technical coefficients or input-
output coefficients (a;) are assumed to be fixed. This assumption is not appropriate in
situations where the technical coefficients change due to change in production technology of

industries.

Social Accounting Matrix (SAM) Models

The SAM model is an extension of 10 analysis that arose due to dissatisfaction with
both the nature of IO analysis and its incomplete measure of distributional impacts (Pyatt and
Round 1985, Kuening and de Ruijter 1988). During the 1980s, SAMs were used to more
fully analyze regional economic development (Eckaus et al. 1981, Cohen 1988, Skountzos
1988), including the effects on income distribution (Adelman and Robinson 1986, Havinga
et al. 1987, and Marcouiller et al. 1993). However, because a SAM model has the same basic
characteristics and assumptions as an 10 model, it cannot overcome the inherent limitations

discussed above.

Social Accounting Matrix

A SAM is a matrix of balanced expenditure and income accounts, and provides a
tabular snapshot of the economy at one point in time. Constructing a SAM begins with
specifying the 10 accounts consisting of detailed industry, commodity, factor, and final
demand transactions that are balanced to reflect market-level equilibrium, as well as the

aggregate income-expenditure equilibrium (Table 1). A SAM also provides information on

17



non-market financial flows by capturing payments of taxes by individuals and businesses,
and fund transfers between people or institutions. SAM accounts are an extension of
traditional 10 accounts. Like IO analysis, a full SAM is a double-entry bookkeeping system
capable of tracing monetary flows through debits and credits similar to T-Accounts in basic
financial accounting. The column entries represent expenditures or payments made by the
economic agents. The row entries represent receipts or income to agents. By accounting
definition, total receipts equal total expenditures. For a more detailed discussion of a SAM,

see King (1985). The structure of a regional SAM is given in Table 1.

Social Accounting Matrix Models

A standard 10 model includes the intersectoral flows of intermediate inputs and so
captures one major source of linkages in the economy. However, the IO model ignores the
flows from producing sectors to factors of production (value added), and then on to entities
such as government and households, and finally back to demand for goods. In a SAM
model, these flows can be captured. A SAM model can also examine the distribution of
income to various types of institutions and households; that is, the distribution of nominal
income between wages and profits and the distribution of wages and profits between various
types of households. Discussion of the structure of SAM models below is based on Holland
and Wyeth (1993) and Adelman and Robinson (1986).

Table 2 presents an aggregate SAM for the United States in 1982. In the SAM, there
are twelve endogenous sectors or accounts and three exogenous sectors or accounts. The
twelve endogenous accounts include three industrial sectors (agriculture, agriculture related

activity, and other activities), three value-added accounts (labor income, capital income, and
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indirect business taxes), three institutions (labor, proprietors, and enterprises), and three
household types (low, medium, and high income households). The three exogenous accounts
are a capital account, government, and the rest of the world.

Dividing each element in a column in the SAM by the sum of the elements in the
column results in a matrix of coefficients. Removing the columns and rows for the
exogenous accounts from the matrix of coefficients results in the matrix of SAM direct
coefficients denoted S. Matrix S consists of several submatrices. Submatrix A is a matrix of
technical coefficients indicating the interindustry flows of goods and services. Submatrix V
is a matrix of value-added coefficients representing how the sectoral income is distributed to
each category of value added. Submatrix Y is a matrix of value-added distribution
coefficients showing how value added is distributed to each of the six institutional
subaccounts. Submatrix C is a matrix of expenditure coefficients accounting for income
spent by each of the six institutional subaccounts on the three industrial commodities.
Submatrix H is a matrix of institutional and household distribution coefficients. The full

matrix S of the SAM direct coefficients is

Eq. (24)

%}

I
Q < »
~ O O
T O 0
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Then the SAM model can be represented as

X ex

Vi=UI-8)"ev|, Eq. (25)
Y ey
where

X: vector of sectoral supply (3x1)

V: vector of value added by categories (3x1)

Y: vector of institutional (households’) incomes (6x1)

I: identity matrix

ex: vector of exogenous commodity demand (3x1)

ev: vector of exogenous value added (3x1)

ey: vector of exogenous institutional (households’) incomes (6x1).

Denoting
X ex
o=V and R=|ev |,
Y ey

the SAM model can be represented as

Q=U-9"R, Eq. (26)

where (I-S)'1 is called the SAM multiplier matrix or matrix of SAM inverse coefficients.
Endogenous accounts that pertain to the SAM constructed here in Equation (26) are

production sectors, value added, and institutional accounts (which include enterprise and
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various types of households). Exogenous accounts are specified as government, capital and
the rest of the world. Injections to the system include transfers to institutions and to
households from government and the rest of the world. In addition, injections occur through
demands on production activities generated by government, investment and exports to the

rest of the world. Leakages included taxes, savings and imports.

Supply-determined Models

The SD-IO model is a special case of impact analysis in which final demands for
some sectors and gross outputs for the remaining sectors are specified exogenously. This
model has thus proven useful to regional economists to examine situations in which the
productive capacity of a sector is curtailed or eliminated (e.g., Petkovich and Ching 1978,
Johnson and Kulshreshtah 1982, and Papadas and Dahl 1999). Recently, SAM versions of
the SD model, so called SD-SAM models, have been developed to examine the impact of
timber production on income distribution (Marcouiller et al. 1993, Marcouiller et al. 1995),
the impacts of European dairy quota (Roberts 1994), or to analyze the effects of public land
grazing reductions on urban and rural northern Nevada (Harris et al. 1996). In a study
comparing the SD-SAM and CGE models, Seung et al. (1997) examine the effects of
exogenous reductions in output levels of livestock, other crops, and hay and pasture sectors.
Sectoral final demand changes are increased expenditures in recreation-related sectors from
increased wetlands tourism. Their study treats the decrease in the agricultural outputs and
the increase in the final demand for the recreation-related sectors as exogenous. Only the

SD-SAM model will be discussed below because the SD-IO model shares a very similar
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structure. Miller and Blair (1985; Chapter 9) provide a detailed explanation of the SD-IO
model. Discussion of the structure of SD-SAM model below is based on Seung et al. (1997).
Suppose there are n production sectors, a value-added account, and a household
account in the economy. Suppose further that the first k sectors’ outputs are supply-
determined. In the SD-SAM model, the first k sectors’ outputs are treated as exogenous
variables and the final demand variables for the first £ sectors (ex;, exo, ..., €xXy) are treated as
endogenous variables. Moving the exogenous variables to the right hand side and the
endogenous variables to the left hand side in the equation system represented by Equation
(25) or Equation (26), and expressing the equations in matrix form, the SD-SAM model can

be represented by (Miller and Blair 1985, Marcouiller et al. 1995):

Z = B'W, Eq. (27)

where Z is a column vector, whose elements are

zZ = lexl,exz, s €0 X iy Xgaysees Xpsees Vs YJ ;
__1 0--0 _Sl(k+1) _Sl(k+2) "'_Sln _Slv _Sl_v
0-1---0 _SZ(k+1) _SZ(k+2) "'_Szn _Szv _SZy
B - Do : : : : : : : and
0 0--—I _Sk(k+l) _Sk(k+2) "'_Skn _Skv _Sky
© 0 =S ) = Swnw T Serm = S = Sy
L 0 0--0 =Sy TSy TS, TS, (I_Syy)_
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-(1-$5)X, + SpX, + e + S X,

S,uX, — A-=-8,)X, + - + A\ ¢

SqX, + SnX, + e -(1-S,)X,
W = S(k+1)1 X, + S(k+1)2X2 + o + S(k+1)k X, + €X(ks1) |+

Sn1X1 + SnZ 2 LR + Snka + e'xn

S X, + SL,X, + e + S,X, tev

Sle1 + SL,X, + e + SX, tey
Here Sji’s are the elements of matrix S; X, Xo, ..., and X are exogenous variables, which
denote the output levels of the supply-determined sectors; €Xk+1, €Xk+2, .., €Xpn, €V, and ey are
exogenous final demand variables; and ex;,exa,..., €Xk, Xk+1, Xk+2, ---» Xn, V, and Y are

endogenous variables.

These SD models are very useful for investigating the impacts of reduced production
capacity for resource-dependent economic sectors. However, they have the same limitations
that a fixed-price model faces (i.e., fixity of prices, no factor substitution in production and
no commodity substitution in consumption). In addition, the SD models employ more
restrictive assumptions than the conventional 10 or SAM models. By making the supply-
determined sectors’ outputs exogenous, the final demands for the same sectors are “forced”

to be endogenous.

Computable General Equilibrium (CGE) Models
Computable general equilibrium (CGE) models are based on the Walrasian general
equilibrium structure (Walras 1954) formalized by Kenneth Arrow, Gerard Debreu, and

others in the 1950s. The models explicitly incorporate supply constraints, identify prices and
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quantities separately, and have smooth, twice differentiable production and preference
functions. Thus, substitution effects in production and in consumption are allowed in CGE
models. Factor and commodity markets attain their equilibrium through the adjustment of
relative prices.

Computable general equilibrium (CGE) models have been used for dealing with the
issues of efficiency, distortionary, and distributional effects of national tax policies and
international trade policies. Many CGE tax models are based on Harberger's (1959, 1962,
1966) analysis of corporate and capital income taxes in the United States. The theoretical
foundation of most models dealing with the impacts attributable to change in trade policies is
the trade theory formulated by Heckscher and Ohlin. Some examples of the national-level
CGE models include Robinson et al. (1990), Hertel and Tsigas (1988), and Shoven and
Whalley (1984). A survey of CGE models of tax and trade policies is available in Shoven
and Whalley (1984).

The primary drawback in regional CGE analysis has traditionally been a lack of
regional data. However, the development of the IMPLAN database (Alward et al. 1989) and
more recent developments of regional SAMs have spurred both interest in, and development
of, regional CGE models. For example, Harrigan and McGregor (1988) used a two-region
model of Malaysia to analyze the effects of change in world demand for commodities
produced in Malaysia. The authors simulated the effects under (i) a neoclassical closure, in
which labor markets clear continuously, and (ii) a Keynesian closure, which assumes rigid
nominal wages. Morgan et al. (1989) used a six-region model of the United States to study
the impacts of unilateral and multilateral removal of regional (state and local) and Federal

taxes. Kraybill et al. (1992) used a two-region model of the United States to examine
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regional impacts of the Federal budget deficit and international trade imbalances. The results
of their analysis show that Federal fiscal policies have important implications for the pattern
of income distribution across regions. Seung et al. (2000) developed a dynamic CGE model
for a rural county in Nevada, in which the economic impacts of reallocating water from
irrigated agriculture to recreational use in a rural county in Nevada are examined. Seung and
Kraybill (2001) employed a dynamic CGE model to investigate the effects of infrastructure
investment for Ohio. For fisheries, Houston et al. (1997) developed a regional CGE model to

evaluate the impacts associated with reduced marine harvests for a coastal Oregon region.

Overview of a Generic Computable General Equilibrium (CGE) Model
For expositional clarity, the discussion of a generic CGE model is limited to static,
single-region models. For an excellent survey of regional CGE models including

multiregional CGE models, see Partridge and Rickman (1998).

Production -- Most of CGE models employ a two-level production function. In the

first level, a value-added function is used to determine the components of the value added:

VA, = VA, (L,.K,:Q,). Eq. (28)

where VA; denotes a quasi-concave value-added function, L; and K are labor and capital

employed in sector 7, and €, is a vector of parameters. Cobb-Douglas (CD) or Constant

Elasticity of Substitution (CES) value-added functions are used in most CGE models because

they are convenient forms in terms of (i) consistency with the theoretical restrictions and (ii)
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analytical tractability (Shoven and Whalley 1992). In a CD function, it is implicitly assumed
that the elasticity of substitution between factors of production is unity. CES functions, a
generalization of CD, allow this value to vary but specify the same elasticity of substitution
between factors of production. Some regional CGE models using CES functions allow for
differing elasticities of substitution by employing “nested” functional forms. Alternatively,
flexible functional forms (FFF) are used in some cases (e.g., Despotakis and Fisher 1988).
FFF allow for not only differing elasticities of substitution but also complementarity,
between inputs (Partridge and Rickman 1998). In the second level, intermediate inputs are

combined in fixed ratios:

X.= min{"—A", Xu Xa X'"} , Eq. (29)

Ayi aiji azi Ani

where X; is the output level in sector i, a,; is the share of the value-added in one unit of
output, Xj; is sector i's use of intermediate good j, and a;; is an input-output coefficient that
represents the amount of the jth good needed to produce one unit of the ith product. The

structure of production in a typical regional CGE model is depicted in Figure 1.

Factor Demand -- Factor demands are derived from the firm’s profit maximization
problem. Assuming that sector i uses labor and capital as primary factors of production, and
that the production technology is represented by a CD function, those demand functions are

given by
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o, (PV)X

L, L (labor demand function) Eq. (30)
and

(PV)X.
K, = M (capital demand function), Eq. (31)

i

where 0; and k; are share parameters for labor and capital, respectively; W; and R; are the
wage rate and the return to capital in sector i, respectively; and PV; is the net price of a unit
of value-added in sector i. Since it is generally assumed in CGE models that the quantities of
factors have their limits, substitution effects are allowed if the relative prices of factors

change.

Consumption -- Household preferences in regional CGE models are often represented
by a Stone-Geary (Stone 1954), CD, or CES utility function. Consumer demand is derived
from utility maximization subject to a budget constraint. Many CGE modelers use the
demand functions based on a CES utility function or other more flexible demand functions to
allow for substitution effects. Suppose that the preferences of different types of households
are represented by a CES utility function, and that each type of household consumes both
locally produced goods and imported goods. Then, the demand function of household type &

for each good is given by
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B, (HEXP,)

= _ ’ Eq (32)
PQi}’h Zﬂjh PQJ'(I )
J

Qih

where Q;;, is quantity of good i consumed by household type #; S is the share parameter for
good i and household #; HEXPj, is household /’s total expenditure on goods; PQ; is price of
good j, a composite of locally produced and imported versions; and ¥, is household 4’s
elasticity of substitution for goods. Some regional CGE models use the linear expenditure
system (LES), which is based on a Stone-Geary utility function (Stone 1954), because of its
desirable properties of adding-up, homogeneity, symmetry, and negativity, although
substitution effects are ignored in this system (Deaton and Muellbauer 1980). The structure
of consumption in a typical regional CGE model is depicted in Figure 2.

Factor Mobility -- Regional CGE models often employ various assumptions about
factor mobility. For example, Hoffmann et al. (1996) and Waters et al. (1997) specified three
different model variants for intersectoral and inter-regional factor mobility. In the first
model, both labor and capital are assumed to be mobile between sectors, but neither labor nor
capital is mobile between regions. Therefore, the total stock of each factor of production in
the regional economy is fixed at its base-year level. As a result, both wage rate and return to
capital are endogenously determined, and differentials in wage rate and return to capital exist
across regions. The assumption seems plausible if the period of analysis is relatively short.
In the second model, labor is perfectly mobile between regions and the total capital stock is
fixed at its base-year level and immobile between regions. The wage rate is fixed in nominal
terms and is equalized between regions, but the return to capital is endogenously determined.

In the third model, both labor and capital are perfectly mobile between regions. Results from
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this model variant depict long-run effects. In this model variant, in- or out-migration of labor
and capital occur such that both the wage rate and the return to capital are fixed at their base-
year levels, and are equalized between regions. This model version is analogous to a fixed-
price, IO-type constant multiplier model. The first and third models are specified as extreme
cases for inter-regional factor mobility and the second model as an intermediate case.

Jones and Whalley (1989) discuss when the assumption of perfect mobility or
immobility of labor across regions may be inappropriate. If labor is assumed to be perfectly
mobile, it is difficult to identify the magnitude of policy effects on region(s) of interest. This
is because this assumption implies that all the regions, with wage rates equalized across all
the regions, constitute a single homogeneous region. If labor is assumed to be completely
immobile, the policy effect is easily identified, but the model ignores efficiency issues arising
from inter-regional movement of labor. Therefore, in some regional CGE models, it is
assumed that labor is partially mobile between regions. For partial mobility of labor, the

following type of labor migration function is often used in regional CGE models:

Eq. (33)

wavG,
LMIG, —LSTK{( k] —1},

WROW,

where LMIGy denotes the net in-migration of labor type k; LSTK is the aggregate stock of
labor type k in base year; WAVG, and WROW are the average wage rates of labor type k in
the study region and in the rest of the world, respectively; and LME is the labor migration
elasticity for labor type k. This equation specifies that the net in-migration of labor is

dependent on the relative wage rates.
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Imports -- In most CGE models, imports are determined by an import demand
function. This function is derived from cost-minimization by economic agents subject to a
CES trade aggregation function (which indicates preferences for domestic goods versus
imported goods). The difference between the prices of the domestic version and the
imported version of each good determines imports. CGE models frequently employ the
"Armington assumption" that products produced in different regions are different from each
other in quality (Armington 1969).

Thus, import demand is determined in two stages. In the first stage, utility is
maximized subject to a budget constraint — yielding demand by commodity type. In the
second stage, quantities of the imported version and domestic version of a commodity are
determined by cost-minimization subject to the overall level of the commodity demanded by

stage one. Specifically, the optimization problem of commodity users is to minimize

(PQ)Q; = (PD) D, + (PM )M, Eq. (34)
subject to

il
Q, =AS[6M " +(1-6,)D" 1", Eq. (35)

where PQ; is the price of the composite good i, Qj is its quantity, PM,; is the price of the
imported good i, PD; is the price of the locally produced good i, M; and Dj are quantities of

imported and locally produced good i, respectively, A;” and ; are constants, and v; =1/(1+p;)
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is the elasticity of substitution between imports and locally produced goods. This yields

import demand function for good i:

pp \'( s Y
M =| i | p. Eq. (36
) (25 e

Thus, imports of good i depend on the ratio of the domestic price of the good (PD;) and the

price of imported good i (PM;).

Exports -- Exports of a good are determined by revenue-maximizing behavior of
firms, given the profit-maximizing production level for the good. Therefore, exports depend
on the ratio of the domestic price of the good (PD;) and the export price of the good (PE)),
which is assumed to be exogenously given in most regional CGE models. Producers allocate
their products according to a constant elasticity of transformation (CET) function between
domestically supplied goods (D;) and exported goods (E;).

Thus, export supply is determined in two stages. In the first stage, producers choose
optimal quantities of goods through profit maximization. In the second stage, given the
optimal quantities of the (tradable) goods obtained in the first stage, they maximize their
revenue by selling their products to domestic market and foreign markets. Specifically, the

optimization problem of producers in the second stage is to maximize

(PX,)X, = (PD,)D, + (PE))E, Eq. (37)
subject to

1
X, = Ain/iE/” +(1-y,)D,” ]? Eq. (38)
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where X; is output of good i, A;" is shift parameter, 7; is share parameter, and A; = 1/(¢;-1) is
the elasticity of transformation between exports and domestically consumed version. This

yields export supply function for good i

A A
E, :(—P E"] (—1_7"] D.. Eq. (39)
PD. ¥,

Market Equilibrium and Budget Constraints -- By definition, commodity markets and
factor markets clear in equilibrium. In CGE models, market equilibrium conditions are
expressed with explicit prices and quantities. Household budget constraints, budget
constraints of various levels of governments, and the balance of payments constraint must be
satisfied in equilibrium. Also, Walras' Law implies that in equilibrium, the sum of savings
from all sources must be equal to gross private investment. Computable General Equilibrium

models are calibrated so that all these conditions are met in the benchmark equilibrium.

Parameter Calibration

The parameter calibration discussed here is based on Kraybill (1993). Implementing a CGE
model requires data on model parameters. In most CGE studies, a procedure called
“calibration” is used to determine the parameter values (Mansur and Whalley 1984). This
procedure can be illustrated as follows. Suppose that a regional CGE system is expressed

compactly as a set of model equations:

f(xy:0,m) =0, Eg. (40)
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where x is a vector of exogenous variables; y is a vector of endogenous variables; 0 is a
vector of parameters given by previous econometric studies (e.g., elasticities); and T is a
vector of parameters (e.g., share and shift parameters) solved for with x,y, and 0 given. Here,
vectors x and y are calculated from the benchmark data set. Calibration consists of solving
the above equations for 6 and . Because calibration in a CGE model usually involves only a
single observation of model variables, the unknown parameters cannot be solved for
deterministically. Some parameters (0) such as elasticities of substitution and elasticities of
transformation must be specified on the basis of econometric research. The remaining
parameters (1) such as share parameters are then determined by solving the model equations
with the base-year observations for model variables (x and y) and the exogenous parameters
(6) substituted in. Once the values of 6 are calculated, the system of equations can be solved

given X, 0, and 7 to replicate the benchmark values of the endogenous variables (y).

Comparing Fixed-price Models with Flexible-price Models

In this subsection, fixed-price models such as IO or SAM models are compared with flexible-
price models (CGE models). The discussion in this subsection relies on Kraybill (1993).
There are three simplifying assumptions in the original Leontief IO model. The first
assumption is that demand equations for final goods are dropped. The second assumption is
that supply equations for primary inputs are dropped. The third assumption is that
relationships among all variables are linear.

The first assumption implies that factor income from production activity does not
have any effect on final demand. This assumption suppresses demand shifts that may arise

from households’ spending their factor income. This assumption is relaxed in most “closed”
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IO models by adding to the transactions matrix one more column and one more row for
household accounts. The first and the second assumptions together imply that the basic
Leontief IO model ignores the important economic concepts of scarcity and efficiency.
Under the second assumption, the supply constraints on primary factors of production are
either non-existent or non-binding. Therefore, the opportunity costs of resource usage do not
change as the output level changes. By imposing supply constraints, results in CGE models
are drastically different from those obtained in 10 models (Harrigan et al. 1991). In IO
models, relative prices play no role in allocating 