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Abstract: Assessment of regional economic impacts can be accomplished using either an input-output analysis or a
social accounting matrix (SAM) analysis. While these approaches can generate important insights, they have
significant limitations for some cases, e.g., the event of the need to reallocate limited resources such as land, labor,
etc., because they do not include a complete set of decision makers’ activities and managerial options. This study
develops a flexible approach to link the firm level linear programming model to regional economic models to
overcome these limitations, a LP-SAM. To demonstrate the LP-SAM a ranch-level economic model is linked to the
regional SAM to investigate the impact of wildfire on the southeastern Oregon. The LP-SAM successfully traces out
the decision makers’ responses to wildfire and also regional economic impacts.
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1. INTRODUCTION

Assessment of regional economic impacts can be accomplished using either an input-
output (IO) analysis that is based on the interrelationship among industries in the regional
economy or a social accounting matrix (SAM) analysis that also values household sector
impacts. These analyses are well known in regional economics and have long been applied to
numerous economic issues and regional economic impact analyses. Regional economic impact
analysis has been standardized using the IMPLAN microcomputer 10 model (Minnesota
IMPLAN Group, Inc., 2006). While both the 10 and the SAM approaches can generate important
insights, they have significant limitations for some types of studies, for example, in the event of
the need to reallocate limited resources such as land, labor, machinery, etc.

Suppose that we are interested in investigating impacts of wildfire, especially wildfires
on public grazing land in the western U.S. In cases of wildfire, ranchers may have restricted
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access to public grazing land. Limited access to public grazing land due to wildfire can have
substantial economic impacts on a regional economy when public grazing is a major source of
forage for the range cattle industry. This is the case in many regions of the Great Basin area (US
Government Accountability Office, 2005, p. 61). To investigate the impacts of wildfire, we
should consider a complete set of decision makers’, i.e., ranchers’ potential options including
managerial responses to its occurrence. Measures of the change in sectoral output from wildfire
in the standardized 10 or SAM analyses are not sufficient to examine the regional economic
impacts. Changes in herd size, changes in animal production mix and/or alternative forage
sources, e.g., buying hay, are all potential responses to the occurrence of wildfire that are not
amenable to analysis through the 10 or SAM methodologies. This study develops a flexible
approach to incorporate ranchers’ potential responses to wildfire into the analysis of regional
economic impacts.

To examine the regional economic impacts of this type of event, the IO or SAM model is
integrated with a firm-level economic model that describes decision makers’ responses including
resource re-allocation to the event. The integration of the firm-level economic model with the
SAM model is the main topic of the research. The model we construct measures economic
impacts due to wildfire events that result in delayed grazing on burned areas; impacts that
include the reduction of sectoral production, decreases in earnings and distributional changes in
income across households in the region.

In short, the research goal of the study is to strengthen the theoretical approach to linking
firm-level and regional economic models. For this study a ranch level linear programming (LP)
model is linked to a regional SAM model that assesses the regional economic impacts from
rangeland wildfires. We designate the integrated model the LP-SAM. The model is developed in
the following three sections. The derivation of a general form of the LP-SAM is discussed in
Section 2. Section 3 develops an empirical model with stochastic wildfire applied to a
representative ranch in southeastern Oregon. Section 4 concludes the study.

2. BASIC METHODOLOGIES
2.1 Firm Level Linear Programming Model

Following neoclassical economic theory, the firm’s objective is to maximize profit. The
problem facing the firm is to decide how much output to produce to maximize profit given the
technology, resource availabilities and (current) prices. The LP models are commonly used
optimizing techniques applied to firm’s decision making. The general form of the LP model for
maximizing profit is:

Max ¢’z
(1) st. Dz<b,
z>0

where ¢ is a vector of the profit contribution (profit margin) of the activities, z is the vector of
activities (decision variables), D is a matrix of technical coefficients of input used by the firm,
and b is a vector of resource availabilities.

The solution of equation (1) derives the firm’s net returns, quantity of each activity and
production, the marginal cost of adopting alternative activities, and the value of having an
additional unit of resource used (shadow price).
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2.2 Input-Output Analysis and Social Accounting Matrix (SAM)

The input-output (IO) model is based on the interrelationship between sectors in the
economy and how each sector is affected by a change in the final demand for its output. For a
regional economy of 7 sectors the standard 10 model is represented by x =y + Ax or (I - A)x =
y, where x is an n-element vector of sector output, y is and n-element vector of the final demand,
I is an nxn identity matrix, and A is an nxn direct requirement matrix.

Elements of matrix A, a;, are calculated as a;; = x;i/x;, where x;; is the transaction between
sector i and j, and x; is the sectoral output which is x, =) x, . This relation indicates that the sum

of output x equals to the direct uses in final demand y and its indirect uses in intermediate
production Ax. A is called the direct requirements matrix and (I — A) the Leontief matrix.
Provided the (I — A) matrix is nonsingular, the above linear system can be solved for the amount
of output necessary to support a given level of final demand as x = (I — A) 'y, where (I — A) ' is
called the Leontief inverse matrix. This relationship can be interpreted as Ax = (I — A) 'Ay,
which means changes in total industry output are predicted using the Leontief inverse matrix.
Thus the column sum of (I — A)™' is interpreted as the total change in output due to changes in
final demand. This value is called the output multiplier and is written as o’ = i'(I— A) ', where o
is the output multiplier column vector and i is an nx1 column vector of ones. Thus, the Kt
element in a, o, is the total change in regional economic activity from a change in final demand
by sector k. Using the multiplier, we analyze the regional economic impact from the (final
demand) changes.

In the IO analysis, only the inter-industry linkages are formally specified. Industry
transactions are read easily through the 10 table. The linkages between household income and
spending, government revenues and expenditure, and the linkage between saving and investment
are not defined in the IO analysis. The Social Accounting Matrix (SAM) permits
industry/household linkages to be specified with the same precision that inter-industry linkages
are specified in the 10 model. IMPLAN system provides for the construction of social
accounting matrices at the regional level (MIG, 2006).

Following Holland and Wyeth (1993), the SAM model can be represented as:

X ex X
(2) vi|i=|ev |+S|v|,
h eh h

where S is a matrix of SAM direct coefficients, analogous to A in the IO model, x is a vector of
sector supply (row sum of activities or industries), v is a vector of value-added by categories
(row sum of value-added), h is a vector of household incomes (row sum of households). ex, ev,
eh are vectors of exogenous final demand, exogenous value added, and exogenous household
income, respectively. The matrix of direct SAM coefficients, S, is given by

A
3) S=|V’
0

< o o
T o =

© Southern Regional Science Association 2013.



210 The Review of Regional Studies 42(3)

where A is a matrix of input-output coefficients, V" is a matrix of value-added coefficients, Y~
is a matrix of value-added distribution coefficients, E is a matrix of expenditure coefficients, and
H is a matrix of institutional and household distributional coefficients. Equation (2) can be
solved as

4

= 4 A
Il
—~~
[
|
n
~
o
<

where (I — S)' represents the matrix of SAM inverse coefficients. The interpretation of (I — S) '
is similar to the interpretation of (I — A)"' in the IO model since the households and other
institutional linkages are endogenous'. Using the SAM model and its multipliers, we can
investigate regional economic impacts from the external shock to the exogenous sectors.

2.3 Integrated Linear Programming and Social Accounting Matrix Model

The mathematical integration of the LP model and SAM is accomplished simply by
attaching diagonally the (I — S) matrix of the SAM to the D matrix of the LP in equation (1) (LP-
SAM model). Theoretical background to integrate LP and IO models is presented in Everett and
McCarl (1976), Brink and McCarl (1977), and Bowker and Richardson (1989). The general form
of the integrated model can be represented as:

Max c'z+w

Z,X

st. Dz <b
(5) —Pz+(I-S)x<y’,
ix=w

z,x,w=>0

where P is a matrix of firm’s per unit intermediate demand or the amount of intermediate good
required of the industries in the region for each unit of activity. The vector x in equation (5)
indicates the regional industry outputs (X, v, and h in equation (4)), S is a matrix of SAM direct
coefficients, and y° is a vector of exogenous final demand, value added and household income
(ex, ev and eh in equation (4)). i is the column vector of ones and thus, w is the total regional
output scalar. The objective function is the sum of firms’ profit and the value of regional output.

An element of the P matrix, p;,, is the per unit intermediate good required of the m™
activity, z,, in the LP model from the i" industry, which captures the corresponding inter-
industry feedback between the LP model and the SAM. In words, firm’s mh activity, z,,, requires
pim worth of output from the /™ industry to produce or perform one unit of z,,. They are obtained
by modifying the SAM coefficients, s;;, in the S matrix, where i and j are sectors in the SAM
model. This process may be represented by using equation (6):

! IO analysts make a distinction between Type I and Type II multipliers. The Type I multiplier, i'(I — A)™' , summarizes the
relationship between the direct and indirect effects. The Type I multiplier is calculated as (direct + indirect effects)/(direct effect).
The Type II multiplier, i'(I — S)™' includes the impact of consumption-induced effects, capturing the effects of household
spending on regional economy. The Type II multiplier is calculated as (direct + indirect + induced effects)/(direct effect).
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-GVP
ul " (i # j) j = industry where the firm is classified in SAM

6 o=
(6) Dim GVP,

where GVP is the gross value of product defined as GVP,, = cuz,, where ¢, is the profit
contribution, m™ element in the vector ¢ in equation (1) or (5), of the activity m. To calibrate Dim
the reference levels of z,, are utilized.

3. EMPIRICAL MODEL

Equation (5) is the general form of the LP-SAM model. In this section, the empirical LP-
SAM model is derived to assess wildfire impacts on the regional economy of southeast Oregon.
The management of public grazing land in the context of wildfire is discussed in the subsections
that follow.

3.1 Public Grazing Land and Wildfire

Modeling, measuring, and managing public grazing land and wildfire risk are essential
and challenging tasks for rangeland managers in the western U.S., especially in the Great Basin
area, where the invasion of cheatgrass increases the risk of wildfire (Knapp, 1998; Link et al.,
2006). Following a wildfire, ranchers’ access to public grazing land is restricted, typically for
two years”. Limited access to public grazing land due to wildfire has substantial economic
impacts on the regional economy because public grazing is a major source of forage for cattle
and thus an important input for ranching businesses in areas that are heavily dependent upon
public lands for seasonal or year-round forage resources (many regions of the Great Basin area)
(US Government Accountability Office, 2005, p. 61). The LP-SAM model in equation (5) is
used to investigate the wildfire damage in terms of the regional economic losses from delayed
grazing on burned areas. Firstly a ranch level LP model is introduced.

3.2 A Ranch Level Dynamic Linear Programming Model

The rancher’s behavior can be modeled using the LP model as in equation (1). The
objective of a ranch manager is to maximize the sum of discounted profits over a T-year
planning horizon subject to resource availabilities, public grazing allotment quantities, input and
output prices, and resource transfers between periods (especially breeding cows). The LP model
considers almost all of rancher’s decision variables in the typical western US ranches including
seasonal forage supply and demand. The model is a discrete-time optimal control problem.

Let z,,, denote rancher’s decision variables at the time ¢, where m = herd size (cttl), cattle
sales (sell), forage usages (pblc, prvt), other resource uses, and so on. Let z.4, denote the herd
size at the beginning of year ¢. Herd dynamics are represented as:

(7) Zeer = (1 + /B)tht/,t T Zgells 0

where s the net reproduction rate including death rate and z,, is cattle sales at the time 7. Both
the herd-size and cattle-sales variables in the model contain different classes of cattle
differentiated by age and sex. For simplicity of presentation, animals of different age-sex classes
are not differentiated. Suppose that the rancher has the public grazing land, z,., as described in
equation (8):

? For public land management agencies, delaying grazing on burned areas for a minimum of 2 years is the standard policy. Bruce
et al. (2007) pointed out that “the 2-year grazing moratorium” has not been validated by research.
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(8) Zpblc,l‘ < (1 - fz)Lz »

where L, is the total public grazing land area available in year z. L, is influenced by wildfire, f; (0
or 1). When f, = 0, there is no wildfire and all the grazing land is available to the rancher, i.e.,
Zpwier = L. When f; = 1, there is a fire and all the public grazing is delayed for two years.

The rancher has other resources such as purchasing pasture or hay, and other types of
rangelands, e.g., private land. For simplicity of presentation, assume that the rancher owns only
private rangeland, and it is given by

(9) Zprvt,t S prvtt

where z,.., 1s the private rangeland and by, is the amount of private rangeland the rancher
owns. The herd size, without supplementary feeding during the grazing season, in a given year is
limited by the available forage from both public grazing land and private rangeland. Especially,
in the Great Basin area’, the role of public grazing land is crucial. The forage balance equation is
set as

(10) - 5lzcttl,t + 522;717]0,[ + 532prvt,t S 0 >

where o) is the forage requirement per cattle, and &, and o3 are carrying capacity per acre of
public and private rangelands per acre, respectively.

In addition, there exist other resource constraints to labor, machines, and working capital.
The constraints can be implemented using standard LP restrictions, and are not explicitly listed.
Thus, the profit () is comprised of revenue from cattle sales and costs of the herd maintenance
and rangelands such that
(A1) 7 =z, 2 —CzZ —CyZ

pblc,t prvtt °

where c; is the cattle sales price, and ¢, c3, and ¢4 are corresponding cost parameters.

Finally, assuming risk-neutrality, the rancher’s decision problem is given by
T

(12) Max Z (1+r) "z, s.t. (7),(8),(9),(10)and (11),

Zm =0
where 7 is the proper discount rate. Note that the actual LP model has additional constraints that
describe ranch operations.

The solution of the ranch LP model provides following information on ranch activities:

e Production and sales: cattle sold, alfalfa hay sold

e Resource usage: quantity of each resource used and unused (such as public land grazing
permits)

e Value of financial activities: principal and interest payments and repayment of a short-
term loan.

The LP model has the flexibility to alter parameters and provides the results on either an
annual basis, or for inputs for which it is relevant, such as federal AUMS4, on a seasonal basis.

3To the rest of the U.S., private land tends to determine herd size.

4 AUM = the animal unit month is “the most widely used way to determine the carrying capacity of grazing animals on
rangelands.” One AUM is the amount of forage that a 1000 1b cow with calf eats in one month, roughly 800 Ibs of forage on a
dry weight basis (Pratt and Rasmussen, 2001).
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The LP model is calibrated using the Oregon cow-calf budget data and also a referenced study by
Maher (2007).

3.3 Integrated Linear Programming and Social Accounting Matrix Model

To derive distributional impacts of wildfire on the regional economy, the ranch level LP
model should be integrated to the SAM model. The LP-SAM model provides the regional direct,
indirect and induced effects of changes in sector outputs (changes in output in cattle sector due to
the wildfire). In addition, the LP-SAM model can generate changes in employment as well as
income distribution in the region.

The integrated model is written by:

Max ZZ(I +r)'m,, + Z(l +r)” Wt:|
Zm.g i t q t

st. mw,, =¢,z

q, sell,q,t - chthtl,q,t - C3qZpblc,q,t - C4qurvt,q,t

thtl,q,H—l = (1 + ﬁ)thtl,q,t - Zsell,q,t

Zpblc,q,t < (1 - f;lvf)L(I’t

( 1 3) ZPVV!,q,t S bprvt,q,t

- é‘lzcttl,q,t + 5ZZp)'vt,q,t + éﬁ?azpblc,q,t S 0

- z Z.Yell,q,t + xcttl,t S 0
q

i'x, =w,
-Pz, +(I-S)x, <y’
z,x,w,20

[

where ¢ is a ranch index and thus 7, is the profit for the ranch ¢ at the time ¢. Index i represents
the economic sectors in SAM account and x;, is the sectoral output. Similar to equations (7) to
(11), the profit, herd dynamics, rangeland restrictions, and forage balance equation are given in
equation (13).

Inter-industry constraints are required to integrate the LP and the SAM. From the LP, the
production of cattle is transferred to the SAM that consists of the production of ranching-cattle
sector. The regional cattle production is simply the sum of rancher’s cattle sales, that is,

zq Zyettgr 2 Xeur, - 10 addition, the matrix P in equation (13) is constructed using equation (6). In
equation (13), the vectors z and x are z' = lzsem,zcm’,,zpb,c’l,zpm,J, and X’ =[xi‘,]. S is a matrix of

SAM direct coefficients, and y° is a vector of exogenous final demands. The objective function is
the sum of ranchers’ profit and the value of regional output.

Note that, in the empirical application, we assume that ranches in the region are identical.
This assumption allows us to aggregate ranches’ activities into a single representative ranch. We

can then drop the ranch index ¢ from equation (13) by defining}_ 2, =z,,.>, L, =L,, and

zq b pigi = by, - In addition, we drop the ranch index, g, from f; .
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The S matrix and corresponding parameters in equation (13) can be calibrated using the
IMPLAN database. Aggregation of the study area data in IMPLAN is based on 2 digit NAICS
(North American Industry Classification System) code, with the following exception; cattle and
hay sectors are disaggregated and to be distinct from other agriculture activities. After the
aggregation, a SAM table can be generated by IMPLAN. See Table 1 for the sector aggregation.

3.4 Stochastic Wildfire

The public grazing allotment for ranchers, L;, is affected by wildfire as in equation (13),
Zppieq < (1 = f1)L,, which puts a constraint on the cattle stock, —01zcuis + 02zppicy + Rzprus < 0. Note
that wildfire size and public grazing land do not have ¢ subscripts. Also note that f; is not simply
0 or 1 but 0 <f; <1 at the regional level. In addition, f; at the regional level is stochastic in nature
thus f; should be generated randomly to run the LP-SAM model. This section explains how to
generate f; randomly.

In year ¢, ranchers will be limited to a portion of public grazing land by ]N‘t which is
defined by:

(14) f,=(B,+B_)/L,

where L, is the public grazing land in the region (around 1.5 million acres in the study

area, southeast Oregon, from Agricultural Census 2007 and US GAO (2005)), and E, is the
stochastic burned area where the ranchers are not allowed to graze. Note that tilde on variables

Table 1: Aggregation for Economic Sectors

Sector IMPLAN Sectors
Agriculture 1-10, 12-14, 15-19
Hay 10
Cattle-Ranching 11
Minin 20-30 L
Utilities 31-33 Activities
Construction 34-40 ()
Manufacture 41-318
Trade 319-340
Service 34140
Employee Compensation 5001
Proprietary Income 6001 Value
Other Property Type Income 7001 Added (v)
_Indirect Business Taxes 8001 .
Households LT10k 10001
HH 10-15k 10002
HH 15-25k 10003
HH 25-35k 10004
HH 35-50k 10005 gl‘;useh"lds
HH 50-75k 10006
HH 75-100k 10007
HH 100-150k 10008
HH 150k+ 10009
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indicate that they are stochastic. B, , is added to the computation of the random fire size because
the ranchers may not access to the public grazing land for two years.

The stochastic burned area is calculated as B, = F, - N,, where the variable F; represents

the wildfire size and N, number of wildfire in the region. The number of wildfire and the fire size
are generated randomly as follows:

(15) F=F+% and N, =N +3¢,,

where ¢, and e,, are the pure stochastic parts and are assumed to follow the normal distribution

with mean zero. The fire size and the number of wildfires are correlated (historical data in the
study region, southeast Oregon, show that the correlation is 0.58 with the t-value of 2.3). Thus,

when we generate a random ¢, and e,,, intra-correlation should be considered as suggested by

Richardson, Klose and Gray (2000). Random ¢, and ¢,, are simulated as following:

o [
e, 1 | &

where &’s are independent disturbances from the normal distributions, and p’s are correlation
coefficients. Using equations (14), (15) and (16) and the Monte Carlo simulation, f,, in the near
future is generated.

From the ranchers’ perspective, however, J’; is not known for sure before making the

production decisions. Ranchers are not in a position to respond optimally to the stochastic
wildfires. In the applied example, thus, the confidence bands are constructed by allowing burns
to be realized in the first year and computing responses for the future horizon using expected
burned areas conditioned on events of the first year. Then, burns are realized for the second
year, and responses computed for the remainder of the horizon using expected burn areas in
future years conditioned on events of the first two years. This process is continued until the end
of the planning horizon and burns realized in the last year.

3.5 Applied Example: Southeast Oregon
3.5.1 Study Areas and Wildfires

Southeastern Oregon was selected as the study area to demonstrate the application of the
LP-SAM. The study area is located on the northern edge of the Great Basin area (Figure 1).
Because of geological characteristics, this area has a higher temperature than the national
average and lower amount of rainfall than the national average (NOAA, 2011). As a
consequence, this area has frequent wildfire occurrences.

Four counties are included in the study area: Lake, Harney, Klamath and Malheur. The
area is approximately 22 million acres which accounts for about 35% of Oregon’s land mass.
These four counties’ economies are based on the cattle ranching and farming sectors (Cornelius
et al., 2000). In 2006, the cattle ranching and farming sectors recorded an output of $258 million
(calculated from IMPLAN database for 2006) which was 4.3% of the total value of the regional
output, placing this sector fifth among the regions’ 191 economic sectors. This area was chosen
as the study area because 1) cattle-ranching business in the region is a major business sector, ii)

© Southern Regional Science Association 2013.
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Figure 1: Southeast Oregon: Klamath, Lake, Harney, and Malheur Counties
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public grazing land is the key source of forage for ranchers, iii) frequent wildfires limit the
access to the public grazing land, and iv) the ranch-level LP model is fully calibrated for a
representative ranch in Maher (2007).

Wildfire data for the region is collected from the National Fire and Aviation Management
website maintained by National Interagency Fire Center (https://fam.nwcg.gov/fam-web/).
Figure 2 shows, in bars, the number of wildfires during 1999 — 2010. On average 17 wildfires
occurred each year in the region. The number of wildfires peaked in 2006 (38 occurrences). The
number of wildfires has a positive trend over time (correlation between the number of wildfires
and the time trend is 0.35 with t-value 1.2). The average burned area per fire or wildfire size is
reported as 4,665 acres per fire per year and it fluctuates widely. The wildfire size peaked in
2007 (15,390 acres). Figure 2 presents wildfire size as a solid line. Wildfire size also has a
positive trend over time but the relationship is not statistically significant (correlation between
the fire size and time trend is 0.02. and t-value is 0.08).

The average projected area burned, Et , ranged from 76,687 acres to 103,593 acres. The

acreages are equivalent to roughly 7.5% to 13.4% of the public grazing land in the region that
would not be available to ranchers.

3.5.2 Results and Discussion

The LP-SAM model simulates outputs over a 15-year period (and reports 5 years of
results to avoid biases from any terminal conditions) assuming constant animal sales price and
forage cost per AUM on public land for simplicity. In addition, we assume that the number of
ranches will not change for the duration of the simulation period. The LP-SAM model is iterated
5,000 times, and the expected burn area 1,000 times with stochastic wildfires that allow us to
generate the distribution of annual economic impacts (average and standard deviation). The
General Algebraic Modeling System (GAMS) with BDMLP solver is used to run the model.

© Southern Regional Science Association 2013.
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Figure 2: Number of Wildfires and Size in Southeast Oregon Area (4 Counties)
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Figure 3 presents the four major sectors which face the largest economic losses: cattle,
service, agriculture & hay sectors, and manufacturing and trade sectors. The finding stresses that
spillover outside the cattle sector is important—a result which should be relevant to policy
makers. The loss is the difference between the value of production in 2006 (calibrated from
IMPLAN) and the value of production under the conditions generated by the wildfire
simulation’. The loss from the cattle sector varies from $0.6 million to $2.4 million, depending
on the size of the wildfire (see Figure 3 Loss in Cattle Sector; dot lines are 95% confidence
band). The loss from the agriculture and hay sectors varies from $0.1 million to $0.5 million.
The loss from the service sector varies from $0.2 million to $1 million which is caused by the
interrelationship among industries in the regional economy.

Note that the loss appears to level out after a couple of years. This occurs because the
random wildfires in first two years are conditioned on the historical wildfires in years 2009 and
2010, which were relatively small (see Figure 2). Thus, the new wildfire equilibrium, after a
couple of years, would yield the expected regional impacts from wildfire.

Table 2 and Figure 4 show the economic impact in the region including direct and
indirect economic losses from the wildfire using the SAM structure. In figure 4, the primary
sector includes agriculture, hay and mining. The secondary sector includes utilities, construction,
and manufacturing. The tertiary sector is the sum of trade and service sectors. The cattle sector
receives the largest regional impact from wildfire—$1.95 million per year on average. The hay
sector loses an average of $0.27 million annually, and the agriculture sector loses $0.15 million
annually.

5 The value of production in 2006 is not a reference level without wildfire. It is a level that has already adjusted to the wildfire
outbreaks that are common in the study region. To make the value of production in 2006 the reference level, the stochastic

wildfire, Z , is adjusted for the simulation such that ]N} = ((Et +B, ) / Zt )/ f2006 .
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Figure 3: Losses in Selected Economic Sectors from Wildfires in Southeast Oregon
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Note: Loss is the difference between the value of production in 2006 and the value of production
under wildfires in the near futures. Dotted lines are 95% confidence bands from 5,000 simulations.

Table 2: Regional Economic Impacts — Reduction of Value of Production (5 yr. Avg.)

Sector Direct and Indirect Loss ($million)
Activities Agriculture 0.147
X) Hay 0.268
Cattle 1.946
Mining 0.000
Utilities 0.035
Construct 0.013
Manufacturing 0.312
Trade 0.173
Service 0.767
Activities total 3.662
Value Added Employee Compensation 0.628
V) Proprietary Income 0.079
Other Property Type Income 0.330
Indirect Business Taxes 0.095
Value added total 1.133
Households Less than 10k 0.012
10k to 15k 0.021
(HH) 15k to 25k 0.065
25k to 35k 0.081
35k to 50k 0.125
50k to 75k 0.191
75k to 100k 0.090
100k to 150k 0.062
150k plus 0.048
Households total 0.695
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The service sector is another sector which suffers a large impact from wildfire. The
annual loss is reported as $0.77 million. The losses in the service sector come from the
interrelationships between the cattle sector and the service sector, for example, cattle and meat
transportation, restaurants, grocery stores and so on. The manufacturing sector experiences $0.31
million loss annually, probably due to the reduction in the manufacturers relating to livestock,
hay and agriculture. In total, regional output decreases by $3.66 million (activities total)
annually. Table 2 also contains the institutional impact from the wildfire. Employee
compensation (wage and salary) is reduced by $0.63 million and indirect business taxes by $0.10
million. Income class, 35k to 50k, loses $0.13 million and 50k to 75k, $0.19 million.

In short, Southeastern Oregon (four counties) may lose $3.66 million annually on average
from wildfires (with estimates varying from $0.94 million to $4.56 million) (Figure 4). The most
vulnerable sectors are the cattle sector and tertiary sectors in the region. It should be noted that
these values are conservative estimates because additional losses, such as environmental and
ecological effects, reductions in recreational access, direct wildfire suppression costs and so on,
are not considered.

4. CONCLUSION AND FUTURE RESEARCH

In this study, the LP-SAM model—an integration of the firm-level LP model with the
SAM—is developed to investigate regional economic impacts from various events. The LP-SAM
is flexible enough to investigate the regional economic impacts with the complete set of firm-
level decision making to the exogenous shocks, i.e., wildfire in the public grazing land. For a
demonstration, we construct the LP-SAM model for Southeast Oregon area where the cattle-
ranching business is the major sector. The LP-SAM successfully traces out the ranch managers’
responses to wildfire on public grazing land and also regional economic impacts as discussed in
the above sections.

Figure 4: Regional Economic Impact from Wildfires in Southeast Oregon
Time Horizon (year)

0.0 : : - : :
1 2 3 4 5
-0.5
-1.0
-1.5
-2.0
-2.5

-3.0

Million Dollars

-3.5
-4.0

-4.5
-5.0

Cattle Other Primary

m Secondary Sectors ® Tertiary Sectors

© Southern Regional Science Association 2013.



220 The Review of Regional Studies 42(3)

The LP-SAM is essentially a spatial modeling approach and it could be extended to a
multiregional 10 model (MRIO formulation) to deal with trade flows between the sub-regions
involved. The IMPLAN database offers the trade flow data between regions, and thus developing
a multiregional LP-SAM model is one area of potential future research.

Two caveats should be mentioned with respect to the LP-SAM demonstration. First,
regarding the way we construct the expected wildfire occurrences; we assume that ranchers build
their expectations from historical observations of wildfire. This might be too simple a model of
expectation formation. Second, the single ranch assumption does not permit us to investigate
substitution effects. It is plausible that the large commercial ranchers are not as vulnerable to
delayed grazing on burned area as small ranchers. In addition, some of the small ranchers may go
bankrupt under severe wildfire. Some degree of substitution, in which the large commercial
ranchers produce more, is expected. The model used in the study may not detect this possibility.
The future plan for this study introduces heterogeneity in rancher type into the analysis.
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