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ABSTRACT 

ECONOMETRIC MODELING OF THE PUBLIC GRAZING FEE’S IMPACT ON THE U.S. 

SHEEP INDUSTRY 

 

by 

 

Ryan Feuz, Master of Science 

 

Utah State University, 2016 

 

 

Major Professor: Dr. Man-Keun Kim 

Department: Applied Economics 

 

The U.S. sheep and wool industry is one of the oldest agricultural industries within the 

country. Since the mid 1940’s the industry has witnessed dramatic annual declines in sheep 

inventories. Many factors have contributed to the decline of the sheep industry including 

declining consumption of lamb and mutton, the growth in manmade fiber use, scarcity of labor, 

and predator losses. The U.S. congress has attempted to slow this decline throughout the years 

with various policy including the use of wool marketing loan programs. Such programs are 

intended to help bring stability as well as to mitigate price risk within the industry. However, 

despite these efforts the industry continues to experience annual declines in inventory.  

The United States has vast quantities of public land especially within the western states 

that is utilized for grazing of livestock every year. Public-land grazing is an important element 

within the sheep industry with a large portion of sheep producers utilizing the resources available 

through public-land grazing. For the vast majority of this public land, the fee to graze livestock is 

charged on a per AUM (animal unit month) basis and is established annually through the use of a 

set formula. Public grazing fee policy is a widely debated topic with many opposing viewpoints. 
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This research will attempt to evaluate the effects on the sheep and wool industry of policy change 

in regards to increasing or decreasing the public grazing fee.  

This analysis uses capital stock inventory accounting methodology to create an 

econometric model of the U.S. sheep and wool industry. The model is then used to quantify the 

impact of different levels of public grazing fees under three scenarios which represent a baseline 

(current level of grazing fee), an increase in the public grazing fee, as well as a decrease in the 

grazing fee, respectively. Results indicate under a baseline no change scenario the sheep industry 

will remain relatively stable with some modest decline in numbers expected within the next five 

years. Abolishment of the public grazing fee would be expected to bring added stability to the sheep 

and wool industries with total sheep inventories expected to remain fairly constant with some 

modest growth projected within the next five years. This suggests that lowering the public grazing 

fee could be a possible policy alternative which could be implemented to help bring stability to the 

sheep and wool industries. Conversely, projections indicate that raising the grazing fee would have 

an adverse effect on these industries and contribute to a projected increase in the rate of decline of 

the sheep and wool industries. 
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CHAPTER 1 

INTRODUCTION  

1.1. Introduction  

The U.S. sheep industry, in terms of sheep inventory, has experienced dramatic declines over the 

last 70 years. Since 1942 when the industry reached its climax within the country with over 56 million total 

head, it has now fallen to under 9.5 percent of that value with only 5.28 million head in 2015. Figure 1 

depicts the dramatic decline within the sheep industry between 1942 and the present. 

 

  

 

 

Many have speculated as to the cause of this large decline in numbers and have pointed to various events 

and changes within the industry as the main culprit. However, the reality is that there is no one single culprit 
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but rather the decline has come as a result of a culmination of various events and consumer preference 

changes.  

Beginning in the mid 1940’s, the industry first started to experience a decline as WWII came to an 

end and resulted in a large decrease in demand for wool used for the military (Jones, 2004). Throughout the 

1960’s and into the 1970’s many synthetic fibers were developed and grew in prominence and a wide spread 

consumer preference change occurred as more and more consumers demanded synthetic fiber blends over 

wool as they preferred the appearance as well as the favorable price (Jones, 2004). While the industry may 

have weathered the storm from the decrease in wool demand, compounding those effects was the 

simultaneous decline in lamb and sheep meat consumption.  Ever since sheep were first domesticated nearly 

10,000 years ago in central Asia, the industry has revolved around the joint products of wool and meat. As 

the wool industry contracted in the U.S. a shift to a greater focus towards meat production would have been 

expected. However, just as wool and fiber preferences changed so too did the meat consumption preferences 

of consumers. Per capita consumption fell from over 4.5 lbs. in 1961 to just over 1 lb. in 2015.  During the 

same time period, consumption of chicken rose from 30 lbs. to over 91lbs. per capita (Livestock Marketing 

Information Center meat consumption data). Additionally, the scarcity of labor to tend sheep as well as 

predator losses have also been suggested as contributors to the decline (Jones, 2004). All of these factors 

have combined to create the perfect storm of conditions to render the U.S. sheep market nearly insignificant 

within the world economy.  

Table 1 lists the top 10 sheep inventory countries. While China has the highest total inventory, it is 

truly Australia that is the king of the sheep industry with the highest number of sheep per capita. The U.S. 

has a very small presence in the overall global sheep market. Nearly half of the lamb and mutton consumed 

within the U.S. is imported annually most notably from Canada, Australia, and New Zeeland (Jones, 2004). 

The U.S. sheep inventory accounts for less than 0.5 percent of the total global sheep inventory. Within the 

U.S., sheep production takes place in all 50 states, however, the vast majority of production is concentrated 
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in Texas and the mountain west states. In table 2 the top 10 sheep inventory states can be seen making it 

very evident that the distribution of sheep production within the country is very uneven with the vast 

majority of production taking place in the western states. 

 

 

1.2. Research Objectives 

With the current conditions of the declining U.S. sheep industry in mind, the chief aim of this 

research will be to evaluate the consequences on the U.S. sheep and wool industry of policy changes 

increasing the public grazing fee used by the Bureau of Land Management (BLM) and United States Forest 

Service (USFS). Additionally, the research will aim to evaluate whether a decrease in this same public 

grazing fee could be utilized as a potential policy change to help reverse the negative trend on inventory in 

these industries or at least slow the decline to some degree.  

This aim will be accomplished through the completion of various objectives. First, a comprehensive 

literature review will be conducted to gain a better understanding about the establishment of the current and 

historic public grazing fee as well as to evaluate current research for possible connections between the 

public grazing fee and sheep inventory levels. Second, data will be collected for the U.S. sheep and wool 

market to build an econometric model utilizing capital stock inventory accounting methodology to model 
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both the supply and demand within the joint sheep and wool industries.  Third, the model will be utilized 

to create a baseline projection for the next five years. Fourth, multiple scenarios will be created with 

adjustments made to the public grazing fee and updated projections will be obtained from the model which 

will demonstrate the effects of public grazing fee adjustments on the levels of sheep and wool production 

within the country.  

 1.2.1. Topic Justification 

The sheep industry is among the oldest domesticated livestock industries in the world (Beam, 

2009). While it is by no means a large contributor to the U.S. economy at large, it is still an important part 

of the agricultural sector and is vital to the livelihood of many ranchers throughout the country (National 

Research Council , 2008). In order to help protect the industry the U.S. government has established various 

tools and aids. Public grazing fees are charged to ranchers permitting them to graze livestock on public 

lands. This cost is surely influential in determining the overall viability of all livestock industries. The level 

of the public grazing fee has been widely debated with some arguing it should be raised dramatically to 

coincide with private grazing fees determined by the market (Halladay, 2015), while others argue it should 

be lowered to help stabilize livestock industries as well as provide access to public lands for more ranchers 

(Rimbey & Torell, 2011).  

This research evaluates the impacts of various policy changes affecting the public grazing fee on 

the U.S. sheep industry. If raising the level of the fee can be shown to promote further declines in the 

industry or inversely if a lowered fee can be shown to help slow the decline in the industry this research 

could be instrumental in providing evidence for the direction which policy makers should pursue in setting 

the public grazing fee moving forward. This research is larger than simply informing policy decisions 

because it may have a direct effect on the livelihood of sheep ranchers as well as other livestock producers 

throughout the country. The sheep industry has been experiencing long-term declines in the U.S. This 

research will aid in evaluating a possible tool that could be utilized to help slow this decline. 
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CHAPTER 2 

LITERATURE REVIEW 

A thorough review of current and relevant literature will be undertaken in conjunction with this 

research. A literature review helps pave the way for achieving the research aims of this project as well as 

placing them into context. Few studies have been conducted on the sheep industry in the U.S. with the 

majority of livestock research focusing on cattle and swine. Within this review two main topics will be 

focused on; literature regarding modeling sheep inventories in the U.S., and research about public grazing 

fees. The review is primarily based on current literature as well as older research that is considered seminal 

to the research question.  

2.1. Modeling Sheep and Wool Industry 

Research on sheep and wool supply/demand models is limited with only a few prominent studies 

having been completed. Witherell (1969) is one of the earliest researchers to build econometric models to 

describe characteristics of wool production in five leading countries including Australia and New Zealand, 

and the U.S. Witherell (1969) found wool production is highly price inelastic and the cross-price effect of 

lamb was not significant. 

Whipple and Menkhaus (1989) constructed a dynamic supply model of the U.S. sheep industry. 

The model was estimated using least squares techniques while incorporating restrictions on fixed capital 

and the demographic characteristics of the breeding flock. The model is then simulated to generate a matrix 

of short- and intermediate-run elasticity estimates. “The estimates indicate that the sheep inventory is 

positively related to lamb price in the short-run and the intermediate-run (ten plus years), although it is 

inelastic in the short run. The supply response to wool price also is positive and quite elastic in the 

intermediate term. These results imply that both lamb and wool prices are important to the maintenance of 

the U.S. sheep industry” (Whipple & Menkhaus, 1989, page 126). 
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Anderson, Richardson, and Smith (2001) built upon an econometric model of the sheep industries 

to help evaluate policy change regarding various wool marketing loan rates. Nonrecourse marketing 

assistance loans are administered by USDA’s Farm Service Agency (FSA) on behalf of the Commodity 

Credit Corporation (CCC). These are nine-month loans designed to provide eligible producers with interim 

financing for their wool production. The intent of the program is to help stabilize production and to facilitate 

orderly distribution of production throughout the year. Producers who qualify are able to store production 

instead of selling immediately after shearing when prices tend to be the lowest. The wool itself is pledged 

as collateral for these marketing loans. As prices become more favorable producers can then sell their wool 

and repay the loan. If in the event that producers are unable to sell their wool they are able to deliver to the 

CCC the quantity of wool pledged as collateral as full payment for the loan at maturity (Farm Service 

Agency, 2004).  

Anderson, Richardson, and Smith (2001) modeled two scenarios with the marketing loan rate set 

at $1.00 and $1.20 per pound greasy for wool. Through the use of the model, projections for total supply, 

demand, and market price for a five year period (2001-2005) were made. Using simulation modeling 

techniques the researchers were then able to develop probabilities of outcomes. This then allowed them to 

develop average government costs associated with the marketing loan rate program and probabilities of 

costs in each year.  The results indicated that under $1.20 per pound loan rate government costs would 

average about $19 million per year while at the $1.00 per pound loan rate these costs would decline to an 

average of $10 million per year. With these results the authors were then able to work with industry 

participants to develop a potential schedule of premiums and discounts for the marketing loan program 

(Anderson, Richardson, and Smith, 2001). 

Meyer (2002) noted that within most models of agriculture commodities factors outside of 

agricultural markets are often treated as exogenous. This is only natural as few direct substitutes for the 

products produced in agricultural markets exist outside of agricultural markets. Meyer (2002) recognized, 
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however, that with the development of synthetic fibers the fiber markets such as cotton and wool possess a 

substitute outside of the agricultural markets which should not be treated as exogenous. As the demand for 

fibers is a derived demand for their use in production of textile products, it is equally important to 

understand the market for finished textile products. Meyer (2002) developed a model of inter-fiber 

competition with cotton as the primary focus but also covered synthetic and cellulosic fibers as well as wool 

within the United States. The results indicated that “natural and man-made fibers are indeed substitutes, 

and that productive capacity of man-made fibers is therefore likely to have an impact on the market prices 

for man-made and natural fibers for an extended period of time” (Meyer, 2002, page iii)  

Ribera, Anderson, and Richardson (2004) developed an econometric model of the U.S. Sheep and 

Wool market to evaluate policy changes regarding the wool marketing loan rate. A baseline projection was 

created for the 2003-2008 time span with the assumptions of no change in the loan rate at the current time 

($1 per pound of wool). The baseline indicated stock ewe numbers continuing to decline throughout the 

time horizon reaching about 2.5 million by 2008, while lamb and mutton imports were projected to increase 

to about 200 million pounds by 2008. Adjustments were then made to evaluate two policy alternative 

scenarios. In scenario 1 the loan rate was eliminated and therefore set at $0/lb. In scenario 2 the loan rate 

was increased by 100 percent to $2.00/lb. The results of these scenario projections showed stock ewe 

numbers would continue their negative trend, however, the magnitude of the negative trend was projected 

to be much smaller under scenario 2 as compared to scenario 1. Under the first scenario stock ewe numbers 

were projected to reach just 2 million by 2008 compared to 3.7 million under the second scenario. These 

results indicated that while policy adjustment to the marketing loan rate would most likely not stop the 

negative trend in the industry, it could be utilized as a tool to slow the negative trend. Ribera also noted that 

the scenarios would also have a projected impact on lamb and mutton imports, wool exports, and slaughter 

lamb price. In the short-run the loan rate was shown to have a positive effect on imports as producers would 

be looking to build their herds and therefore increase the replacement numbers, however, in the long-run 
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the loan rate was projected to have a negative effect on imports. The model indicated a positive relationship 

between the loan rate and wool exports because a higher loan rate would result in an increase in wool 

production and thus an increase in the wool available for export. Finally, slaughter lamb prices were also 

shown to be impacted through wool marketing loan rate policy change. A higher loan rate lead to an increase 

in projected lamb slaughtering and a decrease in lamb prices, while a lower loan rate was shown to have an 

inverse effect (Ribera, Anderson, and Richardson, 2004).  

2.2. Studies on Public Land Grazing 

As this research will focus on the implications of policy changes surrounding the public grazing 

fee, a review of relevant literature surrounding public land grazing as well as the public grazing fee is 

necessary.  

Within the U.S. there are millions of acres of rangeland owned by the federal government. This 

land has played a large part in the grazing of livestock for some time. Since the early 1900s, the federal 

government has required ranchers to pay a fee for grazing their livestock on these vast public rangelands 

located primarily in the western states. Ten federal agencies have programs to allow private ranchers to 

graze livestock on portions of the rangelands they manage: the Department of the Interior’s Bureau of Land 

Management (BLM), National Park Service, U.S. Fish and Wildlife Service, and Bureau of Reclamation; 

the U.S. Department of Agriculture’s (USDA) Forest Service; the Department of Energy (DOE); and the 

Department of Defense’s (DOD) Army, Army Corps of Engineers (Corps), Air Force, and Navy.  

Tanaka and Gentner (2001) conducted a random survey of ranchers holding public land grazing 

permits in all western states in 1998 to determine the social and economic characteristics of permit holders, 

to assess their attitudes about public land policies, and to gauge their responses to three policies related to 

public land grazing. Respondents were asked how their operations would change due to three different 
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levels of AUM1 reductions, three different grazing fee increases, and to changes in allowed season of use. 

The respondents were then placed within eight groups based on characteristics such as management 

objectives, education, business organization, ranch size, labor, income, and financial aspects. Interestingly, 

the results of the survey showed that responses to the various policy changes varied between the eight 

cluster groups and demonstrated the need to consider such variation in attitudes of producers based on such 

characteristics when making policy decisions.  The survey indicated sheep ranchers (one of the eight 

clusters) have the highest dependence on public forage across all seasons. Their findings also indicated 

when faced with an increased public grazing fee of $5-$8/AUM the sheep ranchers demonstrated the largest 

inclination towards reducing the scale of their ranching operations. The researchers felt since sheep margins 

tend to be relatively tighter, and higher costs will make that enterprise less profitable faster, ranchers may 

begin to make a move from fewer sheep and perhaps more profitable cattle (Tanaka & Gentner, 2001).  

Godfrey (2008) completed a report for the Utah Governor’s Public Lands Policy Coordination 

Office in which he surveyed livestock producers within Utah. The main objective of the report was to 

provide data on the use of public and private lands in Utah by domestic livestock with an emphasis on sheep 

and beef cattle. Additionally, the report outlined some of the issues that are associated with the use of public 

rangelands. Godfrey concluded that within Utah there has been a large reduction in the use of public lands 

administered by the BLM and USFS by cattle, sheep, horses, and goats overtime. This decrease has resulted 

in an increasing proportion of the feed needed for livestock to be produced on private lands. He also found 

that on average producers who hold public grazing permits have much larger operations than livestock 

producers without permits.  He found that those without permits could generally be considered part-time 

producers whose primary occupation is not the production of livestock (Godfrey, 2008). 

                                                      
1 By definition, the AUM is the amount of forage needed by an “animal unit” (AU) grazing for one month. 

The quantity of forage needed is based on the cow's metabolic weight, and the animal unit is defined as one mature 

1,000 pound cow and her suckling calf. 



10 

 

Watts, Shimshack, and LaFrance (2006) addressed the appropriate public grazing policy using a 

dynamic game to determine the optimal grazing policy. Similar to fishing without a license or poaching big 

game, the authors noted that overgrazing by privately-owned livestock on public lands are all examples of 

a common resource management problem. The tragedy of the commons is a theory of a situation in a shared-

resource system where individual users acting independently according to their own self-interest behave 

contrary to the common good of all users by depleting that resource through their collective action. The 

problem arises as individual users face incentives that are not socially optimal. Generally, to help protect 

against this tragedy of the commons occurring, access fees for public resources are established. However, 

a delicate balance is created as fees are charged. If fees are found to be too low then resources will continue 

to be over used and abused. If fees are deemed too high then often this produces a greater incentive for 

users to engage in unlawful activities. To find the optimal balance the researchers developed an economic 

model using game theory.  

In the first stage of the game the government chose the administrative rules, grazing fees, penalties 

for failing to comply, and monitoring strategy. These are then announced publicly and the government 

commits to this policy regime for all time. In each subsequent stage individual ranchers choose the stocking 

rate and the government chooses its monitoring actions. The assumptions are that all parties are risk neutral 

and form rational expectations, and the focus is on a subgame perfect Nash equilibrium for the dynamic 

resource-use game. The optimal solution arrived at is that the optimal grazing policy should include grazing 

fees that are lower than competitive private rates, along with an element of random monitoring to prevent 

strategic learning by cheating ranchers and avoid wasteful efforts to disguise noncompliant behavior. 

Additionally, within the optimal policy it was determined that it was necessary to include a penalty for 

cheating beyond terminating of the lease. The penalty should be large enough that the rancher who would 

profit the most from cheating would actually experience negative expected net returns (Watts, Shimshack, 

and LaFrance, 2006).  
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In 1978 the Public Rangeland Improvement Act (PRIA) was created. This established the formula 

to be used in calculation of the public grazing fee. The PRIA formula (1) was created as follows: 

 

(1) Feet= $1.23 x (FVIt-1 + β2BCPIt-1 - PPIt-1)/100, 

Where:  

FVI = Forage Value Index, or an index of private grazing lease rates in the 11 western states, with 

1964-68 as the base period  

BCPI = Beef Cattle Price Index, or an index of cattle prices with 1964-68 as the base period  

PPI = Prices Paid Index, or an index of the prices paid by producers to purchase inputs, with 1964-68 

as the base period   

When the PRIA formula was first proposed it only included the FVI which tracks price 

movement in the private forage market. However, public land ranchers and the Interdepartmental 

Grazing Fee Technical Committee assigned to study grazing fee alternatives in the 1960s questioned 

the ability of the FVI to account for short-term demand, supply, and price equilibrium, and, for this 

reason, the BCPI and PPI were added to the fee formula (Torell et al, 2003).  

Torell et al. (2003) wanted to evaluate whether adding the BCPI and PPI did, in fact, help explain 

short-term market fluctuations. Torell et al (2003) utilized the statistical model in formula (2) 

below, which had been developed earlier by McCarl and Brokken (1985), in order to evaluate the 

effectiveness of the PRIA formula. 

 

(2) FVIt+1= β0+β1FVIt + β2BCPIt + β3PPIt + ut 
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McCarl and Brokken (1985) noted, “The regression of current and lagged values is based on a 

normalization (indexing) of private land lease rate data. Predicting lease rates at year t +1 is equivalent to 

predicting FVIt+1 with normalization of the data. The error term (ut) captures random differences in the 

FVI between years” (Torell, Rimbey, Van Tassell, Tanaka, & Bartlett, 2003, page 775).  Dividing the 

predicted FVIt+1 (from equation 2) by 100 and multiplying by the 1964–1968 base lease rate used to estimate 

the FVI index ($3.65 AUM) gives the estimated private land lease rate at time t + 1. To estimate the public 

land lease rate at t+1, the predicted FVIt+1 is divided by 100 and then multiplied by $1.23 (Public Rangeland 

Improvement Act (PRIA) base). The researchers noted that the PRIA formula implies the restrictions β0=0, 

β1=1, β2=1, and β3=-1. Using data from 1964-2001, they first created an unrestricted PRIA equation (3) 

using regression as follows: 

(3)       FVˆIt= 4.5561+0.906*FVIt-1 + 0.085BCPIt-1 + 0.0085PPIt-1 

                       (10.572)  (0.164)           (0.0476)              (0.08475) 

R2= 0.985          Adjusted R2= 0.984             n=37 

(Values in parenthesis are standard errors) 

From these results the researchers noted that only the parameter for Forage Value Index (FVI) came 

back as statistically significant at the α=0.05 level. They then imposed the PRIA restrictions such as those 

previously noted above. This resulted in a highly significant F-statistic (F = 1,526, P < 0.0001) suggesting 

that at least one of the restrictions implied by PRIA did not hold. The second test, H0: β1= 1, β2= 0, and β3= 

0, resulted in an insignificant F-statistic (F = 1.17, P < 0.34), suggesting that the PRIA restrictions that did 

not hold in the first test were the inclusion of the BCPI and PPI. The authors then concluded that, “Adding 

the Beef Cattle Price Index (BCPI) and Prices Paid Index (PPI) to the Public Rangeland Improvement Act 

(PRIA) formula did not improve the fee formula’s ability to predict annual forage values. In fact, adding 

these 2 indices greatly hindered the predictive ability of the formula and PRIA-generated grazing fees have 

fallen further and further behind private land lease rates through time. Similar to the earlier findings of 
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McCarl and Brokken (1985), our results show that these 2 indices did not improve the ability of the fee 

formula to predict forage value and did not help explain short-term market imperfections as envisioned by 

the 1977 Grazing Fee Technical Committee. Including these 2 indices in the PRIA formula, especially with 

a weighting of 1, was mistake if predictive power and tracking of the private forage market are important” 

(Torell, Rimbey, Van Tassell, Tanaka, & Bartlett, 2003, page 580). Interestingly, had only the Forage Value 

Index (FVI) been used to adjust grazing fees as originally purposed in 1969, the federal grazing fee would 

have been $4.15 AUM during the 2002 grazing season as compared to $1.43 (Torell, Rimbey, Van Tassell, 

Tanaka, & Bartlett, 2003).  

Citing studies similar to Torell, Rimbey, Van Tassell, Tanaka, & Bartlett (2003). many argue the 

public grazing fee should be raised to be brought more in line with private grazing rates (Halladay, 2015). 

However, when considering the value of grazing fees it is important to recognize the full costs of grazing 

livestock on public and private land. Many of the costs associated with livestock grazing (fence 

maintenance, water supply, etc.) are covered by the private land owner whereas on public land many of 

these costs must be covered by the permit holder. This has long been recognized as a problem when trying 

to make comparisons between public and private grazing rates. Rimbey and Torell (2011) summarized two 

previous studies completed in which the public grazing rate was analyzed and the cost differential between 

public and private rates was quantified. They then completed and updated analysis of the cost differential 

between the 2011 grazing fee ($1.35/AUM) and the market private rates at the time.  Rimbey and Torell 

(2011) first referenced a study completed in 1966 by an Interdepartmental Task Force established by 

congress and tasked with establishing the method of setting the public grazing rate each year. Among the 

chief goals of the task force’s study was to establish the difference between public and private grazing rates. 

This price differential was arrived at through a cost comparison between public and private grazing between 

both cattle and sheep. A summary of the findings at the time of the 1966 study can be seen in table 3 below. 
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The cost differential arrived at ($1.23/AUM) was then suggested to be used as the basis of the public grazing 

fee at that time to bring the public fee in line with private grazing fees.  

 

They then referenced a study completed by themselves along with Bartlett and Van Tassell in 1991-92. For 

this study the authors had been asked by the BLM and USFS to take a look at the grazing fee and evaluate 

the cost differential at that time. In order to accomplish this objective the researchers attempt to update the 

previous 1966 study completed by the interdepartmental task force and determine the current cost 

differential between public and private grazing rates. Given their limited resources they chose to complete 

the update using a limited scope of only three states; New Mexico, Wyoming, and Idaho. Random samples 

of public and private grazers were drawn in each state and face-to-face interviews were held with 

permittees/lessees of public and private forage resources during 1991-92. Through the sampling and 

interview process the cost values were updated for both private and public grazing and the cost differential 

at that time was found to have declined to $0.13/AUM for those three states in 1992. Then in 2011 Rimbey 
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and Torell again made an updated calculation for the cost differential. For the 2011 update the data collected 

in the 1992 study was utilized and updated it to 2011 values through the use of USDA-NASS indices. The 

total cost to graze on public land was estimated to be $33.24/AUM, while comparable private land grazing 

costs were estimated to be $32.04/AUM. This indicated that the differential had now changed signs. In 

others words in 2010, public land grazers were paying $1.20/AUM more than those leasing private land 

and, therefore, the fee that would have equalized total costs of grazing in 2010 would have been a payment 

to public land ranchers of $1.20/AUM (Rimbey & Torell, 2011).  

In 2005 the U.S. Government Accountability Office (GAO), in response to a request by Congress, 

released a report wherein they were asked to determine four things; “(1) the extent of grazing on, and 

program purposes for, lands managed by the 10 federal agencies within the fiscal year of 2004; (2) amount 

spent in the fiscal year by the 10 agencies, and other federal agencies having grazing-related activities, to 

manage livestock grazing on public lands, (3) total receipts collected during the fiscal year for grazing 

privileges by the 10 federal agencies with grazing programs, and amounts disbursed to counties, states, or 

the federal government; (4) fees charged by the 10 federal agencies, western states, and private ranchers, 

and the reasons for any differences among the fees”(GAO, 2005, page 3). A summary of the findings 

outlined in the report is as follows:  

 The 10 federal agencies collectively managed more than 22.6 million AUMs on about 235 million 

acres of federal lands for private grazing and land management in fiscal year 2004. Of this total 

the BLM and USFS managed 21.9 million AUMs on almost 231 million acres or more than 98 

percent of the federal lands used for grazing.  

 The 10 agencies spent at least $135.9 million of which BLM and the USFS spent the majority of 

about $132.5 million. The grazing permits and leases the 10 federal agencies manage generated a 

total of about $21 million from fees charged in fiscal year 2004, or less than one-sixth of the 

expenditures to manage grazing. From that amount, the agencies distributed almost $5.7 million 
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to states and counties in which grazing occurred, deposited almost $3.8 million in the treasury as 

miscellaneous receipts, and deposited at least $11.7 million in separate treasury accounts for the 

agencies’ use.  

 Fees charged in 2004 by the 10 federal agencies, as well as state land agencies and private ranchers, 

varied widely, depending on the purpose for which the fees were established and the approach 

used to set the fees. The fee BLM and the USFS charged for grazing was established by the PRIA 

formula with the intent to account for livestock industry prices and to support ranchers and the 

western livestock industry. It was therefore generally lower than the fees charged by the other 

federal agencies, states, and private ranchers. The formula was the same PRIA formula used today 

which incorporates factors that consider ranchers’ ability to pay and therefore, the purpose of the 

fee is not to recover agency expenditures or capture the fair market value of forage. 

 For the year 2004 the public grazing fee was established at $1.43 per AUM. The other agencies 

generally establish their fees based on the market value of the forage, and as a result charged fees 

ranging from $0.29 to more than $112 per AUM in fiscal year 2004, depending on the location, 

range condition, and accompanying in-kind services. In order for the BLM and the Forest Service 

to recover expenditures in the form of fees they would have had to charge $7.64 and $12.26 per 

AUM respectively.   

While this report was mainly intended to be informative in nature and, therefore, did not have any 

concrete results, the GAO’s (2005) conclusions were enlightening. “Depending on the approach taken to 

set and implement a grazing fee for lands managed by BLM and the Forest Service, the federal government 

could close the gap that exists between those programs’ grazing expenditures and receipts. But any change 

in the current fee may necessitate that Congress reconsider the purpose of the fee and policy trade-offs of 

different fees. In addition, an evaluation of the difficulties of implementing the chosen fee would need to 
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be conducted in order to understand the consequences for the agencies’ programs and expenditures and to 

deal fairly with such issues as preference and permit value” (GAO, 2005, page 51). 

 

CHAPTER 3 

U.S. SHEEP AND WOOL MODEL 

Following the comprehensive review of the literature an explanation of the model constructed for 

this study as well as the data used will be contained within this chapter.  

3.1. Model Development 

Figure 2 depicts the model structure developed for the U.S. sheep and wool industry in this research. 

Each box within figure 2 represents behavioral equations or identities estimated using the historical data 

gathered. Individual equations are estimated using ordinary least squares (OLS).  
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To solve for the equilibrium price within the wool and lamb system, supply and demand are set 

equal to each other to solve for the market clearing price within the systems.  

The market clearing equation is:  

(1) 𝑆𝑢𝑝𝑝𝑙𝑦𝑖𝑡 − 𝐷𝑒𝑚𝑎𝑛𝑑𝑖𝑡 = 0, 

where 𝑖 = 𝑠ℎ𝑒𝑒𝑝 and 𝑤𝑜𝑜𝑙, and 𝑡 = year. 

The estimated parameters from the various individual equations are used in the calculation of 

supply and demand and then, through iteration within excel, the equation can be solved resulting in an 

equilibrium price being established for the lamb and wool system. The lamb and wool industry parameters 

as well as price will then be projected as a baseline to compare policy alternatives (i.e. grazing fee 

increase/decrease). With a complex system of equations such as the system contained within this model it 

becomes difficult to account for simultaneity of equations. Thus, it is noted that this model does not address 

or account for simultaneity within the system of equations. 

3.1.1 Individual Equations: 

Table 4 presents definitions and the summary of the variables used in the model. As the individual 

equations are defined the variable names will be used freely throughout the remainder of this paper. For a 

table displaying summary statistics for each variable see table 12 in the appendix. 
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Slaughter weight equation in (5)  is assumed to be a function of the real slaughter lamb price, the 

maximum between a one period lagged real wool price and the current real marking wool loan rate, the 

percentage of total head slaughtered that are sheep (vs. lambs and yearlings), and a trend: 

(5) Slaughter weightt = SLGTPt/PPIWt  + MAX(WOOLPt-1/PPIWt-1 , WLLRt/PPIWt) + 

Percentage sheep slaughtert + Trend. 

It is hypothesized as the real lamb slaughter price increases the slaughter weight will also increase as 

producers look to capture more revenue from heavier livestock. Additionally, as the lagged wool price 

increases or the current year wool marketing loan rate the slaughter weight should also increase as producers 

postpone slaughtering younger sheep and lambs as they aim to capitalize on high wool prices. As the 

percentage of sheep slaughtered increases the slaughter weight would be expected to decrease as mature 

sheep tend to have a lower dressed weight compared to lambs and yearlings who have been raised and 

fatten for the purpose of slaughter.  

The total number of sheep slaughtered is represented in equation (6) as a function of the one-period 

lagged real sheep slaughter price, the maximum between a one period lagged real wool price and the current 

real marking wool loan rate, one period lagged lamb crop, one period lagged sheep slaughter, and a one 

period lagged ewe stock: 

(6)  Sheep Slaughtert = -SLGTPt-1/PPIWt-1 + MAX(WOOLPt-1/PPIWt-1 , WLLRt/PPIWt)  + 

LBCROPt-1 + SHPSLGTt-1  + EWESTKt-1 

All variables aside from lagged real slaughter price are hypothesized to have a positive relationship with 

the dependent (sheep slaughter) variable. As the slaughter price increases last period more producers would 

tend to send more of the herd to slaughter. This would result in less inventory available to send to slaughter 
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within the current period and more inventory retained for herd growth during the current period. As the 

wool price increases last period less sheep would be expected to have been sent to slaughter as producers 

would tend to retain more sheep to be sheered. During the current period this would most likely result in an 

increase in sheep inventory and more sheep would be expected to be sent to slaughter as a result.  

As the lagged lamb crop increases we would expect there would be greater numbers of sheep and 

lambs in the current year leading to an increase in the number slaughtered. As the lagged sheep slaughter 

increases the hypothesis is that the current year number of sheep slaughtered would also increase simply 

following a trend. As the lagged ewe stock increases we expect to see an increase in the current year sheep 

slaughter as there would be an abundance of ewe sheep inventory. 

Lamb slaughter in equation (7) is a function of the one period lagged real sheep slaughter price, the 

maximum of either a one period lagged real wool price or the current real marking wool loan rate, a one 

period lagged lamb and yearling slaughter, a one period lagged lamb crop, current year lamb crop, and a 

trend.  

(7)  Lamb Slaughtert  =  -SLGTPt-1/PPIWt-1 + MAX(WOOLPt-1/PPIWt-1 , WLLRt/PPIWt) + 

FEEDERPt-1/PPIWt-1 + LBYRSLGTt-1 – LBCROPt-1 + LBCROPt + SHPSLGTt-1 + Trend 

 

Similar to the sheep slaughter equation, within this equation the lagged slaughter price is hypothesized to 

have a negative relationship with lamb slaughter. Higher slaughter prices increase the number of sheep sent 

to slaughter. So, a high price in earlier periods results in a smaller inventory being available in the current 

period to send to slaughter as well as more female lambs being retained for herd growth during the current 

period. The same positive relationship with lagged wool price/loan rate is hypothesized to exist within the 

lamb slaughter equation as is hypothesized to exist within the sheep slaughter equation following the same 

logic. Similar positive signs are also expected in connection with both the lagged and current year lamb 

crop. As the lagged lamb and yearling slaughter increases it is hypothesized the current year would also 
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increase simply following a short-run trend. A negative overall trend is also expected in line with the long-

run trend within the industry. 

The slaughter lamb price equation in (8) is a function of the current lamb wholesale price, lamb 

and yearling lamb slaughter, sheep slaughter, and lamb imports.  

(8)     Slaughter Lamb Pricet = LBWPt – LBYRSLGTt – SHSLGTt – LBIMPTt 

All explanatory variables other than lamb wholesale price are hypothesized to have a negative relationship 

with slaughter lamb price. Naturally, as the wholesale lamb prices increases or decreases the slaughter lamb 

price would be expected to have a positive relationship. As total lamb and yearling as well as sheep 

slaughter increases this increases the supply of lamb and sheep meat and puts downward pressure on the 

lamb slaughter price. Similarly, as imports increase the supply of lamb increases in the US market and 

places downward pressure on lamb slaughter prices.  

The lamb Crop equation in (9) is a function of the current ewe ending stock as well as a one-period 

lagged ending stock, one period lagged real slaughter price, the maximum between a one-period lagged real 

wool price and the current real marking wool loan rate, real public grazing fee, and a trend.   

(9)   Lamb Cropt = EWESTKt + EWESTKt-1 – SLGTPt-1/PPIWt-1 + MAX(WOOLPt-1/PPIWt-1 , 

WLLRt/PPIWt) – GRFEEt /PPIWt - Trend 

As both the lagged and current ewe ending stock variables increase the lamb crop is expected increase as 

greater number of ewe stock leads to more ewes being breed and more lambs produced as a result. As the 

lagged real slaughter price increases we expect to see a decrease in lambs as producers tend to send more 

lambs to slaughter. As the lagged real wool price/loan rate increases the expectation is an increase in lamb 

production as producers look to build herds to capitalize on increased wool prices. As the real public grazing 

fee increases the hypothesized effect is a corresponding decrease in the lamb crop. Many sheep producers 
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utilize public grazing extensively and as the cost to graze on public land increases it is expected that sheep 

operations diminish in size and fewer lambs are produced. A negative overall trend is also expected in line 

with the long-run trend within the industry. 

The ewe Stock equation (10) is assumed to be a function of a one-period lagged ewe stock, one 

period lagged real slaughter price, the maximum of either a one period lagged real wool price or the current 

real marking wool loan rate, the real public grazing fee, and the U.S. corn price.  

(10)    Ewe Stockt = EWESTKt-1 – SLGTPt-1 /PPIWt-1 + MAX(WOOLPt-1/PPIWt , WLLRt/PPIWt) – GRFEEt 

/PPIWt – CORNPt - Trend 

As the lagged ewe stock increases the hypothesis is that the current year would also increase simply 

following a short-run trend. A hypothesized negative relationship exists between the lagged real slaughter 

price and ewe stock, as the lagged real slaughter price increases producers look to take advantage of the 

increase by sending additional ewes to slaughter.  As the lagged real wool price/real loan rate increases 

producers add more lambs to the herd to increase wool production and thus ewe stock increases. As the real 

public grazing fee increases a decrease in ewe stock is expected as operations downsize in reaction to the 

increased costs of production (grazing cost).  Corn price is included in this equation to represent feed costs 

in the aggregate. Thus, as corn price increases we expect to see a decrease in ewe stock as operations adjust 

to the higher cost of feed.  

The wool price equation (11) is estimated simply as a function of the wool mill price and a trend.  

(11)      Wool Pricet = WLMILLPt + Trend 

The wool mill price is expected to possess a highly significant positive relationship with the wool price. 

The sheep shorn equation (12) is a function of the maximum of either the real wool price or the real 

marketing wool loan rate, all sheep, and a one period lagged sheep shorn variable.  
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(12)     Sheep Shornt = WOOLPt/PPIWt + SHLBFRMt + SHPSHORNt-1 

All explanatory variables are hypothesized to have a positive relationship with total sheep shorn. As the 

real wool price increases produces tend to increase wool production. As total sheep inventory increases 

more sheep are available for sheering and thus the expectation is an increase in wool production. Finally, 

as lagged sheep shorn increases we might expect for the current period to also increase following a short-

run trend. 

Wool production greasy in equation (13) is simply a function of sheep shorn and a trend.  

(13)   Wool Production Greasyt = SHPSHORNt + Trend 

As total sheep shorn increases the expectation is for wool production to increases as well. A trend is also 

important in this equation as the industry continues to trend downward as a whole. 

Wool production clean equation (14) is a function of wool production greasy and a trend.  

(14)     Wool Production Cleant = WLPRODGt + Trend 

It is expected clean and greasy wool production will naturally move together in a positive relationship. 

Increases in wool production greasy should result in an increase in the clean production as well. Again, a 

negative trend is also expected as a result of the long run decline in the wool industry. 

In estimating wool imports (15) the real wool mill price, average synthetic fiber producer price 

index, wool mill demand, and real international wool price have been included as explanatory variables.  

(15)    Wool Importt = WLMILLPt/PPIWt + FIBERPPIt + WOOLDMDt – INTLWLPt/PPIWt 

An increasing real wool mill price is hypothesized to increase imports as those demanding wool look for 

more favorable prices in foreign markets. As the average synthetic fiber producer price index increases 
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(substitute fiber prices increase), wool imports also are expected to increase as additional wool supply may 

be demanded by those typically demanding other fibers. As wool mill demand increases imports also 

increase to help fill this increase in demand. As the international wool price increases we expect to see a 

decrease in wool imports as prices become less favorable to import. 

In estimating wool exports in equation (16) all the same explanatory variables will be included as 

are included in the wool import equation (15) with the exception of wool mill demand. For the wool export 

equation, however, the hypothesized signs for all variables are hypothesized to be the opposite of those in 

the import equation.  

(16)    Wool Exportt = FIBERPPIt – WLMILLPt/PPIWt – WOOLDMDt + INTLWLPt 

Wool mill demand in equation (17) is estimated as a function of average synthetic fiber producer 

price index, real wool mill price, and a trend.   

(17)    Wool Demand from Millt = FIBERPPIt – WLMILLPt/PPIWt - Trend 

As the wool mill price goes up the demand naturally is expected to decline.  As the average synthetic fiber 

producer price index increases the wool mill demand increases as more consumers choose to opt for wool 

over the rising prices of other substitute fiber options.  

Wool ending stock equation in (18) is a function of real wool mill price, average synthetic fiber 

producer price index, and a trend.  

(18)    Wool Stockt = -WLMILLPt/PPIWt + FIBERPPIt - Trend 

As the mill wool price increases it is hypothesized that the ending stock will decrease as the increase in 

price indicates higher demands leading to a decrease in ending stock. As the average synthetic fiber prices 
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increase it is expected that the ending stock also increases as the demand for synthetic fibers is high and 

lower for the wool substitute. Additionally a negative trend is hypothesized within this equation. 

Wool unaccounted equation in (19) is a function of wool mill demand, wool supply, and the real 

marketing wool loan.  

(19)     Wool Unaccountedt = WOOLDMDt – WOOLSPLt – WLLRt /PPIWt 

It is hypothesized as wool demand increases so too does wool unaccounted and as the supply increases 

wool unaccounted decreases. Thus the sign for wool mill demand is expected to be positive while the signs 

for wool supply and the real marketing loan rate are expected to be negative.   

The equation for ewe lambs (20) is estimated as a function of ewe ending stock, a one period lagged 

real slaughter price, and a one period lagged ewe lamb variable.  

(20)    Ewe Lambt = EWESTKt-1 + SLGTPt-1/PPIWt-1 + EWELBt-1 

All explanatory variables are hypothesized to have a positive relationship with the dependent variable. As 

the ewe ending stock increases lambs in the current period lamb production is expected to increase and thus 

ewe lambs increases. As the lagged slaughter price increases producers retain more lambs in the lagged 

period to increase lamb production for the current period and thus ewe lambs is expected to increase in the 

current period.  As lagged ewe lambs increase we might expect for the current period to also increase 

following a short-run trend.  

Rams equation in (21) is a function of ewe ending stock, a one period lagged real slaughter price, 

and a one period lagged ram variable.  

(21)     Ramt = EWESTKt + SLGTPt-1/PPIWt-1 + RAMt-1 
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Similar to the ewe lamb equation above (20) all explanatory variables are hypothesized to have a positive 

relationship with the dependent variable following the same logic. 

Lamb and Mutton Ending Stocks equation in (22) is estimated as a function of the real lamb price, 

lamb production, lamb imports, and real personal disposable income.  

(22)    Lamb & Mutton Ending Stockst = LBWPt/PPIWt – LBPRODt – LBIMPTt + ZCEWt /CPIUWt 

As the lamb price goes up so too does ending stocks as less lamb and mutton is expected to be demanded 

by consumers at the higher price. As lamb production as well as lamb imports increase it is expected that 

ending stocks decrease. As disposable income increases it is expected that ending stocks increase.  

Per capita (lamb and mutton) consumption equation in (23) is a function of per capita real personal 

disposable income, real lamb price, and a trend.  

(23)    Per Capita (Lamb & Mutton Disappearancet = ZCEWt/POPTOTWt/CPIUWt – LBWPt/PPIWt – 

Trendt 

As income increases and consumers have more disposable income to spend we expect to see an increase in 

the consumption of lamb and mutton assuming they are normal goods. As the lamb price increases we 

expect a decrease in lamb consumption as consumers’ willingness to consume at the higher price would 

decrease. A negative trend is also expected in conjunction with an entire sheep and wool long-run trend. 

Lamb and mutton exporting demand equation in (24) is hypothesized to be a function of the real 

lamb price, average substitute meat real prices, and a trend.  

(24)    Lamb & Mutton Exporting Demandt = -LBWPt/PPIWt + OMEATPt/PPIWt + Trend 

As the lamb price increases a decrease in export demand is expected to result as the price would be less 

favorable for importers. As the average price for other substitute meats increases we expect an increase in 
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the exporting demand as lamb and mutton would be priced more favorably as compared to substitute meats. 

A trend has also been included and hypothesized as a positive trend to reflect an overall increase in global 

trade throughout time. 

Lamb and mutton imports equation in (25) is estimated similarly to that of exports (24) above. It is 

a function of the real lamb price, average substitute meat real prices, and a trend.  

(25)    Lamb & Mutton Importt = LBWPt /PPIWt – OMEATPt /PPIWt + Trend 

Opposite signs as those hypothesized for equation (24) are expected on the variables of real lamb price and 

average substitute meat real prices, while a positive trend is still expected. 

Total all sheep (26) is an identity within this model and will be calculated by adding ewe ending 

stock (EWESTK), ewe lambs (EWELB), and rams (RAM).  

(26) Total All Sheept = EWESTKt + EWELBt + RAMt 

3.1.2 Supply and Demand: 

Total lamb and mutton supply and demand as well as wool supply and demand are all identities 

within the model and will be calculated as follows:  

(27)    Lamb & Mutton Supply = Lamb Production + Lagged Lamb Ending Stock + Lamb & 

Mutton Imports 

(28)    Lamb & Mutton Demand= Lamb Ending Stock + Lamb & Mutton Exports + Lamb 

Consumption 

(29)    Wool Supply = Production + Lagged Ending Stock + Imports 

(30)     Wool Demand = Ending Stock + Wool Exports + Wool Mill Demand  
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3.2. Data  

Annual data from 1979 through 2015 yielding 37 observations is used for analysis. As the sheep 

industry has been declining for approximately the last 70 years it is thought that a time trend has a large 

impact within the model. Therefore, similar to Ribera’s approach (2004) the data period used in this model 

is shortened to the last 37 years (1979-2015). This allows for the differing structures of the industries to be 

captured while still ensuring an adequate number of degrees of freedom. Additionally, as the sheep 

production cycle lasts approximately seven years this data set encompasses about five production cycles 

(Ribera, Anderson, & Richardson, 2004). The majority of the data has been collected through the United 

States Department of Agriculture (USDA) National Agricultural Statistics Service (NASS) as well as the 

Economic Research Service (ERS) with lesser portions coming from tables and spreadsheets organized and 

presented by the Livestock Information Center (LMIC) and the Bureau of Labor Statistics. 

3.3. Regression Results 

The econometric estimation results for each equation are discussed in this section. Equations are 

evaluated for goodness-of-fit using primarily adjusted R2 and p-values. Explanatory variables were retained 

if they were statistically significant at least at the 95 percent confidence level or based upon economic 

theory which would dictate they remain in the equation. Variables for prices of lamb, sheep and wool, as 

well as the incentive price for wool, were always retained even if they were not significant so the model 

could be solved for the market-clearing price. A summary of the results for each individual estimated 

equation can be seen in table 5 below.  

 



30 

 

  



31 

 

 

 

Sheep slaughter weight (5) has been estimated as a function of the percentage of total sheep 

slaughtered that were mature sheep (versus lamb and yearlings) and a trend. Other originally hypothesized 

variables of slaughter price and wool price have been omitted as they were not shown to be significant at 

the 95 percent level. The adjusted R2 for the equation is a strong .909 with both explanatory variables highly 

significant at over the 99 percent level. The negative sign on the percentage sheep slaughtered variable as 

well as the positive trend is in agreement with original hypotheses. 

Sheep slaughter (6) has been estimated as a log linear model. Goodness of fit as measured by 

adjusted R2 is strong at .947. Only the constant and the lagged sheep slaughter variable are shown to be 

significant at the 95 percent level. Other hypothesized variables all possess the correct signs according to 

hypotheses and while they are not shown to be significant they have still been included as they align with 

theory.  

Lamb slaughter (7) has been estimated similar to sheep slaughter (6) using a log-linear model. The 

resulting estimated equation has similar results as well compared to sheep slaughter (6). The adjusted R2 is 

very high at 0.983 and indicates a strong goodness of fit for the estimated equation. The constant, the 

maximum between a one period lagged real wool price and the current real marking wool loan rate, lagged 

lamb and yearling slaughter, and real public grazing fee are all significant at the 95 percent level. All 

variables have the correct signs.  

The estimated equation for slaughter lamb price (8) has a relatively strong goodness of fit with an 

adjusted R2 of 0.897. Signs for all explanatory variables are as hypothesized. Only the wholesale lamb price 

variable is shown to be significant at the 95 percent level indicating much of the variation in lamb slaughter 

price can be explained by the change in wholesale lamb price.  
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The equation for lamb crop (9) has been estimated as a log-linear model.  Goodness of fit for this 

equation is very strong as indicated by a high adjusted R2 of 0.985. All explanatory variables possess the 

correct signs according to what has been hypothesized. However, only the constant and trend are shown as 

significant at the 95 percent level. Multiple other variables are significant at the 90 percent level and all 

variables are being kept within the estimated equation as theory would dictate. It is noted that the real public 

grazing fee variable which will become of greater interest in evaluating the objectives of the research is not 

shown to be significant. Concerns over the lack of significance of this variable are addressed more in depth 

within the scope and limitations section of this paper. 

Ewe ending stock has been estimated similarly to lamb crop (10). A log-linear functional form has 

been used in its estimation.  All variables aside from the lagged real sheep slaughter price possess the correct 

hypothesized sign, however this variable is not significant at the 95 percent level. Variables which are 

significant at the 95 percent level include lagged ewe ending stock, the maximum between a one period 

lagged real wool price and the current real marking wool loan rate, corn price, trend, and the constant. 

Overall, the estimated equation possesses a strong goodness of fit as indicated by the very high adjusted R2 

of 0.992. Similar to the lamp crop equation (9) the real public grazing fee is not shown as significant within 

these results. This lack of significance is addressed more fully in the scope and limitations section of the 

paper. 

Wool price (11) has been estimated simply as a function of a constant, wool mill price, and a trend. 

Both the wool mill price variable and the trend possess the correct positive hypothesized signs. The wool 

mill price variable is significant at the 95 percent level. While the trend is not shown to be significant at the 

95 percent level it has not been admitted as the goodness of fit for the estimated equation is shown to 

improve with the inclusion of the trend as measured by the adjusted R2. The goodness of fit for this equation 

is strong with an adjusted R2 of 0.934. 
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Sheep shorn (12) is estimated as a function of the maximum of the current year wool price and 

wool marketing loan rate, all sheep, and a one period lagged sheep shorn variable. Goodness of fit for the 

estimated equation is very high with an adjusted R2 of 0.997. All variables besides the maximum of the 

current year wool price and wool marketing loan rate are shown to be significant at over the 99 percent 

level. The wool price/loan rate variable is significant at the 90 percent level and possess the correct sign. 

Though it is not significant at the 95 percent level it has been retained within the estimated equation to 

coincide with economic theory. 

Wool production greasy (13) and wool production clean (14) have been estimated as functions of 

each other as well as a constant. Resulting adjusted R2 for each are very high 0.999 and 1.000 respectfully. 

This indicates that the variation in greasy production can be explained almost entirely by variation in clean 

production and vice versa as would be naturally expected as clean production is simple a result of greasy 

wool being cleaned. Both the variables and constants are shown to be significant at the 95 percent level. 

Wool import (15) has been estimated as a function of the real wool mill price, producer price index 

for synthetic fibers, wool mill demand, and the real international wool price. Goodness of fit for this 

equation is strong with an adjusted R2 of 0.921. Only the wool mill demand variable is showing significance 

at the 95 percent level. All variables aside from the real wool mill price variable possess the correctly 

hypothesized sign.  

The equation for wool exports (16) is hypothesized to be the same as wool imports (15) with the 

only change being that inverse signs are expected for all explanatory variables besides for the producer 

price index for synthetic fibers variable. The estimated equation only resulted in a moderate goodness of fit 

as measured by the adjusted R2, 0.711. All variables have the correct sign, however, only the wool mill 

demand variable is shown to be significant at the 95 percent level.  

Wool demand from mill (17) is assumed to be a function of the producer price index for synthetic 

fibers, the real wool mill price, and a trend. The resulting estimated equation’s goodness of fit is reasonable 
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with an adjusted R2 of 0.814. Signs for all of the variables complied with prior expectation and all are shown 

to be significant at the 95 percent level.  

Wool ending stock (18) is estimated as a function of the real wool mill price, the producer price 

index for synthetic fibers, and a trend. The estimated equation has weak goodness of fit as indicated by an 

adjusted R2 of only 0.486. Signs for all variables do align with prior expectations and the synthetic fiber 

PPI as well as the trend are significant at the 95 percent level.  

Wool unaccounted (19) is assumed to be a function of wool mill demand, wool supply, and the real 

wool marketing loan rate. Similar to the wool ending stock equation (18), wool unaccounted also only 

possess a weak goodness of fit as indicated by a low adjusted R2 of 0.486. All variables possess the correct 

sign as originally hypothesized and both the wool mill demand as well as the wool supply variable are 

shown to be significant at the 95 percent level.  

Ewe lamb (20) is estimated as a function of ewe ending stock, a one period lagged real slaughter 

price, and a one period lagged ewe lamb variable. All variables as well as the constant are shown to be 

significant at the 95 percent level and all possess the correct sign as originally hypothesized. Goodness of 

fit for the estimated equation is very good with a strong adjusted R2 of 0.952.  

Rams (21) is estimated in similar fashion to ewe lambs (20) with only one change being made. The 

one period lagged ewe lamb variable has been replace by a one period lagged ram variable. The resulting 

estimated equation has a reasonable goodness of fit as indicated by the adjusted R2 of 0.87. The constant 

along with the ewe ending stock and lagged ram variable are shown to be significant at the 95 percent level 

and possess the correct signs. The lagged real slaughter price variable does not possess the correct sign but 

is also not shown to be significant at the 95 percent level. It has been retained within the estimated equation 

to coincide with economic theory.  

Lamb and mutton ending stocks (22) is estimated assuming it to be a function of the real lamb 

wholesale price, lamb production, lamb imports, and real personal disposable income. A moderate goodness 
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of fit is indicated by an adjusted R2 of 0.853. While all explanatory variables possess the correct signs as 

originally hypothesized only ewe ending stock and the constant are shown to be significant at the 95 percent 

level.  

Per Capita (lamb and mutton) disappearance (23) is estimated as a function of per capita real 

personal disposable income, the real lamb wholesale price and a trend. All parameter estimates have the 

correct sign to align with theory and only the per capita real personal disposable income variable is not 

shown to be significant at the 95 percent level. 

Lamb and mutton exporting demand (24) and lamb and mutton import (25) are both estimated as a 

function of the real lamb wholesale price, and a trend. The adjusted R2 for the export equation is low at 

0.552 and indicates that the goodness of fit for this equation is weak. For the import equation goodness of 

fit is much better and is reasonable with an adjusted R2 of 0.869. Signs for all variables in both equations 

are correct as originally hypothesized. All variables and the constant are shown to be significant at the 95 

percent level in the export equation while only the trend is shown to be significant within the import 

equation. The average other meat (substitute) price variable has not been included in either the import or 

export equation as originally hypothesized as it was not shown to be significant and current theory does not 

indicate that other meats share a strong substitute relationship with lamb. 
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CHAPTER 4 

DISCUSSION AND IMPLICATION 

 Having completed the model it is now used to evaluate the effects on sheep inventory of changing 

the public grazing fee. This chapter also highlights the importance of the public grazing fee as well as 

outline the method used in order to evaluate grazing fee policy alternatives. This will be accomplished 

through the comparison of three modeled scenarios discussed in the sections to follow.  

4.1. Public Grazing Fee Policy Implications: 

The PRIA grazing fee is an ongoing source of debate as opposing sides take a stance on public 

grazing fee policy. There are some policy makers who believe the current PRIA grazing fee formula does 

not do an adequate job of establishing a fee with some in support of raising the fee more in line with private 

grazing rates. In fact, for fiscal year 2016 the Obama administration originally purposed a budget, that 

would later be revised, which would have added a $2.50/AUM additional administrative fee to the current 

public grazing rate (Halladay, 2015).  The main argument cited in support of this view is that current 

expenses for the BLM and USFS for both agencies far exceed receipts from grazing permits. For the fiscal 

year 2014 the total inflation-adjusted appropriations for BLM and USFS were $143.6 million while grazing 

receipts amounted to only $18.5 million, or 13 percent of the appropriations (Glaser, Romaniello, and 

Moskowitz, 2015). A similar relationship can be seen throughout all receipt years. Figure 3 below 

summarizes total inflation adjusted appropriations for both BLM and USFS as compared to total inflation 

adjusted receipts. These appropriations and receipts are only those connected with grazing activity and do 

not represent total appropriations and receipts for other activities within the BLM and USFS. 
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 There are, however, others in support of rate cuts as they believe when the true costs of grazing on 

public land are compared with the costs of grazing on private land then the public rate would actually be 

higher than the average private rate as indicated by past research (Rimbey & Torell, 2011). This study does 

not attempt to provide support for any one stance within the range of views concerning the current PRIA 

grazing rate system, but rather to demonstrate the effects on the sheep and wool industry of changing the 

public grazing fee either up or down. The results will aid policy makers to be able to weigh all arguments 

within the context of the PRIA grazing fee and make appropriate policy decisions in the future.  In looking 

at figure 4 on the next page a summary of the calculated public grazing fee as well as the established PRIA 

grazing fee can be seen as compared to average private grazing rates for years 1980-2013.  
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It is clear by looking at the public rate as a percentage of the average private rate that there has definitely 

been a downward trend. This may indicate that perhaps it is time for policy makers to consider 

establishing new policy to replace the current PRIA grazing fee formula in order to increase the public 

rate to be more in line with average private rates. This study will not attempt to formulate the details of 

such a new policy but will instead demonstrate the effects of raising the public grazing fee to the overall 

sheep and wool industry over a five year time period. Although, the sheep and wool industry is by no 

means a large or vital part of the U.S. economy, it has a unique and important history within the U.S. and 

is vital to those within the industry. Great care and consideration must be taken as policy makers attempt 

to address the public grazing fee concerns. While grazing fee policy is sure to affect many livestock 

industries throughout the country, due to the current drastically weakened state of the sheep and wool 

industry perhaps greater consideration is needed in evaluating possible effects of new public grazing fee 

policy on this industry.  
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To demonstrate the possible effects of various policy changes within the public grazing fee three 

scenarios are evaluated within the context of the sheep and wool model. Scenario 1 represents the baseline 

or no change to current grazing fee policy. Projections are then be made for total supply and demand within 

the sheep and wool markets along with the market clearing prices established through setting supply and 

demand equal to each other and allowing the model to solve for the market clearing price. These projections 

are comprised of the next five years (2016-2020) and can be compared with the other two scenarios to 

evaluate effects on the industry of the policy change. Scenario 2 represents a policy change which increases 

the current public grazing fee ($1.69/AUM in 2015) to $10/AUM. This fee is still less than half of the 

private grazing fee average (trending upward and $20.10/AUM in 2012 (Glaser, Romaniello, & Moskowitz, 

2015)) but represents a substantial increase in the current fee and helps bridge the gap between the current 

public and private grazing fees. Similar to scenario 1, projections for the industry are then made for the next 

five years and compared with other scenario projections. Scenario 3 represents an abolishment of a public 

grazing fee. Policy of this nature has been suggested by various research and by those within the industry. 

Torrell and Rimbey (2011) found that if the true costs of grazing public land were compared with private 

grazing costs the public grazing costs would be larger than the private costs and thus suggest that a reduction 

or abolishment of the public grazing fee may be appropriate. In place of the fee other researchers have 

suggested that current permit holders be allowed to retain their permits and be given the rights to sell their 

permits as they please in an open market format. Therefore, for this scenario the public grazing fee is set at 

$0/AUM for each of the following five years and the model is used to make projections for industry supply 

and demand as well as establish the market clearing price. 
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4.2. Scenario Results: 

4.2.1. Scenario 1: Baseline 

Baseline projections have been made for years 2016-2020. The projections are based on the 

assumption of no change within current policy affecting the sheep and wool industry. As the public grazing 

fee is already set for 2016 at $2.11/AUM this value is used for 2016 and is held constant for the years 2017-

2020 to approximate the public grazing fee under a no policy change environment. The results for the 

baseline projection can be seen in table 6 below. 

  

  

From these results it is clearly shown that under a no change environment the sheep and wool 

industries are projected to remain fairly constant throughout the next five years with continued decline 

expected in years 2019 and 2020. Total sheep inventory is shown to decrease 49,000 head by the year 2020. 

The results demonstrate that the current state of the industry is not stable and with no changes made will be 

expected to continue to experience declines annually. 

4.2.2. Scenario 2: Public Grazing Fee Increased  

Under scenario 2 the public grazing fee is being increased to $10/AUM for years 2017-2020. As 

this represents an increase in costs for producers it is hypothesized that this increase in the grazing fee will 

cause a decrease in both sheep and wool production and increase the rate of decline in the total sheep 
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industry over the years projected as compared to the baseline. The results of scenario 2 are summarized in 

table 7 below.  

   

From these results it is evident that the hypothesized negative relationship between the public 

grazing fee and sheep and wool production holds according to the model projections. When the public 

grazing fee is increased to $10/, total inventory over this five year period is projected to decline by 306,000 

head. This represents and average decline in sheep inventory of 1.46% annually over this time period.  

4.2.3. Scenario 3: Public Grazing Fee Decreased 

The final scenario evaluated in this study is a decrease or complete elimination of the public grazing 

fee ($0/AUM). Similar to the previous two scenarios the grazing fee is left at $2.11/AUM for 2016 as it has 

already been established. For the years 2017-2020 the fee will be set at $0/AUM. As this would represent 

a decrease in the cost of production for sheep and wool it is hypothesized that production and inventory 

will increase over this five year time period as compared with the baseline projections. The projections for 

scenario 3 can be seen summarized below in table 8.  
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The results of scenario 3 are in line with the hypothesis. Over the time period, total sheep inventory 

remains fairly constant with some improvement being seen in comparison to scenario 1. Total inventory is 

projected to increase 24,000 head by year 2020 which would represent an increase of 73,000 head when 

compared to the baseline 2020 projection. Thus, under a $0/AUM grazing fee environment the sheep and 

wool industry is projected to remain in a steady to slightly increasing state and is projected to benefit from 

this change as compared to the baseline no change. Figure 5 below helps illustrate this point through a 

graphical comparison of the three scenarios’ projected sheep inventories through this five year time period 
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CHAPTER 5 

CONCLUSIONS AND POLICY IMPLCATIONS 

Within this chapter implications will now be drawn from the results presented in chapter 4. 

Additional conclusions will also be presented and discussed in further detail.  

5.1. Conclusions and Implications 

This study has evaluated the effects on the US sheep and wool industry of various policy changes 

regarding public grazing fees. Under the baseline no-change-to-the-fee scenario, the sheep industry is 

projected to remain relatively stable with some modest decline expected within the next five years. 

Abolishment of the public grazing fee would be expected to bring added stability to the sheep and wool 

industries with total sheep inventories expected to remain fairly constant with some modest growth 

projected within the next five years. This suggests that perhaps reducing the public grazing fee could be a 

viable policy alternative which could be implemented to help bring stability to the sheep and wool 

industries. Conversely projections indicate that raising the grazing fee would have an adverse effect on 

these industries. Scenario three which represents an increase in the public grazing fee to $10/AUM would 

increase the rate of decline within the industry. As the U.S. government has considered the possibility of 

raising the public grazing fee in the past (Halladay, 2015) it is, therefore, imperative for policy makers to 

consider this negative projected effect on the sheep and wool industry as further grazing fee policy change 

is considered. The industry is already in a fragile state having experienced dramatic declines since the mid 

1940’s. Increases to the public grazing fee would ultimately increase the rate of decline of the sheep and 

wool industry and, therefore, policy makers are urged to take great care in consideration of such policy 

change.  

It is also important to consider who would ultimately bare the weight of the added cost associated 

with an increase in the public grazing fee. Table 9 below helps illustrate the amount of the increase in 
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grazing fee cost that is ultimately passed onto consumers through an increase in price. The results indicate 

that in the first year of implementation of an increase in grazing costs under scenario 2 approximately 62 

percent of the increased cost would be felt by producers while 38 percent of the increase would be felt 

further down the supply chain with a good portion of this amount expected to be passed onto the end 

consumers. The following three years are then expected to see a decrease in the amount of the fee cost 

carried by producers and an increase carried by consumers. By the year 2020 it is projected that producers 

will only carry approximately 31 percent of the increased cost burden with the remaining 69 percent being 

passed on to consumers further down the supply chain, indicating that as time passes an increasing amount 

of the grazing fee cost increase will be expected to be carried by consumers. 

   

 

5.2. Future Policy Expectations: 

Throughout history there have been many attempts by policy makers to raise the price of the public 

grazing fee (Halladay, 2015) (Westerners Block Hike in Grazing Fees, 1991). Looking to the future as an 

indication as to what might be the most likely grazing fee policy moving forward, it stands to reason that 

there will continue to be pressure by many policy makers to raise grazing fees. Undoubtedly there will 

continue to be opposition to rate increases by those connected with the livestock industries utilizing the 
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public lands as a grazing resource. However, eventually as private rates continue to increase with public 

rates remaining fairly constant more policy will likely be purposed to increase the public rate. As the PRIA 

grazing fee is well established it will be difficult to abandon its use entirely. Most likely a policy similar in 

nature to that of the one the Obama administration purposed in 2014 would be the outcome. That policy 

purposed that the PRIA formula continue to be utilized in establishing the public fee annually within an 

additional $2.50/AUM flat tax added to the calculate PRIA fee. A policy of this kind may be successfully 

implemented as it may appease those advocating for rate increases in order for the public grazing fee to 

move closer to private rates, while at the same time it may be a small enough increase to eventually be able 

to pass into law despite some opposition. If such a policy were successfully implemented it would certainly 

have a negative effect on the sheep and wool industries, however the magnitude of the effect may not be 

very significant. For example, when the policy scenario suggested above adding a $2.50/AUM increase to 

the public grazing fee is run in the model the results indicate that by year 2020 the projected sheep inventory 

would only decline by 84,000 head as compared with the baseline. While of course, this would not be 

beneficial for an already struggling sheep industry it may be seen as an acceptable consequence for policy 

makers as it would lead to an increase in public grazing revenue for the BLM and USFS.  

5.3. Scope and Limitations: 

Within this research study there are some limitations and a limited scope which should be 

addressed. The research focuses solely on the U.S. sheep industry with regards to possible policy change 

in connection with the U.S. public grazing fee. The research is, therefore, limited geographically to the U.S. 

national sheep market and does not address the effects of such grazing fee policy change to other 

international markets. Additionally, the data set utilized within the model comprises years 1979-2015 

yielding 37 annual observations. This provides a strong set of data for analysis and modeling purposes but 

does still limit the research to that specific time frame. The U.S. sheep market reached its climax in 1942. 
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Ideally the data set could include the years 1942-1978, however, much of the data for those years was not 

reported and thus constrains the data set to a smaller range.  

From the results of the individual regression equations it can be seen that the real public grazing 

fee variable is not shown to be significant in either the ewe stock (10) or the lamb crop (9) equations that it 

has been included in. As this research centers on evaluating the effects of policy changes surrounding the 

public grazing fee rate it is important to understand why this variable is not significant and to address the 

limitations this presents to the research. While the grazing fee variable does possess the correct 

hypothesized sign in both equations it is not significant at even the 10 percent level. As the majority of the 

public lands (BLM and USFS) are located in the western states as well as a good portion of sheep production 

it was hypothesized that fluctuations with the grazing fee may be more impactful to that region. Thus in an 

attempt to highlight the significance of the public grazing fee variable as part of this research the model 

was split into two separate models one to model sheep inventory within the three state region of Wyoming, 

Utah, and Idaho, with the other model including the rest of the country. The end resulting forecasted values 

would then be combine to represent national results. However, when this hypothesis was explored it was 

found that the public grazing fee was found to be significant at the 10 percent level, however, the parameter 

possessed the incorrect sign (positive).  

After examining the data, perhaps the most important explanation of the lack of significance within 

the national model and the incorrect sign within the Mountain West regional model of this variable comes 

as a result of its lack of variability relative to the dependent variables being measured. Throughout history 

the PRIA fee has remained fairly stable. This comes in large part as a result of the rules and regulations 

surrounding the establishment of the annual fee. As discussed previously, the PRIA fee attempts to 

incorporate grazing value and profitability thus we would expect in years when the agriculture industries 

are doing very well the fee would adjust significantly upward. However, current policy only allows a 

maximum of 25 percent upward or downward movement annually regardless of what the PRIA formula 



47 

 

dictates as well as establishes a floor for the fee at $1.35. As a consequence, the public grazing fee is often 

limited from truly moving subject to market forces to the full extent possible. This limits the variability 

within this variable. Additionally, within this model the public grazing fee is adjusted to a real basis using 

the PPI index. As the nominal fee values are fairly constant, after being deflated this yields a variable that 

is downward trending through time. It then becomes apparent that when regressed on sheep inventory (also 

downward trending) the relationship is found to be positive or opposite of what theory would suggest.  

Due to the lack of significance of the grazing fee variable, the amount of public grazing land 

available to producers was also considered as part of this research. While the grazing fee is thought to be 

highly influential to livestock producers’ viability, the amount of land available to graze may be shown to 

be just as much if not more influential if there exists a greater variability within the amount of public land 

available to producers. In order to test whether this may indeed be the case the real public grazing fee was 

replaced within the ewe stock and lamb crop regression equations with an annual wildfire total acreage 

burned variable. The acreage burned variable represents a good proxy for the inverse of public land 

available for grazing as when acreage burns increases, land available to graze should decrease 

proportionately. Thus a negative relationship between acreage burned and sheep inventories is 

hypothesized. The results of the estimated ewe stock and lamb crop equations with the acreage burned 

variable included were very similar to the results previously estimated using the public grazing fee variable. 

The acreage burned variable was not shown to be significant within either equation and total goodness of 

fit as indicated by the adjusted R squared was unaltered.  

Finally, it is important to emphasis this study only addressed one specific policy alternative in 

conjunction with three levels of public grazing fee. Other policy alternatives must still be considered such 

as public land acreages available for grazing as well as possible restrictions placed on lamb and wool 

imports. 
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5.4. Future Research 

After the preceding discussion of the limitations of this research it is apparent that it would be 

difficult to utilize econometric analysis to adequately analyze research questions surrounding the public 

grazing fee in connection with the sheep inventory as the public grazing fee is not shown to be significant 

and possess the correct sign. However, this does not indicate that the public grazing fee is without 

significance to the industry, but rather that this significance is difficult to demonstrate through statistical 

analysis. Therefore, moving forward with similar research questions perhaps a smaller scale approach may 

be necessary in order to demonstrate the importance of the public grazing fee as well as evaluate the effects 

on the industry of changing the public grazing fee. This may be accomplished through enterprise budget 

analysis for a specific region within the sheep industry. Elements of risk could be implemented within the 

budget by replacing certain static elements of the budget (most notably prices) with fitted stochastic 

distributions. Then utilizing simulation techniques the budget could be analyzed to reveal profitability with 

risk being measured. The public grazing fee rate could then be adjusted upwards and downwards within the 

budgets to get a sense of what effects this could have on profitability within the sheep industry of that 

region. 
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Appendix 

Table 10 shows summary statistics for each variable as well as displays variable names 

and units. 
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