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Abstract

A dynamic Monte Carlo linear programming
model of a cattle ranch in Elko County,
Nevada, provided a range of assets under
management (AUM) valuations under
alternative reductions in public land grazing
permits. Employing these ranch level results
into a county level input-output model,

we derived a range of county economic,
employment, and household income impacts
for alternative public land policies. Estimation
as to possible ranges in AUM valuations and
county level economic impacts provides
information to policy makers not only during
periods of average economic condition but

also under unfavorable economic conditions.
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Here Manski’s credible interval scoring was

employed for policy analysis.

Almost one-third of total U.S. acreage is administered
by the federal government. Of total federal land
acreage, approximately 92.4% in 2015 was located in
the 13 western states. Not only are most public lands
located in the West, the federal government is also the
dominant landowner of these lands (Table 1). Because
of this vast public land management of the western
lands, the federal government plays an important

role in economic activity of rural western states’
economies.

For the state of Nevada, approximately 83% of the total
land area was federal land in 2018 (Table 2). A much
smaller percentage, only 0.37%, was state lands. Over
85% of total county land acreage is under federal
ownership in the Nevada counties of Nye, Esmeralda,
Lander, Lincoln, and White Pine. Figure 1shows

the public lands within the state of Nevada. These
seven Nevada counties have 54.87% of all federally
owned land and make up 49.64% of the state’s total
land acreage (U.S. Census Bureau, 2022). Within the
seven-county area in 2021, the metropolitan city of Las
Vegas is located within Clark County. Clark County’s
population has 72.86% of the state’s total population.
Adding the six other rural counties, this seven-county
area has 74.20% of the state's total population (U.S.
Census Bureau, 2022). Elko County, Nevada, is in
northeastern Nevada and has 74% of its land under
federal administration.

Over the past few decades, rural residents have

often come into conflict with urban residents,
resource managers, and public lands stakeholders
over perceived acceptable land uses. Many diverse
users actively utilize these lands for both recreational
and commercial activities such as fishing, camping,
hiking, hunting, boating, grazing, logging, and mining.
Many times, the multi-use nature of these activities
includes overlap, and sometimes conflict, between
them. Importantly, the landscapes also provide
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critical ecosystem services related to water quality, air
quality, and wildlife habitat along with a host of other
functions.

One of the most sensitive resource management
topics in these landscapes has been the reduction of

animal units in public lands grazing (Pearce et al., 1999).

Federal resource managers are faced with multiple
objectives with multiple use lands. On one hand, they
are required to keep multiple use federal lands within
environmentally acceptable limits. Some interest
groups also advocate for removal of livestock from
public lands because they define grazing of public
lands as an adverse and unnecessary use of western
landscapes. On the other hand, there are families and
communities in the West whose livelihoods depend
on livestock grazing in public lands, with livestock
production remaining as a core sector of commerce.

Many rural counties have strong ties to the livestock
industry, which help to provide economic stability

and a rural lifestyle to their families (Pearce et al.,

1999; Boyd, Beck, and Tanaka, 2014, Davies, Bates,

and Boyd, 2016). Although numerous western rural
county economies continue to diversify, the livestock
industry provides not only economic stability for
many communities (Boyd, Beck, and Tanaka, 2014) but
also ecological and landscape functions to manage
increased wildfire risk (Davies et al., 2016).

The Bureau of Land Management (BLM), U.S. Forest
Service (USFS), and National Park Service (NPS)

policy decisions in recent decades have resulted in a
consistent downward trend in the amount of alteration
of the planned grazing in the West (Pearce et al,,

1999). These previous and ongoing grazing reductions
have impacted livestock operations, associated rural
economies, and rural communities’ social cohesion.

Public land management policies are often completed
by using average values of key decision variables. This
type of policy evaluation under certainty assumptions
has been criticized by many, such as Manski (2013).
Manski would argue that constructing and analyzing
public policies such as public land management
policies under a deterministic framework often
ignores economic, social, and climate variabilities. He
would classify deterministic modeling as “incredible
certitude” analysis providing only a point estimate of
key output variable such as net present value (NPV)

or value of an animal unit month (AUM). However,
“credible interval scoring” provides a probability
distribution of key output variables, which is necessary
for effective and efficient public land management
policy analysis (Pouliquen, 1970; Reutlinger, 1970;
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Hardaker et al., 2004). Pouliguen states that the
benefits of Monte Carlo modeling are that it provides
decision-makers the extreme values of key operating
variables and their relative probabilities along with

a weighted estimate of the relationships between
unfavorable and favorable outcomes. In addition to
risk analysis and how variabilities in output and input
prices could affect business operations, Pouliquen
would suggest that Monte Carlo analysis could be
used to analyze alternative public land management
policies. In addition, results of a ranch level Monte Carlo
model can be coupled with a county input-output
model to derive countywide impacts from changes in
public land management policies.

In this paper, the economic impacts of reducing
grazing permits on a livestock-dependent county
that relies heavily on public lands for seasonal grazing
will be estimated. A multi-period Monte Carlo linear
programming model will be employed to derive
ranch level impacts from alternative grazing permit
scenarios. From results of the multi-period Monte
Carlo linear programming model and the county
input-output model, countywide impacts such as
economic activity, employment, and labor income
from alternative public land management policies will
be derived. Specific objectives include:

- To complete an overview of the study area of Elko
County, Nevada

- To discuss the ranch level multi-period Monte
Carlo linear programming model

- To discuss the validation and verification of the
Elko County IMPLAN input-output model

- To present results of the analysis of alternative
public land management policies over a range of
possibilities or Manski's interval scoring

The study area for this paper is Elko County, Nevada.
Elko County is in northeastern Nevada. The economy
of Elko County is based on natural resource industries
and specializes in economic sectors related to natural
resource industries. To show this specialization, an
analytical statistic called location quotient is used.

A location quotient for this study is computed as

an economic sector’s share of Elko County'’s total
employment divided by the economic sector's share of
the national employment. Table 3 shows the gold and
silver mining sector with a location quotient of 452.85,
which means Elko County'’s proportional share of total
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county employment in the gold and silver mining
sector is 541.36 times the national share and that Elko
County’s animal production sector location quotient
of 2.55is 4.67 times the national proportionate share.
These two sectors are the export sectors for this
county. Most of the federal land is rangeland and

is used for livestock grazing by private landowners
holding grazing permits and leases.

Dating back to the 1990s, a substantive number of
BLM acres and permits have been under review and
challenged by additional constraints. The overall
management pattern occurring in recent decades
yields a reduction in AUMs by the BLM on many of
Elko County's public land allotments. Most ranches
in northeastern Nevada rely on a matrix of public and
private lands that include the ability to rotate cattle
through lower and higher elevation areas to follow
forage availability with the seasons.

Reduction in grazing permits puts ranchers’ economic
activities and counties’ economies at risk. Stemming
primarily from the overall permit loss, the reduction
of AUMSs of public forage available reduces the
profitability of the livestock industry and puts at risk
the economic activities across all sectors that are
generated by the livestock industry. In addition, AUM
reduction increases litigations, uncertainty, and risk
faced by ranchers. To estimate the economic impacts
of potential losses of AUMs, a multi-period Monte
Carlo linear programming model will be developed
to estimate AUM values from grazing allotment
reductions at the ranch level. Afterwards applying
the IMPLAN microcomputer input-output model
algorithm, total economic impacts from reductions in
public land grazing on the Elko County economy can
be estimated.

Federal grazing plays a large role in Elko County
agricultural production. According to the 1997 Census
of Agriculture, 177 ranches held grazing permits or
approximately 41% of total agricultural operations in
Elko County (436) in 1997 and 68% of operations with

a beef cow inventory (262) in 1997. Of these ranches,
144 held grazing permits with the BLM, 61 held grazing
permits with the USFS, and 16 held permits with other
types of landowners. Note that some owners had
grazing permits with more than one type of agency.

Current data on the number of available AUMs was
collected from Elko County regional offices of the
BLM, USFS, and U.S. Fish and Wildlife Service. Table 4
displays the data. Total permitted AUMs in Elko County
in 2017 were estimated to be 847,058, with 85% of the
total permitted AUMs on BLM lands and the remaining

15% on USFS land. A small amount of grazing was
permitted on the Ruby Lake National Wildlife Refuge.
Actual AUMs used were less than the permitted
amount and vary from year to year. Another study of
Elko County grazing estimated that as much as 49% of
total AUMSs used by the cattle industry were provided
by federal grazing land (Torell, Garrett, and Ching,
1981). In addition to being a large portion of total AUMs,
often the timing of forage availability on federal lands
increases their importance to the ranch operation.
Because of the seasonal factors, several studies have
found that the value of an AUM from federal lands is
greater than the value of AUMs from other sources
(Torell, Garrett, and Ching, 1981; Torell et al., 2002a).

The Elko multi-period ranch model was developed

to exemplify range cattle operation in the Elko-
Eureka area of Nevada. The ranch runs a 700 cow-calf
operation utilizing a mixture of private and public
rangelands during the grazing season and private
hay meadows to produce winter feed and aftermath
grazing in the fall. Cattle are turned out in early April
and return to private lands in early October.

A multi-period linear programming model is
employed and has been used to derive impacts of
federal land policies (Torell et al., 2002b; Rimbey

et al,, 2003; Taylor et al., 2004; 2005), evaluations of
drought management strategies (Torell, Murugan,
and Ramirez, 2010; Bastian et al., 2009; Ritten et al.,
2010), grazing management assessments (Stillings et
al., 2003; Tanaka et al., 2007), juniper control (Aldrich
et al., 2005), and wildfire impacts (Maher, Tanaka, and
Rimbey, 2013). The NPV of discounted annual returns
is maximized over a 40-year time span subject to
linear constraints that define resource limitations and
resource transfers between years. Figure 2 shows
the general structure of the multi-period linear
programming model (Torell et al., 2014).

The model maximizes the present value of net returns.
Results also account for off-ranch income and fixed
costs (e.g., mortgage payment) that do not change
over time. Variable production costs include animal
production expenses plus feed costs and costs that
vary with level of production, such as labor, veterinary
costs, etc.

Livestock prices generally influence annual ranch
income and optimal production. A Monte Carlo
analysis was employed to consider the effects of
beef price variations on ranch returns and optimal
production strategies. Different beef cattle prices
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were generated for each of 100 model iterations over
a 40-year planning horizon using beef cattle cycle
and trends. The Monte Carlo multi-period linear
programming model is superior to the deterministic
multi-period linear programming model.

Manski (2013) would argue that constructing and
analyzing public land management policies under

a deterministic framework often ignores price and
cost variabilities. Manski would classify deterministic
modeling as “incredible certitude” analysis providing
only a point estimate of key output variable such as
NPV or value of an AUM. However, “credible interval
scoring” provides a probability distribution of key
output variables, which is necessary for effective and
efficient public land management policy analysis
(Pouliguen, 1970; Reutlinger, 1970; Hardaker et al,,
2004). Pouliguen indicates that the benefits of the
Monte Carlo multi-period linear programming model
are that it provides public land decision-makers

the extreme values of key operating variables and
their relative probabilities along with a weighted
estimate of the relationships between unfavorable
and favorable outcomes. In addition to risk analysis
and how variabilities in livestock prices affect livestock
operations, Pouliguen would suggest that complete
multi-period Monte Carlo linear programming
analysis could be used to analyze alternative public
land management policies. In addition, results of
the ranch level multi-period Monte Carlo linear
programming model can be coupled with a county
input-output model to derive countywide impacts
fromn changes in public land management policies.
Often county impacts from changes in grazing
permits are estimated using average value of AUMs.
For understanding the potential impacts of grazing
reductions on a county economy, ranges of AUM
values should be used to estimate the range of county-
wide impacts that could occur from public land
management policies.

Verified and Validated Elko County
Input-Output Model

Estimation of the economic, employment, and
household income impacts of changes in the Elko
County economy from changes in public land
management policies will be derived fromm employing
an input-output or interindustry model. Interindustry
analysis was developed by Wassily Leontief in the late
1930s to represent the interdependencies between
different economic sectors in a study area (1936).
Interindustry analysis shows how economic sectors are
linked together by sales and purchases between other
economic sectors. Since its inception, the framework

of interindustry models has continued to be improved
and is one of today’s most applied analytical techniques
in economics (Baumol, 2000). The advantage of
interindustry analysis is its ability to provide an easy

to understand, transparent, and detailed picture of
economic structure of a study area’'s economy at a

point in time. Another advantage is that interindustry
models do not incorporate any behavioral equations

of individuals or businesses, so it is politically and
ideologically neutral (Foran, Lenzen, and Dey, 2005).

One of the most used secondary input-output models
is IMPLAN. Originally developed by the USFS, IMPLAN
is now a private modeling company (IMPLAN, 2021).
The two major components of IMPLAN are its data
files and software. The desktop database includes
information on 528 different economic sectors,

along with a national input-output model to derive
regional or county level input-output models. The
IMPLAN model is reasonably flexible, allowing users
to verify and validate data used in county model
development.

However, there must be the verification and validation
of dataset used for developing IMPLAN models as
outlined by Willis and Holland (1997). The first step

is to download the IMPLAN model data from the
industry detail file, which has sectoral employment.
The second step is to download quarterly census of
employment and wage data for the study area from
the Nevada Department of Employment, Training,
and Rehabilitation’s (DETR's) employment data by
the North American Industry Classification System
(NAICS). Using IMPLAN user supplied crosswalk
tables, the NAICS sectors and employment levels are
redefined into IMPLAN economic sectors.

After creating the IMPLAN economic sectors,
employment data for the same year as the IMPLAN
data and model is downloaded from Bureau of
Economic Analysis Regional Economic Information
System (BEA REIS). The BEA REIS employment data

will have employee and proprietor data. The data will
show employment by two-digit NAICS code that can be
cross-referenced with and redefined into the IMPLAN
economic sectors defined above. Therefore, using

data from the state employment offices, proportional
values of each sector to each two-digit IMPLAN sector
can be estimated. Willis and Holland (1997) suggest
reclassifying certain sectors in a way that intuitively
makes more sense to the public. By using procedures
outlined by Willis and Holland (1997) and DETR and BEA
REIS data, county level input-output models for this
analysis are verified and validated.

ASFMRA 2023 JOURNAL



As noted by Gardner (1997, 11), “the Animal Unit per
Month permit’s value represents the capitalized value
expected future differences between fee (and non-fee
grazing costs) and value of forage.” To derive the value
of grazing permits as grazing permits are reduced

or eliminated, the multi-period Monte Carlo linear
programming model was used to derive 40 years

of discounted returns to estimate an income-based
grazing permit value.

Rimbey, Torell, and Tanaka (2007) and Torell, Dixon,
and McCollum (2012) found that highly federal
land-dependent ranches had estimated permit
values ranging from approximately $100 to $350 per
AUM. These values were similar to capitalized return
reductions estimated by Torell et al. (2014).

Using the Monte Carlo multi-time period model,

a distribution of value of AUM permits for a 25%
reduction, 50% reduction, and 75% reduction is

shown as a “credible interval scoring”—not from a
deterministic livestock price, which is “incredible
certitude” result. Figure 3 shows that the value of an
AUM permit from a 25% reduction in Elko County
varies from $202.22 per AUM to $245.49 per AUM, with
average value of $226.25 per AUM. Figure 4 shows that
the value of an AUM permit from a 50% reduction in
Elko County varies from $213.47 per AUM to $258.67
per AUM, with average value of $240.40 per AUM.
Figure 5 shows that the value of an AUM permit from a
75% reduction in Elko County varies from $226.27 per
AUM to $268.02 per AUM, with average value of $251.29
per AUM.

The results from the Elko County ranch model show
that, in terms of ranch production, one AUM of federal
grazing can potentially generate on average from a
25% reduction in AUM permits of $226.25 per AUM,
with a low value of $202.22 per AUM and a high value
of $245.49 per AUM. A 50% reduction in AUM permits
yields an average of $240.40 per AUM, a low value

of $213.47 per AUM, and a high value of $258.67 per
AUM. In contrast, a 75% reduction in AUM permits
yields an average value of $251.29 per AUM, a low
value of $226.27 per AUM, and a high value of $268.02
per AUM. This assumes that since federal AUMs are
part of an overall grazing system, a change in federal
grazing affects the optimal use of the rest of the forage
resources.
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From Table 4, the regional impacts from a change in
public AUMs can be seen. If using only the average
AUM value for 25% reduction, the results would

show decline in economic activity of $47,911,718,

loss of 463 jobs, and reduction of labor income of
$9,566,237. However, deriving a range of AUM values
for a 25% reduction in AUM permits shows economic
activity decrease ranging between $42,823,017 and
$51,986,067, with loss of employment ranging between
414 jobs and 502 jobs and loss of labor income ranging
between $8,550,208 and $10,379,737. This shows

that using only average impacts does not give a true
picture of AUM reduction impacts. Table 4 shows that
analysis of impacts of reductions in AUMs on public
lands should be analyzed by credible interval scoring.

This paper provided an initial experiment in
investigating impacts of changes in public land
management policies by employing a dynamic
Monte Carlo linear programming model. Deriving a
range of values for AUMs for alternative reductions in
grazing permits provides information as to the range
of impacts that could result. Also, using these ranges
with interindustry analysis provides information as to
the potential range of county economic, employment,
and labor income impacts. As Hardaker et al. (2004)
suggested in investigating ranges of potential policy
results, deriving impacts at average does not yield
suitable information. Estimation of potential ranges
provides information as to possible policy impacts
during not only average times but also times when
the economy is low. Again, Manski's credible interval
scoring could be employed in any regional policy
analysis.
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Figure 1. Percent of total land under federal ownership by county in the state of Nevada.
(Source: Nevada Legislative Counsel Bureau, 2013))
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Figure 2. Schematic of multi-period linear programming model. (Figure
adapted from Torell et al., 2014.)
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Figure 3. CDF of valuation of AUMs in Elko County from a 25% reduction in
public land grazing permits
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CDF of Shadow price of AUMs for a 50% reduction
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Figure 4. CDF of valuation of AUMs in Elko County from a 50% reduction in
public land grazing permits

CDF of Shadow price of AUMs for a 75% reduction

| r

4

Fn(x)
0.6 0.8 1.0
|

04

0.2

I T I I I
230 240 250 260 270

0.0

Figure 5. CDF of valuation of AUMs in Elko County from a 75% reduction in
public land grazing permits
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Table 1. Federal Lands in Western U.S. States

Percentage of

Total Acreage Federal Lands Total Acreage
(acres) (acres) That Is Federal

Arizona 72,951,915 30,346,513 41.60%

Colorado 66,620,719 37,017,343 55.56%

Idaho 53,494,867 33,547,324 62.71%

Nevada 70,664,589 59,661,758 84.43%

Oregon 62,053,174 32,273,753 52.01%

Washington 43,212,988 12,565,361 29.08%

TOTAL 1,138,584,817 596,806,866 52.42%

United States 2,303,091,014 632,461,561 27.46%

Source: Headwaters Economics, 2022.
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. Privatelands | BLM |  ForestService | OtherFedera
ounty
mmmm

Carson City 38,310 38.07% 35,805 35.58% 15,326 15.23% 0.11%
Churchill 791,160 24.60% 1,997,934 62.14% 0 0.00% 366,147 1.39%
Clark 582,648 11.29% 2,631,068 51.00% 279,752 5.42% 1,534,950 29.75%
Douglas 142,009 30.08% 161,894 34.29% 83,041 17.59% 25 0.01%
Elko 2,844, 25.83% 6,888,104 62.57% 1,067,810 9.70% 26,817 0.24%
Esmeralda 64,869 2.82% 2,160,499 94.06% 67,085 2.92% 3,704 0.16%
Eureka 565,004 21.12% 1,966,064 73.49% 144,104 5.39% 0 0.00%
Humboldt 1,096,813 17.74% 4,379,103 70.85% 289,555 4.68% 386,104 6.25%
Lander 537,034 15.20% 2,664,636 75.43% 296,542 8.39% 30,162 0.85%
Lincoln 142,447 2.09% 5,581,253 81.98% 29,467 0.43% 1,047,444 15.39%
Lyon 376,696 29.08% 562,602 43.43% 276,406 21.34% 59 0.00%
Mineral 99,825 4.09% 1,581,872 64.82% 375,347 15.38% 144,596 5.93%
Nye 305,785 2.63% 6,559,135 56.32% 1,963,183 16.86% 2,800,257 24.04%
Pershing 946,467 24.37% 2,907,584 74.88% 0] 0.00% 15,668 0.40%
Storey 153,180 90.78% 15,146 8.98% 0 0.00% 0 0.00%
Washoe 683,420 16.32% 2,706,642 64.64% 108,710 2.60% 191,492 4.57%
White Pine 245,145 4.31% 4,515,194 79.31% 764,409 13.43% 90,189 1.58%
TOTAL 9,614,923 13.59% 47,314,535 66.86% 5,760,737 8.14% 6,637,729 9.38%

. Tribal Lands City, County, Other
ounty
| facres) | () | (acres) | () | (acres) | (6) | (acres) | (9

Carson City 3,918 3.89% 4,062 4.04% 3,101 3.08% 100,637 100.00%
Churchill 52,401 1.63% 7,823 0.24% 0 0.00% 3,215,465 100.00%
Clark 79,143 1.53% 48,269 0.94% 3,126 0.06% 5,158,956 100.00%
Douglas 83,627 17.71% 1,496 0.32% 0 0.00% 472,092 100.00%
Elko 160,231 1.46% 22,413 0.20% 0 0.00% 11,009,486 100.00%
Esmeralda 0 0.00% 835 0.04% 0 0.00% 2,296,992 100.00%
Eureka 0 0.00% (] 0.00% 0 0.00% 2,675,172 100.00%
Humboldt 29,453 0.48% 0 0.00% 0 0.00% 6,181,028 100.00%
Lander 630 0.02% 3,476 0.10% 0 0.00% 3,532,480 100.00%
Lincoln 0 0.00% 6,669 0.10% 509 0.01% 6,807,789 100.00%
Lyon 50,911 3.93% 28,846 2.23% (0] 0.00% 1,295,520 100.00%
Mineral 238,366 9.77% 298 0.01% 0 0.00% 2,440,304 100.00%
Nye 8,479 0.07% 10,263 0.09% 0 0.00% 1,647,102 100.00%
Pershing 6,018 0.15% 7,431 0.19% 0 0.00% 3,883,168 100.00%
Storey 320 0.19% 85 0.05% 0 0.00% 168,731 100.00%
Washoe 463,891 11.08% 20,586 0.49% 12,274 0.29% 4,187,015 100.00%
White Pine 70,488 1.24% 7,831 0.14% 0 0.00% 5,693,256 100.00%
TOTAL 1,247,876 1.76% 170383 0.24% 19,010 0.03% 70,765,193 100.00%

Source: Headwaters Economics, 2022.
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Table 3. Location Quotient Values for Economic Sectors in Elko County, 2010 and 2019

Sector

Animal Production 5.37 2.55

Gold and Silver Mining 492.5 452.85

Supportive Activities for Mining 17.89 107.84

Construction 1.48 118

Wholesale Trade 0.9 1.28

Transportation and Warehousing 0.9 0.55

Finance and Insurance 0.36 0.37
Professional, Scientific, and Technical Services 0.39 0.43

Administration and Support and Waste
Management and Remediation Services

Health Care and Social Assistance 0.53 0.52
Accommodations and Food Services 394 1.63

Government 1.03 1.04

Table 4. Range of Economic, Employment, and Labor Income Impacts from 25%, 50%, and 75% Reductions in AUM
Permits in the Elko County Economy

25% Reduction in AUMS 50% Reduction in AUMs
Result

Types Labor

Economic | Employment Economic | Employment Economic | Employment | Income

Average $47911,718 $9,566,237 $101,646,960 $20,295,221 $159,642,904 1,542 $31,874,913
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