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Adding Economic Value – Increasing Farm and Community Prosperity in the 

Western U.S. 

Editors: Daniel O’Brien1, Colette DePhelps2, Shermain Hardesty3 and Martha Sullins4 

 

The theme of the Fall 2020 issue of the Western Economics Forum (WEF) is “Adding Economic 

Value – Increasing Farm and Community Prosperity in the Western U.S.” This special issue of 

the WEF focuses on the tools and strategies that contribute economic benefit to agricultural and 

community value chains in the Western United States. 

Four articles related to this theme are included in this issue. They explore how innovations 

in agricultural and horticultural production, processing, and gender-related factors create new 

economic opportunities for agricultural and horticultural producers – with spillover effects on 

their communities. These four articles deal with the economic impact of the Master Beef Program 

in Tennessee, the establishment of industrial hemp in Kansas, the adoption of automated milking 

systems in Idaho, and the gender dynamics of farmers markets in Washington State. An 

independent article was also included in this issue on the impacts of irrigation water shortage on 

potato production and processing in a key sub-area in the Columbia Basin in Washington State. 

Six case studies were included in this issue of the WEF – focusing on food production, 

processing, marketing and/or distribution issues and their associated economic implications. The 

subjects of these case studies included the economic impact of a bilingual organic farm incubator 

program in Washington State, marketing dried moringa products by small farms in California’s 

San Joaquin Valley, the economic contributions of a mid-scale farmers market in Idaho, the 

importance of peer networks in ranch and farm business planning in a California setting, initiating 

farm-to-school programs with small, socially-disadvantaged farmers in Fresno, California, and 

progress made in the hemp industry through the CHAMP program in Colorado. 

Lastly, three articles from the graduate student paper competition section of the 2020 

Western Agricultural Economics Association (WAEA) Annual Meeting are included in this 

issue. These papers address the following issues: exploring local determinants of campground 

utilization on national forest land, potential opportunities for implementing and operating a state 

meat inspection program in New Mexico, and how the shape of Jujube fruit influences 

consumer’s willingness to purchase jujube in west coast markets. 

 

Thematic Articles 

Following is a set of brief summaries of the four thematic articles included in this Fall 2020 

WEF issue. 

In “Does the Tennessee Master Beef Producer Program Impact Technical Efficiency?” 

by Boyer, Yu, Rhinehart, Ahles and Gill, the impacts of the Tennessee Master Beef Producer 
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(MBP) program on the technical efficiency (TE) of Tennessee beef production are estimated. A 

positive relationship is found between MBP participation and county-level TE of beef production. 

Results are helpful in targeting locations for future education, and provide evidence of the 

effectiveness of the MBP. 

“From the Ground Up: A Look at Kansas’ First Year of Industrial Hemp Production” by 

Ebert, Hoch, Taylor and Schwab examines how industrial hemp began to re-enter mainstream 

agriculture through pilot programs in the 2014 Farm Bill, and the expanded opportunities for 

commercial production in the United States in the 2018 Farm Bill. This paper examines and 

gleans lessons from Kansas’ experience during its first growing season under the industrial pilot 

research program in 2019. 

In the article “Investigating Factors Affecting Adoption of Automated Milking Systems 

(AMS) in Idaho” by Tejeda, Chahine, Du, Lu and Westerhold, the authors use primary (survey) 

data to investigate the characteristics and motivations in regard to the adoption of automatic 

milking systems among Idaho dairy producers. They find that a relatively small percentage of 

Idaho dairy producers have adopted AMS in their operations due to currently low labor costs and 

high investment expenditures that would be required. The authors conclude that increasing 

difficulties with the supply of labor at dairy farms in Idaho and across the U.S. will continue to 

encourage the transition to AMS technologies in the future, even with the relatively high 

investment costs that are required. 

“Market Makers; Exploring Gender Dynamics in Farmers Markets from Field to Booth” 

by Ostrom, Goldberger and Smith found from research in Washington State that for farmers 

markets, half of farmer participants, 73% of market managers, and over 70% of shoppers are 

women, and that few scholars have critically examined these gender-related aspects of alternative 

food chains. They conclude that understanding farmers markets as intersecting, gendered spaces 

is critical to analyzing their potential contributions to food systems change and enhancing 

women’s lives and livelihoods. 

 

Thematic Case Studies 

Six brief summaries of the case studies included in this Fall 2020 WEF issue follow. 

Smith and Ostrom address the issue of how a “Bilingual Organic Farm Incubator 

Program Both Generates and Depends Upon Community Capital” in their case study. The 

authors indicate that, although farm incubator programs have been presented as a solution to 

reduce barriers to entry for beginning farmers, their impact on building community capital has not 

been investigated. Their participatory research with a bilingual, organic Viva Farms Incubator 

partnership in Washington State shows how cross-cultural capacity building appears to be both an 

end result and a necessary condition for effectively connecting diverse, new-entry farmers with 

education, farming infrastructure, and markets. 

The case study on “Challenges and Opportunities for Small Farms Marketing Dried 

Moringa Products in California’s San Joaquin Valley” by Dahlquist-Willard, Espinoza, Yang, 

Engelskirchen and Feenstra, analyzes best practices for creating value-added, dried moringa 

products for local, direct markets and wholesale markets. Their results indicate that dried moringa 

products can reach niche markets for local products in California if regulatory and certification 

requirements are addressed. They found that aggregators or food businesses may be better suited 

to purchase fresh moringa from small-scale farms and complete the necessary certifications for 

processing it, especially if a locally-sourced product could provide higher prices. 
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In “Estimating the Economic Contributions of the Moscow Farmers Market” by 

DePhelps and Peterson, data from a 2018 Rapid Market Assessment (RMA) study of the 

Moscow, Idaho farmers market were used to conduct an economic assessment of the market 

using IMPLAN. The purpose of the study was to understand the market’s economic 

contributions to the local economy. Their results confirmed the economic importance of the 

Moscow Farmers Market to the City of Moscow and to Latah County, Idaho. The authors noted 

that COVID-19 effects on the Moscow Farmers Market need to be monitored and assistance 

provided for post-pandemic recovery. 

In their case study, Macon, Ingram and Fake address the issue of “Producer-to-Producer 

Business School: The Importance of Peer Networks in Ranch and Farm Business Planning.” The 

authors present information on a combination of structured business planning educational 

programs that have operated since 2008 supporting the creation of producer-to-producer 

networks. These programs support producers’ inquiries into production and business management 

topics, provide feedback on key decisions, and bring about accountability. 

Participant surveys provide evidence of the effectiveness of these programs in 

improving the relative profitability of program participants. Two case studies of such local 

educational programs are described in detail. 

In “Initiating Farm-to-School Programs with Small, Socially-Disadvantaged Farmers: A 

Case Study in Fresno” by Mendoza and Dahlquist-Willard, the specialty crop marketing 

processes of Southeast Asian farmers in Fresno County, California are examined. This group 

typically sells produce at farm stands, Asian grocery stores and farmers markets throughout the 

state. While previously they were unable to participate in farm-to-school programs in local school 

districts, technical assistance from a non-profit and a university extension program succeeded in a 

pilot program for institutional procurement at the Fresno Unified School District. The process of 

addressing barriers to participation for potential vendors is discussed, as are opportunities for 

collaboration and advocacy. 

The case study “Making Headway on the Hemp Industry in Colorado: The CHAMP 

Initiative” by Hill, Mooney and Thilmany, addresses the development of a plan to establish hemp 

as a viable crop enterprise in Colorado. Development of the Colorado Hemp Advancement 

Management Plan (CHAMP) involved an examination of the complete supply chain, with input 

gathered from a sizable number of stakeholders organized into thematic supply chain groups. 

This article reflects on the CHAMP initiative by describing the state’s hemp sector 

and summarizing key issues related to research and development, cultivation, testing, 

processing, transportation, manufacturing, and banking and insurance segments of the supply 

chain. 

 

Independent Article 

Following is a brief review of an independently submitted article for this Fall 2020 WEF issue. 

The article “Odessa Sub-area Potato Production & Processing Impacts Under an 

Irrigation-Water Shortage” by Nadreau and Fortenbery measures the economic losses to the 

Odessa Sub-area potato producing region in Washington State’s Columbia Basin that would 

result from further reducing access to water for crop irrigation. Estimated costs from reduced 

water availability are adjusted for the gains in wheat production that would result as affected 

growers transition their land into the next best, non-irrigated crop alternative in the region. The 

authors move beyond the standard contribution analysis by examining not only the net losses in 

potato production, but potential forward linked losses from potato processing plant closures. 
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2020 WAEA Conference Graduate Student Competition Articles 

Following is a set of brief summaries of three articles from the 2020 WAEA Conference 

Graduate Student Competition that are included in this Fall 2020 WEF issue. 

In “Exploring the Local Determinants of Campground Utilization on National Forest 

Land” by Shartaj and Suter, the authors demonstrate how National Forest campground utilization 

varies in response to changes in population, per capita income, and unemployment in counties 

local to that campground. Their findings suggest that a 1 percent increase in per capita income 

reduces utilization by 0.08 to 0.09 percentage points. Moreover, an increase of 1 percentage point 

in the unemployment rate increases utilization by 0.3 to 0.6 percentage points. Overall, the results 

suggest that campground utilization is higher in areas that have seen declines in macroeconomic 

conditions. 

The article “Implementing and Operating a State Meat Inspection Program: Potential 

Opportunity in New Mexico” by Parker-Sedillo, Robinson and Lillywhite provides insight into 

the potential costs of implementing a state meat inspection program. This article summarizes 

feedback from a survey of state officials across the United States who are operating meat 

inspection programs. Survey results from existing meat processors in New Mexico regarding 

their interest in participating in a state meat inspection should be established. It is estimated that 

if it were established, the state program would have an annual cost of $1.1 million with additional 

costs expected as the program develops and grows. 

“Shape Influence on Consumers’ Willingness to Purchase Jujube Fruit” by Hayes, 

Robinson, Acharya, Flores and Yao, shows the importance of sensory evaluation of Jujube fruit 

shape in determining consumer preferences of dried jujube. The food lab analysis showed that 

more than half of the experimental participants were more likely to purchase, and had a clear 

preference for, the circular shaped sample jujube fruit. This evidence supports further 

investigative efforts to determine the viability of jujube as an economically viable alternative 

crop for New Mexico agricultural producers. 

 

The Western Economics Forum is sponsored by the Western Agricultural Economics 

Association. For past issues of the Western Economics Forum, visit the following web address: 

http://www.waeaonline.org/publications/western-economics-forum 
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Western Economics Forum A Journal of the Western Agricultural 
Economics Association 

 

Does the Tennessee Master Beef Producer Program Impact Technical Efficiency? 

By Christopher N. Boyer1, T. Edward Yu2, Justin Rhinehart3, Amelia Ahles4, and Mackenzie 

Gill5 

 

Abstract 

The impacts of the Tennessee Master Beef Producer (MBP) program on the technical 

efficiency (TE) of Tennessee beef production was estimated using county-level data in 2007, 

2012, and 2017. A two-stage, double bootstrap method was used to measure TE by county and 

year, and identify any statistical relationship between MBP and TE. TE of beef production 

changed statewide during this time period. We found a positive relationship in MBP 

participation and county-level TE of beef production. Results are helpful in targeting locations 

for future education and provide evidence on the effectiveness of MBP. 

 

Acknowledgements: We want to thank the anonymous reviews and editors for the helpful 

comments. Financial support came from the University of Tennessee Ag Research. We 

would also like to acknowledge Jim Neel, Clyde Lane, Warren Gill, and Emmit Rawls. 

 

Introduction 

Recognizing the importance of Tennessee beef production, University of Tennessee (UT) 

Extension launched a county-level educational program called Master Beef Producer (MBP) in 

2004. This program began as a 12-session course that covers topics such as marketing and 

economics, forages, health, reproduction, and nutrition to name a few. While participation for 

MBP started slow, a key moment in MBP success occurred in 2007 when the Tennessee 

Department of Agriculture allowed certified MBPs access to the Tennessee Agricultural 

Enhancement Program fund, which provides partial cost-reimbursement for qualified 

purchases. 

The purpose of MBP is to instruct Tennessee cattle producers about best practices to 

sustain their long-term profitability and increase beef production. A commonly used economic 

measurement to evaluate long-term profitability, or growth and survival of firms, is technical 

efficiency (TE) (Farrell, 1957). TE is generally defined as how effective a firm or decision- 

making unit (DMU) is at maximizing output from a given bundle of inputs or to produce a 

given level of output while minimizing inputs. Agricultural economists have a long history of 

analyzing the TE of various crop and livestock production systems (Morrison Paul et al., 2004). 

Data envelopment analysis (DEA) is commonly used to measure TE (Charnes, 

Cooper, and Rhodes, 1978) but this approach cannot explain what causes the changes in TE.  
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mailto:cboyer3@utk.edu


Fall 2020 Volume 18 Issue 2 Western Economics Forum Page 8  

Therefore, researchers have used a two-stage DEA to determine the TE of evaluated targets, and 

examine the statistical relationships between TE and environmental/exogenous variables (Vitale, 

Vitale, and Epplin, 2019; Watkins et al., 2014). 

This research explores changes in TE in beef production across Tennessee over time and 

measures the impacts of the MBP on beef production TE. If the program is found to be effective, 

this would demonstrate a successful educational program which could be adopted by Extension 

services across the United States. Also, to our knowledge, no study has assessed how an Extension 

program like MBP impacts TE for any commodity. Thus, we provide a robust framework for others 

to measure the effectiveness of state Extension programs. 

 

Data 

County-level data were collected from the 2007, 2012 and 2017 United States Department of 

Agriculture (USDA) Census of Agriculture (USDA National Agricultural Statistical Service 

[NASS], 2019) for all inputs and outputs of the DEA. Since pasture and hay are vital inputs in 

Tennessee beef production, inputs for our model include the average pasture acres per operation, 

hay acres per operation, and head per operation for each county (Henry et al., 2016). These were 

generated by dividing the total number of pasture acres (excluding cropland and woodland), 

hay/haylage acres, and cattle inventory (including calves) for each county by the total number of 

beef cattle operations within the county. Tennessee has a total of 95 counties, but not all the data 

were available for all these counties. Therefore, we dropped counties from the dataset that were not 

in all three years of the data, which left 82 counties or DMUs per year. 

The output variable for our analysis was total pounds of beef sold per operation by county. 

This was determined by first generating total market receipts of beef sold per operation by county, 

which was calculated by dividing total market receipts for beef sales in each county by the total 

number of beef operations in each county. The next step was dividing the total market receipts of 

beef sold per operation in a county by the average price of 500-600 lb. feeder cattle sold in 

Tennessee in 2007, 2012, and 2017. Tennessee prices were $1.21/lb. in 2007, $1.47/lb. in 2012, 

and $1.39/lb. in 2017 (USDA Agricultural Marketing Service, 2019) and all prices were adjusted 

into 2017 dollar values using the Implicit Gross Domestic Product Price Deflator (United States 

Bureau of Economic Analysis, 2019). Table 1 shows the summary statistics for the input and 

output variables by year. 

Exogenous/environmental variables in the second-stage regression included the percentage 

of MBP certificates relative to the number of beef cattle operations within each county. The 

aggregate number of certificates provided from 2008 to 2012 were used in the 2012 dataset, and the 

aggregate number of MBP certificates from 2013 to 2017 were assumed for the 2017 dataset. We 

then divided this aggregated number of MBP certificates within a county by the total number of 

beef operations within the same county over the same time periods. The total number of certificates 

awarded during this time period was 11,984 with 3,176 occurring from 2008-2012 and 8,808 being 

awarded from 2013 to 2017. 
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Table 1. Average of All County-Level Summary Statistics of Output and Input Variables in 

Tennessee from 2007, 2012, and 2017, United States Department of Agriculture Agricultural 

Census Data 

 
Variables 

 
Year 

 
Mean 

Standard 

Deviation 

 
Minimum 

 
Maximum 

Output Variable 

Pounds per 

Operation 

2007 13,420 3,933 6,810 25,738 

2012 15,533 7,229 6,403 43,080 

2017 16,860 8,075 5,619 50,858 

Input Variables 

Pasture 

Acres per 

Operation 

2007 66.84 15.95 37.46 105.99 

2012 91.10 22.23 55.16 153.00 

2017 87.32 22.47 46.32 161.03 

Hay Acres 

per 

Operation 

2007 46.60 8.62 31.85 74.00 

2012 54.27 10.94 33.20 89.07 

2017 54.33 9.14 36.43 85.59 

Herd Size 

per 

Operation 

2007 54.52 10.62 36.54 83.99 

2012 56.21 12.96 35.41 99.29 

2017 59.30 14.89 31.13 108.68 
a Receipts are adjusted in 2017 dollars    

 

We also included year dummy variables and regional location dummy variables. Regions 

were divided following the UT Extension Regional office lines (UT Extension, 2019). Figure 1 

shows the average number of MBP certificates per county by region. In 2012, an average county in 

East Tennessee had 26 certified MBP operations and, in 2017, that number increased to an average 

of 71 operations per county in the eastern region. For all regions, the average number of MBP 

certificates increased from 2012 to 2017. 
 
 

Figure 1. Average Number of Master Beef Producer Certificates Awarded per County by Region 
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Methods 

The first stage DEA determined the technically efficient counties for cattle in Tennessee for each 

individual year. We followed Olson and Vu (2009) by using an output-based model since inputs in 

our model (acres and cows) are fixed in the short term and producers are maximizing their outputs. 

We assumed counties had variable returns-to-scale since previous studies had identified farms 

typically have increasing, decreasing, and constant returns-to-scale (Morrison Paul et al., 2004; 

Vitale, Vitale, and Epplin, 2019). Under this assumption, the DEA model has a constraint that the 

frontier function is convex envelopment. 

When analyzing the impact of environmental/exogenous variables on DEA estimates for a 

two-stage analysis, a typical approach in the second stage is to use a Tobit or truncated regression 

model (Vitale, Vitale, and Epplin, 2019; Watkins et al., 2014). We followed the double bootstrap 

procedure developed by Simar and Wilson (2007), and specifically used the procedure of 

Algorithm 2, which uses maximum likelihood to estimate a truncated regression. All three years of 

the data were combined to estimate the second stage regression. Following Simar and Wilson 

(2007), the output dependent variable is the inefficiency index, which is the reciprocal of the TE 

score. A positive parameter estimate indicates that increasing the independent variable will 

decrease TE. Conversely, a negative parameter estimate indicates that increasing the independent 

variable will increase TE. 

We should note studies using this method typically have panel or survey data, allowing 

them to estimate the impact of demographic variables on TE. Our study uses county-level data, 

which aggregates individuals within a county to the county-level. Aggregated data have been used 

in analyzing relative efficiency between counties or states in previous studies (Helfand and Levine, 

2004). A possible limitation of these data is over-estimating the impact of the environmental 

variables in the second stage. Thus, our results are limited by not having individual level data, and 

results could overestimate the magnitude of the parameters in the second stage. 

 

Results 

Figure 2 maps the TE scores of cattle production by county over the three years. As mentioned, TE 

is interpreted relative to the most efficient county within the sample being compared. All the 

counties could still improve efficiency, but the TE score shows which counties are less efficient 

relative to the most efficient at that time period. The technically efficient counties in 2007 were 

primarily located in East Tennessee and one was located in Central Tennessee. None of the counties 

in West Tennessee reached the efficiency frontier. A similar pattern is observed in 2012 with four 

technically efficient counties located in East Tennessee, one in the central, and none in the west 

region. However, in 2017, only two counties in East Tennessee achieved ideal efficiency, while 

three counties in Central Tennessee were on the efficiency frontier. In addition, the number of less 

efficient counties (TE ≤ 0.49) in East Tennessee has increased over time, while the less efficient 

counties in the central and west regions have clearly improved between 2012 and 2017.  This could 

be related to the increasing participation of MBP in those two regions (see Figure 1). 
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Figure 2. County-Level Technical Efficiency of Beef Production in Tennessee by Year 

 

Table 2 presents county-level average TE scores by region and year. TE decreased in each 

region and across the entire state from 2007 to 2012 by 10%, but from 2012 to 2017 TE increased 

3%. Figure 3 shows a histogram of the TE scores for each of the three years. The distribution of 

these scores shifted from being more normally distributed in 2007 to being more positively skewed 

in 2012 and 2017. This is important because it shows the percentage of highly efficient counties did 

not change across the three years. The percentage of counties with a TE between 0.8 and 0.9 was 

5% in 2007, 6% in 2012, and 6% in 2017. Within the TE range of 0.9 to 1, the percentage of 

counties was 10% in 2007, 11% in 2012, and 9% in 2017. The decline in TE from 2007 to 2012 

was primarily due to the counties with TE between 0.5 and 0.7 becoming even more inefficient. 
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Figure 3. Histogram of the Average County-Level Technical Efficiency of Beef Production in Tennessee 

by year 

 

Several likely events could explain the decrease in efficiency from 2007 to 2012. During this 

time, the cattle cycle was in a contractionary period and the number of Tennessee operations that 

produced and sold beef decreased 17%, and the total number of beef cattle in Tennessee decreased 

by 13% (USDA NASS, 2019). The average pasture and hay acres per farm in 2007 (66.83 + 46.59 

acres) increased by 32 acres in 2012 (91.46 + 54.59 acres) while the average herd size increased by 

two head (Table 1). Even though pounds per operation increased, the total pounds per pasture and 

hay acre decreased from 118 pounds per acre (13,420/(66.83 + 46.59)) in 2007 to 106 pounds per 

acre in 2012 (15,491/(91.46 + 54.59)) (Table 1). These results and data indicate that during this time 

period, the number of operations decreased faster than the number of cattle, resulting in farms 

becoming larger but their average herd size remaining fairly constant. This could likely explain the 

decrease in TE during this time period. Despite having programs like MBP, remaining profitable 

during the contractionary periods of the cattle cycle is challenging. According to the of Minnesota 

FINBIN database, cattle producers in nine states (Minnesota, North Dakota, Nebraska, Missouri, 

Ohio, Michigan, Wisconsin, South Dakota, and Utah) reported negative net returns in 2008, 2009, 

and 2010 (University of Minnesota, 2019). 

From 2012 to 2017, TE increased by 3% across Tennessee. In 2014, the cattle cycle 

shifted from the contractionary period into an expansion period and producers reported 

historically high profits in 2014 and 2015 (University of Minnesota, 2019). During this time, 

operations produced more pounds of cattle and increased average herd size while the average 

number of pasture and hay acres decreased (Table 1). Thus, the average TE rose from 2012. 

Looking at these measurements by region, in 2007 and 2012 the eastern region of 

Tennessee had the highest average TE followed by the central and western regions. However, in 

2017, the central region surpassed the eastern region as the most technically efficient region for 

beef cattle production in Tennessee. From 2007 to 2012, the central and western regions saw a 

larger average decrease in TE than the eastern region but, while TE increased 8% in the central 

region and 5% in the western region from 2012 to 2017, TE decreased by 2% in the eastern region. 

More research and efforts are needed to better understand what is driving this continued decreased 

TE in the eastern region. However, this finding is important because it identifies a region that might 

need additional assistance from Extension to improve efficiency. The relative 
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nature of these measurements also provides insight into how beef producers could learn from 

peers. 

Table 3 shows results from the second-stage regression of region, year, and MBP 

participation on TE. The year fixed effect indicates that technical efficiency did not vary across 

years. However, counties in the eastern and central region counties were found to have a higher TE 

of beef production than counties in the western region. Yet, there was no difference in TE between 

eastern and central region counties. A negative parameter estimate for MBP shows that increasing 

MBP participation within a county does improve TE. Obviously, other factors could be driving 

this, such as the type of producers that are attracted to this program. However, this relationship 

seems to indicate a positive correlation in program participation and TE within a county. As noted 

above, using aggregate data such as county-level data to estimate TE has been done but does 

present challenges. 

 

 
Conclusions 

This study explored the impacts of the MBP on the TE of Tennessee beef production. We found 

that, from 2007 to 2012, the TE decreased across the state and for each region. From 2007 to 2012, 

TE increased statewide but TE still declined in the eastern region. In 2007 and 2012, the eastern 

region had the highest average TE, but in 2017, the central region was found to have the highest 

average TE. These results are helpful in identifying where assistance and education could be 

targeted in the future. Finally, we found a positive relationship in MBP participation and county-

level TE of beef production. This program appears to increase TE and could be a model for other 

states to adopt. 

This study is not without limitation. Using county-level data for time periods five years 

apart is not ideal. Preferably, a survey designed to capture individual producer production data 

along with economic outputs would improve these results. This would be an interesting area of 

future research. However, this information does provide useful insight for designing future studies 

and data collection on regional differences of TE and impacts of MBP. 
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From the Ground Up: A Look at Kansas’ First Year of Industrial Hemp Production 

 
By Kerri Ebert1, Braden Hoch2, Hannah Taylor3, and Benjamin Schwab4 

 

Abstract 

Over the last five years, industrial hemp began to re-enter mainstream agriculture through the 

2014 Farm Bill pilot program legalizing the study of growth, cultivation, and marketing of 

industrial hemp by state departments of agriculture and higher education institutions for 

research purposes. The 2018 Farm Bill expanded opportunities for industrial hemp production 

beyond research creating a national commercial industrial hemp production program that allows 

states, Indian Tribes, and Territories to submit plans for regulating and monitoring their own 

industrial hemp production programs. This paper looks at Kansas’ experience during its first 

growing season under the pilot research program. 

 
 

Keywords: Hemp, industrial hemp, grower, processor, distributor, Cannabis sativa 

L, cannabidiol, CBD. 
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Short Description 

In April 2018, former Governor Jeff Colyer signed the Kansas Senate Bill 263. This event 

embarked Kansas on a journey to legalize production of industrial hemp for research purposes. 

This paper provides a snapshot of the first industrial hemp growing season for Kansas farmers. 

 

Background -- 2014 and 2018 Farm Bills 

Once a commodity valued for its fiber and food byproducts, industrial hemp disappeared 

from the agricultural landscape by the mid-1950s. Over the last five years, industrial hemp 

began a re- entry into mainstream agriculture with the passage of the Agricultural Act of 

2014 (2014 Farm Bill). This act created a pilot program legalizing the study of growth, 

cultivation, and marketing of industrial hemp by state departments of agriculture and 

institutions of higher education for research purposes. In addition, the 2014 Farm Bill 

defined industrial hemp as “Cannabis sativa L.” and any part of such plant, whether 

growing or not, with a delta-9 tetrahydrocannabinol (THC) concentration of not more than 

0.3 percent (%) on a dry weight basis” (USDA, 2020). 
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4 Associate Professor in the Department of Agricultural Economics at Kansas State University. 
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The Agriculture Improvement Act of 2018 (2018 Farm Bill) expanded opportunities for 

industrial hemp production beyond state pilot programs by directing the U.S. Department of 

Agriculture (USDA) Agriculture Marketing Service (AMS) to implement regulations and guidance 

for a national industrial hemp production program that allows states, Indian Tribes, and Territories 

of the U.S. to submit plans for regulating and monitoring their own industrial hemp production 

programs. Furthermore, the 2018 Farm Bill provided USDA AMS the authority to directly regulate 

industrial hemp producers within the states, Indian Tribes, and Territories of the 

U.S. not seeking regulatory responsibility for industrial hemp production within their 

respective borders. 

Touted as a versatile crop because of its multiple purposes, each variety of industrial hemp 

and its ultimate end use determine how the crop is best planted, grown, managed, harvested, and 

handled. When grown for fiber, grain, or seed production, industrial hemp is typically planted in 

large agricultural fields much like traditional commodity crops such as corn or soybeans, using 

field-scale farm equipment for field preparation and harvest. 

By contrast, when grown for cannabidiol (CBD) oil, minor cannabinoids or floral material, 

industrial hemp production more closely resembles techniques generally applied when producing a 

horticultural crop; in open field conditions, in-ground in high tunnels, or in pots in a controlled, 

indoor environment such as a greenhouse or high tunnel. To achieve maximum quality, the goal is 

to harvest unpollinated floral material exclusively from female plants. 

Growing for CBD is labor-intensive as it requires hand tools for weed suppression and harvest. 

 

State of Kansas Pilot Research Program 

A total of 21 states, including Kansas, passed legislation to establish research programs under 

guidelines provided by the 2014 Farm Bill. Some established programs in 2017, others in 2018. 

Kansas was one of six states that created a research program in 2018 (Mark et al. 2020). This paper 

looks at Kansas’ progress from the passage of Senate Bill (SB) 263 during the 2018 legislative 

session to the research results from the 2019 Kansas industrial hemp growing season. 

Kansas SB 263, the Alternative Crop Research (Act), authorized the development of an 

industrial hemp pilot research program. The bill specifically allowed for a pilot program in any county. 

SB 263 was signed by then Governor Jeff Colyer and became law on April 20, 2018. 

Industrial hemp is defined by Kansas statute as “all parts and varieties of the plant 

Cannabis sativa L., whether growing or not, that contain a THC concentration of not more than 

0.3% on a dry weight basis.” (K.S.A. 2-3901, et seq.) 

K.S.A. 2-3901 grants responsibility for the Kansas industrial hemp program to the Kansas 

Department of Agriculture (KDA) alone or in coordination with a state educational institution. It 

required the KDA to establish rules and regulations for the industrial hemp research program; after 

which it could begin accepting applications for licenses to grow, distribute, and/or process 

industrial hemp. The Act further required the formation of an advisory board to assist the Secretary 

of Agriculture in reviewing and approving all applications for licenses to grow, distribute, and/or 

process industrial hemp in Kansas and to develop a fee schedule as the statute did not allocate state 

funds to administer the program. 
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Rules and Regulations 

The statute established a deadline of December 31, 2018 for full program rules and regulations 

requiring the process to be fast-tracked by the KDA, with final rules published in the Kansas 

Register on January 24, 2019. Kansas Administrative Regulations (K.A.R.) 4-34-1 et seq., 

Industrial Hemp Rules and Regulations, provided the framework by which the KDA conducted the 

industrial hemp pilot research program. For growers, distributers, and processors these were the 

rules governing their activities with industrial hemp. Oversight was assigned to KDA Plant 

Protection and Weed Control Division which created a Kansas Industrial Hemp Program to manage 

the pilot research program. 

 

Year 1 Kansas Research Pilot Program Production 

NOTE: Production data is for one year only and limited to self-reporting by holders of research 

licenses. 

 

Grower Licenses 

A total of 213 research grower licenses, approximately 71% of all grower applications, were 

approved and granted licenses from 72 of Kansas’ 105 counties (69%). Licensed research growers 

planted 2,782 acres. Ninety percent (2,400 acres) were planted for CBD production; 75% reported 

floral as the exclusive intended end use, and 15% reported a combination of floral and fiber/seed 

production. The remaining 10% were planted exclusively for fiber and/or seed production. CBD is 

generally offered as a natural health and wellness product extracted from floral and other plant 

materials of industrial hemp. Although CBD is considered an active ingredient in a U.S. Food and 

Drug Administration (FDA)-approved drug [Epidiolex® (cannabinol)], it is often marketed and 

sold as a nutritional supplement regardless of current FDA regulation and oversight (Hilborn 

2019). 

In 2019, field sizes ranged from 0.003 acres to 80 acres. Eighty acres was the maximum 

allowed per research license. Approximately 71% of all fields planted were harvested. By land size 

1,831 acres were harvested from 2,782 acres planted (66%). Reported growing locations included 

warehouses, fields, greenhouses, and high tunnels. From submitted production reports, harvested 

plots exclusively grown for floral material had an average dry weight yield of 470 pounds per acre. 

How this compares to a national average for floral production is difficult to determine without a 

coordinated national reporting system. Estimated yields for floral production on a per acre basis in 

Kansas may achieve 3,300 pounds (Kansas Legislative Division of Post Audit 2020). 

Matching outdoor industrial hemp fields in 2019 to CropScape, USDA’s satellite Cropland 

Data Layer (2019), reveals that most licensed areas were not cultivated in 2018 (Table 1). Among 

fields planted to industrial hemp in 2019 (columns 2 and 5) 60% were categorized as either pasture 

or non-cultivated undeveloped land in 2018. Approximately 23% of planted hemp acreage in 2019 

was previously used for corn or soybeans. On net, it appears industrial hemp cultivation in 2019 

represented extensive growth in cultivated agriculture, rather than substitute crop production. 

However, the precision of the estimates may be affected by the accuracy of reported hemp field 

GPS coordinates and the potential undercounting of cropland in CropScape (Lark et al. 2017). 

Multiple obstacles were reported by licensed growers during the 2019 crop season, 

beginning with access to seed or clones grown from certified seed which means a source that is 

certified to Association of Official Seed Certifying Agencies (AOSCA) standards. The certified 
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seed requirement was part of state statute, not within rules and regulations, making it difficult for 

growers to access varieties of seed and transplants generally used for CBD production. In late spring 

2019, the certified seed requirement was changed by the Kansas legislature to “authorized seed or 

clone plants” meaning the seed or plant material required a certificate of analysis from a testing 

laboratory and certification in writing by the grower or distributor that the seeds or clone plants 

possessed the qualities of industrial hemp. This makes it easier for growers to access plant material 

generally used in CBD production operations. An additional obstacle reported by some growers was 

that the cost of industrial hemp for planting was too expensive to purchase. 

Based on a survey filed with the KDA by licensed growers, more than 50% (33 of 61 

respondents) found acquiring seed, seedlings, or clones difficult. Additional reported obstacles to 

growing included: 

• Lack of availability of specific varieties of seed, seedlings, or clones – 90% 

• Desired variety did not meet the statutory or regulatory requirements – 42% 

• Disreputable vendors – 27% 

• Lack of information (from credible, objective public sources) on varieties and/or travel 

distance to acquire – 21% 

 

Other reported obstacles to acquisition included: lack of general supply, delays from 

custom planting service provider, state took too long to approve program, and suppliers out of 

stock when grower application was approved. 

When seed, seedlings, or clones were secured, growers encountered additional production 

barriers which are generally observed with intensive agriculture production. Grower reports and 

surveys indicate complications from chronic wet field conditions that prevented planting and 

harvest. Excess rain during planting season hindered and completely prohibited some planned 

outdoor operations. However, roughly 99% of industrial hemp plantings occurred in outdoor 

locations. Additional planting and harvest complications included regulatory compliance details that 

slowed timely planting or harvest, pressure from weeds and insects that were unmanageable or left 

uncontrolled, pollination caused by male plants in the growing area or from Ditch weed (naturalized 

C. Savita L.), high manual labor planting and management requirements, and lack of market outlets. 

Considering all the reported complications encountered by growers, only 53.67 acres (< 2%) of 

plantings had to be destroyed for testing at a THC concentration exceeding 0.3% prior to harvest. 

 

Distributor Licenses 

Other than a licensed grower having the authority to distribute or transport industrial hemp, any 

other person wishing to distribute or transport industrial hemp in Kansas was required to hold a 

research distributor license. A total of 20 distributor licenses from 12 counties were approved for 

the 2019 pilot research growing season. Based on survey results from 10 distributors, five (50%) 

did not actually distribute industrial hemp in 2019. Of the five who did not distribute, three 

reported an inability to acquire hemp for distribution. Those who distributed reported they 

transported germplasm, grain, floral material, or biomass from three states – Kansas, Colorado, 

and Kentucky. Seven of the ten indicated they planned to distribute industrial hemp again in 2020. 

In surveys filed with the KDA, research distributors’ top concerns included: acquiring 

proper documentation for hemp intended for propagation, non-compliant (> 0.3% THC) 

harvested plant material, lack of proper documentation for harvested hemp, and pesticides in 
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harvested hemp. Four distributors reported using a third-party laboratory for cannabinoid 

quantification before receiving hemp for transport. Two distributors reported rejecting hemp (did 

not take possession) because of THC concentration in the plants exceeding the legal threshold. 

Five distributors reported receiving outside business funding from private investors, business 

partners, or a bank loan. 

 

Processor Licenses 

Licenses were awarded for 35 processors from 23 counties. Reports submitted to the KDA indicated 

13 licensed research processors (37%) conducted activities in eight counties: Dickinson, Harvey, 

Haskell, Johnson, Leavenworth, Montgomery, Reno, and Sedgwick. In 2019, each active licensed 

research processor specifically processed for CBD. Only three licensees processed more than 

35,000 pounds of plant material. Six processed less than 500 pounds and two reported only 

completing small trial runs. The median driving distance from a hemp grower’s field to a processor 

was 48 miles (Figure 1; Panel A); that same distance to one of the three large processors was 93 

miles (Figure 1; Panel B). Of the eight licensed research processors who submitting data, four 

processed from plant material only, two from plant and floral material, and two from floral material 

only. 

Three processors reported receiving hemp from out-of-state for processing. Although they 

did not report amounts received, imports were accepted from Colorado and Kentucky, both states 

with established industrial hemp programs. Two processors reported rejecting hemp with both 

citing non-compliant plant material (> 0.3% THC) and one also citing poor quality (too low CBD 

percentage) for rejection. Both reported rejecting product based on lab analysis reports and they did 

not take possession of the non-compliant plant material. Methods of acquiring hemp for processing 

were either direct from a licensed grower, from a Kansas licensed distributor, or through a mail 

carrier (USPS, UPS, FedEx, etc.). 

Processors reported their biggest concerns when acquiring hemp were 1) non-compliant 

plant material (> 0.3% THC); 2) poor yield quality (low CBD percentage); and 3) the presence of 

contaminants such as pesticides and heavy metals. Processors who responded to the survey (n=13) 

reported obstacles related to available funding, permitting (both local zoning and state licensing), 

facilities not meeting fire code, acquiring adequate amounts of industrial hemp because of low 

production yields, and service availability from equipment manufacturers. 

 

Grower-Identified Improvements 

The research program as approved in Kansas allows growers, distributors, and processors to report 

their experiences, and identify how their outcomes could be improved. Among the suggestions 

offered by growers, a few were mentioned multiple times. Suggestions included 1) the need for 

earlier planning to facilitate purchase of seed or plants; 2) ability to identify buyers and markets 

before planting; 3) need for pollination prevention, such as using auto-flowering or sterile varieties 

and timing a planting to escape naturalized C. sativa L. pollen flow; and 4) the need for more pest 

and weed control options for better yields (Griffin et al., 2020a). 

 

Year 2 Kansas Pilot Research Program and Beyond 

Licensees conducting, cultivating, growing, transporting, distributing, handling, storing, and 

processing activities with industrial hemp will continue under the pilot research program 

authority until the KDA establishes a new program pursuant to K.S.A. 2-3906 et seq. and the 

2018 Farm Bill. Using the same rules and regulations as 2019, research licenses to grow, 
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distribute, or process hemp were accepted by the KDA in late 2019. These research licenses were 

promptly reviewed and approved (December 2019 through January 2020) to allow for more timely 

purchase of seed, seedlings, and clones for planting. A total of 218 grower licenses were awarded, 

an increase of 5 licenses from 2019. Research distributor licenses awarded increased by one, from 

20 to 21 licenses, for 2020 and research processor licenses awarded decreased from 35 to 24 

licenses. As of late May 2020, states (n = 41) reported roughly 390,000 acres licensed to plant 

industrial hemp with Kansas having approximately 10,000 acres. 

Kansas submitted its commercial program plan to the USDA AMS in January 2020 and 

received approval in April 2020. The commercial plan removes the research requirement for 

individuals seeking to grow industrial hemp. However, Kansas like many other states, did not 

participate under the 2018 Farm Bill provisions for the 2020 growing season for reasons relating to 

the Interim Final Rule for Establishment of a Domestic Hemp Production Program (7 CFR 990), 

lack of state statute due to a short 2020 legislative session, or a lack of state regulations. 

 

Conclusions 

Even as an unproven crop, industrial hemp grown for extraction of CBD appears, after a single 

growing season, to be a popular alternative crop for some Kansans. Despite continuing statutory, 

regulatory, environmental, and crop and product market hurdles in 2019, optimism remains high. 

Industrial hemp’s value as an alternative seed stock and fiber source in Kansas, however, is less 

clear considering the lack of producer attention to these end uses.  Growing conditions, traditional 

Kansas row crop agriculture, and Kansas State University’s research efforts suggest seed and fiber 

production should be successful (Griffin et al., 2020b). 

It remains to be seen if enough producers are willing to incorporate industrial hemp for 

fiber/seed into cropping rotations and whether such a system will be profitable. Clearly, more work 

is needed to determine the best-suited varieties for the region. Economically speaking, the need for 

full market system development is critical to a successful future for industrial hemp. 

Currently markets are opaque; producers perceive a lack of processing availability; and 

reliable, replicated cultivation guidance is not available. The learning curve is steep and market 

clarity will come as knowledge about the crop increases once the national commercial program 

becomes a reality. Until then, Kansas producers who choose to grow industrial hemp continue in 

the entrepreneurial tradition of their pioneer forefathers by helping establish an agronomic crop. 
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Table 1: Land Use Classification in 2018 for Outdoor Fields Growing Hemp in 2019 
 

 

 

Crop Grown in 2018 

By Hemp Field 

(%) 

  By Hemp Acres 

(%) 

 

 (1) (2) (3)  (4) (5) (6) 
 All 

Applicants 

Planted 

Fields 

Harvested 

Fields 

 All 

Applicants 

Planted 

Fields 

Harvested 

Fields 

Corn 7.4 10.1 11.8  8.1 12.2 12.9 

Soybean 10.5 12.8 12.4  8.3 10.3 11.4 

Wheat, sorghum, or other 

small grains 
 

13.8 
 

11.9 
 

11.2 

  

20.4 
 

17.1 
 

16.6 

Hay/Pasture 43.8 45.9 46.5  28.6 20.8 25.5 

Undeveloped/Open Space 21.5 16.1 15.3  33.1 38.2 33.0 

Developed 2.9 3.2 2.9  1.6 1.3 0.6 

Fields (N) 484 218 170 Acres (N) 9,094 2,702 1,787 
 

 

 
Columns (1) to (3) indicate the percentage of Kansas fields growing hemp in 2019 by the primary crop grown in 2018. Columns (4) to (6) indicate the percentage of 

Kansas acres growing hemp in 2019 by the primary crop grown in 2018. Columns do not sum to 100 due to rounding. Above figures exclude plots where hemp was 

reported to have grown in mixed light or indoor facilities (warehouses, greenhouses, hoophouses). The ‘All Applicants’ category includes fields proposed for production 

on all hemp license applications submitted for 2019. The ‘Planted Fields’ and ‘Harvested Fields’ include only those fields for which licensees submitted planting and 

harvesting reports, respectively. Crop histories obtained from USDA’s CropScape (2019) geospatial Cropland Data Layer (CDL) using GPS coordinates of field 

entrances reported by growers. Other small grains include barley, millet, oats, rye, and triticale. Fields coded as double cropped in the CDL are assigned the crop grown 

during the hemp season. Undeveloped/Open Space includes non-cultivated plots classified as barren, forested, shrubland, and herbaceous as well as plots categorized as 

Developed/Open Space. Developed areas include fields with constructed materials, impervious surfaces, or vegetation planted in developed settings for recreation, 

erosion control or aesthetics. Data and definitions available at https://www.nass.usda.gov/Research_and_Science/Cropland/Release/. See Lark et al. (2017) for discussion 

of potential classification errors in the CDL. 

https://www.nass.usda.gov/Research_and_Science/Cropland/Release/
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Panel A: All Processors Panel B: Largest Three Processors 

 

Panel A: N=166. Distance calculated from hemp growing licensee’s nearest planted field to a processor. Driving distance calculated using the geomapping API from 

HERE Technologies via the ‘georoute’ command in Stata. Panel B. Largest three processors processed ≥ 35,000 pounds. 

Figure 1: Histogram of Distance From the Planted Hemp Field to Nearest Processor 
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Introduction 

Automation has become an increasingly and sometimes new process of producing agricultural 

and food products.  One of these processes for producing milk by ‘automatically’ milking cows 

at the dairy farms is Automated Milking Systems (AMS). There are several attractive aspects of 

AMS, e.g. stabilizing milk yields per cow, labor conveniences including milking schedules, 

labor costs and attrition. AMS are mainly used in the dairy industry of developed countries. In 

the U.S., adoption of these robotic systems among dairy producers has been gaining traction. 

Rising labor costs beginning in the mid-1970s was a strong incentive for introducing the use of 

automated technology in the dairy production process. 

This has especially been the case among northern European dairies, which house more 

than 90% of the world’s AMS dairy farms (De Koning, 2010). In fact, the first (commercial) 

AMS operation began in the Netherlands in 1992 and by 2002, more than 1,000 dairy farms 

were already using AMS technology across Europe (de Jong et al., 2003). The majority of 

European dairy farms have herd sizes of less than 500 milking cows, with a high cost of labor 

(Hansen, 2015). U.S. dairies began using AMS by 2000 (de Jong et al., 2003), and now main 

regions housing dairies with AMS processes are located in the upper Midwest and Northeast 

(Tremblay et al., 2016; Siewert et al., 2018). Idaho, despite being among the top three U.S. 

milk-producing states, has a rather minor percentage of dairy producers that have implemented 

these new systems for milk production. 

This study seeks to investigate through primary (survey) data some of the characteristics 

and motivations in regard to AMS, among dairy producers located in Idaho. A few hypotheses 

are mentioned, prior to describing and analyzing the obtained data. Idaho is a state where 

traditionally the costs of labor have been low(er), investment in machinery is a costly endeavor 

which also requires human capital to operate. These points are to be noted before the 

subsequent study of the data. 
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There are primarily two different types of box robotic milking systems. One is a free- flow 

“single-box” type, which milks independently one cow at a time. In this case, once the cow 

perceives it is ‘ready’ to be milked, it autonomously makes its way to the milking box. Once 

situated inside, the cow is provided with a palatable concentrated feed ration while the milking 

system automatically locates and cleans the udder, and proceeds to milk the cow. Once the milking 

system determines a lack of sufficient milk being provided by the cow, it automatically opens a 

gate to liberate the cow from the box and enables a following cow to enter and the milking 

sequence repeats. The other leading box robotic system consists of a guided flow, through a series 

of gates, for a pre-selected number of cows that are milked automatically in a simultaneous system 

followed by the cows being provided feeding rations. 

Numerous studies have been investigating characteristics of dairy farmers from different 

regions of the U.S. and Europe regarding their motives to adopt AMS technology for milk 

production, over traditional human labor and mechanical systems.  Bijl et al. (2007) conducted an 

empirical study of dairy farms in the Netherlands by using a case control method and compared data 

from AMS farms with those from Conventional Milking Systems (CMS). Main findings were of 

AMS having an average of 29% lower labor requirements in comparison to top CMS farms, with no 

substantial differences in terms of margins obtained from milk yields. De Koning (2010), however, 

indicates there is an increase in yields from cows milking more frequently at AMS. That is, despite 

large variations in data from various European dairies, a production increase of 5% to 10% is 

obtained for herds with AMS. Steeneveld et al. (2012) also conducted a comparison study of dairy 

farms in the Netherlands with AMS and CMS. The results were of no decrease in labor when 

comparing AMS to CMS, in contrast to findings of Bijl et al. (2007), leading Steeneveld et al. 

(2012) to hypothesize that AMS farmers in their study may seek to increase their herd size instead 

of having more free time. 

Bentley et al. (2013) surveyed dairy producers in Iowa who switched from CMS to AMS. 

The foremost reasons provided for installing AMS were (in order of relevancy) flexibility in the 

daily schedule, increase in labor flexibility and efficiency gains, as well as greater availability of 

management information. Moreover, all producers agreed or strongly agreed on the following 

satisfaction indicators: AMS had been a good financial (and management) investment, AMS 

improved the cash flow and profitability of the dairy enterprise, AMS had improved their quality of 

life (measured in average of $22,500). Regarding milk yields, findings were a daily increase of 

12%; however, much of the production growth was attributable to facilities or management and not 

AMS. Wagner-Storch and Palmer (2003) conducted an empirical study comparing milking cows 

under the same barn and feeding conditions, with a subset being milked at a parlor and another by 

AMS. Results support the notion that AMS can be used to increase milk frequency and daily milk 

yields. 

Moyes et al. (2014) conducted a survey in 2013 of dairy producers in Maryland and 

Pennsylvania, investigating factors affecting their decision-making in potentially transitioning to 

AMS. Results found that the most influential aspects for transitioning to AMS were improved herd 

management (highly correlated to production) and enhanced management of family time. 

Conversely, the major concerns found were profitability or return on investment (both highly 

correlated to financing or cash flow) and need for management changes in the enterprise. An 

additional finding was the positive correlation between (higher) levels of education of the dairy 

farmer and willingness to adopt AMS. A study by Salfer et al. (2017) found that dairies with AMS 

were more profitable than their counterpart CMS dairies, when considering scenarios of rapidly 

increasing wage rates versus those of stable wage rates. 
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Hansen (2015) conducted an empirical study of AMS adopters in Norway. The most 

important reason expressed for the transition was the increased flexibility of time management 

AMS provided, followed by workload savings. The latter characteristic benefitted a majority of the 

interviewed dairy producers, which had other production enterprises. An additional argument for 

having adopted AMS was in keeping farm interest (in the family) by adopting the latest (future) 

technology. 

In terms of the impacts of conversion to AMS from conventional milking systems, Tse et al. 

(2017) found that farms in 8 surveyed Canadian provinces increased herd size, changed their health 

management practices, and reported either a decrease or no change in rate of clinical mastitis. Tse 

(2016) also documented a positive impact on the Canadian AMS milk farmers’ profitability. 

Bergman and Rabinowicz (2013) suggest that overwhelming majority of the Swedish AMS farmers 

would recommend the AMS to other milk producers, and their results indicate that farmers report 

non-profit related reasons as most important for the decision to adopt an AMS. 

Idaho milk production has increased substantially in the last 20 years, ranked third in terms 

of milk production by states in 2018 (USDA, 2018). The number of licensed dairy herds was 510, 

being fifteenth in the U.S., and a rather large average herd size of approximately 1,300 cows. For 

perspective, the U.S. national dairy herd size in 2018 was 251 cows. Despite Idaho’s large average 

herd size, dairy farms in the state distribute uniformly in terms of number of cows. That is, the 

median Idaho dairy herd size has between 200 and 500 cows (USDA, 2018). The number of dairy 

farms with AMS is quite low in comparison to other states, regions with numbers covering 

approximately less than 10% of all dairy farms. 

Resources and Methods 

A survey of Idaho dairy farms was conducted to determine their level of responsiveness to AMS 

technology, and which characteristics may influence or have influenced (in case of having adopted) 

their decision-making in the adoption process. The approved survey followed all guidelines set by 

the Institutional Review Board at the University of Idaho. The survey was sent to current 440 dairy 

herds, first via email that contained a link to a website and subsequently it was post mailed with a 

pre-addressed stamped envelope for return. The post mailed survey emphasized that it was to be 

voided in the case of having previously responded via the email’s survey weblink. The survey 

consisted of either 14 or 19 multiple choice as shown in Figure 1, partitioned in accordance with 

not having or having AMS in the dairy, respectively. Survey questions included alternatives and/or 

fill-in-the-blank type inquiring about herd size, education, age, etc. allowing an alternative ‘other’ 

to be filled in when necessary. Survey questions are available in the Appendix. 

To examine the most relevant factors regarding interest in installing an AMS operation, a 

Probit model was estimated using education, age, type of parlor, type of farm and size of the dairy 

herd as explanatory variables. The model was estimated using software package SAS 9.4. 

 

Results 

The total number of responses obtained was 78 (a 17.7% response rate). From the replies received, 

70 had not adopted AMS, 3 had AMS or some form of adjusted AMS, 1 had transitioned to a goat 

milk operation, 3 had left the dairy business and 1 was incomplete. Given these responses, our 

focus shifted to the responses without AMS, with responses shown in Table 

1. Of the 70 responding dairies without AMS adoption, 31 were farms with herd sizes of 500 cows 

or less and of these about 32% were either interested or very interested in installing AMS. 
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The remaining 39 farms had herd sizes of 501 cows or more, of which approximately 20% 

were either interested or very interested in installing AMS. Thus, lower sized herds indicated having 

higher preference in adopting the AMS technology for milk production, consistent with findings by 

prior studies. 
 

 

 

Figure 1. Overview of Survey Questions. 

 
 

Survey responses of dairy producers are shown in Table 1, which given the number of 

responses focused on those that had not adopted AMS. 

As noted, the number of large herds (501 cows or more) that responded negatively to 

having AMS was a bit higher (56%) in comparison to smaller sized herds (44%). The majority 

(43%) of dairy producers who replied were in the bracket of 55 to 64 years of age, while the 35 to 

54 age bracket had the second most respondents at 31%, followed closely by the 65 to 74 age 
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bracket at 23%. The majority (56%) had post high-school education, from either a community 

college or four-year University. The most typical parlors where herringbone or parallel, covering 

90% and at least half of all responses had open lots. 

 
Table 1. Survey General Characteristics: Results 

 

Number of Surveys Sent 440   
Total Response 78 18% (of Total) 

Without AMS Total 70  

and by Herd Size: 1 - 500 31 44% (of Non-AMS) 

501 or more 

Age 
18-34 

39 

 
1 

56% 

 
1% 

35-54 22 31% 

55-64 30 43% 

65-74 16 23% 

75 or more 

Education Level 
High School 

1 

 
30 

1% 

 
43% 

Community College 19 27% 

Bachelor's degree or higher 

Type of Parlor 
Herringbone Parlor 

21 

 
31 

30% 

 
44% 

Parallel Parlor 32 46% 

Parallel Parlor & Rotary Parlor 2 3% 
Parallel Parlor & Herringbone Parlor 1 1% 

 Other 1 1% 

 

Type of Farm 

No answer 

 
Free Stall 

3 

 
20 

4% 

 
29% 

 Free Stall & Open Lot 9 13% 
 Free Stall, Bedded Pack 2 3% 
 Free Stall, Bedded Pack, Open Lot 2 3% 
 Open Lot 35 50% 

 

Interest in AMS 

No answer 

 
Not interested at all 

2 

 
18 

3% 

 
26% 

 Somewhat not interested 14 20% 
 Somewhat interested 20 29% 
 Interested 7 10% 
 Very interested 11 16% 

 

 
Other questions surveyed are shown in Figure 2 and Figure 3. These addressed the factors 

related to major concerns of dairy producers regarding non-installation of AMS (Figure 2), and 

their expectations for the next three years regarding herd size and number of hours working per 

week (Figure 3). 
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The high cost of investment was at the top of the leading major concerns mentioned by 

dairy farmers for not installing AMS. In fact, 91% of all respondents stated that this was a 

significant concern. This top concern was followed by 56% of respondents noting that the 

reliability of the AMS was of major concern. The third top concern was adequate equipment 

service and parts availability at 40%. Here it can be ascertained that our hypothesis of machinery 

being a costly investment had the major impact on current non-adopters of AMS. 
 

 
 

 
Figure 2. Major Concerns for Not Installing AMS 

*Note: The “other category” includes: “Enjoy knowing and milking cows personally”, “Quitting 

the dairy”, “Annual maintenance cost”, “Problems with 1st calf heifers”, and “Ability to milk many 

[large number of] cows”. 

 

As noted, survey questions also inquired about the expectations that dairy producers had for 

the following three years, in regard to their herd size as well as of the average number of hours per 

week that they worked.  Half of respondents expected minimal change in their herd size for the 

upcoming three years. Conversely, 43% of replies expected to increase their herd size by more than 

5%, and only a small 6% anticipated decreasing their herd size by more than 5 percent. As for 

expected average number of hours worked per week in the following three years, a majority at 74 % 

anticipated minimal change. A minor 14% expected to decrease the average number of hours 

worked per week by more than 5%, and 10% of respondents anticipated working by more than 5 

percent. 

Given the number of total replies, and to maintain an adequate number of degrees of 

freedom for the Probit model estimation, answers for each explanatory variable were clustered into 

two groups, i.e. binary variables. For this purpose, responses for age were gathered into groups of 

people having up to 54 years of age and those older. As for education, replies were grouped into 

either having post high school education or not. For type of parlor, groups were of dairy producers 

that either had a herringbone parlor or not (e.g. parallel parlor, other). Farm type 
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responses were clustered into being either free stall or not (open lot). Lastly, herd size replies where 

partitioned according to dairies having up to 500 cows, or those with a higher number. 
 

 
 

Figure 3. Dairy Producers’ Expectations for the Next Three Years 

 
 

Discussion 

Initial estimated results from modeling interest in installing AMS, by using a Probit model, are in 

Table 2. Here the dependent variable interest includes the categories: somewhat interested, 

interested and very interested6. 

 
Table 2. Probit Model: Estimation Results 

Analysis of Maximum Likelihood Estimates 
Parameter Estimate Standard Error Wald Chi-Square Pr > ChiSq 

Intercept 0.106 0.310 0.119 0.730 

Age 0.058 0.339 0.030 0.862 

Education 0.047 0.333 0.020 0.887 

Herd Size -0.306 0.413 0.549 0.459 

Parlor -0.137 0.375 0.133 0.715 
Farm Type 0.549 0.358 2.356 0.125 

Model Fit Statistics Criterion Intercept and Covariates 

AIC  99.459 

SC 112.597 

6 It is worth noting that a Probit analysis for each subgroup separately could better capture the heterogeneity among 

different groups. However, due to the limited number of observations in each subgroup, which substantially reduces the 

number of degrees of freedom for estimating purposes, we chose to pool the subgroups. 
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As observed from Table 2, there is no significance among the explanatory variables. As 

mentioned in the previous section, approximately 32% of the smaller sized herd were either 

interested or very interested in installing AMS, versus 20% of the larger sized herd. An interesting 

result, being almost significant at the 10% level, is that dairies with free stall show larger interest in 

AMS in comparison with open lot dairies. 

In seeking to delve further among the explanatory variables that have most possibility of 

significance, a new (reduced) Probit model estimates the interest in AMS considering only farm 

type and herd size as explanatory variables. Results are in Table 3 and as observed here, now farm 

type does have a significant coefficient estimate at the 10% level. The herd size coefficient is still 

not significant, yet indicates that smaller herd sizes seem more interested in AMS. Moreover, this 

estimated model has a lower score for both AIC and SC indexes, which under AIC and SC criteria 

indicates a better model fit than the previous one. 

 
 

Table 3. Probit (Reduced) Model: Estimation Results 
 

Analysis of Maximum Likelihood Estimates 

Parameter Estimate Standard Error Wald Chi-Square Pr > ChiSq 

Intercept 0.0315 0.2262 0.0194 0.8893 

Herd Size -0.4205 0.3466 1.472 0.225 

Farm Type 0.601 0.3458 3.0204 0.0822 

Model Fit Statistics Criterion Intercept and Covariates  

AIC  97.557  

SC   104.26  

 
 

Under this reduced model, we can infer that if a dairy farm in Idaho has a free stall, holding 

everything else constant, it has a 60% higher chance of having interest in AMS over a dairy farm 

that does not have a free stall. This may be because it is easier to add robotic boxes in dairy 

installations that have free stalls rather than open lots. 

 

Conclusions 

U.S. dairies began using AMS by 2000 (de Jong et al., 2003), and now main regions housing 

dairies with AMS processes are located in the upper Midwest and Northeast. Idaho, despite being 

among the top three U.S. milk-producing states, has a rather minor percentage of dairy producers 

that have implemented these new systems for milk production. A survey of Idaho dairy farms was 

conducted to determine their level of responsiveness to AMS technology, and which 

characteristics may influence or have influenced (in case of having adopted) their decision-making 

in the adoption. The total number of responses obtained was 78 (a 17.7% response rate). Given 

that the vast majority of these responses were of dairies that did not have AMS (70 out of 78), our 

focus shifted to the responses without AMS and investigated potential interest in installing AMS. 

A prior hypothesis regarding non-adoption of AMS in Idaho’s dairy producers had to do with 

existing lower labor costs and high investment costs involved. This was ratified through our data, 

where the major concern was high investment costs. Moreover, data summary showed smaller 

sized producers were more interested in AMS for their dairy farm. 
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A Probit model was estimated to investigate factors affecting interest in installing AMS. The 

explanatory variables considered were age, education, herd size, type of parlor and type of farm. 

None of the estimated parameters were significant. Regarding the herd size, our results (non-

significant) showed that smaller herd-sized dairies had more interest in installing AMS. This result 

however may have been influenced by including the alternative ‘somewhat interested’ in the 

category of interest. The variable type of farm, either a free stall or open lot, resulted in having a 

(almost significant at the 10% level) positive effect in the case of having a free stall. 

A second, reduced Probit model was estimated to probe the same question, i.e. factors 

affecting interest in installing AMS, but considered only two explanatory variables - farm type and 

herd size. In this case, the variable farm type resulted in a significant (at the 10% level) positive 

coefficient which may respond to being easier to install AMS boxes in facilities with free stalls over 

dairies with open lots. In addition, this reduced estimated model had a lower AIC and SBC index 

than the first estimated model, indicating a better fit. 

Given increasing difficulties with supply of labor at dairy farms in Idaho and across the 

U.S., it seems that dairy producers will continue to transition to AMS as has mostly occurred in 

Europe. Moreover, from our survey data, the demographics inclined to shift in this direction are 

more educated dairy producers. This adoption of AMS may be further catalyzed by the current and 

anticipated low interest rates. In addition, younger farming generations which are increasing their 

education, through post high school education may become growing champions of AMS. 

Thirdly, as (investment) cost was deemed the largest concern with AMS adoption, 

representative cost and return estimates for dairy farmers become essential. University of Idaho 

Extension has begun implementation of a benchmarking program which collects Idaho farm level 

data to help build the national farm financial management information (FINBIN) database. FINBIN 

in return provides data on dairy cost and returns by size or location of herd, and other metrics, by 

participating states. 

Finally, we would like to mention three potential future research directions. First is to 

utilize more data sources (e.g. FINBIN database) to expand the empirical analysis in this article. 

Such new data would enable discussion of other relevant factors that are affecting the AMS 

adoption decision. Examples include economics of adopting AMS with varying herd size and 

housing type and the interaction of planning horizon, facility age, etc. Second is to link the decision 

of AMS adoption to the risk management literature. In a recent example, Aderajew et al. (2020) 

emphasizes the notion of latent heterogeneity in how farms balance their risk. This is consistent 

with our findings regarding the behavior of AMS adoption. Third is to develop a better 

understanding of the links among innovation, food system transformation, and technology 

adoption. (Reardon, Lu, and Zilberman, 2019) As Zilberman, Lu, and Reardon (2019) suggest, 

adoption of an innovation in the upstream of the supply chain could result in food system 

transformation in the downstream as well. Moreover, Lu, Reardon, and Zilberman (2016) also 

point to the possibility of rental/leasing services of an indivisible new technology such as AMS, to 

facilitate adoption. 

http://finbin.umn.edu/Output/354230.pdf
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Appendix 

General farm information and operation questions: 

Q1 What is the dairy owner's education? 

o Less than High School 

o High school 

o Community College 

o Bachelor's degree or higher 

 
Q2 Does the dairy owner work on the operation full time? 

o Yes 

o No 
 

Q3 What is the dairy owner's age? 

o 18-34 

o 35-54 

o 55-64 

o 65-74 

o 75 or Older 

 
Q4 What is the size of your herd? (number of milk cows) 

o 1-200 

o 201-500 

o 501-1000 

o 1001-2000 

o 2000 or more 

 
Q5 Do you use Robotic/Automatic Milking Systems (AMS) on the farm? 

o Yes 

o No 
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For the AMS non-adopters: 

 
Q6 What milking system do you use? 

o Parallel Parlor 

o Herringbone Parlor 

o Rotary Parlor 

o Other    

 

Q7 What is your current annual yield per cow in pounds: 

o < 20,000 

o 20,000 - 24,000 

o 24,001 - 28,000 

o 28,001 - 32,000 

o > 32,000 

 
Q8 What housing structure do you have for your dairy operation? (multiple answers allowed) 

▢ Free Stall 

▢ Bedded Pack 

▢ Open Lot 

 
Q9 What type of bedding do you use? (multiple answers allowed) 

▢ Sand 

▢    Bedded Pack 

▢   Mattress/Mat 

▢ Waterbed 

▢ Recycled Manure 

▢ Straw 

▢   Other    

 

Q10 How often do you remove manure from animal housing? 
 
 

 

Q11 Are you interested in installing AMS? 

o Very interested 

o Interested 

o Somewhat interested 

o Somewhat not interested 

o Not interested at all 
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Q12 Rank your 3 most important reasons for not installing AMS: 

   High investment cost 
   Financing 

   Difficulty learning how to manage AMS 

   Concerns about adequate equipment service & parts availability 

   Concerns about the reliability of the AMS system 

   Other 

 

Q13 During the next 3 years, do you expect your herd size to: 

o Decrease by >5% 

o Minimal Change 

o Increase by >5% 

 
Q14 During the next 3 years, you expect your average hours per week worked to: 

o Decrease by >5% 

o Minimal little 

o Increase by >5% 

End of the survey for AMS non-adopters. 

For the AMS adopters: 

 

Q6 Which milking system do you use? 

o Robotic Rotary Parlors 

o Other Robotic/Automatic Milking Systems (AMS) 

 
Q7 What type of cow flow did you choose? 

o Free Flow 

o Guided Flow 

 
Q8 Did you build new housing or retrofit? 

 

o Retrofit 

o New Building 
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Q9 Rank your 3 most important reasons for installing an AMS: 

   Flexibility in work schedule 
   Fewer work hours 

   Reduce hired labor 

   Increased milk production 

   Recommended by other farmers 

   Expand herd with no additional labor 

   Keep children in the business 

   Other 

 
Q10 Your current annual yield per cow in pounds: 

o Less than 20,000 

o 20,000 - 24,000 

o 24,001 - 28,000 

o 28,001 - 32,000 

o Greater than 32,000 

 
Q11 AFTER adopting AMS do you expect your milking shift to: 

o Increase in length 

o Stay the same 

o Decrease in length 

 
Q12 What housing structure did you have BEFORE adopting AMS? (multiple answers allowed) 

▢ Free-Stall 

▢ Bedded Pack 

▢ Open Lot 

 
Q13 What type of bedding did you use BEFORE adopting AMS? (multiple answers allowed) 

▢ Sand 

▢    Bedded Pack 

▢   Mattress/Mat 

▢ Waterbed 

▢ Recycled Manure 

▢ Straw 

▢   Other    

 

Q14 How often did you remove manure from animal housing BEFORE adopting AMS? 
 
 
 

Q15 Did you change the type of bedding AFTER adopting AMS? 

o No 

o Yes, changed to    
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Q16 How often do you remove manure from animal housing AFTER adopting AMS? 
 
 
 

Q17 Did you finance your AMS? 

o Yes 

o No 

 
Q18 During the next 3 years do you expect your herd size to: 

o Decrease by >5% 

o Minimal change 

o Increase by >5% 

 
Q19 During the next 3 years, do you expect your average hours per week worked to: 

o Decrease by >5% 

o Minimal change 

o Increase by >5% 

 

End of the survey for AMS adopters. 
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Market Makers: Exploring Gender Dynamics in Farmers Markets from Field to Booth 

By Marcia Ostrom1, Jessica R. Goldberger2, and Katherine Selting Smith3 

 

Abstract 

The number of farmers markets in the United States has increased dramatically in recent decades. 

A visible exemplar of efforts to capture more value for farmers and communities by relinking food 

production and consumption, farmers markets offer a window into the values and dynamics of 

alternative food movements. Research in Washington State found that half of farmer participants, 

73% of market managers, and over 70% of shoppers are women. While a highly gendered division 

of labor is typical of mainstream agri-food systems, few scholars have critically examined these 

aspects of alternative food chains. We conclude that understanding farmers markets as intersecting, 

gendered spaces is critical to analyzing their potential contributions to food systems change and 

enhancing women’s lives and livelihoods. 

 
 

Keywords: farmers markets, direct markets, women farmers, third shift, local food, sustainable 

agriculture, community development, gender, food movements, market managers, livelihoods 
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Introduction 

Since the start of the millennium, the number of U.S. farms producing for local markets has grown 

by nearly 25% and the number of local food marketing channels has more than doubled (Low et 

al., 2015). In 2012, consumers spent an estimated $6.1 billion on local foods (Low et al., 2015). 

Consumers generally associate local foods with values such as freshness, taste, nutrition, 

environment, and support for local farmers and community development (Zepeda, 2009; Low et 

al., 2015; Schupp, 2016; Ostrom, 2017). Often seen as exemplars of food system localization 

(Gillespie et al., 2007), farmers markets (FMs) provide infrastructure to bring producers and 

consumers together outside of mainstream food channels. As unique, locally- crafted public  
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spaces, they offer a rich arena for systematically investigating alternative food movement goals 

and practical outcomes in specific places. 

The explosive growth in national numbers of FMs over the past three decades (USDA, 

2019) has given rise to competing claims and critiques in the popular and academic literature. These 

accounts alternately invest FMs with the capacity to save farms and farmland, improve the 

environment, revitalize downtowns, stimulate local economies, build more equitable access to fresh 

foods, and resist the dominant food system or, conversely, criticize them for failing to adequately 

accomplish these things. Despite several decades of research and perceived familiarity with FMs, 

there are still significant knowledge gaps. From a social movements perspective, there is general 

agreement that the growth in FMs reflects efforts to counter food system globalization through the 

practical construction of more economically, environmentally, and socially just alternatives at a 

community level (Gillespie et al., 2007; Leiper and Clarke- Sather, 2017; Schupp, 2017). 

As with other local food movements (LFMs), social equity is a persistent topic of concern in 

FMs (Allen, 2010; Pilgeram, 2012; Schupp, 2017). While researchers have studied barriers to 

accessing FMs by race, class, ethnicity, and location (Conner et al., 2010; Lowery et al., 2016; 

Pilgeram, 2012; Ritter et al., 2019; Sage and McCracken, 2017; Schupp, 2017), few have 

substantively investigated gender dynamics. Further, many existing studies of women’s roles in 

alternative food movements have either been producer-focused (Sachs, 1996; Meares, 1997; 

Hassanien, 1999; Sachs et al., 2016; Trauger et al., 2010; Ball, 2014) or consumer-focused (Little et 

al., 2009; Bowen and Elliott, 2014; Som Castellano, 2015, 2016). However, in FMs, farmers, 

organizers, and consumers intersect. A further limitation is that the gender dynamics of alternative 

food movements may not be visible to the researchers or participants themselves (DeLind and 

Ferguson, 1999). For example, in their nationwide analysis of local and regional marketing trends, 

Low et al. (2015) did not examine gender patterns. Yet, Allen and Sachs argue that recognizing 

gendered relations in both food production and consumption is essential to understanding agency 

and efficacy in food systems change (2012:26). 

From a producer standpoint, direct-to-consumer strategies appear to improve survival rates 

for small farms (Brown, 2002; Low et al., 2015) and FMs are considered among the most important 

direct marketing channels (Thilmany and Watson, 2004; Brown and Miller, 2008; Low et al., 2015). 

Sustainable agriculture (Sachs, 1996; Meares, 1997, Hassanein, 1999; Ball, 2014; Sachs et al., 

2016) and direct marketing channels (Ostrom, 1997; Wells and Gradwell, 2001; Kambara and 

Shelley, 2002; Ball, 2014) have been seen as offering more accepting and accessible pathways for 

women farmers. In her interviews with women farmers in the 1990s, Sachs found strong 

commitments to environmental and social change in the food system and behind-the-scenes 

leadership for sustainable farming movements (1996:63). 

Nationally, numbers of women-owned and operated farms are increasing rapidly, yet these 

farms are smaller in terms of both acreage and total sales (USDA, 2012, 2017). In comparison with 

men, women face disadvantages in access to farmland, capital, credit, and infrastructure (Allen and 

Sachs, 2012:28). Gender inequalities may be magnified when they intersect with race, ethnicity, and 

class (Allen and Sachs, 2012:26). In addition, women may juggle multiple roles with 

responsibilities for farm work, the household, the family, the community, and off-farm jobs; leading 

some authors to observe that women in agriculture perform three or four different work shifts 

(Gallagher and Delworth, 1993; Elliot et al., 2018). In her analysis of the early sustainable 

agriculture movement in the Upper Midwest, Meares (1997) observed that the burden of 

participating in sustainable agriculture organizations fell unevenly on women in farming 

households. 
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In early LFMs, Ostrom raised concerns about the high exit rates of women CSA farmers due to 

low-compensation and unsustainable labor demands (1997, 2007). More recently, Pilgeram called 

attention to the unsustainable subsidization of “food at the market” with farmers’ off-farm income 

or “unpaid or very poorly paid labor” in the interests of keeping prices affordable (2011:388). 

On the consumption side, regardless of career demands, women are still disproportionately 

responsible for the household-level tasks of provisioning and preparing foods (Allen and Sachs, 

2012; Bowen et al., 2014; Sachs et al., 2016). Some studies question whether LFMs improve or 

exacerbate such gender imbalances. As in other food retail venues, studies consistently find that 

women outnumber men as shoppers at FMs (see reviews in Brown, 2002; Byker et al., 2012; 

Schupp, 2016). However, Zepeda’s analysis found that even when compared to conventional food 

shoppers, FM shoppers were significantly more likely to be women (2009:256). Bowen et al. (2014) 

and Som Castellano (2015) also found that the responsibility for food provisioning remained largely 

with women even in alternative food movements. Som Castellano proposed that participation in 

LFMs could add a “third shift” to women’s responsibilities through the added work of sourcing and 

preparing foods with specific values- based attributes, potentially “decreasing the well-being of 

some women” (2016:2). 

The organizational structures of FMs are critical for effectively linking producers with 

consumers yet remain understudied. Stephenson, Lev, and Brewer (2008) found that steady growth 

in numbers of FMs masked high turnover rates, with a significant number of markets failing each 

year and being replaced by new markets. They identified smaller markets with insufficient 

investment in management as most vulnerable. While they did not discuss gender, some research 

suggests that the managers and volunteers at risk are most likely to be women (Ostrom and 

Donovan, 2018). Thus, Allen and Sachs (2012) concluded that while women still perform “the 

majority of food-related work,” there are substantive gaps in the literature regarding the roles and 

outcomes for women in movements for food systems change (2012:23). 

This paper uses the practical case of FMs in Washington State to facilitate inquiry into the 

gendered aspects of participation in LFMs, exploring women’s roles, responsibilities, and 

motivations from farmer--to market--to consumer. In considering both the opportunities and the 

challenges, we look beneath the visible activities of market day to the underlying organizational 

structures and goals of participants. With a mature FM movement and markets in nearly every 

urban and rural county, Washington State offers an ideal study site for exploring the specific 

questions of: (1) What roles and responsibilities do women assume in the FM movement? (2) What 

motivates and characterizes women’s participation? (3) Does applying a gender lens to FMs 

suggest particular opportunities or challenges for women or local food movements? 

 

Methods 

This paper draws on a decade of participatory research by the Washington State University (WSU) 

Small Farms Program that was conducted in partnership with a statewide Farmers Market Action 

Team (FMAT) of WSU Extension personnel, FM organizations, market managers, and the 

Washington State Department of Agriculture. The Washington State Farmers Market Association 

(WSFMA), organized in 1979, was the key organizational partner (WSFMA 2020). They have 

codified the definition of a “farmers market” in the state, organized the state’s markets, provided 

education and policy advocacy, and maintained annual records. The FMAT was organized by WSU 

in response to requests for more research by market managers. 
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Working with the FMAT, a series of USDA grants was obtained to conduct research with market 

managers, farmer vendors, and shoppers on the characteristics and impacts of Washington FMs; the 

use of federal nutrition programs at markets; and barriers to farmer participation by race, language, 

culture, and gender. Managers were interested in building participatory research and data collection 

skills and capacity for working across languages, cultures, and races. It was only through the 

collaboration with managers that we could locate the farmers who sell at FMs. 

 

Research with Farmers 

In the winter of 2012-2013, a Total Design Method (TDM) (Dillman, 2011) mixed mode, 

paper/online survey was administered by the WSU Social and Economic Sciences Research Center 

(SESRC) to a list of farmer vendors in the state that could be identified through manager contacts 

and farm directories. Spanish, Hmong, and in-person interviews were offered as options. From an 

initial list of 1,259 farmers, an adjusted response rate was 43%, with 538 usable responses 

representing 36 out of 39 counties. Participants were initially screened to be a lead operator “who 

knows the most about the day-to-day management of the farm and the marketing” (SESRC, 2012). 

Respondents were asked to identify themselves by gender. We considered the gender of the 

respondent to be the gender of one of the lead farm operators; however, we did not know if a farm 

had additional lead operators. We also conducted two focus groups in the winter of 2012-2013 with 

long-time farmer vendors: one with English-speaking women farmers and one with Hmong 

farming families using an interpreter. The lead author, working with an interpreter, also conducted 

on-site visits to women-operated Hmong farms. 

 

Research with Managers 

A “Survey of Market Managers” was sent to a comprehensive list of 169 unique FM locations in the 

winter of 2010-2011 by the SESRC following the TDM method (SESRC, 2011). Markets were 

identified through the WSFMA’s “Farmers Market Guide,” the list of markets authorized for the 

Farmers Market Nutrition Program, local food directories, web searches, and WSU Extension 

networks. In keeping with the WSFMA’s “Roots Guidelines for Member Markets,” a “farmers 

market” was defined as having at least five farmers per market day (on average) assemble on a 

recurring basis to sell their own farm products. Following key principles from the TDM mixed 

mode survey protocol (Dillman, 2011), a mail/internet contact sequence initiated in January 2011 

included three postal mailings, two email messages, and one telephone follow-up. A second phase 

of telephone interviews began in April 2011 with up to 10 call attempts made for each case. In total, 

127 unique FM locations were represented in the survey, representing 32 out of 39 counties, with an 

adjusted response rate of 78.5%. 

 

Research with Shoppers 

Between 2009 and 2019 a total of 19 participatory rapid market assessments (RMAs) were hosted 

by FM managers with support from FMAT researchers following the protocol established by Lev, 

Brewer, and Stephenson (2008). In this method, a participatory team of board members, peer 

managers, agricultural professionals, and volunteers trained in advance and met to carry out 

shopper counts, participant observations, and dot surveys on a typical market day. The dot survey 

method offers high intercept rates, low refusal rates, and large numbers of responses (Lev et al., 

2007). We included translations and language interpreters. In the 12 RMAs conducted between 

2009 and 2013, we did not track the gender of shoppers except at the University District Market in 

Seattle where we supplemented the dot survey with a short paper survey in 2012. In 
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2014, we proposed a modification to the standard Lev et al. (2008) RMA protocol by color- coding 

the dots by gender, but not all RMA teams agreed. In the end, we obtained usable gender data from 

four of the RMAs conducted between 2014 and 2019. Participant observations and participatory 

educational workshops for sharing results with managers, board members, and vendors took place 

throughout the project. Secondary data were collected from websites, directories, brochures, and 

conference programs. 

 

Results 

Understanding Farmer Vendors 

In our survey of farmer vendors, 51% or 274 of respondents identified as female. While not 

directly comparable, in the U.S. Census of Agriculture for the same year, 37% of all farmer 

operators in Washington State were listed as female and 20% of farms reported having a female 

principal operator (USDA, 2012). In comparison with males, female farmer respondents had 

smaller farms as measured by gross farm income and their farms tended to be clustered in the 

lower sales categories [Figure 1; χ2(11,464) = 22.65, p ≤ 0.05]. FM income was important and did 

not vary significantly by gender. Our survey found that for half the respondents, FM sales 

accounted for over half of their farm income and, of those farms, 56% said that farm income 

accounted for at least 25% of their household income. By acreage, respondents’ farms varied 

widely in size from 0.17 acres to 4,500 acres with an average farm size of 66 acres. Average farm 

acreage was well below the statewide farm average of 396 acres (USDA, 2012). When analyzed 

by gender, female survey respondents farmed an average of 40 acres, while males farmed 93 acres. 

On average, respondents had strong experience with farming and selling in FMs and gender 

differences were not significant. Women reported an average of 12 years of farming experience 

and 9 years of selling at FMs, while men reported an average of 17 years of farming experience 

and 12 years of selling at FMs. 
 

 

Figure 1. Farm Size by Sales Category and Gender, 2012 Farmer Vendor Survey 
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Our respondents were more racially diverse than Washington farmers’ as a whole. Table 1 

shows that 16% of survey respondents identified as a race or ethnicity other than White in 

comparison with only 3.5% of Washington farmers on the U.S. Census of Agriculture for the same 

year (USDA, 2012). No respondents identified as Black. Significantly more male than female 

respondents identified as Hispanic/Latino and more female than male respondents identified as 

Asian/Asian American, reflecting strong participation by Hmong women FM vendors. 
 

 
 

 

 
Farmer Motivation and Satisfaction 

In one indicator of performance, around 80% of both female and male respondents planned to 

continue selling at the same number or more FMs over the next five years. Over half of 

respondents reported attending multiple markets. Regardless of gender, over 90% of vendors 

said, “building relationships with customers” and over 70% said “having control over prices” 

were important reasons for selling at FMs (Table 2). One significant difference in marketing 

approaches was that a higher percentage of women than men prioritized using FMs to promote 

their other sales outlets, a strategy that also emerged in the women’s focus group. 
 

 
 

 

 
Female and male survey respondents similarly reported their motivations for selling at 

FMs as providing the community with healthy food and educating the public. Women focus 
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group members saw benefits of FMs as “growing and feeding people” and getting “immediate 

feedback.” One woman described market day as a chance to “see the people that I feed.” Most 

women said they enjoyed the social time at markets and agreed that it was easier to be accepted as 

a woman farmer now than it had been in the past. While one woman liked market day because it 

was her chance to get off the farm, another liked it because it got her husband off the farm. One 

significant difference in the survey results was that women ranked networking with other farmers 

more highly than men did. In the women’s focus group, participants discussed how attending 

markets offered important opportunities to learn from other farmers. 

According to the survey results, both female (89%) and male (84%) respondents saw 

enabling low-income shoppers and seniors to buy their products by participating in federal farmers 

market nutrition programs (FMNP) as “important” or “very important” without significant 

differences. A value that was significantly different, however, was that 64% of female respondents 

agreed with the environmentally oriented statement that “food and fiber should be grown in ways 

that protect natural resources even if this means lower production and profits” in comparison with 

only 51% of males [χ2(1,500) = 8.675, p ≤ 0.01]. 

 

Farmer Concerns About Farmers Markets 

The women’s focus group conversations emphasized labor challenges and the trade-offs between 

hiring help or paying oneself. Concerns were raised about the difficulty of getting into the best 

performing markets and the low sales received at newer or smaller markets. As one woman stated, 

“it would be nice to make more money.” A statistically significant difference in concerns between 

male and female survey respondents was the travel time to the market. While only 55% of men 

ranked “reasonable travel distance to the market” as a very important reason for selecting a market, 

73% of women felt it was very important [χ2(1,494) = 16.946, p ≤ 0.01]. 

Travel time to the market was also a topic of concern for the women farmers in the focus 

group, as was time management in general. Participants said that going to too many markets could 

make it challenging to farm as you would always be “recovering from a market or getting ready for 

a market or doing market.” Several women said they had made choices to cut down on the number 

of markets they attended in order to focus on the most profitable or closest markets. Farmers 

expressed concerns about the well-being of FMs as organizations and some had served as vendor 

board members, or managers. As a group, they agreed that market managers were not receiving a 

living wage and could burn out. One farmer said, “we’re asking way too much of these people.” 

 

Understanding Farmers Markets as Organizations 

Beyond a collection of individual vendor businesses, farmers markets are organizational entities in 

themselves. Our survey of market managers found that the majority (63%) of FM organizations in 

Washington State were “small,” with 30 or fewer vendors on a typical market day, or “very small,” 

with 10 vendors or less. One-fourth of FMs were medium-sized with 31-50 vendors and 14% had 

50 vendors or more.  Five markets reported annual sales over $500,000 and eleven had annual 

shopper visits over 100,000.  Many markets were relatively new, with 39% under five years old. 

Around 82% of markets had immigrant or minority vendors and, of these, over 80% had vendors 

who were not fluent in English (see Ostrom and Donovan, 2018). 

While organizational structures varied, most FMs were mission-driven and relied heavily on 

volunteer boards. Seventy-four percent were organized as non-profits, 14% were incorporated as a 

business or under another business, and 9% operated as a project of a 
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government entity. When asked why the market was started, 36% of respondents identified their 

market’s primary purpose as “supporting farmers” and 33% as “improving community access to 

fresh and healthy foods.” In keeping with accessibility goals, 73% of respondents indicated that 

serving low-income shoppers was important or very important to their market’s mission and only 

2% said it was unimportant. This was in keeping with the state records for the same year, showing 

high rates of Washington FM participation in federal nutrition programs (Donovan et al., 2017:14). 

 

Characteristics of Market Managers 

In our survey, 73% of market managers were women and 27% were men. Overall, only 65% of 

managers were paid and the rest were volunteers. Both men and women worked as paid and unpaid 

managers without a statistically significant difference. Of unpaid managers, 90% were at small or 

very small markets. More women than men reported long-term experience as managers with 39% 

of female managers having at least six years of experience, compared with only 21% of male 

managers. Moreover, 20% of female managers and none of the male managers had 11 to 20 years of 

experience (Table 3). Manager turnover rates varied widely from market to market, ranging from 

having 1-8 different managers in a ten-year period. 
 

 
 

 

 
Themes from open-ended interview questions indicated that being a market manager was a 

highly demanding job. Nonetheless, the role of market manager fits closely with personal 

commitments to supporting farmers, improving the environment, and growing community food 

systems. When questioned about their motivations for doing this work, female respondents often 

pointed to their market’s role in supporting farmers and the community: “we provide access to local 

agriculture and healthy foods,” “we do a lot of programs with low-income families, seniors and 

school-age families,” “we have community service booths,” and “we provide a community 

gathering place.” When asked about environmental goals and practices in open-ended questions, the 

answers were elaborate. A commonly stated goal was to educate the public on the relationship 

between farming practices and “clean air, clean soil, clean water.” Waste reduction was a clear 

focus. 

On the challenging side, one female manager reflected that “it is the most stressful and 

difficult job I have ever had. There are so many organizations, community members, customers, 

vendors, etc. to maintain and keep happy.” Another manager said, “the background work required 

to keep the market running is extensive and constant.” Common themes were that the 
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pay was low and managers were often under-appreciated by both vendors and market organizations: 

“the vendors never acknowledge or understand how much is done on their behalf to market them 

and to give them the sales forum.” High turnover was attributed to low pay. One respondent simply 

said, “living wages need to be paid.” Thus, while motivated by a strong commitment to movement 

ideals, women saw managing markets as tough work that was inadequately recognized. 

The non-profit umbrella organizations that provide support and advocacy for FMs in 

Washington State were also led by women. For example, the WSFMA Executive Director 

position has been held by women for the past decade and women currently fill 83% of board 

positions and 100% of staff positions. Seattle’s Neighborhood Farmers Markets (NFM) 

organization has had all female executive directors over its 25-year history. Participant 

observations of local market boards, RMA teams, and educational events, also found female- 

majority boards throughout the state. 

 

Understanding Farmers Market Shoppers 

The majority of shoppers who participated in RMA surveys were women at both urban and rural 

FMs, ranging from 71% at the largest urban market to 77% at one of the rural markets.  Regardless 

of the geographic location of the market or the year, dot survey findings were consistent on the 

forced choice question of the primary reason for shopping at an FM. With one exception at a tourist 

market, whenever this question was asked, “support a local farmer” topped the rankings, followed 

by “healthy food,” and then “environmentally friendly food,” and “taste” clustered together (Table 

2). When forced to choose, shoppers said they were motivated, first by supporting local farmers, 

second by obtaining healthy food, and then by environment and food taste, along with a cluster of 

other FM features. When we began sorting RMA responses by gender, no significant differences 

emerged in the ranking order. 
 

 

Combined dot surveys from 17 RMA sites, all genders (2009-2019) 

Figure 2. Primary Reason for Shopping at a Farmers Market 
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Significant differences by gender did emerge, however, on the importance of 

environmentally friendly food when asked as a stand-alone question. In the paper survey 

administered at the University District RMA, 86% of female respondents saw obtaining 

environmentally friendly foods as “very important” while only 72% of males did [χ2(1,327) = 

8.513, p ≤ 0.01]. When the RMA data were examined for differences in shopping frequency by 

gender, the differences were not significant. Significant differences did emerge, however, 

regarding spending, with women saying they planned to spend more than men at the University 

District and Port Susan FMs (Table 4). 
 

 
 

 

 
Discussion 

We found both similarities and differences across genders in FM roles, responsibilities, and value 

orientations. Farmers who attended FMs were more diverse than the general farming population in 

terms of gender, ethnicity, and race. Consistent with the literature, the new forms of agriculture 

associated with FMs appear to have opened up new opportunities and welcoming spaces for women 

farmers (Sachs et al., 2016).  Contrary to some suggestions in the literature that female farmers 

might be more committed to movement goals and less committed to economic goals in comparison 

with males (Ball, 2014), in the FM context, respondents of both genders seemed motivated by a 

combination of economic goals and movement goals of building authentic relationships between 

farmers and consumers, serving low-income shoppers, and community education. Female 

respondents seemed to prioritize environmental goals and farmer- to-farmer networking more than 

males. On average, respondents of both genders were experienced as farmers and FM vendors. 

Female survey respondents differed from male respondents by having lower gross sales and less 

acreage. In focus group conversations, female farmers expressed financial and time management 

concerns. 

Because so many women have persisted as FM vendors over time, it is difficult to conclude 

that this method of farming and marketing is necessarily unsustainable in relation to the concerns 

about self-exploitation raised by Pilgeram (2011). However, female farmers do appear vulnerable to 

these concerns. Given low gross sales, attendance at multiple markets, high labor demands, and 

commitments to movement ideals, further research on ways to sustain the long- term well-being of 

female farm operators is warranted. The ways that race, ethnicity, and class intersect with gender in 

shaping access to farming infrastructure, knowledge, time, and market opportunities needs further 

study. Previous research shows that Hmong FM farmers have long struggled to access sufficient 

land, water, and farming infrastructure (Ostrom et al., 2010). Some Hmong farmers also struggle to 

access the FMs of their choice. 
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The finding that three-fourths of Washington FMs are organized locally as non-profits 

reveals important opportunities for civic participation in decision-making and confirms that FMs 

offer a fundamentally different type of market exchange that is rooted in collective social action 

(Gillespie et al., 2007). Cause for concern at the market level, however, are the findings by 

Stephenson, Lev, and Brewer (2008) that smaller markets and markets without paid market 

managers face higher risks of failure. Many FMs in the study did not have adequate resources to 

compensate managers so relied on unpaid volunteer labor. This was due in part to market size, with 

over 60% of Washington FMs being small or very small and also having many new markets. 

Having high turnover rates for managers was fairly common. As the majority of managers and 

board members are women, this problem disproportionately affects them. We heard from managers 

directly that they strongly supported LFM goals but did not feel rewarded for their work. The 

critical role of women who volunteer on advisory boards to support the smooth functioning, 

financial solvency, and stability of farmers market organizations and market manager positions also 

deserves further study. Given the significance of FMs for the livelihoods of female farmers and 

market managers, this will be an important issue to address through organizational development 

strategies and cultivating broad-based community and public investments in FM organizations, 

including educational and research support through land-grant universities. 

From a shopper perspective, sorting RMA responses by gender shows promise. Initial 

results suggest that female shoppers may be likely to spend more money at FMs than males and 

have stronger environmental values. Shoppers are motivated by a combination of movement ideals 

and food quality. This is consistent with the literature. As one shopper summed it up “food, 

farmers, community—this is our primary ‘grocery store.’” Given the strong movement ideals 

expressed, consumers would likely support community-based FM organizations in more ways than 

simply purchasing food. However, further research is needed on how the demands of alternative 

food provisioning systems may disproportionately burden women, in particular less privileged 

women. 

Thus, while FMs create new livelihoods for women as farmers and managers, new social 

networks, and civic leadership opportunities for women, concerns about women taking on “third 

shifts” to sustain a local food movement are not unwarranted. The performance of FMs overall 

could be improved by making women’s work more visible, by ensuring adequate compensation, and 

by focusing public research and education resources more intentionally on the demands that LFMs 

place on women in their various roles as direct market farmers, managers, board members, and food 

provisioners. By recognizing their leadership roles and agency across the different market spheres, 

women can intentionally build more coordination in decision-making and communication among 

farmers, managers, board members, and shoppers. 

 

Conclusions 

Farmers markets offer creative opportunities for civic participation in decision-making about food 

production and commerce. This research shows the importance of tracking gender when studying 

LFMs. While largely invisible in the literature and perhaps even to participants, in FMs women 

shoulder major responsibilities for maintaining market organizations and producing, harvesting, 

transporting, and marketing the food. They also do much of the food shopping. 

While FMs have practical economic imperatives to succeed, these motivations are tightly linked to 

the transformative social, environmental, and economic goals of participants. Given their key roles 

and responsibilities and their strong commitments to movement ideals, some women may 
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be vulnerable to exploiting their own labor as farmers, managers, volunteers, and household food 

provisioners. 

However, as the main actors and leaders in this movement, women also have a unique 

opportunity to reshape these community-based institutions to better meet their needs. As the 

majority of FM patrons and board members, women also control the funding resources. Given the 

importance of FM infrastructure in bringing together farmers and consumers with sustainability-

oriented goals and the growth potential in values-based foods, there is a compelling need for 

community members and policy makers to invest more in the long-term viability and equitability of 

their market organizations beyond simply shopping there. Educating public and private market 

supporters, extension partners, and policy makers about what is at stake could help generate 

additional resources. 
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Bilingual Organic Farm Incubator Program Both Generates and Depends Upon 

Community Capital 

By Katherine Smith1 and Marcia Ostrom2 

 

Abstract 

Farm incubator programs have been presented as a solution to reduce barriers to entry for beginning 

farmers. While various forms of the farm incubator model have been documented in the literature, 

the significance of community capital building in the development of viable beginning farm 

businesses through farm incubator programs has not been investigated. Our participatory research 

with the bilingual, organic Viva Farms Incubator partnership in Western Washington shows how a 

farm incubator program can facilitate access for beginning and socially disadvantaged farmers of 

different races and cultures to access financial capital and markets through the development of 

social capital. In this case, cross-cultural capacity building appears to be both an end result and a 

necessary condition to connect diverse, new-entry farmers with education, farming infrastructure, 

and markets. 
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Introduction 

In community-based food systems, social capital includes the connections, resources, and 

knowledge shared between people and can be measured by network connections within a 

community and access gained to institutions, agencies, and other support structures (Flora, 2001; 

Kilpatrick and Falk, 2003). In direct and values-based marketing systems, these connections also 

include the social relationships from field to table. The community capital’s framework offers a 

way to investigate the outcomes of the bilingual Viva Farms Incubator Project from an integrated, 

sustainable development perspective where “vital economies deploy financial, natural, and human 

resources to create, maintain and improve local livelihoods” (Flora, 2001:11). 

Research has shown a relationship between the success of “public-private collaborations 

for economic development” and “entrepreneurial social infrastructure” at the community level 

(Flora, 2004:98). In particular, agricultural resiliency will depend upon coordinated efforts to 

remove barriers and provide robust support networks for diverse new entry farmers (Carlisle et 
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al., 2019). A farm incubator is defined as providing “temporary, exclusive and affordable access to 

small parcels of land and infrastructure, and often training, for the purpose of honing skills and 

launching farm businesses” (Massey et al. 2014). 

 

Project Objectives 

Our participatory research with the bilingual, organic Viva Farms Incubator in Western Washington 

(1) explores the role of social capital in enabling access for beginning farmers to capital, land, and 

markets; and (2) examines how bilingual programming, organizational partnerships, and 

community-supported infrastructure can improve equitable access to resources. 

 

Steps Taken 

The bilingual English/Spanish Viva Farms Incubator Program in Western Washington was founded 

as a collaboration of the Viva Farms nonprofit, Washington State University (WSU) Skagit County 

Extension, and the Port of Skagit for beginning farmers to access land, markets, capital, training, 

and equipment. The sustainable farming and business planning classes offered through Extension 

and Viva Farms build comfort with mixed language learning environments for both Spanish and 

English speakers and foster cross-cultural social relationships. Classes teach farmers how to use 

agroecological methods and incorporate these values into their marketing. 

Farmers follow organic standards and learn how to become certified. 

The program facilitates farmer-to-farmer mentoring and introduces farmers to buyers, 

consumers, lenders, and grantors through ongoing collaboration with WSU Extension and many 

government, private and nonprofit partners. These partners include banks, cooperatives, community 

colleges, farm stores, land trusts, and other companies. A key strength of the farm incubator model 

is the peer-to-peer and farmer-to-resource provider learning environment that facilitates skill and 

knowledge building in production, business management, and marketing. As part of the program, 

farmers are mentored by experienced local farmers and develop their own customer base in the 

community. They also share knowledge, labor, and equipment with each other. These connections 

(social capital) and skills (human capital) enable participant access to resources. 

 

Evaluation Methodologies 

We began this case study of Viva Farms in 2016 with 22 in-depth interviews of current and past 

participants at the Viva Farms Incubator Program and have continued to support the organization in 

gathering data through annual end-of-year participant interviews.  Interview questions, adapted 

from the Agriculture and Land-Based Training Association (ALBA) and the UC Santa Cruz 

ecological apprenticeship program, collect quantitative data on production, business management, 

and marketing, as well as qualitative data on farmer experiences and perceptions of the program 

(Perez, et al., 2010; see Smith et al. 2019). 

Specific questions explore internal and external linkages to understand the role of social 

networks within the program and with the greater community in enabling individuals to access 

financial and natural capital. Qualitative data were analyzed using comparative coding to identify 

common themes. Preliminary data and responses have been analyzed from 2016 and further 

analysis of 2017-2019 data will be released in the future. 
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Project Outcomes 

From 2010 to 2015, 28 farm businesses participated in the Viva Farms Incubator Program. Of the 

22 we interviewed, 17 were still in operation. Of those farms, 44.4% of the participant owners 

identified as either Hispanic/Latino/a or Indigenous and Latino/a, 15 were certified organic, and all 

farms reported utilizing some agroecological production practices (Smith et. al, 2019). Human 

capital development was evident in participant responses of skills acquired through the program, 

including skills for social capital building (Table 1.). For the 17 participant farms in operation in 

2015, average gross sales were $4,369. As farms have expanded and connected with more markets 

and capital over the seasons, sales have increased. In 2019, the 25 farms operating at Viva Farms 

reported average gross sales of $47,913. This includes farms with one to ten years of experience. 

 

 
Table 1. Respondent Reported Skill and Capacity Building (N=19) a 

 

Skills acquired through the program % # 
Improved financial and budgeting skills 58% 11 

Interpersonal networking 53% 10 

Gained agriculture experience/skill 47% 9 
Community involvement and participation 42% 8 

a 2016 Interview Participants 

 
 

Social capital development themes surfaced as critical to participant success in the 

responses to open-ended questions about perceived benefits of the program, indicating both 

internal connections and external linkages (Table 2). The value of the bilingual/cultural 

component of the program indicated cross-cultural relationship building between White and 

Latino/a participants and community actors. 

 
 

Table 2. Respondent Reported Program Benefits (N=20) a 
 

Perceived benefits of the program % # 
Value of the social network 55% 11 

Creation of “community” with other participants and local farmers 35% 7 

Served to “open doors” and markets for a farmer to continue 35% 7 
Bilingual/cultural component of the program 30% 6 

a 2016 Interview Participants 

 
 

Qualitative comments describe the social linkages to mentors, service providers and peers as 

well as individual capacities built through the program: 

 

“One thing that comes to mind immediately is the immense outreach and the community of 

people that I was able to meet, including farmers across the state.” 

 

“Part of the community aspect was that it drew in farmers from the area that were 

interested in what was going on. We would end up getting connected with some people that 
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had really valuable advice to give or were able to offer services to other farmers for a 

reasonable rate… connecting with the broader community.” 

 

“Culturally I learned more about farmworkers in the county…. I realized how privileged I 

am and so many things that I take for granted.” 

 

“We wouldn’t be doing what we’re doing without Viva. It’s great having neighbors to 

exchange ideas and create friendships.” 

 

“Financial skills and budgeting skills as well as managing and making lists. Those skills 

helped me be able to buy a house with land last year.” 

 
 

As of 2019, three of the top five highest grossing farms operating at Viva Farms are 

Latino/a owned, all having transitioned from farm worker to farm owner. During their first year 

participating at Viva Farms, one Latino/a family sold enough produce to allow them to purchase a 

mobile home. An Indigenous Latina farmer at Viva Farms has now been highlighted in two 

published books and has purchased her own home. Another Indigenous Latino/a couple purchased 

a farm with acreage and a house in 2019. These successes demonstrate how social capital built 

through program participation can increase access to financial capital resources. 

Participant responses document increases in internal and external social connectivity, access 

to resources embedded in the social network, new skills for social networking and participation, and 

leveraging both financial and natural capital. The themes reflect the participants’ valuation of the social 

network and the community connections created, as well as the skills and cross-cultural capacity they 

developed. Participation in a program such as Viva Farms can increase social capital, “opening doors” 

to new opportunities for improving the financial well-being of beginning farmers. 

 

Conclusion 

As beginning farmers develop their organic farming and entrepreneurship skills (human capital), 

they simultaneously build social capital to access financial capital and develop markets that value 

their unique stories and land stewardship. At Viva Farms, cross-cultural capacity building has 

strengthened peer support and mentoring networks between White and Latino/a farmers and 

fostered equitable access to knowledge and infrastructure. The bilingual program design and strong 

ties to the wider community have improved marketing outcomes and enhanced access to financial 

capital for socially disadvantaged farmers. In turn, the launch of a new generation of diverse, 

sustainable farmers has created new livelihood opportunities and enhanced community benefits 

across sectors. 
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California’s San Joaquin Valley 
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Engelskirchen4, and Gail Feenstra5 

 

Abstract 

Moringa is an emerging crop for California with an upward market trend due to its high nutritional 

value. It is grown on a small scale by Southeast Asian farmers in California’s San Joaquin Valley. 

While current sales have been entirely of fresh moringa, dried moringa products could provide 

additional income as well as the capacity for off-season sales of stored products. 

To expand economic opportunities for these farms, we researched best practices for creating 

value-added, dried moringa products for local, direct markets and wholesale markets. We also 

interviewed potential buyers to determine what marketing opportunities exist for both fresh and 

dried moringa in California. Our results indicate that dried moringa products can reach niche 

markets for local products in California if regulatory and certification requirements are addressed. 

Initially, our focus was working with individual farmers to expand fresh and processed moringa 

sales. However, aggregators or food businesses may be better suited to purchase fresh moringa 

from small-scale farms and complete the necessary certifications for processing it, especially if a 

locally sourced product could provide higher prices. 

 

Keywords: value-added, emerging crop, immigrant farmers, niche markets. 

Acknowledgements: We thank the Hmong farmers in Fresno County who contributed to this 
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Introduction/Rationale 

Moringa is gaining popularity in US health food markets for its high levels of protein, calcium, 

vitamins A, E and C (Jongrungruangchok, Bunrathep and Songsak, 2010), antioxidants such as 

polyphenols, and anti-inflammatory compounds (Tumer, et al., 2015). Fresh and dried leaves can 

be used in smoothies, soups, salads, sauces, or garnishes. Dried leaves and powder sold online 

and in health food stores are mainly imported from West Africa, India, and Mexico. 

Moringa leaves and powder can also be used as ingredients in a variety of additional retail products 

including teas, dietary supplements, juices, ice cream, and beauty products. Our study explores the 

potential for marketing locally grown moringa within California as a value-added product (Born 

and Bachman, 2006). Moringa is already cultivated on a small scale by Southeast 
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5 Corresponding author and Director of University of California’s Sustainable Agriculture Research and Education 

Program. 
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Asian refugee farmers in California, who sell the fresh leaves at farmers markets. While fresh 

moringa leaves are highly perishable, drying extends the life of the saleable product and gives 

farmers entry to additional markets. We estimate that 300-400 Southeast Asian farmers in the 

Fresno area grow small amounts of moringa for direct marketing and home consumption on their 

diversified farms. Expanding sales opportunities either through drying and processing on-farm for 

sale to direct markets, or through sales of fresh or dried moringa to wholesale buyers, could increase 

incomes for these farmers, with a crop that is culturally familiar and already in production. 

 

Objectives 

We investigated the potential for dried moringa products to improve livelihoods for small-scale, 

Southeast Asian farms in California’s San Joaquin Valley. Our objectives are to: 1) determine 

preferences and requirements of potential buyers for local moringa products; 2) expand market 

opportunities through promotional materials and events; 3) identify best practices for drying, 

processing, and packaging; and 4) train moringa farmers in product development, marketing, and 

small business development. 

 

Steps Taken 

Drying and Packaging Process Development 

At the start of this project, drying methods currently in practice include drying on screens or 

hanging in bunches outdoors for home consumption only. However, these methods did not protect 

leaves from food safety risks during drying. To determine best practices for small-scale moringa 

drying, we conducted trials in 2017–2018 using three drying methods: a commercial dehydrator, 

an indoor drying rack, and an on-farm outdoor drying rack within a plastic hoop house. Moringa 

leaf samples dried with each method were analyzed for moisture, vitamins A and E, and total 

polyphenol content. We researched food safety regulations for harvesting, washing, drying, 

packaging, and selling dried food products. These regulations included requirements under 

California’s Cottage Foods Act for small volume products sold locally through direct markets, as 

well as Processed Foods Registration requirements under the California Department of Public 

Health for sales of larger volumes and wholesale markets. 

Based on this information, we developed recommended procedures that were published in a 

written guide on drying moringa (Dahlquist-Willard, et al., 2019). 

 

Marketing Research 

We conducted research into retail and wholesale buyers’ motivation to source California-grown 

moringa and interviewed buyers in the Bay Area, San Jose, Fresno, and Los Angeles. We 

interviewed 14 buyers – restaurants, Asian groceries, health food stores, regional produce 

distributors, juiceries and tea shops – about their interest in moringa and sourcing requirements. 

Five (36%) were already purchasing moringa, and eight (57%) indicated interest in purchasing 

California-grown moringa. We compared prices for 37 dried moringa products sourced 

internationally through online retailers such as Amazon, Walmart, Thrive, and various health food 

websites to assist growers in determining pricing for their potential dried moringa products. 

 

Increasing Awareness of California-grown Moringa 

To increase consumer awareness and support farmers in approaching buyers, we developed a moringa 

website, flyers, recipe cards and a California-grown moringa logo (designed by the San 
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Joaquin Valley Rural Development Center). Farmers attended trainings on product development, 

marketing, and small business development, and showcased their fresh and dried moringa at 

promotional events, distributing over 1,000 samples of dried moringa products and 5,700 flyers 

and recipe cards. 

 

Evaluation Methods 

We tracked numbers of website visits and promotional materials distributed to consumers to 

estimate potential market expansion. We solicited feedback from buyers regarding successful and 

unsuccessful sales transactions with farmers selling moringa in order to identify challenges and 

future opportunities. At the final project meeting, we conducted a post-then-pre survey (Rockwell 

and Kohn, 1989) with participating farmers on overall knowledge gained, intent to adopt drying 

techniques, and changes in moringa sales during the project. 

 

Project Outcomes 

Drying and Packaging Procedure 

The commercial dehydrator held the smallest volume of leaves, but dried the fastest, reaching the 

minimum moisture content attained in our trials (~5% moisture) within 8 hours. The other two 

methods took 54 hours or more to reach this level. Protein content in dried leaves ranged from 

24.48-32.87% and did not differ significantly among drying methods. Vitamins A and E and total 

polyphenols did not degrade much over the drying process with any method. Farmers indicated a 

slightly higher interest (70% of farmers) in an outdoor drying process compared to indoor drying or 

a commercial dehydrator (50% of farmers), especially as the dehydrator carries a cost of electricity 

use. 

We conclude that all three methods are feasible for small-scale farms, with different 

advantages depending on available space for a drying structure on-farm or a dedicated indoor room 

for drying, and on the farmer’s interest in factoring utility bills into the costs of processing. 

 

Marketing Opportunities and Challenges 

Farmers formed preliminary connections with three local businesses in Fresno, including a 

creamery that developed a moringa ice cream flavor sold at its retail locations, a tea house, and a 

juice distributor. Interviews with buyers revealed several common requirements and preferences 

that posed barriers for small-scale farmers selling locally grown moringa, including non-GMO 

certification, organic certification, and food safety third party audits. These barriers made it difficult 

for additional farmers to successfully complete sales transactions with local buyers. 

Dried moringa powder sold online and sourced overseas ranged from $9.54 to $68.16 per pound, 

with a mean of $28.02 and a median of $20.95 per pound. The median price may provide the best 

comparison for selling one pound of moringa powder. Since prices over $40 per pound were for 

smaller quantities (2-8 oz), selling moringa in quantities under one pound may be advantageous for 

small enterprises. 

Direct sales of smaller quantities at farmers markets and retail outlets could provide higher 

prices and avoid competition with internationally sourced moringa powder. For local sales through 

these direct marketing channels, farmers would be required to obtain a permit under the Cottage 

Foods Act, which proved to be a barrier to processing and packaging moringa products from 

individual farms. 
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Discussion 

While a market exists for locally grown moringa products within California, several barriers would 

need to be addressed in order for small-scale farmers to access this market. Food safety audit 

requirements and preferences for organic and non-GMO certification present regulatory challenges 

for small-scale farmers. Price competition with internationally sourced products may limit farmers’ 

ability to set prices at profitable levels both for retail sales and sales of dried powder to food 

businesses. While sales of small volumes through direct markets could provide higher prices, 

production of value-added dried moringa products by individual farmers still requires permits that 

are a barrier for farmers with limited resources. 

Our original intent was to assist individual farmers in developing their own value-added 

products for sale at direct markets such as farmers markets and retail outlets. However, aggregators, 

such as food hubs, cooperatives, or food businesses, may be better suited to purchase fresh moringa 

from farmers and complete the necessary certifications to produce dried leaves or powder for use in 

moringa products. Especially if products marketed as locally sourced could provide higher prices. 

Sales to entities with aggregation and processing capacity could provide additional income to small-

scale Southeast Asian farmers, either through sales of excess fresh moringa or through producing 

additional acreage of moringa as part of their diversified farms. 
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Estimating the Economic Contributions of the Moscow Farmers Market 

By Colette DePhelps1 and Steven Peterson2 

 

Abstract 

During the summer of 2018, a team of community members, led by University of Idaho Extension, 

performed a Rapid Market Assessment (RMA) of the Moscow Farmers Market, located in 

Moscow, Idaho. The RMA data was used by University of Idaho faculty to conduct an economic 

assessment of the Moscow Farmers Market using IMPact Analysis for PLANing (IMPLAN). The 

purpose of the study was to understand the economic footprint of the market, including estimating 

the market’s economic contribution to the City of Moscow’s investment in market operations and 

management and the economic contributions to the local economy in Latah County, Idaho. It is 

clear from this analysis that the Moscow Farmers Market is a significant asset to the City of 

Moscow and has significant positive direct and indirect contributions to the local economy. With 

the rise of COVID-19, it is important that the success of the Moscow Farmers Market be 

monitored, and that support be provided to market vendors and downtown shops to ensure their 

rebound post-pandemic. 

 

Key words: Economic assessment, economic contribution, farmers market, IMPLAN, rapid 

market assessment. 
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Introduction 

The Moscow Farmers Market is a vital social institution known for its quality and selection of 

agricultural and artisan products and has been rated as one of the top farmers markets in Idaho and 

the nation (Janovich, 2016; Moscow Chamber of Commerce, 2017). Founded in 1976 by the 

Moscow Food Cooperative and transferred to City of Moscow management in 1978, the market was 

42 years old at the time of this study. The Moscow Farmers Market is a signature event within 

Moscow, Idaho. Moscow, a rural community, is home to the University of Idaho’s main residential 

campus and lacks any major tourist destination feature, such as lake or wilderness area, to attract 

visitor spending. Moscow (population 25,146 including students) is the seat of Latah County 

(population 39,473) (U.S. Census, 2018). The community is a housing, shopping, service, and 

dining center for the broader regional economy. Moscow’s economy is heavily dependent on 

commuting patterns (primarily out-commuters) and visitor and tourism activity. 
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The hospitality, tourism, and eating and drinking sectors are highly competitive and the community 

faces competition from Pullman Washington (home of Washington State University) to the west 

and Lewiston, Idaho to the south. 

The Moscow Farmers Market has emerged as a community event that unites the arts, 

entertainment, local sustainable agriculture, the Moscow Food Cooperative (located one block 

east of Moscow’s Main Street), and the downtown businesses. The Moscow Chamber 

acknowledges that the Market elevates tourism and visitation to the community, and it is an 

essential piece of the branding platform at the Moscow Chamber of Commerce and Visitor 

Center. 

The Moscow Farmers Market is managed and funded by the City of Moscow. Overseen by a 

Mayor-appointed Farmers Market Commission, one of the strengths of the market is the active 

participation of stakeholders in market oversight with the city taking the lead. The market takes 

place downtown on Main Street every Saturday between May 1 and October 31, 8:00 am to 1:00 

pm, averaging 26 market days per year. 

During the summer of 2018, University of Idaho Extension performed a series of Rapid 

Market Assessments (RMAs) of the Moscow Farmers Market (Lev, Brewer and Stephenson, 

2008a). The RMA data was used by University of Idaho business economics faculty to conduct an 

economic assessment of the market using IMPLAN. The purpose of the study was to understand 

the market’s contribution to the economy of Moscow, Idaho and Latah County, Idaho. Also 

measured were the farmers market operating costs to the City of Moscow against the estimated tax 

contributions generated by the market. In summary, the 2018 economic contribution of the 

Moscow Farmers Market, including multiplier effects, was estimated to be approximately $6.46 

million in output, 113 jobs, and $405,170 in state and local taxes. 

 

Estimating Economic Contributions 

This study estimates the economic contribution of the Moscow Farmers Market to the local 

economy of Latah County, Idaho. When discussing local food systems, the phrases economic 

impact and economic contribution are often used interchangeably (Watson, et. al., 2007). 

However, these phrases have very specific meanings in the economic development disciplines and 

measure economic activity differently (McFadden et. al, 2016; Watson, et. al., 2007). An economic 

contribution analyses looks at the gross changes an entity, such as a business or an event, makes to 

the local economy (Watson, et. al., 2007; Schmit, and Jablonski, 2017). This differs from an 

economic impact assessment that looks at the impact of a business expansion or opening and 

measures the net economic activity generated by the establishment of, or change in, the business 

(Watson, et. al. 2007; Schmit and Jablonski, 2017). 

 

Study Methods 

This study collected primary data on the Moscow Farmers Market through RMAs, vendor surveys, 

and business surveys. RMAs combine customer counts and dot survey data to estimate spending at 

farmers markets on a specific market day (Lev, Brewer and Stephenson, 2008b). 

IMPact Analysis for PLANing (IMPLAN) input-output economic impact modeling software was used 

to generate the economic multipliers used in the study and to estimate the economic contributions of 

the Moscow Farmers Market. 

Using a Latah County IMPLAN model, four estimates of sales attributed to the market were 

employed in the analysis: market customer spending inside and outside the market based on 2018 

RMA surveys, market customer spending based on 2018 market vendor (producer) 
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surveys; and, a 2016 survey of brick and mortar businesses incubated in the market which asked about 

employee numbers and payroll. 

RMA data used in the calculation of the economic contributions was collected on three 

market days, July 28, August 11, and September 8, 2018. The July 28 and September 8 assessment 

data included adult customer counts and four-question dot surveys. On August 11, only adult 

customer counts were undertaken. In both dot surveys, adults were asked to indicate where they 

lived and how much they anticipated spending inside and outside the market. 

On July 28, approximately 10.6% (1070) of adults who visited the Moscow Farmers 

Market participated in the dot survey. On September 8, 12% (1258) of adults participated. 

Respondent numbers by question varied slightly (less than 5%) which indicates most answered all 

dot survey questions. Slight variations on question response numbers are expected as some 

customers are unwilling to answer certain questions, primarily those regarding spending inside 

and outside the market. 

 

Estimating Market Attendance 

The adult customer estimates on all three market days were derived by counting the number of adult 

shoppers in the market at opening plus hourly customer estimates following the RMA methodology 

developed by Lev, Stephenson, and Brewer (2008a; 2008b). To obtain hourly estimates, volunteers 

were stationed at each of the market’s five entrances for 10 minutes, at 25- 35 minutes after each 

hour the market was open. Using clickers, volunteers counted the number of adults entering the 

market in that ten-minute period. The ten-minute counts were then multiplied by six (10 minutes x 6 

= 60 minutes) to obtain an estimate of adult customers entering the market during that hour. 

In the summer of 2018, Moscow Farmers Market customer count estimates were conducted 

on July 28, August 11, and September 8. These dates were chosen because they did not correspond 

with other large-scale community events that might attract an unusual number of market shoppers. 

On each of the three Saturdays, the estimated adult customers attending the market exceeded 

10,000 (Figure 1). 
 

 
 

Figure 1. Summer 2018 Adult Customer Count Estimates 

 
 

Using an average weekly adult attendance of 10,239, the estimated attendance of the 2018 

market season was approximately 266,214 adults. This is up from 84,084 in 2003; it represents a 

217% cumulative increase and an 8.0% average annual growth rate (Peterson, 2020). 
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The magnitude of visitors to the market is significant. For example, the number of market 

visitors is 6.7 times the population of Latah County or 10.6 times the population of Moscow. 

 

Understanding Where Moscow Farmers Market Shoppers Live 

The RMA dot survey asked market visitors to indicate whether they lived within or outside Latah 

County (Figure 2). Survey participant location is important because it identifies the portion of 

market spending arising from nonresidents that bring new monies into Latah County.  On July 28, 

approximately 48% of shoppers at the Moscow Farmers Market lived outside of Latah County and 

approximately 43% of shoppers lived outside of Idaho. On September 8, approximately 54% of 

shoppers lived outside Latah County and 49% lived outside of Idaho. 

Between 16-17% of shoppers self-identified as being visitors or tourists from out of the local 

region. 

 

Figure 2. Where Moscow Farmers Market Visitors Live 

 
 

Approximately one half of the shoppers living outside Idaho resided in Pullman, Washington 

or Whitman County, Washington which borders Latah County to the west. Notably, Pullman has a 

small, mid-week, Wednesday afternoon farmers market and does not have a competing Saturday 

farmers market. 

 

Estimating Customer Spending Inside the Market 

Market spending is estimated by “shopping group” – adults who spend from one “wallet.” A 

shopping group is generally one or two adults. The number of adults per shopping group is 

estimated to range from 1.6 to 2.0. On both July 28 and September 8, adults from the same 

shopping group were asked to answer the survey using one dot per question (one answer per 

shopping group) to avoid over counting. Market customers were asked how much they had or 

would spend at the market that day. Response categories were provided (Figure 3). 

Given that Moscow, Idaho and Pullman, Washington are both college towns, frequent 

instances occur when multiple shopping groups from one household (e.g. non-related roommates or 

housemates) visit the market with each spending from their own wallet.  Therefore, a shopping 

group is not synonymous with a household. 
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Figure 3. Shopping Group Spending Inside the Market 

 
 

A “basket” refers to the total dollar value of the market purchases made by a shopping 

group. The size of the average basket (average amount spent per shopping group) was calculated by 

dividing the total amount survey respondents indicated they spent by the total number of shopping 

groups who completed the survey question. Table 1 summarizes the average basket size per 

shopping group on July 28 and September 8. 
 

 
Table 1: July 28 and September 8 Average Market “Basket” Size 

Time Period Average Spent (US dollars) 

 July 28 September 8 

All of market (8:00 am to 1:00 pm) $23.38 $20.48 

First half of market (8:00 am to 10:00 am) $24.83 $22.61 
Second half of market (10:00 am to 1:00 pm) $22.38 $19.44 

 

 

Total market sales are estimated by multiplying the average amount spent per shopping 

group (basket size) by the number of shopping groups. To derive this estimate, we divided the 

estimated number of adult shoppers by the number of adults per shopping group, then multiplied 

the number of shopping groups by the average amount spent per shopping group (basket size). 

On July 28, the average amount spent per shopping group was $23.38 and the average 

amount spent per shopping group on September 8 was $20.48 (Table 1). Using the customer 

counts for each market day (Figure 1), estimated market sales on July 28 ranged from $117,859 to 

$147,323 and estimated market sales on September 8 ranged from $104,940 to $131,174. 

Total estimated annual customer spending was $3,648,487. 

 

Market customer spending based on 2018 market vendor surveys 

Estimated customer spending based on vendor (producer) surveys is the most conservative 

measure of market economic contributions employed in this study and represents the lower- bound 

estimation. Moscow Farmers Market policies require vendors to report their annual sales to the 

market. However, vendors may underreport for several reasons such as the quality of record 

keeping, tax reasons, or implicit privacy concerns, and some vendors ignore the policy 
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and do not report at all. Total reported vendor sales for 2018 was $1,308,908, adjusted for non- 

respondents, which is about $2 million less than revenues reported from the customer surveys. 

This was expected given the estimated underreporting of the vendor surveys. Because the 

consumer surveys are stated preferences, some upward bias may exist in those estimates. We 

report both results representing lower and upper bounds of the contributions from market customer 

spending. 

There is a close link between the Moscow Farmers Market and small, local agriculture 

producers. Approximately $300,000 of the reported vendor agriculture sales (about 50%) were 

estimated to be produced in Latah County, which is a conservative. The remaining agriculture, 

craft, and value-added products were margined in the calculations of economic contributions to 

account for the difference between the market region and the economic region (Latah County). 

The market region is a 200-mile radius around Moscow, but the calculation of the economic 

contributions was for Latah County. 

 

Estimating Customer Spending Outside the Market 

Measuring the economic contributions of local foods can include the “spillover effects of 

implementing local food markets, such as the extent to which local food markets draw shoppers to 

neighboring businesses” (O’Hara and Pirog, 2013, p39). On July 28, RMA dot survey respondents 

were asked how much they anticipated spending outside the market in the downtown area and on 

September 8, they were asked how much they anticipated spending outside the market in all of 

Moscow (Figure 4). 
 

 
 

Figure 4. Spending Outside the Market 

 
 

On July 28, the average amount spent per shopping group in downtown was $13.05 and 

the average amount spent per shopping group in all of Moscow on September 8 was $17.05. 

Using the customer counts for each market day (Figure 1), estimated spending outside the market 

in the downtown area on July 28 ranged from $65,785 to $82,231 and estimated spending outside 

the market in all of Moscow (including the downtown area) on September 8 ranged from $87,364 

to $109,205. The customer spending in all of Moscow (including the downtown area) outside the 

market during the 2018 market season was estimated at $2.84 million. These sales 
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were assigned 50% to the eating and drinking establishment sector and 50% to retail-trade sector in 

IMPLAN. 

 

Contributions of brick and mortar businesses incubated in the market 

The Moscow Farmers Market serves as a community business incubator encouraging 

entrepreneurship and fostering new business innovation. This attribute of the market has been 

encouraged, monitored, and supported by Moscow Farmers Market management and the Moscow 

Chamber of Commerce. In 2016, they estimated that approximately 15-20 processed or prepared 

food market vendors had expanded into successful permanent brick and mortar firms and that these 

firms would likely not exist in the absence of incubation assistance from the market. 

To estimate the economic contributions of businesses incubated in the marked, we utilized 

payroll and employment data from a survey we conducted in 2016 of six restaurants and seven 

processed food firms identified by market management and the Chamber of Commerce as having 

been incubated in the market. Due to the sensitivity of the data collected, the 2016 survey was 

conducted through in-person interviews. Interviews were conducted by the Moscow Farmers 

Market manager, the Moscow Chamber of Commerce, and University of Idaho Extension. This 

data was entered into the 2018 IMPLAN model. 

Based on RMA surveys and other previous analyses of downtown market businesses, we 

estimate that 60% of the revenues of the 13 firms surveyed were basic, new monies from 

nonresident customers (i.e. Pullman and elsewhere) or lost revenues from local residents that would 

have dined and shopped out of town in the absence of these firms. The total basic annual sales of 

brick and mortar and related market spinoffs is estimated at $1.683 million annually. 

The remaining 40% is non-basic or resident spending and not counted in the 

calculation of economic contributions. 

 

Market Financial Sustainability 

In 2018, the City of Moscow ran an approximate operating deficit of $70,181 for the farmers 

market (after netting out vendor revenues) as reported by the city. The estimated property taxes 

generated by the contributions of the market are $138,558 (as reported from IMPLAN), creating a 

technical surplus $68,377. There are two considerations. First, some of the city expenditures might 

have been incurred anyway in the absence of the market, reducing the deficit. Secondly the 

property tax revenues are generated across all taxing districts, including the city. The study 

concluded that operating the market is at or close to fiscal breakeven. This is an area for future 

research. 

 

Summarized Approach of Analyses 

Annual direct community market customer spending including customer spending inside and 

outside the market was estimated as $6.49 million based on the 2018 RMA surveys. For the 2018 

RMA surveys, the average market (inside) spending was averaged to an estimate of $21.93 and the 

average spending in Moscow (outside the market) was $17.05. We assumed a per-wallet measure 

with a group size of 1.6 persons. The annual spending from brick and mortar and related market 

spinoffs was $1,683,000. Total direct annual gross spending related to the market was $8.312 

million. Direct Latah County agricultural production included in the analysis was $300,000. It was 

assumed that market spending was 60% basic, and included in the economic contribution analysis, 

and 40% non-basic and not included in the economic analysis. 
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Of the basic activity, it is assumed that 51% originated from nonresidents (as validated by 

the 2018 RMA surveys), and the balance of 9% represented Moscow patrons who would have spent 

their monies outside of Moscow (i.e. import substitution) for a total of 60%. The total spending is 

assigned to industry sectors in IMPLAN based on the vendor survey. One of the benefits of the 

market is providing local shopping and family entertainment opportunities on summer and fall 

Saturdays, keeping local spending in Moscow instead of leaking outside to the regional economy. 

 

Summary Results 

The primary indicators of economic activity most relevant to this economic contribution 

assessment are earnings (payroll), jobs, and taxes. The Moscow Farmers Market creates total 

economic contributions of 113 annual jobs, wage, and salary payments of $2,433,642, and total 

output (sales) of $6,485,062 (Table 2). These contributions are separated into four categories. 

First, the market contributions based on RMA customer surveys were 22 annual jobs, $542,333 

in wages and salaries, and $1,312.998 in annual output. These are net, subtracting out the contributions 

measured by the vendor surveys. Second, the market contributions based on the vendor surveys were 

13 annual jobs, $303,415 in wages and salaries, and $734,574 in annual output. This represents a 

lower-bound estimation of downtown (inside) market contributions. 

Combined categories 1 and 2 represent an upper-bound estimation of spending inside the 

market. The third category is from the brick and mortar/spinoffs, which created contributions of 48 

annual jobs, $988,621 in wages and salaries, and $2,631,938 in annual output. The fourth category 

reports contributions from Moscow visitor expenditures in Moscow outside the market area, which 

were 30 annual jobs, $599,272 in wages and salaries, and $1,805,062 in annual output. 

The 2018 economic contributions of the Moscow Farmers Market, including the direct, 

indirect, and induced contributions, are reported by category in Table 2. The individual categories 

are reported separately to provide a range of contributions based on each type of market activity 

and market measure. The total estimated market contributions include the upper bound estimates of 

spending inside the market, brick and mortar contributions and Moscow visitor expenditures 

outside the market (Table 2). A comparison of the 2018 RMA results to previous Moscow Farmers 

Market customer spending and RMA studies indicate the 2018 upper bound results appear to be 

reasonable (Argona, 2013; Williams, 2011). 
 

 
Table 2: 2018 Economic Contributions of the Moscow Farmers Market - Includes the 

Direct, Indirect, and Induced Contributions 

Category Jobs Wages/Salaries Output 

1) Market visitors (customer survey) net 22 $542,333 $1,312,998 

2) Market visitors (vendor survey) 13 $303,415 $734,574 

3) Brick and mortar/spinoffs 48 $988,621 $2,631,938 

4) Outside visitor spending in Moscow 30 $599,272 $1,805,552 
     Total 113 $2,433,642 $6,485,062 

Tax Contributions Local State Total 
Taxes generated by market activity $138,558 $266,613 $405,171 

a Rounded to the nearest U.S. Dollar 
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Table 3 reports the economic contributions by direct, indirect, and induced effects. It also 

reports the respective multipliers. The average “effective” sales (output) multiplier for the 

IMPLAN model was 1.45, labor income was 1.29, and employment multiplier was 1.18. For each 

direct job, a total of 1.18 jobs are added to the regional economy. 
 

 

Table 3: Economic Contributions Reported by Direct, Indirect, and Induced Effectsa 

Impact Type Jobs Labor Income Output 

Direct Effect 96 $1,882,092 $4,470,831 

Indirect Effect 7 $ 235,352 $890,366 

Induced Effect 10 $ 316,196 $1,123,866 

Total Effect 113 $ 2,433,642 $6,485,062 

Multipliers 1.18 1.29 1.45 
a Rounded to the nearest U.S. Dollar 

 

Are the Estimated Economic Contributions Reasonable? 

This study casts a wide net across all the important activities and functions of the market, reflected 

in the results. We report the contributions by category so that the individual components of the 

contributions can be seen and measured. Approximately 266,214 customers visited the market in 

2018 of which 135,769 visitors or 51% were nonresidents. Given the high volume of visitors, even 

a relatively small amount of spending can have large economic contributions. The key question is 

how much of that spending “sticks” in the community and contributes to the economy. Moscow 

has a vibrant downtown with a significant eating and drinking and small-firm specialty-shop 

sector. The market clearly is an important contributor to the economic activity that supports these 

firms. 

 

Conclusion 

The City of Moscow has an award-winning farmers market that is growing robustly and 

contributing economic benefits to the downtown community. The market provides a steady flow of 

annual visitors to downtown Moscow bringing new money to the Moscow economy. About 61% of 

market customers visit the market before 11 am, creating a wave of shoppers every market Saturday 

at the start of the business day for Moscow firms. 

Annual visitor spending was estimated at $6.49 million by the 2018 RMA surveys. 

Economic contributions of the market including multiplier effects were an estimated $6.46 million 

(in output) and 113 local jobs. Estimated annual state and local tax contributions of the market 

were $138,558 in property taxes and $405,170 in state sales, excise, and income taxes. Factoring 

in the multiplier effects, with the net property tax contributions, the market is financially self‐

sustaining. 

Support and participation are vital for community enterprises, such as the Moscow 

Farmers Market, to grow and prosper. The Moscow Farmers Market has received substantial 

community support and financial assistance from the City of Moscow. It is clear from this 

analysis that the Moscow Farmers Market is a significant asset to the City of Moscow and has 

significant positive direct and indirect contributions to the local economy. With the rise of 

COVID-19, it is important that the success of the Moscow Farmers Market be monitored, and 

support be provided to assist market vendors and downtown shops as they rebound post- 

pandemic. 
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Abstract 

Economic viability is challenging for most small-scale agricultural producers, perhaps especially in 

the Sierra Nevada Foothills. Profitability, a key determination of long-term sustainability, is 

particularly difficult to achieve. Since 2008, we have been conducting a combination of structured 

business planning educational programs while supporting the creation of producer-to- producer 

networks to support further inquiry into production and business management topics, provide 

feedback on key decisions, and bring about accountability. Past participant surveys have 

demonstrated that these programs improve the likelihood of profitability compared with 

nonparticipant producers. We specifically describe two case studies, the Foothill Grazing Geeks and 

the Mandarin Growers Collaborative. 

 

Key words: Economic viability, farm profitability, farmer-driven learning, peer-to-peer 

networking. 
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Introduction 

The long-term sustainability of ranching and farming in the Sierra Nevada Foothills is tied directly 

to long-term economic viability. Rangeland livestock operations (primarily beef cattle, but also 

sheep and goats) tend to be relatively small and part-time in nature. For example, the average herd 

size for a commercial beef cattle operation in Placer and Nevada Counties is 25 head, and mostly 

part-time. Foothill farms are very diverse, but also small scale: 81.4% farm less than 50 acres, and 

97.2% have gross sales of $250,000 or less (USDA, 2019). 

According to the last two Censuses of Agriculture, profitability is challenging for producers 

in Placer and Nevada Counties – 25-26% of the agricultural operations in the two counties reported 

a net gain (profit) in the 2012 and 2017 Census, respectively. The average annual profit per 

operation was nearly -$4,000 – in other words, the average agricultural business in these two Sierra 

Nevada Foothill Counties lost nearly $4,000 per year according to the 2017 Census of Agriculture. 

While some of the operations included in the Census may farm for reasons other than profitability, 
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producers who operate farms and ranches as businesses may be more motivated to improve 

economic performance. 

To address this fundamental challenge, the University of California Cooperative Extension 

(UCCE) program in Placer and Nevada Counties has conducted farm and ranch business planning 

educational programs since 2008. A survey of 56 program participants conducted in 2016 indicated 

that 86% generated a profit for their businesses and paid themselves a salary as business owners. 

This data seems to indicate that training in and implementation of business planning and economic 

analysis can greatly improve economic performance. 

These educational programs combine structured training and informal, peer-to-peer 

networks designed to support the economic viability of Sierra Nevada farms and ranches in 

Northern California. Key features of these programs are the integration of producers as teachers, as 

well as the support of peer-to-peer networks that support further inquiry, provide feedback on key 

decisions, and bring about accountability. Research has shown that if producers know and trust each 

other, they are more likely to adopt a practice being used by another producer (Takahashi, et al. 

2015). Our experience shows that involving producers in the design and conducting of research and 

as trainers and experts in extension leads to more rapid information dissemination and adoption of 

new practices. Furthermore, by combining farming and ranching businesses in the same courses, we 

have found that cross-pollination of ideas and approaches to management and marketing benefit all 

producers. 

 

Program Objectives 

The objectives of these efforts are to improve foothill and mountain agricultural economic 

viability through formal and informal educational programming and to provide long-term support 

for producers. A key component of both objectives is the creation of and support for peer 

networks. 

 

Program Steps 

We have designed our educational programs to meet the needs of a continuum of experience 

levels, from beginning farmers and ranchers to long-term, multigenerational producers. 

Accordingly, we have developed a progression of structured educational programs beginning with 

our half-day “So You Want to Start a Farm” workshop (for aspiring farmers and ranchers) to our 2-

day, 20-hour Beginning Farming Academy (for new farmers and ranchers who may or may not have 

already begun producing), to our 6-week, 8-session Farm/Ranch Business Planning Short Course 

(for existing producers), to our periodic Advanced Farm/Ranch Business Planning Workshops (for 

Short Course graduates). 

These training programs focus on resource evaluation (land, financial, and human), 

marketing, economic analysis, financial record-keeping, and risk management. By creating a 

progression of workshops and short courses, we have created opportunities for participants to form 

cohorts of producers. Many producers have progressed from the “Start a Farm” level through 

Farm/Ranch Business Planning. By creating cohorts of participants, we have enhanced the support 

network available to these producers beyond the classroom. 

During the last session of each short course, each farm or ranch (which may be represented 

by more than one individual) creates a short-term (6 month-) and long-term (5 year-) action plan, 

which they present to the rest of the class. To increase accountability for completing these action 

plans, operations are paired and asked to check in with one another over the ensuing 6 months. At 

the end of 6 months, one of the operations hosts a potluck to discuss progress and 
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challenges. This long-term follow-up has resulted in long-lasting, peer-to-peer networking and greater 

success in implementing business and financial goals. 

 

Evaluation 

We evaluate impacts immediately following the short course via written evaluations. We also 

periodically survey program participants regarding profitability and business evolution. In addition 

to this quantitative analysis, we check in with short course alumni via virtual and in- person 

meetings to discuss both success stories and ongoing/emerging challenges. These informal check-

ins provide opportunity for further producer-to-producer collaboration. 

 

Project Outcomes 

Over the years of delivering Farm/Ranch Business Planning training, we have conducted surveys of 

graduates to understand the impacts of our educational programs and future programming needs. In 

2016, 32% of survey respondents were earning at least the county median income from their 

agricultural operations. Over 86% of participating business owners reported being profitable and 

paying themselves a salary compared to 26% of Placer and Nevada County farms who reported “net 

gains” on the 2012 Census of Agriculture.  While the survey population (n=56) was significantly 

smaller than the producer population reflected in the USDA Ag Census, it may be an indicator of 

our program impacts. 

In 2019, two participating ranching businesses reported that they utilized the analysis tools 

and peer feedback provided in the Short Course to expand their most profitable enterprises 

sufficiently to increase profit and enable them to hire full-time employees. 

 

Case Study: The Foothill Grazing Geeks 

Beyond the success of these programs at the individual operation level, several peer-to-peer 

networks have created new opportunities for collaboration and continued learning. One example is 

an informal group of ranchers who call themselves the Foothill Grazing Geeks. This peer-to- peer 

group was initiated by a producer (Rob Thompson) and is comprised of seven livestock operations 

in Placer and Nevada Counties. UCCE engages with the group to provide structure and facilitation, 

but the group determines meeting and discussion topics internally. 

This group has focused its collaboration on three general areas: self-education, external 

education (of other ranchers), and informal business collaboration/joint ventures. The group meets 

at a member’s ranch or in the UCCE office periodically. The host member typically poses a 

production or business management question to the group. For example, one member from Lincoln, 

California, asked for group input on grazing management and fencing design. 

Alternatively, the group will invite outside experts (including UCCE specialists and other 

ranchers) to discuss a specific topic of interest to the entire group. Generally, these internal 

meetings include a meal as well. 

The Foothill Grazing Geeks have also participated in providing education to ranchers 

outside the group. Group members often participate on panel discussions about a variety of topics 

(from drought management to protecting livestock from predators). In 2018, the group organized 

a Grazing Technology Field Day in Placer County, which included presentations on irrigation 

systems, fencing systems, stock water systems, electronic identification, and genetic 

improvement. 

Finally, and perhaps most importantly, the trust that has developed between group 

members has created opportunities for joint ventures and other business-to-business 
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collaboration. Several members operate grazing-for-hire businesses focused on fuel-load reduction 

and weed management. These members have leased livestock to one another for specific projects 

and regularly help each other with transportation and labor needs. Members have also purchased 

feed and other supplies in bulk to reduce costs for individual operations. During the dry autumn of 

2019, one member provided access to forage on land he had contracted to graze to other members 

who were facing the prospect of selling animals due to lack of forage. 

 

Case Study: Mandarin Grower Collaborators 

A second example of a local peer-to-peer network is a group of six citrus producers. The group 

was initiated by UCCE in 2016 to develop and manage participatory on-farm research on citrus 

pruning and mulching. It has evolved beyond research into an effective information sharing 

network through quarterly meetings and weekly informal networking. The relationships among the 

participants have led not only to adaptation and adoption of improved practices, but also 

cooperative marketing and purchasing, and mutual aid for labor and equipment. The collaboration 

may be leading to a cooperative or collective business, which would have economies of scale that 

these small-scale producers cannot achieve on their own. 

The peer-to-peer learning network has also expanded to other producers through informal 

peer-to-peer sharing and by mandarin collaborators providing educational workshops and field 

meetings. Collaborators adopted improved practices and influenced other growers to do so. 

According to a 2019 survey of mandarin growers (n=38), adoption of the new practices 

improved profitability. Sixty-eight percent of survey respondents reported increased profit from 

pruning, and 16% from mulching. The learning around production practices has expanded the 

network and improved cooperation and information sharing among local citrus producers, leading 

to improved economic viability for small farms. 

These business-to-business collaborations among both ranchers and farmers require a 

level of trust and communication that goes well beyond what can typically be developed in a 

classroom or workshop setting. 

 

Lessons Learned 

While formal extension programming can provide an important foundation for producers to 

understand economic, financial, and business management principles, this program is greatly 

enhanced and supported by informal peer networks. These peer groups reinforce economic and 

business management principles, create accountability, and foster greater information sharing 

between producers, as well as between producers and extension professionals. Ultimately, these 

peer groups create a sense of community among producers, which supports further innovation, 

collaboration, and success at the individual business level. 

Despite the progress made through organized educational programming and peer-to-peer 

learning, many challenges remain. Many operations remain part-time businesses, due to scale of 

operation and to the need for off-farm income during portions of the year. Barriers to scaling up 

include access to capital and access to land (through lease arrangements or ownership). 

Research suggests that farmers and ranchers are more likely to adopt new practices when 

they know these practices have been successful for their peers (Lubell et al. 2014). We have found 

that productive peer groups require time to develop trust between members, and need to be an 

appropriate size (large enough to include diverse perspectives and operations; small enough to 

support honest communication between members). 
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Abstract 

Southeast Asian farmers in Fresno County are a socially disadvantaged group, which grows more 

than 14,000 tons of specialty crops per year. They typically sell produce at farm stands, Asian 

grocery stores and farmers markets throughout California. While previously they were unable to 

participate in farm-to-school programs in local school districts, technical assistance from a non- 

profit and a university extension program succeeded in a pilot program for institutional procurement 

at the Fresno Unified School District. Three farmers became vendors after barriers were addressed. 

We highlight the process and the outcomes of collaboration and advocacy. 

 

Key Words: Institutional procurement, Southeast Asian farmer, farm-to-school. 
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Introduction 

As early as 1996, farm-to-school programs (FTS) began to develop across the country, largely due 

to growing concerns about children’s health (Feenstra & Ohmart, 2012). The Farm-to- School 

Network (FTSN) identified several economic benefits from FTS programs, such as producing 0.27 

to 2.35 jobs for every job created by school districts purchasing local foods and stimulating an 

additional $0.60-$2.16 of local economic activity for each dollar invested in farm- to-school 

programs (Farm to School Network, 2020). 

In 2015, the United States Department of Agriculture (USDA) developed the Farm-to- 

School Census questionnaire and distributed it to schools to assess their engagement in FTS 

programs during the 2013-2014 school year (USDA, 2015). A total of 42,587 schools in 5,254 

districts across the country participated in these programs. The Fresno Unified School District 

(FUSD) had not yet engaged in FTS procurement practices in 2015. The economic impact of these 

investments in the local community was estimated at $789,000,000. In California alone, 5,498 

schools in 373 districts invested $56,662,694 (USDA, 2019). 

In 2017, the Asian Business Institute and Resource Center (ABIRC), with support from the 

University of California Cooperative Extension (UCCE) small farms extension program in Fresno 

County, began developing a farm-to-school program connecting local Southeast Asian (SEA) 

farmers to the FUSD. A UCCE survey found there were more than 1,300 SEA farming families in 

Fresno County in 2007 with average farm sizes of 5.8 acres, 7.8 acres, 6.3 acres, and 
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9 acres for Hmong, Lao, Mien, and Vietnamese farms, respectively (Molinar et al., 2007). SEA farms 

in Fresno County produce around 14,000 tons of traditional Asian crops, e.g., bittermelon, moringa, 

opo, for an average value of $17,500,000 per year in addition to mainstream vegetable crops for 

farmers markets (University of California Agriculture and Natural Resources, 2019). 

According to the 2018 Farm Bill, these farmers are considered a “socially disadvantaged 

group,” defined as one whose members have been subject to racial, ethnic, or gender prejudice 

because of their identity as members of a group without regard to their individual qualities (USDA-

Economic Research Service, 2019). FUSD’s Food Services Department has a goal of increasing 

local food procurement by 3-5 percent annually and a supply chain preference for small- (between 

$1,000 and $250,000 in gross annual sales) and medium-sized (generates up to $1,000,000 in gross 

annual sales) operations (FUSD, 2019). 

While SEA farmers in the Fresno area meet size requirements, FUSD had not previously 

been open to purchasing from these farmers due to smaller volumes available from individual farms 

and requirements for food safety third-party audits. One SEA strawberry farmer had been accepted 

as a vendor, but the contract was terminated by FUSD due to the low volume and short shelf life of 

the strawberry variety. Despite the barriers, farm-to-school sales could benefit SEA farmers as 

prices are higher than wholesale. For instance, produce sales under $10,000 would qualify for retail 

price purchasing rather than wholesale. ABIRC and UCCE began discussions with the FUSD 

Nutrition Department with the following objectives: 1) identify barriers to local procurement, 2) 

select crops currently produced on SEA farms appropriate for the FTS program, and 3) work with 

FUSD and farmers to overcome barriers to meet FUSD’s requirements. 

 

Project Steps 

 

Identifying Barriers to Local Procurement 

Early discussions with FUSD identified the major impediments to SEA farmers becoming FUSD 

vendors. SEA farmers had difficulty filling out the form due to limited English language 

proficiency, literacy issues, and the lack of bilingual staff at FUSD’s Purchasing Department to 

assist them. Purchasing required that vendors under contract furnish Comprehensive General 

Liability Insurance up to $2,000,000. While some farmers had insurance, their limits were much 

lower than the requirement, and the additional coverage would cost more than they would earn if 

they added FUSD as an additional insured. FUSD required farmers and their employees to be 

trained in current food safety procedures and that all products be produced and handled in 

accordance with applicable sanitary practices (FUSD, 2019), including passing a third-party audit. 

While training in Good Agricultural Practices (GAPs) is available at no cost from UCCE, 

the cost of third-party audits, an excess of $600 per farmer, was a barrier for all the SEA farmers. 

Another obstacle posed by purchasing was the guarantee of a seven-day shelf life after delivery, a 

difficult assurance due to extreme temperatures in the region during the summer months. 

Lastly, FUSD could only purchase under $10,000 from an individual farmer without 

requiring a competitive bidding process that would likely result in competition with larger farms 

offering lower prices. 

 

Outreach and Technical Assistance 

The ABIRC provides culturally appropriate technical assistance to SEA businesses and farmers in 

the Central Valley, and UCCE in Fresno County assists small-scale farms through extension 
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support, bilingual training, research on specialty crops, and policy engagement. To prepare SEA 

farmers for institutional procurement, ABIRC met with 30 SEA farmers and discussed the 

opportunities and challenges at FUSD including food safety requirements and liability insurance. In 

June of 2019, discussions began for FUSD to purchase specialty crops from SEA farmers. 

Supported by UCCE, ABIRC staff provided technical assistance for SEA farmers to fill out the 

vendor application, obtain liability insurance and become vendors in one of the largest school 

districts in the region. 

 

Crop Selection and Food Safety Requirements 

The FUSD requirement for third-party food safety audits was identified as a major barrier for 

small-scale SEA farmers due to the cost they would incur and the challenges with recordkeeping 

for limited-English and limited-resource farmers. To address the barriers of food safety 

requirements, green beans, Thai chili peppers, and Kabocha squash were selected as crops that 

would be cooked before serving in meals, providing a kill step that would eliminate human 

pathogens potentially present on raw produce. FUSD also agreed to consider UCCE’s food safety 

training in GAPs as meeting their food safety requirements for the lowest tier of their bidding 

process (under $10,000). This voluntary training is available without cost to small-scale farmers in 

Fresno County through UCCE’s ongoing food safety workshops and one-on-one technical 

assistance. 

 

Evaluation Methodologies 

Farmers who had become vendors were interviewed about the procurement process and its financial 

implications for their operations. The two farmers who successfully completed the procurement 

process indicated that the payment process was long due to the bureaucracy of multiple departments 

working to generate the purchase order and payment. Nonetheless, they received market retail 

prices. The Kabocha squash was not ready to be harvested at the time that FUSD needed it; thus, 

the third farmer became a vendor, but did not benefit from a FUSD sale (the farmer was able to sell 

the squash later in other market channels at harvest). Prices received by farmers as FUSD vendors 

were compared to USDA Agricultural Marketing Service terminal market prices for the date ranges 

during which crops were sold to FUSD to determine the increase in price from school district 

procurement. 

 

Project Outcomes 

The Thai chili farmer dropped off two boxes to FUSD for a trial recipe for a Thai chili sauce for 

their eggrolls. FUSD’s Nutrition Department created the recipe with some suggestions from 

ABIRC and UCCE and tested it with staff and students. The sauce, a value-added product, was 

well received and proved to be a media-worthy success story (HmongUSA TV, 2019). After the 

news release, other schools and districts inquired about sales (FUSD, November 2019). Then, 

FUSD decided to invest in a machine that would package the sauce in small containers to share 

with/sell to other schools and districts. The initial financial impact was a total of $9,807.20 for 46-

40 lb. boxes of Thai chilis for the farmer at $5.33/lb., over double the current wholesale price of 

$2.60/lb. The second farmer received $9,990 for 222-30 lb. boxes of green beans at $45 per box, a 

68.5% increase over the current wholesale price of $26.69/lb. The farmers who became vendors are 

now in the FUSD system and can continue to offer crops for procurement in the future. 

Additionally, the success of this effort has the potential to benefit other small scale, socially
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disadvantaged farmer communities such as African American farmers and Latino farmers in the 

region. 

 

Discussion 

Efforts to involve small-scale SEA farmers in a farm-to-school program with FUSD resulted in a 

pilot project in which two farmers became vendors with the school district, and the school district 

committed to investing in equipment to continue preparation of a sauce using one of the crops 

procured.  The district’s value-added strategy increased the value of the SEA specialty crop and 

may increase future efforts with other agricultural commodities. 

The competitive bidding process presents a difficulty for smaller farmers as they may be 

easily outbid by larger farmers that can offer lower prices and prevent the district from making any 

commitment to purchasing from smaller, SEA farmers. As a result, difficulty arises for both farmers 

and FUSD to plan institutional procurement for specific crops during the school year. 

To expand on these initial successes, we recommend a modified process allowing FUSD to 

make contracts with farmers and with the SEA farmer community to seek cultural brokers like 

ABIRC and UCCE as needed to advance community prosperity. 
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Making Headway on the Hemp Industry in Colorado: The CHAMP Initiative 

By Rebecca Hill1, Daniel Mooney2, and Dawn Thilmany3 

 

Abstract 

Establishing state hemp programs in the U.S. West creates an increased need for economic 

professionals to understand key supply chain issues for this new alternative crop. The Colorado 

Hemp Advancement Management Plan (CHAMP) is a comprehensive blueprint for the state’s 

fledgling hemp industry. Making the plan entailed an examination of the complete supply chain, 

with input gathered from over 150 stakeholders organized into 8 thematic supply chain groups. This 

article reflects on the CHAMP initiative by describing the state’s hemp sector and summarizing key 

issues related to research and development, cultivation, testing, processing, transportation, 

manufacturing, and banking and insurance segments of the supply chain. These issues will likely 

pertain to other western hemp programs beyond Colorado as they also make headway into this 

sector. 

 

Introduction and Background 

As a new cash crop for the U.S. West, industrial hemp has received considerable attention from 

public and private stakeholders who view it as a potential alternative enterprise to improve producer 

profitability and well-being. In addition, industrial hemp may stimulate economic development 

through job and business creation in downstream segments of the supply chain. 

Yet, integration of a new crop such as hemp into state, regional, and national economies presents 

considerable challenges. Many growers in early hemp-producing states received healthy profits as 

the crop first became legalized. More recently, the industry has seen a rapid decline in prices as the 

result of surging supply and stagnant demand prospects. Furthermore, cultivating, processing, and 

marketing of hemp products are highly regulated undertakings due the crop’s similarities to 

marijuana. The effect of this connection also impacts supporting sectors such as research and 

development, banking and insurance, transportation, manufacturing, and retail. 

Colorado was an early mover in reintroducing hemp to the United States, establishing a state 

hemp pilot program in 2014 under the 2014 Farm Bill (Agricultural Act of 2014). Colorado was one 

of only four states to report hemp acreage in 2014.  As of July 2020, Colorado’s program continues 

under its pilot status, but will transition to a new state plan later in the year that aligns with updated 

hemp provisions in the USDA’s Interim Final Rule (IFR) and the 2018 Farm Bill (Agricultural 

Improvement Act of 2018). During this pilot period, Colorado’s hemp rules and regulations 

continuously evolved in response to feedback to improve their effectiveness, increase efficiency and 

transparency, and adapt to unanticipated issues and challenges. A key process to gather this input 

was the Colorado Hemp Advancement and Management Plan (CHAMP) initiative. This initiative 
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involved numerous in-person feedback sessions with over 150 participating individuals who 

represented stakeholders from 8 hemp supply chain segments: research and development, 

cultivation, testing, processing, transportation, manufacturing, marketing, and banking and 

finance. 

The 2018 legislation allows for hemp production in all states, tribes, or territories with an 

approved state plan. It also harmonizes state-level rules regarding inspection, sampling, and testing 

for THC and authorizes federal programs to offer products such as loans and crop insurance to 

hemp growers. Nevertheless, states, tribes and territories retain flexibility in developing their plan 

in accordance with their agricultural, economic, and regulatory contexts. 

The early experience of Colorado and the participatory CHAMP input gathering process 

stand to offer lessons to other states only recently approving hemp cultivation. In this article, we 

provide brief context on Colorado’s hemp sector and then summarize key supply chain topics 

identified by stakeholders as part of the CHAMP initiative process. These topics will likely be 

relevant to other western states. 

 

Hemp in Colorado: A Snapshot 

The Colorado hemp industry is still emerging, and few sources of concrete data exist. The Colorado 

Department of Agriculture’s Industrial Hemp Program (CDA-IHP) oversees rules and regulations 

related to hemp seed certification, cultivation, inspection, and handling. Colorado hemp producers 

are not required to use certified hemp seed but doing so can reduce risks associated with varietal 

impurities, poor germination rates, or high THC levels. Currently, there are 17 hemp cultivars 

approved into the seed certification program (CDA, 2019). 

In terms of cultivation, statistics reported by CDA-IHP show registered hemp area 

increasing from 1,811 to 88,743 acres between 2014 and 2019--more than a forty-fold factor-- 

with the number approximately doubling year over year during that period (CDA, 2020a). 

Registered indoor square footage saw a similar magnitude increase in area rising from 0.3 

million square feet (s.f.) to 15.4 million s.f. over the same period. Figure 1 shows the location of 

registered hemp acres by county. Hemp production appears to be relatively well distributed across 

the state. Although some regional concentrations of higher production and some counties without 

registered acreage exist. Importantly, actual acres and square footage planted and harvested are 

consistently lower than hemp area registered due to factors such as grower inexperience, a lack of 

financing, or inability to secure inputs like seed or clones. With national declines in prices of up to 

80% for raw and processed hemp products in 2019, expected registered and actual hemp acreage in 

2020 is anticipated to fall below 2019 levels. 

Under state pilot program provisions, CDA-IHP selected a sample of hemp registrations at 

random for on-farm inspection each year. Most recently in 2019, CDA-IHP inspected just under 

25% of the total hemp registrations. Samples representing about 17% of the acres tested were found 

to be non-compliant with established THC thresholds (State of Colorado, 2020). A large majority of 

the non-compliant samples were below a 1% THC threshold, with only a handful above that level. 

As Colorado transitions away from operating under its 2014 pilot program and into an updated state 

plan approved by the USDA under the 2018 Farm Bill, inspections will be required of all hemp 

registrations, not just a random sample of the population. 

The relative importance of hemp cultivation in Colorado can be understood by comparing its 

footprint to other specialty crops in the state, and by comparing it to other hemp-producing states. 

Within Colorado, the 2019 registered hemp area of over 88,000 acres is about 75% larger than that 

for potatoes, the number one specialty crop in Colorado in terms of value of production. 
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Even if hemp area remains below 2019 levels going forward, it will likely remain an 

economically significant crop for the state. When comparing hemp area in Colorado to other states, 

Colorado may also be seen as a national leader. In 2018, Colorado was the largest of only four 

states (Colorado, Kentucky, Montana, and Oregon) which had reported a hemp area above 5,000 

acres. In total, Colorado hemp acreage that year represented around one-third of total reported U.S. 

hemp acreage (Mark et. al, 2020). 
 

 

Figure 1. Registered Hemp Acres by County, 2018 

 
 

Future patterns of hemp production will be influenced by multiple factors that are hard to 

predict, such as the continued number of hemp growers, average hemp area planted, and processing 

capacity. Many registrations during the pilot program period were for small- to micro-sized areas of 

less than one to two acres. Turnover was also a factor with many registrants producing hemp for 

only a single year. Anecdotal evidence also suggests that production and marketing contracts played 

an important role in grower access to processing, but more information is needed to evaluate this. 

The continued development of vertical relationships and spot markets for raw and processed 

hemp products is therefore expected to shape the sector. Reliable information on hemp marketing 

channels is scarce, but the CDA maintains lists of approved product dealers and commodity 

handlers with over 160 approved dealers and over 30 approved handlers, respectively, for hemp as 

of mid-2020 (CDA, 2020b). 

The Colorado Department of Public Health and Environment (CDPHE) maintains a list of 

extraction and food processing businesses that are approved to supply food- and supplement- 

grade hemp products such as CBD, other essential oils, or protein. Between 2017 and spring 2020, 

the CDPHE approved over 640 hemp-related businesses, including over 110 extractors. About 

three-quarters continue to handle hemp as of mid-2020. 
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While these numbers provide insight into the potential for job and business creation within 

the hemp sector, they do not capture all possible hemp processing and manufacturing applications. 

However, we could not identify a comparable source of information on other hemp manufacturers 

and processors that produce non-food industrial items like textiles or building materials. 

 

Colorado Hemp Advancement Management Plan (CHAMP) 

Conversations with stakeholders across the supply chain have always been important to emerging 

markets, and Colorado’s state hemp pilot program is no exception. Colorado has taken steps to 

increase conversations and engage stakeholders about its emerging hemp industry.  In the summer 

of 2019, Colorado Governor Jared Polis announced the Colorado Hemp Advancement Management 

Plan (CHAMP) initiative. The initiative involved an examination of the complete industrial hemp 

supply chain with the goal of establishing a comprehensive blueprint for managing and advancing 

the emerging industrial hemp industry. Under the CHAMP initiative, stakeholder groups convened 

to provide a platform for stakeholders to work together to identify key issues and actions for the 

emerging industry. 

The CHAMP initiative created a structure under which industry experts, tribes, local 

governments, regulatory agencies and farmers could sit around a table together. In total, 8 

stakeholder groups with 15-25 participants each were formed around different segments of the 

hemp supply chain. In addition to the identified stakeholders, all stakeholder meetings were open to 

the public to listen and provide feedback. The focus of these 8 groups spanned the hemp supply 

chain and were: R&D and seed, cultivation, testing, transportation, processing, manufacturing, 

marketing, and banking and insurance (Figure 2). The CHAMP process lasted a little over a year 

with each stakeholder group holding three in-person discussion meetings which identified key 

issues, possible actions, and future needs. 
 

 

 
Figure 2. Schematic of the Eight CHAMP Stakeholder Groups 

 
 

Output from these stakeholder discussions form the backbone of the final CHAMP blueprint 

report which will be released in Fall 2020. The blueprint report will address current agency 

oversight and resources, as well as stakeholder suggestions for future industry guidelines, and areas 

where further research and/or support is needed for each of the identified key issues. 

The key issues, or recommendations, were identified through an iterative process. In July 

2019, the CHAMP executive committee met to develop initial discussion topics for each 

stakeholder group. The stakeholder groups met throughout 2019 with the opportunity to add other 

topics. 

Then, topics were compiled and consolidated to create action items around the key issues. 

These key issues, as well as associated actions, identified by each of the 8 stakeholder groups are 

outlined below. 
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Economic professionals in other western states who are involved or interested in developing 

their own state plans and regulations will likely find the issues below, which were identified by our 

stakeholder groups, pertinent to their own contexts. The goal is for these recommendations to 

provide a regulatory foundation for the development of the hemp industry in Colorado and represent 

areas of general agreement among stakeholders. 

 
Stakeholder Group 1: Research and Development and Seed 

● Issue 1a: Hemp seed and clone certification: Colorado currently has a hemp seed 

certification program which stakeholders indicate should largely remain the same and 

includes THC verification completed by the Colorado Department of Agriculture. 

Suggestions for program enhancement include expanding the program to include a clonal 

certification and feminized seed certification. 

● Issue 1b. Cross-pollination risk: Currently, producers must choose their crop location 

without an accurate understanding of the cross-pollination risk factors to which they are 

exposed. A need exists for the establishment of an information program where producers 

are notified of how many hemp crops are located nearby. This could be an enhancement to 

the current hemp producer database system to be combined with GPS data, creating a 

notification to producers when their crop is within a pre-determined distance of another 

registered hemp lot. 

● Issue 1c. Seed production and genetic research: Current federal rules do not provide 

special provisions for genetic research and development for plant breeding. Seed 

research and development require trial and error across multiple generations before 

genetics are stabilized and predictable. This process may yield plant materials that 

violate the THC requirements. Once feasible under federal regulations, separate 

regulations need to be developed specific to seed research and development. 

 

Stakeholder Group 2: Cultivation 

● Issue 2a. Post-harvest testing and non-compliant plant material disposal: Federal rules 

require that non-compliant plant materials be destroyed. There are several areas where 

the current Colorado programs are not compatible with the present USDA IFR, but the 

state intends to make necessary adaptations. Over the longer term, stakeholders 

identified areas for rule adaptation that would preserve value in the supply chain, 

including post-harvest testing and THC remediation procedures. A necessary long-term 

policy is ensuring disposal regulations are not impracticably burdensome for the state or 

for hemp producers. 

● Issue 2b. Coordination of state and local regulatory authority: Collaboration and 

information sharing among federal, tribal, state and local government agencies is needed 

to ensure hemp producers comply with state and local laws and requirements. Currently, 

information is shared upon request or on an ongoing basis subject to a memorandum of 

understanding. Developing a communication protocol which includes constant access to 

registration databases that facilitate compliance with all local rules and regulations was 

suggested under this recommendation. 



Fall 2020 Volume 18 Issue 2 Western Economics Forum Page 91  

● Issue 2c. Legal water supply: The current hemp registration application in Colorado has 

no guidance regarding legal water supply for hemp production. Recommendations 

indicate that the application be amended to include a checklist where registrants confirm 

they have or will obtain a legal water source before planting. This will help guide new 

producers to secure a legal water supply before planting and ensure that they may operate 

without potential shutdown because of orders from the division of water resources. 

● Issue 2d. Colorado Industrial Hemp Center of Excellence: Currently research and 

development activities occur throughout Colorado in private corporations and universities. 

Currently, there is no coordinated and dedicated research institution for industrial hemp in 

Colorado. Stakeholders identified a need for a collaborative governing body, the Center of 

Excellence, between the relevant academic institutions, industry, state agencies and 

stakeholders across the state. 

 

Stakeholder Group 3: Testing 

● Issue 3a. Field sampling and sample agent certification: Historically, the CDA has 

conducted only random sampling of registrations each year to test for THC compliance, 

and new federal regulations require sampling all hemp. Starting in 2021, the CDA will 

need to increase coverage from 25-30% to 100% to comply with federal regulations. In 

order to comply, CDA will need to develop and implement a third-party sampling 

certification that allows for private certified agents to collect samples and deliver them to 

certified labs. 

● Issue 3b. Hemp lab certification and testing program: In order to adhere to federal testing 

guidelines, Colorado will need to develop a new hemp testing program that includes 

guidelines for a new group of state-certified laboratories to test hemp and hemp products. 

This new program should include a certification process, requirements for testing methods 

and a framework for when state testing is required. 

 

Stakeholder Group 4: Transportation 

● Issue 4a. Electronic traceability system: Currently, there is no electronic hemp 

traceability system in Colorado. Stakeholders suggest that an electronic traceability 

system be created and implemented to ensure uninterrupted chain of custody for hemp 

products from harvest to commercial sale, and to provide secure and verifiable 

information to stakeholders. This new communication system can be modeled on 

existing protocols for shipping agricultural and non-hazardous manufactured products. 

● Issue 4b. Transportation protocol: Currently, hemp transporters carry a manifest that must 

be registered with the CDA, as well as a certificate of analysis, but local law enforcement 

is often unclear on how to verify shipments. A successful industry will require 

standardization around this process.  Existing rules and regulations need to be expanded to 

establish best practices and a protocol for transporting hemp. Due to the nature of hemp, 

specific protocols must be developed with input from numerous state agencies and hemp 

businesses. 

 

Stakeholder Group 5: Processing 

● Issue 5a. Hemp processor licensing and inspection: The hemp industry needs a well- 

maintained licensing system for hemp products, a program that clearly defines licensed 

activities, and a means for the state to register and review hemp processors in Colorado. 
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Colorado already has procedures and programs in place to regulate hemp. For example, 

hemp material and derivatives used in food processing or nutritional supplements are 

currently overseen by the CDPHE. However, further actions need to be taken to 

completely integrate all potential applications of hemp (e.g. non-food industrial uses) into 

the existing regulatory framework. 

● Issue 5b. Hemp processor and manufacturer standards: A best practices program for good 

processing and manufacturing practices is needed to provide guidance to hemp processors 

and manufacturers on federal and state requirements. Colorado already has programs to 

regulate hemp processors and manufacturers. However, the CHAMP stakeholders propose 

extensions of existing regulations and new procedures when necessary. This includes 

legislation to extend CDPHE authority to hemp products and educational programs for 

new and existing manufacturers on how to comply with hemp regulations. 

 

Stakeholder Group 6: Manufacturing 

● Issue 6a. Manufacturer licensing: There is an existing framework and procedure for 

licensing in the food and supplement manufacturer program. Stakeholders identified the 

need to continue integrating hemp into existing procedures, as well as the need for clarity 

on how hemp licensing will differ from existing procedures for other products. 

 

Stakeholder Group 7: Marketing 

● Issue 7a. Glossary Development: As with every industry, industrial hemp has its own 

technical nomenclature and uses many terms that may be confusing to those not directly 

involved in the sector. A glossary of terms can be useful for the industry to standardize 

how products are defined along the supply chain. The stakeholder group has created an 

initial glossary which will be included in the CHAMP report. 

● Issue 7b. Marketing and Labeling Guidance: Under the 2018 Farm Bill, the FDA 

maintains oversight of hemp-derived consumer products and is charged with protecting 

and promoting public health. The FDA has discovered many hemp products are being 

marketed with claims of therapeutic benefits or other claims that have not gone through 

an approval process. For these reasons, stakeholders identified a need for marketing and 

labeling guidance, implemented through CDPHE, which already has a framework in 

place. 

● Issue 7c. State quality assurance certification program: Certification programs can provide 

a marketing alternative to commodity markets, allowing producers to be included under an 

umbrella program or label. Stakeholders discussed the potential for a third- party 

certification program that establishes a set of production processes and quality standards to 

assure buyers of the quality of the Colorado hemp products they are purchasing. Currently 

in Colorado there is no state-level certification and promotion for hemp products. 

● Issue 7d. State procurement of industrial hemp products: Concerned about lack of market 

growth due to few industrial hemp product options for consumers to purchase, 

stakeholders encourage state procurement of industrial hemp products to support the 

emerging market. The solution proposed is to designate industrial hemp products in 

procurement goals as well as integrate industrial hemp products into current initiatives. 
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Stakeholder Group 8: Banking, Financial Services, and Insurance 

● Issue 8a. Regulatory guidance and best practices: Stakeholders wish to destigmatize 

opening and holding accounts for hemp and hemp-related businesses. Further, 

stakeholders want to facilitate best practices to allow the hemp industry to be served 

similar to other agricultural products. To achieve this, enhanced guidance and outreach 

for service providers is needed. This guidance will come from both stakeholder 

engagement and written materials that support institutions seeking to serve the industrial 

hemp marketplace. 

● Issue 8b. Expanded data availability: Presently, the CDA periodically publishes 

information that shows active registrations by county, but little published statistical data 

is available for hemp on which service providers can rely. Industrial hemp registration 

information needs to be available to banks and insurance carriers in structured formats 

that facilitate and expedite account servicing. Stakeholders discussed developing 

uniform standards for hemp-related data so information can be accurately collected and 

provided to service providers. 

 

In addition to the recommendations discussed above, several recurring themes resonated 

across stakeholder groups. The themes below can be seen in recommendations across stakeholder 

groups and demonstrate the need to create a hemp regulatory context that is holistic across the 

supply chain. 

• Economic Development – The CHAMP process revealed the need for broad initiatives 

focused on increasing research and awareness of industrial and consumer uses of hemp 

products. The purpose of these initiatives should be to drive future investment in 

processing and manufacturing facilities within Colorado as well as creating other 

intellectual property. 

• Chain of Custody and Information Sharing – This was specifically touched on in the 

transportation recommendations but came up in discussions across the supply chain. 

Stakeholders stressed the need for traceability systems that create a chain of custody 

beginning at harvest and continuing to the final product. This uninterrupted chain of 

custody will assist in regulatory compliance, food safety and interstate commerce. 

• THC Control – This is an important aspect of the industrial hemp industry and essential 

for compliance with federal regulations. A framework for understanding THC control 

and remediation at each point of transfer including remediation processing and non- 

consumable industrial processing was explored in numerous stakeholder meetings. 

• Federal Regulatory Compatibility – In order to be successful, the Colorado hemp 

program must follow all federal laws and regulations as defined in the 2018 Farm Bill. 

Many of the policies and suggestions stemming from the stakeholder meetings are 

longer-term objectives and more progressive than federal law. These will not be able to 

be implemented until federal rules evolve. 

• Intergovernmental Coordination – A common theme was the importance of close 

coordination among tribal and local governments and law enforcement agencies. This 

coordination will involve access to state electronic registration and other records. 

• Finance and Insurance – The emerging industrial hemp industry will require stable access 

to standard finance and insurance products, which was discussed across the supply chain. 

Colorado can be a leader in guiding institutions seeking to serve this evolving 

marketplace. 
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Discussion 

The engaged process of the CHAMP initiative is an important first step for Colorado as it makes 

headway on building an industrial hemp economy. The goal of this collaborative process was to lay 

the framework for developing a robust and functional hemp industry in Colorado. By including 

stakeholders, Colorado will develop state policies and regulations that support the industry while 

also allowing their input to be heard nationally through Colorado’s response to the USDA 

establishment of a domestic hemp program interim final rule. While time consuming, the process is 

replicable and could provide a template for some states to follow. 

The supply chain issues identified by Colorado stakeholders are likely to be relevant to 

stakeholders in other states in the U.S. West, although differences will exist. Implementation of 

these recommendations is conditional on the federal regulatory environment and illustrates where 

Colorado stakeholders see areas for federal policies to evolve in the future. 

Overall, the items summarized in this article should provide insight to other economic 

professionals on key issues across the complete industrial hemp supply chain. Throughout the 

stakeholder meetings, and as seen in the recommendations outlined in this report, data and 

standardized information are a common theme. Future research in this area should focus on 

providing experts and stakeholders with the information they need to make educated and 

forward-thinking policy and planning decisions. 
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Odessa Sub-area Potato Production & Processing Impacts Under an Irrigation-Water 

Shortage 

By Timothy P. Nadreau1 and T. Randall Fortenbery2 

Abstract 

The Odessa Sub-area lies in the second, and uncompleted, region of Washington’s Columbia Basin 

Water Project. Water used for irrigation in the region is currently pumped from as deep as 700 feet, 

and water access is steadily declining. We measure the economic losses to the potato producing 

region that would result from further reducing access to water for crop irrigation in the Columbia 

Basin. Estimated costs are adjusted for the gains in wheat production that would result as affected 

growers transition their land into the next best non-irrigated crop alternative in the region. Then, we 

move beyond the standard contribution analysis by looking not only at the net losses in production, 

but potential forward linked losses from potato processing plant closures. 

 

Keywords: Alternative use, input-output, natural resources. 
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Introduction & Background 

In 1930, the Bureau of Reclamation began the Columbia Basin Project (CBP) for the purpose of 

irrigating the eastern portion of Washington State. This project was originally undertaken as part of 

the New Deal.  Due to various economic and political issues, only the first half of the CBP was 

completed (670,000 acres). The Odessa Sub-area is one region of the CBP that never received 

irrigation water through the project, and as a result has relied on ground water pumping for irrigated 

crop production. Pumping rights for ground water were granted by the Bureau of Reclamation with 

the understanding that at the completion of the CBP, ground water pumping would cease. 

Most groundwater wells were shallow in early years as there was little irrigation and 

shallow wells provided enough water for local demand. With the development of sprinkler 

technology, however, farmers began increasing irrigated acres and crop yields improved 

dramatically. Even though the CBP was never finished, improvements in irrigation efficiency 

enhanced crop profitability, driving acreage expansion. 
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Small-diameter, shallow wells were soon replaced with 16” diameter wells extending as 

deep as 700 feet. Water quality at these depths is poor, and the mineral content can be detrimental 

to yields. Water from these depths is also warmer, which stresses plant health. 

Though there is some recharge to the aquifer, surface water canal seepage has caused the 

groundwater levels in the Odessa Sub-area to decline rapidly. In the absence of additional water 

supplies, potato production is at risk. 

Since 2005, potato producing acres in the sub-area have declined from 35,600 to 26,519 

acres (2015). However, the 25% acreage decline has been partially offset by increased yield per 

acre (from 595 cwt/acre in 2005 to roughly 635 cwt/acre in 2015). As a result, total production 

changed from 21.2 million cwt to 16.8 million cwt between 2005 and 2015, a decline of 20.5%. 

Potential economic losses from reduced potato production in the Basin were initially 

estimated by Bhattacharjee and Holland (2005). The analysis here estimates the economic impacts 

associated with changes in water policies that would limit access to groundwater in the current 

economic environment. We then compare these losses to the costs of providing surface water to 

maintain irrigated potato acreage in the Sub-area area of the Basin currently relying on 

groundwater. 

 

Odessa Sub-area Regional Description 

 

Geography 

The Odessa Groundwater Management Sub-area was designated by Chapter 173-128A of the 

Washington Administrative Code (WAC) for the roughly 1,800 sq. mile area under the Columbia 

Basin Project, commonly known as “Odessa Area” or “Odessa-Lind Area.” The area extends from 

Odessa on the north to Lind on the south, and from the East Low Canal on the west to Ritzville on 

the east (see Figure 1). This area is semi-arid with a higher precipitation on its eastern side than on 

its west. At the same time, the western border is adjacent to the fully completed portion of the CBP. 
 

Figure 1. Odessa Sub-area and Potato Acres 

(Source: WSDA 2015 Crop Data Reports and Harold Coase) 
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Agricultural economists focused on water allocation issues often specify regions using the 

hydrological rather than economic geography. However, where production occurs and contributions 

are felt are rarely the same. Imagine a contribution analysis on the commercial fishing industry. If 

the region of analysis were chosen based on the production site, the analyst would need to isolate 

some region of the ocean, but few market transactions actually occur where the fish are caught. 

Similarly, we cannot use the Odessa Sub-area alone as the geography for conducting an analysis 

associated with reduced potato production resulting from reduced access to irrigation water in the 

Odessa Sub-area. Because we are capturing the contributions of the potato growers, which are 

located in the Odessa Sub-area, we must include the Sub-area. However, we also need to capture the 

central economic region that benefits from other transactions that occur outside the area as a result 

of potato production within the sub-area (for example, processing of sub-area produced potatoes in a 

different location). As such, we use the four counties of Adams, Franklin, Grant, and Lincoln as our 

region of general impact (see Figure 2). 

 
 

Figure 2. Four-County Economic Region (Source: Emsi 2017.1) 

 
 

Why Potato Production in the Columbia Basin? 

The distribution of agricultural production is often explained using the concept of Comparative 

Advantage. The Law of Comparative Advantage states that producers will specialize in producing 

commodities for which they have the greatest comparative advantage (or least comparative 

disadvantage) and then trade for commodities for which they have the least comparative 

advantage (Bessler and King, 1978). In this context, producers can refer to individuals, regions, or 

nations. Comparative advantage is not to be confused with absolute advantage. Producers in 

region A may have an absolute advantage in producing both potatoes and wheat compared to 

producers in region B (i.e., producers in region A face lower costs of production for both crops 

compared to producers in region B), but producers in region A focus on potato production  
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because the net return to potatoes is greater than the return for producing wheat.  Producers in 

region B will then have a comparative advantage in producing wheat if costs of production are 

lower than other potential wheat producing regions. Thus, under the Law of Comparative 

Advantage, producers in region A produce potatoes and producers in region B produce wheat 

even though producers in region A have an absolute advantage in producing both crops. 

Gopinath and Roe (2000) note that comparative advantage can be influenced by public 

policy – policies that either influence crop prices or affect costs of production can influence 

comparative advantage across regions. As noted earlier, access to irrigation water in the Columbia 

Basin resulted in significantly increasing potato yields, and access to affordable irrigation water 

has helped establish a comparative advantage for potato producers in the Basin. Future policies 

which curtail affordable access to either surface (in the case of the CFB served areas of the Basin), 

or groundwater in the case of the Odessa Sub-basin could impact the comparative advantage of 

potato production in the Basin, and result in changes in the cropping strategies of agricultural 

producers. In turn, this impacts economic activity in the Basin if production shifts to lower valued 

crops. 

Regional economists compare an industry in a region (a county) with the same industry in a 

larger geography (the nation) to assess whether the region has a comparative advantage in 

production. They do this by estimating a location quotient (LQ). A LQ of 1 simply says the industry 

is “average” or as concentrated regionally as it is nationally. A LQ greater than 1 says the industry is 

more concentrated regionally, and if it is less than 1 it is less concentrated. In general, if a region 

exhibits a LQ greater than 1 for a given industry then it assumed the region has a comparative 

advantage in that industry. 

The LQ is calculated by taking an industry measure (output, employment, etc.) and dividing 

it by the associated total regional measure. The same calculation is then made for the industry at the 

national level. The ratio of the two then gives the industry’s regional LQ, as shown in Figure 1. 

 

   (1)                           𝑳𝑸 = (
𝑰𝒏𝒅𝒖𝒔𝒕𝒓𝒚 𝑹𝒆𝒈𝒊𝒐𝒏𝒂𝒍  𝑶𝒖𝒕𝒑𝒖𝒕

𝑻𝒐𝒕𝒂𝒍 𝑹𝒆𝒈𝒊𝒐𝒏𝒂𝒍 𝑶𝒖𝒕𝒑𝒖𝒕
) / (

𝑰𝒏𝒅𝒖𝒔𝒕𝒓𝒚 𝑵𝒂𝒕𝒊𝒐𝒏𝒂𝒍  𝑶𝒖𝒕𝒑𝒖𝒕

𝑻𝒐𝒕𝒂𝒍 𝑵𝒂𝒕𝒊𝒐𝒏𝒂𝒍 𝑶𝒖𝒕𝒑𝒖𝒕
) 

 

Estimating a LQ, as defined by equation 1, we find that Washington State is roughly 8 times 

more concentrated than the nation as a whole in potato production, and that the four-county region 

in the Basin is approximately 132 times as concentrated as the nation in potato production (see 

Table 1).3 

 

 

 

 

 

 
3 Location quotients were calculated based on production volume. 
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Thus, it is clear that the region currently enjoys a significant comparative advantage in 

irrigated potato production, and this is partly due to current water policy. 

Current Proposals to Curtail Groundwater Irrigation in the Odessa Sub-Basin 

As early as 2004, the Bureau of Reclamation, Washington Department of Ecology, and various 

irrigation districts within the Columbia Basin were seeking to find additional water resources for 

the region, including alternatives to ground water pumping in the Odesa Sub-area. In 2013, the 

Bureau of Reclamation selected the Odessa Ground Water Replacement Project as the preferred 

alternative to continued ground water pumping in the Sub-area. By 2016, the East Columbia Basin 

Irrigation District had authorized tax-exempt municipal bonds, totaling $16.8 million, to begin 

expansion of the East Low Canal as well as eight distribution systems. New contracts for ground 

water replacement were issued to landowners in 2016. In essence the program requires landowners 

who choose to use the newly available surface water to trade their current groundwater rights for 

surface water rights. Thus, once they participate, they lose the right to use groundwater for crop 

irrigation. 

To date only one distribution system, EL47.5, has been funded and completed. Pump 

testing is currently underway and the first water from this system will be used in the 2021 

growing season. The eight distribution systems range in infrastructure costs from $323/acre to 

$128/acre, averaging $247/acre for the entire project.4 Under the current provisions, these 

costs will be borne by the irrigators themselves. However, there is a cost normalization provision 

that results in all farmers paying the same price per acre regardless of where they operate in the 

Sub- area. The normalization rate has been set at $190/acre. Most farms have opted to incur these 

costs, though a few have only transferred a portion of their groundwater rights to these new 

surface-water rights.5 

Table 2 provides the most recent Russet Burbank potato enterprise budgets for Washington 

State (Galinato and Wohleb, 2019). Costs in the Odessa Sub-area will differ from these and are 

likely higher than average. Given the already negative estimated net returns, an additional 

$190/acre may result in financially unsustainable operations for many potato producers. Additional 

grant funding is being sought to reduce the burden on irrigators and maintain potato and 

agricultural production. In the absence of such funding, the threat of lost potato production remains 

even though a complete loss is unlikely given the increased water availability from the canal 

expansion. 

 

 

 

 

 

 

 

 

 

 

 
4 Payments from irrigators in EL47.5 will be $172.77 per acre, a portion of which is a result of the cost 

normalization provision. 
5 Most farmers are viewing their groundwater pumps as a sunk cost, not wanting to maintain them and pay for the 

additional electricity to use them. 
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Measuring Impacts of Water Curtailment 

The four counties considered in this analysis contribute about $6 billion to Gross State Product and 

employ roughly 16% of all agricultural employment in the state of Washington. Land devoted to 

agricultural production in the four counties is dominated by wheat (136,017 acres - 225,252 if 

fallow acres are included). The next largest crop is potatoes at 26,519 acres.  Crops by acreage are 

outlined in Table 3. Crops with less than 2,000 total acres across all four counties were combined 

in the “All Other” category. 

 

 
 

Perhaps the most important information provided in table 3 is the percentage of acres 

irrigated by crop. It is clear that in the absence of water availability the only feasible agricultural 

land use is dryland wheat production. To account for this, we convert potato growing acres into 

wheat producing acres in our analysis and report the net changes to the economy one would expect 

if potato producers lose access to quality irrigation water. 

While this research focuses on the loss of potato production and processing due to water 

curtailment, in reality if a water shortage were to occur all irrigated acres would likely move to 

dryland wheat production. As a result, our economic impact estimates represent a lower bound of 

expected outcomes if access to water is curtailed. 

Net analyses associated with changes in an economic region are not uncommon, and in an 

ex ante case are preferred. Hamilton et al. (1991) argued factors of production have opportunity 

costs and those costs may be accounted for in both backward and forward linked effects. 

Accounting for such costs is key when using regional input-output models. Not accounting for 

them assumes factor idleness or a lack of resource mobility, i.e., there is slack in the economy. 

This is reinforced by Watson et al. (2007) who suggested impact analysis should 
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be defined as “net changes” in economic activity, as opposed to the popular, but mislabeled, 

contribution analyses which are conducted on a gross change basis. In a later paper, Watson et al. 

(2015) stated that all ex ante economic impact analyses need to account for opportunity costs, in 

our case alternative land uses. They further cite Waters et al. (1998) in making the argument that 

contribution analyses should only be done on an ex post basis where all economic activity sums to 

gross regional product. 

Similar to the research presented here, Koirala et al. (2020) conducted a net impact 

analysis of the presence of pale cyst nematode (PCN) in potato production on the Idaho economy. 

The primary differences between that paper and the work here are 1) the region of analysis, 2) the 

crops substituted for potato production, and 3) the initial shock of removing all potato acres from 

production. 

 

Industry Descriptions for Model Development 

In order to assess the impacts of a water shortage in the Odessa Sub-area, we employ the use of 

Economic Modeling Specialists International’s (EMSI) Input-Ouput (I-O) Model.6 The value of I-

O models is they track financial interactions between industries. I-O models are generally based on 

the national accounts originally developed by Simon Kuznets. Wassily Leontief developed the 

initial I-O model in 1936, winning the Nobel Prize for his work in 1973. 

The system of I-O accounts represents an economist’s version of double-entry bookkeeping 

for industries. Figure 3 shows a simplified version of an I-O matrix with only a hand full of 

industries. 
 

 

Figure 3. Aggregated Form Input-Output Matrix 

 
 

Reading down a column in Figure 3 reveals the inputs a specific industry buys to produce 

their output. If we look at the Agriculture column, farm businesses, for example, may buy seed from 

within their own sector, fertilizer and farm equipment from the manufacturing sector, and legal and 

accounting services from the service sector. Payments to their employees are captured 

 
6 The Emsi I-O model technically is a social accounting model (SAM) that includes inter-institutional relationships. I-

O and SAM models are referred to interchangeably and most models today fall into the SAM categories, but the old 

nomenclature has persisted. 
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in the “Labor” row. Farms themselves receive returns to the capital that they own and pay taxes to 

the government. 

Reading across a row reveals where an industry’s income originates. Staying with the 

agricultural industry, crop producers may sell seed to others in the agricultural sector, they may sell 

their crops to processing plants in the manufacturing sector, or they may even sell directly to 

consumers. As a result, a portion of each household’s expenditures in a region will go to buying 

agricultural goods. In addition, the government may purchase agricultural goods as well. Lastly, the 

agricultural industry may sell its output abroad via the “Net Exports” column. 

Summing all of the labor, capital, and tax payments for all industries gives the sum of all 

value-added activity in a particular region and will equal the Gross Domestic Product (GDP) of the 

region. Similarly, summing all of the expenditures of households, government, investment, and net 

exports also yields the GDP of the region. These two methods of calculating GDP are known as the 

Income and Expenditure Approaches, respectively, and represent a check for ensuring all accounts 

balance. The I-O system allows us to trace the dollars through the economy and calculate 

multiplier effects. 

The I-O Model 

Let X equal sales within some region. Y equals exogenous demand (exports from the region) and 

A equals the shares of intermediate outlays. 7 Figure 3 can be mathematically represented in 

standard matrix notation similar to equation 2: 

(2) 𝑿𝑿 = 𝑨𝑨𝑿𝑿 + 𝒀𝒀 

Equation 2 simply states that total sales, X, is equal to the shares of sales locally, AX, plus sales 
outside of the local economy, Y. By solving equation 2 for X, we derive the Leontief multiplier 

matrix, (𝐼𝐼 − 𝐴𝐴)−1. 

Total sales equal the multiplier matrix times exports, equation 3. (3)

 𝑋𝑋 − 𝐴𝐴𝑋𝑋 = 𝑌𝑌 
(𝐼𝐼 − 𝐴𝐴)𝑋𝑋 = 𝑌𝑌 
𝑋𝑋 = (𝐼𝐼 − 𝐴𝐴)−1𝑌𝑌 

By calculating the change in exports and multiplying it by the multiplier matrix we are able to 

determine the total change in regional sales and value-added activity resulting from a shock to the 

regional economy. 

DATA 

The data described below represents the primary inputs to the modeling process. In order to conduct 

impact analyses presented here, it is necessary to look at growers and processors from an industry 

wide perspective. However, potato growers and processing do not have unique industry production 
 

 

 
 

7 Each element of the A matrix is calculated as 𝑎𝑎𝑖𝑖𝑖𝑖 =
𝑧𝑧𝑖𝑖𝑖𝑖

𝑥𝑥𝑖𝑖
, where 𝑧𝑧𝑖𝑖𝑖𝑖  is the element from figure 3 ith row and jth column, 

and 𝑥𝑥𝑖𝑖  is the total sales of the jth industry.  The share of industry j’s purchases from industry i is represented by 𝑎𝑎0000. 
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functions in the Bureau of Economic Analysis (BEA) Input-Output (I-O) accounts, nor in the 

Emsi modeling software.8 

Nonetheless, we need to isolate the average production technology for both the growers and 

processors in order to create unique production functions that can then be incorporated into the 

social accounting framework. This also allows for isolation of the broad expenditure patterns of 

each new “industry” and more closely tracks money as it flows through the economy. 

This is done by converting expenditure data into input-output accounts that map spending 

categories to industry accounts.9 Once properly mapped, the data are converted from purchaser 

prices to producer prices using a margining technique.  Lastly, we rid the accounts of imports and 

scale them to the regional level. Full detail of this process can be found in Willis and Holland 

(1997). 

One final note is that because the I-O model is linear, using Leontief production functions, 

the multipliers are not scale dependent. This means that, to the degree water curtailments and potato 

exports are linearly related, our results can be scaled up or down proportional to the level of 

curtailment. This is true of wheat production as well since it is likely the only dryland alternative. 

The Direct Value of Potato Production 

The standard USDA measure for reporting potato yields and prices are in cwt. Yields and prices in 

the following budgets are calculated on a tons per acre basis. However, it is the relative spending 

that is of primary importance in generating the production functions for the I-O accounts. 

The five-year weighted average yield for the four-county region is 635 cwt/acre.10 If the 

entire 26,519 acres currently in potato production within the Odessa Sub-area are lost, then the total 

output reduction of potatoes is 16,839,565 cwt. Assuming an 8% tare and shrink and average price 

of $7.70 per cwt, there would be a direct loss in output of $119.35 million. 

It is assumed that the 26,519 acres of potato production in the sub-area would be put into 

dryland wheat production if irrigation water were lost. Assuming 41.4 BU/Acre and $4.20 per 

bushel for wheat,11 there would be a gain of $4.62 million in crop production. The negative $119.3 

million and the positive $4.62 million need to be entered simultaneously to determine the net 

effects of a loss in available irrigation water. Farmers in this region can only use a summer- fallow, 

dry-land wheat rotation so the impacts shown here will not apply to fallowed years. 

However, impact analysis is done on a one-year basis rather than averaging over several 

years. The results shown below compare one production year of potatoes vs. one production year 

of wheat. 

Potato Processing 

Frozen Potato Processing is contained in NAICS 311411- Frozen fruit, Juice, and Vegetable 

Manufacturing: This U.S. industry comprises businesses primarily engaged in manufacturing 

frozen fruits; frozen vegetables; and frozen fruit juices, ades, drinks, cocktail mixes and 

concentrates.  A careful study of this industry in the NAICS manual reveals that it includes frozen 

French fries and other frozen vegetable processing. 

 

 
8 A complete documentation of the Emsi Model is available at https://www.economicmodeling.com/wp- 

content/uploads/EMSI_I-O_Documentation_Final_v3.pdf 
9 The Emsi SAM 2017.1 data, the most recent available at the time, was used to conduct the analysis. 
10 Yields by county were collected and weighted by acres in production for each county. 
11 Even though this analysis is forecasting impacts 2014 acreage, current yield, and prices were used to ensure 

consistency across data collection periods. Sensitivity analysis on yields and prices are available from the authors. 

https://www.economicmodeling.com/wp-content/uploads/EMSI_I-O_Documentation_Final_v3.pdf
https://www.economicmodeling.com/wp-content/uploads/EMSI_I-O_Documentation_Final_v3.pdf
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An unpublished 2016 report by Galinato and Tozer showed that each dollar of raw potatoes 

purchased by frozen potato processors results in $3.08 worth of output. Thus, the 

$119.3 million in sales from local potato growers to local processors would translate into 

$367.5 million in frozen potato products. We assume that all of this output is exported out of the 

four- county area. 

One of the competitive advantages of the region is that the potatoes grown in the Sub- area 

are of a higher quality, allowing them to be stored longer than potatoes grown elsewhere in the 

Basin. The longevity of these potatoes allows processors to sustain output year-round by 

processing potatoes grown in lighter soils first and potatoes from the Sub-area later in the year. 

Note, we are assuming that processors do not completely shut down, they merely reduce 

their output because they are no longer able to supplement their raw potato inputs from local 

sources.  We are only losing the processing of locally grown potatoes.  An alternative assumption 

would be that all potato processing in the four-county region is lost. Under this more extreme case, 

the entire $1.52 billion in frozen potato manufacturing disappears. However, only about 20% of 

total potato processing in the four counties comes from the Odessa Sub-area. 

Thus, it is likely that the processors would be able to cover those losses through 

increased imports of potatoes from elsewhere in the CBP or even Oregon. 

Transportation and Wholesale Trade 

A point of deviation between this study and the previous Bhattacharjee and Holland study is that 

we do not include the forward-linked transportation and wholesale trade to the potato producing 

sector. Those losses primarily stem from the backward-linked effects from reductions in potato 

processing and are therefore claimed under the processing reduction scenario. 

There are forward-linked transportation and wholesale trade revenues that are lost from the 

reduction in frozen potato processing as well. Those forward linked effects were estimated at a total 

of $54.74 million in rail and trucking transportation services and $30.13 million in wholesale trade 

services. Once these figures are multiplied by the regional purchase coefficient, the portion of those 

dollars going to local purchases, they become $25.1 million and $2.3 million, respectively. Thus, in 

the scenario where we reduce processor output, the total shock to the economy will be a reduction 

of $394.84 million. 

 

Odessa Sub-area Potato Production & Processing Impacts 

In this section we discuss three different scenarios and outline the changes in economic activity 

and employment from two specific scenarios. In a regional economy, production loss has two 

major impacts. The first loss results from decreased purchases of intermediate inputs to the 

production process. This might be reductions in fertilizer, diesel purchases, etc. At the same time, 

the industry loses payment to the factor inputs of labor and capital, sometimes referred to as 

“value-added” sectors. In our case, value-added impacts are comprised of four factors which are 

taxes on production and imports (TOPI), property incomes (capital payments), proprietary income, 

and employee compensation (labor payments). Under the above circumstances, the regional 

economic impact mainly consists of two major effects – direct and multiplier. 

Direct effects: the changes in economic activity that takes place in the directly affected industry. 

For our case, this involves the impacts on the potato industry. 
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Multiplier effects: these changes in economic activity emanate from the subsequent ripple effect of 

changes in directly affected industry spending. There are two types of secondary effects – indirect 

and induced. 

Indirect effects are the changes in economic activity within the region connected through 

“backward-links” to the industry of concern. These “backward-linked” industries are those 

who supply goods and services to the industry of interest. For example, the decreased sales 

of the fertilizer industry or the drop in agricultural services resulting from decreased 

production in the potato industry. 

Induced effects reflect the change in economic activity resulting from reductions in 

employees’ household consumption stemming from the industry of interest. For example, 

employees in the potato growing industry, and the supporting industries, may go out to eat 

less or curtail their other purchases because their income has gone down. 

Scenario 1: Replacement of Local Potato Production 

A scenario was proposed by Bhattacharjee and Holland where potato production in the Odessa 

Sub-area was eliminated but production in the remainder of the four-county region offset those 

losses. So, the net change in potato production for the four-county economy was unchanged, 

resulting in zero economic impacts (see page 23 of their report). 

In order for this scenario to be modeled correctly the acres taken out of potato production in 

the Sub-area should be replaced with wheat or some other dryland crop. In order for potato 

production in the four counties to remain unchanged additional potatoes will need to be grown 

outside of the Sub-area. To achieve this, conservation land outside of the sub-area will have to be 

put into potato production or some other crop must be taken out of production to make room for 

potatoes. In either case, if it is more valuable to grow potatoes on that land than to use it for its 

current purpose, then why hasn’t the farmer already converted it to potato crops?12 If irrigation 

stops, this scenario would be extremely unlikely to occur. As such, we do not review this outcome. 

The following two scenarios provide what we investigate as the lower and upper bounds of changes 

in economic activity in the four counties. 

Scenario 2: Loss of Local Potato Production 

In this scenario we remove the potato production in the Sub-area and analyze the backward- linked 

losses that result as local farm revenues fall. Notably, since nearly all of the potato production in the 

region is sold to local processors, we are not reducing regional exports. This scenario assumes 

processors continue to operate at their normal levels by importing more potatoes from non-local 

sources. These increased leakages from importation are captured through the changing of the 

regional purchase coefficients and reductions in production. The type of impacts we are measuring 

in this scenario do not alter final demand. We are reducing intermediate demand resulting in 

contributions from “import-substitution,” local potatoes being a substitute for non-local imports. 

A reduction in potato production occurs simultaneously with an increase in wheat 

production under the assumption that the farmers and landowners will not opt to let their land sit 

idle. As most wheat is exported, this component of the analysis reflects the traditional “export 

base” contribution. By running both the potato loss and wheat gains simultaneously we arrive at the 

net change in economic activity known as economic impacts. Tables 4 through 6 show these 

 
12 The Odessa Sub-area already has higher yields than most other acreage in the four-county area. 
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impacts in terms of the lost sales, value added, and income. Because sales figures reflect double 

counting, they should not be used in reporting impact measures. We include the changes in sales 

purely for the sake of completeness and to understand how transaction volumes are affected. 

Whereas sales impacts measure total changes in transactions the value-added impacts in 

Table 5 removes all double counting and reflects the unique value of the region’s production. Often 

times value-added is referred to as Gross Regional Product (GRP). It does not include the payments 

to intermediate inputs of production. 
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Income impacts from the loss in potato production are reflected in Table 6. Income is a 

subset of value-added, reflecting only the payments to employee and proprietor labor, as well as 

the returns to capital received by owners, often called property income. The difference between 

income and value-added is usually just payments to government for import and business taxes. 

Scenario 3: Loss of Local Potato Production & Associated Processing 

This scenario provides a reasonable, long run, upper-bound of the economic losses that the four- 

county region might sustain if irrigation and thus potato production are lost. The assumption is that 

processors are unable to augment the loss in local supply through importation of potatoes from non-

local sources. Processing output in this scenario is reduced by exactly the amount they typically 

purchase from producers in the Sub-area. Approximately 18.3% of potatoes purchased by local 

processors come from the Odessa Sub-area, so it is unlikely that the processors would shut down 

completely. Three things are occurring in this simulation, 

1) Potato processors in the four-county region reduce their local purchases of potatoes (this is 

shown in the Indirect Effects column). 

2) Potato growing in the Odessa Sub-area ceases. 

3) Acres that were in potato production within the Odessa Sub-area are converted to dryland 

wheat production. 

Tables 7 through 9 show the net changes in economic activity within the four-county region 

that are likely to occur if processors reduce their output from the lack of input supply. A total of 

over $606 million in transactions would be lost. Table 7 shows the loss in potato production as a 

backwards-linked effect of the processors and can be seen in the negative $119 million in the 

Indirect Effect column. 
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Table 8 shows that the direct value-added lost from processing is $67.2 million. There is a 

gain of nearly $2 million from increased wheat production but forward-linked effects of wholesale 

trade and transportation services of $1.5 million and $10.1 million are lost as well. 

The indirect effects are substantial for the processing sector. Note that the indirect effects in 

the previous scenario were a small percentage of the overall impacts. This suggests that processors 

are making much larger regional purchases relative to the producers. Total value-added impacts are 

roughly -$138.2 million. 
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Table 9 tells mostly the same story. The income losses total -$114.1 million. Those losses 

are felt throughout the economy though the growers and processors feel the greatest impacts. In 

markets that are struggling to see job recovery, the loss of irrigation, potato production, and 

resulting declines in processing output could be devastating. 
 

 

Conclusions 

Potential changes in economic activity need to be considered when proposed water use and 

curtailments are considered. The Bureau of Reclamation needs to carefully weigh the benefits and 

costs to the economy of any proposed irrigation infrastructure investments. Given the high yields 

and soil quality in the region, removing this land from potato production would likely raise 

commodity prices for processors and consumers without seeing increased gains to local farmers. 

The four counties of Adams, Franklin, Grant, and Lincoln represent one of the most 

concentrated regions of potato farming in the Pacific Northwest. In terms of potato output, the 

region is over 130 times more concentrated than the U.S. as a whole. In 2015, the Odessa Sub- area 

alone produced more than 934,000 tons of potatoes and they generated over $119 million in sales. 

Processors converted those raw potatoes into more than $367 million worth of wholesale French 

fries, chips, and other potato products. 

Exports of processed potatoes bring new money into the region. That new money is then 

spent by the processors on employee wages, utilities, and raw potatoes. Employees then spend their 

earnings on household goods (e.g., eating out at local restaurants, getting the oil in their car 

changed, buying a new home, etc.). As that money ripples through the economy, it creates 

additional rounds of spending and income until it finally leaks out of the region for the purchase of 

imports. 

Table 10 shows that money brought into the economy through processed potato exports 

ripples through the economy longer, and has a higher multiplier effect, than the average dollar. For 

every dollar in processed potato exports, an additional 56 cents in local economic activity is 

generated, 42 cents more than the regional average. 
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Future work on this issue needs to assess new sources of infrastructure investment that 

can mitigate farm costs for converting from groundwater to surface water. This work should 

focus on the breakeven price that will allow farms to convert to the more sustainable water 

resource and remain financially viable in the long run. 
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Exploring the Local Determinants of Campground Utilization on National Forest Land 
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Abstract 

Outdoor recreation demand has increased substantially in the Western United States in the last 

decade. We demonstrate how National Forest campground utilization varies in response to 

changes in population, per capita income, and unemployment in counties local to that 

campground. Our findings suggest that a 1 percent increase in per capita income reduces 

utilization by 0.08 to 0.09 percentage points. Moreover, an increase of 1 percentage point in 

the unemployment rate increases utilization by 0.3 to 0.6 percentage points. Overall, the results 

suggest that campground utilization is higher in areas that have seen declines in 

macroeconomic conditions. 
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Introduction 

Nature-based recreation holds substantial use values and has become an increasingly popular 

leisure activity in the United States. The annual number of campsite nights reserved on 

Western US National Forest (NF) land, through recreation.gov, grew by more than 95% from 

2008 to 2017. The pricing of camping reservations is not directly determined through markets 

and is instead partially dictated by a desire to ensure equitable access to public lands. This 

implies that the willingness to pay for a campsite is often greater than the fees that are charged 

(Christensen, Stewart, and King, 1993). Loomis (2005) reports average per-visitor consumer 

surplus for camping in the Intermountain West (United States Forest Service (USFS) Regions 

1-4) and Pacific Coast (USFS Regions 5-6) to be $34.72 and $104.35 respectively. Based on 

the number of campsite nights reserved through recreation.gov in NFs in the Western United 

States, the net economic value from camping amounts to $71.9 million in 2017 alone.4 These 

use values reflect the importance of understanding the drivers of camping demand and 

campground reservation utilization, especially for deciding which campsites and 

campgrounds can be reserved in advance and when planning the location of new campgrounds. 

In this paper, we contribute to the literature by evaluating how reservable capacity utilization 

of NF campgrounds varies based on local economic changes in unemployment rate, income, 
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and population density. Increases in employment and wages can lead to more affordability and thus 

increased demand for camping. On the other hand, with increased income, individuals may substitute 

local camping by camping at more distant sites or substitute with other more expensive forms of 

leisure. Moreover, increases in wages and employment status also increase the opportunity cost of 

leisure time, which can lead to a reduction in overall recreation demand. This makes understanding 

changes in local demand for camping in response to changes in local employment and wages, an 

important empirical question, which can inform USFS planning decisions. 

Most studies of recreation demand utilize travel cost methods, which focus on the likelihood 

of participation and the number of trips to campgrounds. These studies are valuable and important 

avenues for estimating non-market values for local amenities, like campsite characteristics (Wheeler, 

2018), or in valuing damages due to disruptions, such as impacts of wildfire (Hesseln, Loomis, and 

González-Cabán, 2004; Englin, Holmes, and Lutz, 2008). However, as the number of sites at 

campgrounds vary, focusing on the number of trips provides little information from a resource 

allocation perspective. Moreover, it does not provide information on how busy some campgrounds 

are relative to others. We contribute to the literature of recreation demand by focusing on capacity 

utilization, which is determined by the percentage of campsites reserved within a given campground. 

This allows us to focus on which campgrounds are being underutilized and which are being 

consistently reserved to their capacity. The data enables suggestion on where reservable campgrounds 

could be added or expanded in the future. 

We also add to the literature by demonstrating how local changes in economic conditions 

impact campground utilization. Numerous studies have assessed whether outdoor recreation 

contributes to local economic development (Lawson, 2017; Hjerpe, 2018). However, there has been 

very little work on understanding how recreation demand is affected by local changes in population, 

unemployment, and personal income. Nature-based recreation, such as camping, can provide an 

inexpensive form of leisure value to local communities. Understanding which localities make the most 

use of such opportunities is an important question that needs more attention. 

We also contribute to the literature by providing an estimate of unemployment effects on local 

campground utilization that is free from possible selection bias in many survey-based studies. Hoque 

and Kling (2013) estimate how a change in employment status of individuals during the 2008 

recession impacted lake-based recreation. They assign treatment based on which individuals 

experienced a change in employment status between 2005 and 2009. Both observable and 

unobservable differences exist between individuals who become unemployed during a recession, 

which makes their treatment assignment non-random. The authors acknowledge they face potential 

selection bias and must rely on matching methods to reduce the bias. We extend their analysis by 

making use of local, county-level changes in personal income per capita and unemployment rate, 

which are determined by a myriad of factors that affect labor supply and demand, to estimate marginal 

effects that do not suffer from such selection bias. 

 

Background and Data 

We use campground reservation data from the recreation information database (RIDB), which 

provides records of reservations made for campsites on federal public lands through the website 

recreation.gov. We use reservation data from 2008 to 2017, for all individual campgrounds in National 

Forests in the Western United States. These include National Forests from USFS Regions 1 to 6. We 

specifically focus on camping reservations made for individual campsites and ignore group campsites. 

In the past, regional studies of recreation demand that have been done at this scale were based 

on creating an aggregate report from many separate studies, estimates from which are often non-

comparable (Loomis, 2005). Moreover, these studies focused on estimating the total economic value 

by outdoor recreation activity, rather than focusing on the resource allocation to one specific activity, 

e.g., camping (McCollum, 1990). The information from the RIDB dataset provides the opportunity to 
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conduct large regional studies. Wheeler (2018) demonstrates the functionality of RIDB data for 

regional analysis, by using it to value the demand for various campground activities and expected 

climate conditions at campgrounds in California. However, it is difficult to assess the validity of travel 

cost estimates attributed to a single site for campers that might be traveling from far away, as they 

may be traveling to visit multiple locations. In our paper, by focusing on changes in local economic 

conditions and campground utilization rates, we circumvent such concerns. 

Each campground in our dataset, on average, includes 21 separate campsites. We measure 

capacity utilization, at the campground level, as the percentage of campsites reserved at a campground 

for each day in the camping season5. It is important to mention our measure of capacity utilization 

does not include walk-in or dispersed camping at the campgrounds. Rather, it is an estimate of how 

much of the reservable capacity made available through recreation.gov is being utilized through 

advanced reservations, which represent a growing portion of camping demand (as shown in table 1). 

Formally, capacity utilization is calculated as 

 

    𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖𝑡 =
 𝐶𝑎𝑚𝑝𝑠𝑖𝑡𝑒𝑠 𝑟𝑒𝑠𝑒𝑟𝑣𝑒𝑑𝑖𝑡

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑖𝑡
,                                                           (1) 

 

where i represents an individual campground and t represents a day. 

We separate the days in the year as peak and non-peak days, where peak days consist of 

Fridays, Saturdays, Memorial Day, Labor Day, and the 4th of July. As both Memorial Day and Labor 

Day are always observed on a Monday, we define reservations for the Sunday preceding each of these 

holidays as a peak day. Also, we include all days in the week of July 4th as peak days. If the 4th of 

July falls on a Saturday, then the entire week prior to that Saturday is counted as a peak day. If it falls 

on a Sunday, the days of the following week are considered peak days. We then calculate the average 

annual capacity utilization on peak days at each campground during the camping season, which is used 

as the dependent variable in our analysis. If the annual average capacity utilization is zero for any 

campground, we exclude it from that year, assuming that it was not operational. 

Table 1 illustrates the increases in campground reservations that have taken place in 

between 2008 and 2017. Campsite nights reserved have increased by 95.5%, whereas reservable 

camping availability has only increased by 30.5% on the extensive margin (number of 

campgrounds) and 39.7% on the intensive margin (number of campsites). Also, it is interesting to 

see that campground fees per night have remained relatively unchanged over this 10-year period. 

Given this constant price and growing demand, campground reservations have clearly become a 

scarce commodity. 

 

 

 

 

 

 

 

 
5 
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campgrounds through recreation.gov take place within this date range. 
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  Table 1: Trends in Campground Reservations and Revenue (USFS Regions 1 to 6)  

Revenue 

 
 

Year 

Unique 

Reservable 

Campgrounds 

Campsite 

Nights 

Reserved 

Unique 

Reservable 

Campsites 

Revenue 

from 

Reservations 

Revenue per 

Reservable 

Campsite 

per 

Reserved 

Night 

2008 590 499,472 12,034 11,444,851 951 22.91 

2009 622 606,648 13,228 13,460,453 1,018 22.19 

2010 630 549,856 13,381 12,237,361 915 22.26 

2011 648 628,889 13,841 13,903,865 1,005 22.11 

2012 678 684,793 14,532 15,253,313 1,050 22.27 

2013 705 730,447 15,219 16,353,281 1,075 22.39 

2014 715 767,233 15,482 17,722,436 1,145 23.10 

2015 727 842,957 15,931 19,559,341 1,228 23.20 

2016 752 926,591 16,347 21,745,289 1,330 23.47 

2017 770 976,686 16,818 23,752,302 1,412 24.32 

 
 

From Figure 1, we can see that over the years there has been a rightward shift in the 

distribution of annual capacity utilization, as more campgrounds have become heavily utilized. 

However, there remains many campgrounds that experience average utilization rates below 75%. 

Decisions related to additional campground and campsite locations can be an important determinant 

of how well this scarce resource will be utilized. 

The independent variables that we use in the empirical analysis include average population, 

income per capita, and the unemployment rate. We use population and per capita income data at the 

county level from the Bureau of Economic Analysis (BEA) Regional dataset. County-level 

unemployment data is from the Local Area Unemployment Statistics (LAUS) program of the U.S. 

Bureau of Labor Statistics. Annual estimates for these county-level variables were collected for years 

2008 to 2017 and make up the primary variables of interest used in the empirical analysis. 

There has been wide heterogeneity in changes in economic conditions among counties 

between 2008 and 2017. Population growth in these counties has varied between the ranges of -15% 

to 115%. Looking at Table 2, we also see that counties have experienced wide ranges in real income 

per capita growth and changes in unemployment rates. 

The spatial distribution of the variation in economic conditions is reflected in Figure 2. The 

changes over time, along with substantial spatial heterogeneity, allow us to identify how these 

economic conditions have impacted campground utilization rates. The large changes in regional 

economic conditions occur due to an array of factors, many of which are independent of initial 

campground and campsite location decisions. This makes variation in population, per capita income, 

and unemployment rate at nearby counties of a campground exogenous to capacity utilization rates. 

We define the locality of a campground as counties that lie within a 50-mile radius of a 

campground. We then make use of a fixed-effects methodology to estimate the impact that local 

changes (in population, per capita income, and unemployment) have on capacity utilization at the 

campground over time. The use of campground fixed effects controls for time invariant, site- specific 

quality variables that are unobservable. 
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Figure 1. Distribution of Annual Capacity Utilization by Year 
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Table 2: Change in County-Level Economic Conditions between 2008 and 2017 

Number of Counties  731  

 
Population 

Growth 

Growth in Real 

Income per 

Capita 

 
Change in 

Unemployment Rate 

Minimum -14.97% -48.26% -6.60 

1st Quadrant -2.73% 2.79% -1.70 

Median 1.71% 10.52% -0.70 

Mean 2.96% 10.42% -0.83 

3rd Quadrant 7.39% 17.44% -0.05 

Maximum 115.42% 90.25% 4.90 

 

 

 

 

Figure 2: Changes between 2008 and 2017 in: (A) Unemployment rate; (B) Population growth; 

(C) Per capita real income growth; and (D) Campground locations with 50-mile radii around each 

campground. 

 
 

Table 3 shows the average and percentage change in capacity utilization at campgrounds in 

our sample over time. The table also shows the average changes in population, per capita income, 

and unemployment experienced by counties that lie within a 50-mile radius of the campgrounds  

(D) Campground locations 

(A) Change in unemployment rate (B) Population growth 
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included in our sample. We see that our variables of interest, on average, experience substantial 

change over time. 

 
 

Table 3. Mean Annual Values and Changes in Capacity Utilization, Population, Per Capita Income and 

Unemployment Rate (RFS Regions 1 to 6) 

Year Capacity Utilization Population Per Capita Income Unemployment Rate 
 

  
average 

percent 
change 

 
average 

percent 
change 

 
average 

percent 
change 

 
average 

percent 
change 

2008 43.49% 0.00% 230,267 0.00% 36,343 0.00% 6.04 0.00% 

2009 49.12% 5.63% 233,559 1.43% 34,698 -4.53% 9.69 3.65% 

2010 44.83% -4.29% 236,287 1.17% 35,471 2.23% 10.60 0.91% 

2011 49.29% 4.46% 234,791 -0.63% 37,673 6.21% 9.99 -0.61% 

2012 49.90% 0.62% 229,978 -2.05% 39,368 4.50% 9.03 -0.96% 

2013 51.08% 1.18% 234,941 2.16% 40,080 1.81% 8.04 -0.99% 

2014 49.96% -1.12% 234,871 -0.03% 42,470 5.96% 6.71 -1.34% 

2015 54.61% 4.65% 236,144 0.54% 44,331 4.38% 5.95 -0.76% 

2016 59.44% 4.83% 237,212 0.45% 45,076 1.68% 5.47 -0.47% 

2017 59.75% 0.32% 238,078 0.37% 46,441 3.03% 4.76 -0.71% 

 
 

Figure 3 shows the spatial distribution of the USFS Regions. These regions include: (1) 

Northern Region; (2) Rocky Mountain Region; (3) Southwestern Region; (4) Intermountain Region; 

(5) Pacific Southwest Region; and (6) Pacific Northwest Region. 
 

 
 

 

Figure 3: Distribution of USFS regions 
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Capacity utilization has grown steadily since 2010 in National Forests that lie within Regions 

1 to 6. Whereas looking at changes in economic conditions, on average the percentage changes in 

population, per capita income, and unemployment rate have seen substantial variation over the years. 

Notably, these averages only represent the counties that lie within a 50-mile radius of each campground 

and are heavily weighted by counties that have more campgrounds around them. Table 4 breaks these 

changes down by region and reflects the change in average values experienced between 2008 and 

2017. We see large changes in capacity utilization over the period, ranging from increases of 33.23 in 

Region 1 to 11.50 in Region 5. Large heterogeneity exists in population changes between the regions, 

ranging from increases of 39.32% in Region 3 to decreases of 6.37% in Region 5. We also see a drop 

in the average unemployment rate in all six regions. 
 

 
Table 4: Changes in Average Capacity Utilization, Unemployment rate and Percent Changes 

  in Population, Per Capita Income between 2008 and 2017  

Forest Service Region 

 1 2 3 4 5 6 

Capacity Utilization 33.23% 20.23% 14.12% 12.91% 11.50% 14.73% 

Population 18.50% 8.44% 39.32% 15.31% -6.37% -2.06% 

Per capita income 27.97% 25.29% 26.64% 26.34% 34.20% 26.10% 

Unemployment rate -0.99% -0.88% -0.85% -0.41% -2.53% -1.89% 

 

 

 

Identification Strategy and Methodology 

The two major identifying assumptions of our model are: (1) the large spatial variation over time in 

population, per capita income and unemployment is independent of initial campground location 

decisions; (2) average capacity utilization during peak days over time at an individual campground does 

not substantially drive local changes in population, income per capita and unemployment. In this 

paper, we define local as all counties that have boundaries that lie within a 50-mile radius of a 

campground. 

A substantial body of literature exists that makes use of IMPLAN input-output models to 

estimate the impact of outdoor recreation on local economic development (Bergstrom et al., 1990; 

Southwick, Bergstrom, and Wall, 2009; Hjerpe, 2018). Increased visitation to an area can generate 

additional revenue for businesses in that area. The magnitude of that impact on market wages and 

unemployment is less clear and would depend on a complex set of labor market supply and demand 

factors. Hjerpe and Kim (2007) investigate the regional economic impact of rafting in the Grand 

Canyon and show that over half of all expenditures related to rafting were not captured by the regional 

economy and jobs created by the rafting industry were often lower wage and seasonal in nature. 

Changes in conservation policies near campgrounds might have an impact on local wages and 

employment, depending on the net effect of the impact of conservation and the amount of tourism it 

generates. However, studies examining the impact of conservation policies find that changes in timber 

sales and proportion of USFS land holdings do not have a significant relationship 
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with wage and employment growth (Lewis, Hunt, and Plantinga, 2003; Pugliese, McCann, and Artz, 

2015). Nonetheless, aggregate visitations to a region could impact local economic conditions, such as 

wage and unemployment. This is especially true for regions where nature- based tourism plays a 

strong role in the economy. In such cases, local economic conditions would be endogenous to 

aggregate visitations to that area. 

However, it is reasonable to expect that capacity utilization at an individual campground 

would not impact the average annual income and unemployment rates in all counties within a 50- 

mile radius. Moreover, our average capacity utilization estimates only experience variation due to 

visitation changes on peak days, whereas the annual average change in local economic conditions vary 

due to changes experienced throughout the year. This specification, paired with campground and year 

fixed effects, allows us to identify how campground utilization, on average, responds to exogenous 

variation in population, income per capita and unemployment rates over time. We specify the model 

as 
 

𝐶𝐶𝑈𝑈𝑖𝑖𝑖𝑖  = 𝛽𝛽1 ln(𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖) + 𝛽𝛽2 ln(𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖) + 𝛽𝛽3𝑈𝑈𝑖𝑖𝑖𝑖 + 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒔𝒔𝒊𝒊𝑪𝑪 + 𝛼𝛼𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖, (2) 

where i represents a campground and t represents year. The dependent variable is the average, peak-

day capacity utilization (𝐶𝐶𝑈𝑈) at a campground in a given year. The independent variables include 

the natural log of average population (𝑃𝑃𝑃𝑃), the natural log of average personal income per capita (𝑃𝑃𝑃𝑃) 
and the average unemployment rate (𝑈𝑈), for every year at the counties with boundaries that lie within 

a 50-mile radius of where the campground is located. Campground fixed effects and year fixed effects 

are represented by 𝛼𝛼𝑖𝑖 and 𝛾𝛾𝑖𝑖 respectively. 

In equation 2, ‘Controls’ is a vector of variables that account for the number of reservable 

campsites at campground i, the number of nearby campgrounds, and gasoline prices. Capacity 

utilization for a given campground could be affected by the number of campsites at that campground 

that are available for reservation. Over time, we also expect additional campgrounds near a given 

campground to become available for reservation on recreation.gov. The empirical model controls for 

both the number of reservable campsites at each campground and the number of other reservable 

campgrounds within a 50-mile radius. Additions to the list of reservable campgrounds on 

recreation.gov are made during the study period. In the base model, campgrounds enter and exit based 

on whether they have a non-zero average peak-day capacity utilization in a given year. In order to 

check the sensitivity of our estimates, we also estimate a model with only the initial campgrounds that 

were reservable in 2008. 

We also estimate a model which includes average capacity utilization over all days in the 

camping season, as opposed to only peak days. The empirical model also controls for annual average 

gasoline prices at the state level, as fuel prices could be correlated with both the cost of traveling to a 

campground and the economic conditions in the region. The average annual gasoline price data come 

from the State Energy Data System (SEDS) dataset of the US Energy Information Administration 

(EIA). 

 

Results 

The five models in Table 5 include estimates of equation 2: without controls for state oil prices, 

number of reservable campsites and number of other campgrounds within that lie inside a 50 mile 

radius (1); with the control variables (2); with excluding the unemployment variable and including the 

control variables (3); using only the 626 campgrounds with reservable capacity in 2008 and including 

the control variables (4); and using the average capacity utilization over all days in the 
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camping season as the dependent variable and including the control variables (5). It is important to 

note that the capacity utilization is a proportion, so a 56% capacity utilization is represented by 

0.56 in the data. 
 

 

Table 5: Regression Results for All Regions 

Dependent variable: 
 

Average capacity Utilization 
 

 Peak days Peak days Peak days Peak days All days 

(1) (2) (3) (4) (5) 

ln(Population) 0.026 -0.078 -0.062 -0.011 -0.038 

 (0.075) (0.076) (0.076) (0.078) (0.057) 

ln(Personal income per capita) -0.094* -0.068 -0.093** -0.083* -0.032 

 (0.049) (0.049) (0.047) (0.05) (0.036) 

Unemployment rate 0.006*** 0.003** 
 

0.005*** 0.004*** 

 (0.001) (0.002)  (0.002) (0.001) 

Controls No Yes Yes Yes Yes 

Using only initial campgrounds No No No Yes No 

Campground fixed effects Yes Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes Yes 

Observations 6,756 6,756 6,756 5,914 6,820 

R2 0.861 0.863 0.863 0.858 0.885 

Adjusted R2 0.842 0.844 0.844 0.84 0.869 

Residual Std. Error 0.089 0.089 0.089 0.087 0.067 

 (df = 5,940) (df = 5,937) (df = 5,938) (df = 5,274) (df = 6,000) 

Note: Standard errors are provided in brackets below the coefficient estimates. *p<0.10, **p<0.05, ***p<0.01 

 

 

The impact of per capita income is significant in three of the five models. Based on the models 

where we see a significant impact, the coefficient estimates indicate that a 1% increase in local 

personal per capita income results in a 0.08 to 0.09 percentage point reduction in capacity utilization 

of a campground. The impact of the unemployment rate on capacity utilization is significant across 

all five models. The results also show that a 1 percentage point increase in the unemployment rate6 

results in a 0.3 to 0.6 percentage point increase in capacity utilization. Population is not found to have 

a significant impact on campground utilization in any of the five models. We expect changes in local 

personal income per capita and changes in unemployment rate to be highly correlated. Thus, it can be 

difficult to estimate significant marginal effects for each when 
 
6 

The unemployment rate is not represented as a fraction, so a 1.5 percentage point unemployment rate is represented as 

1.5 and not 0.015. 
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both variables are included in the model. 

Excluding the unemployment rate from the model increases the significance of the coefficient 

estimate of local personal income per capita. The sign of the coefficient estimates for per capita 

income and unemployment are robust across all specifications. Separate results for models that 

exclude unemployment and income per capita, as well as coefficients and standard errors for the 

control variables are explicitly reported in Table A1 in the Appendix. 

An increase in income can enable individuals to travel to more distant sites or engage in other 

expensive forms of leisure, both of which act as substitutes to local camping. Moreover, the result 

may be driven by an increase in the opportunity cost of time, reflected by increased wages. The 

opportunity cost of an individual’s leisure time is directly proportional to some fraction of the market 

wage rate (McConnell and Strand, 1981). As the opportunity cost of visitations exceed the benefit 

from camping, campgrounds would experience a decline in visitation, resulting in lower utilization 

rates. The signs of the estimates for per capita income suggest that areas experiencing a decline in per 

capita income have experienced higher rates of capacity utilization at their local campgrounds. This 

result highlights how camping can provide an inexpensive means of recreation in such areas. 

It is reasonable that in areas of high unemployment, outdoor recreation can provide a relatively 

cheap means of leisure activity. Individuals who face a loss of employment might substitute away 

from more expensive leisure activities and visit their local campgrounds more frequently. Hoque and 

Kling (2013), in their study of lake recreation in Iowa, had found that a change in employment status 

makes an individual 10.8% more likely to participate in at least one lake trip. However, they were 

unable to make a definitive comment on how unemployment affected the number of visits, as their 

results varied across the different matching methods and the different samples. Moreover, with 

matching on observables there is still possibility of selection bias. We extend that literature by 

providing evidence that, for camping, an increase in the unemployment rate, holding income constant, 

results in a significant increase in local campground utilization rates. 

We now proceed to evaluate the extent to which the impacts of changes in population, income, 

and unemployment vary by USFS region. The same econometric model, as specified in equation (2) 

is estimated separately for each region. Looking at how population growth impacts capacity utilization 

in these regions, we are able to estimate marginal effects with some significance for regions that have 

a substantial number of campgrounds located near high, negative-growth counties (such as those in 

the Pacific Southwest and Northern Regions) or those in regions with a good mix of very high and 

very low population growth rate counties (such as those in the Intermountain, Rocky Mountain and 

Pacific Northwest Regions). The results are provided in Table 6. 

We see that in Region 2 (Rocky Mountain) and Region 4 (Intermountain West), population 

growth has a negative impact on campground capacity utilization. One reason for this negative impact 

may be that people see camping as an activity enjoyed better in more secluded locations, as a result 

there is less utilization of campgrounds in areas with large increases in population growth. 

Alternatively, capacity utilization near highly populated areas was near one in the baseline, so all of 

the growth in utilization has occurred at campsites in less populated areas. The magnitude of the effect 

is also quite large, with a 1% increase in population lowering capacity utilization at a campground by 

0.534 percentage points in the Rocky Mountain Region and by 0.28 percentage points in the 

Intermountain Region. 
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Interestingly, as we go north towards the Northern and Pacific Northwest Regions, the 

direction of the relationship between population growth and capacity utilization reverses. Over time, 

an increase in population by 1% has increased campground peak day capacity utilization by 1.16 

percentage points in the Northern Region and 1.54 percentage points for the Pacific Northwest Region. 

Although, the coefficient for population growth in the Southwestern Region is large, it is not 

significantly different from zero. The number of observations in that region is small, resulting in 

relatively large standard errors. Per capita income has a significant impact on capacity utilization in 

Regions 4 and 5. The direction of the effect is positive for the Intermountain Region, but negative for 

the Pacific Southwest Region. A 1% growth in per capita income is predicted to cause a 0.364 

percentage point increase in capacity utilization for campgrounds in the Intermountain Region. 
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The heterogeneity of the impact of per capita income growth is also relatively large across 

regions where it is statistically significant, ranging from a reduction of 0.63 percentage points to an 

increase in 0.364 percentage points in capacity utilization. This large heterogeneity brings forward an 

important puzzle that could be addressed in future research. Additionally, it points out the importance 

regional differences play when estimating the relationship between recreation demand and local 

economic factors. 

Looking at the regional effects of unemployment, we see the effect is statistically significant 

in three of the six regions. The estimates have magnitudes large enough to be economically significant. 

A 1 percentage point increase in the unemployment rate increases peak- day capacity utilization at a 

campground by 1.0 percentage points in the Rocky Mountain Region. However, a percentage point 

increase in unemployment reduces peak-day capacity utilization of campgrounds by 2.9 percentage 

points in the Pacific Northwest Region and by 1.1 percentage points in the Pacific Southwest Region. 

Given this heterogeneity, campground location decisions based on local economic conditions should 

also depend on the region in which a county is located. 

 

Conclusion 

In this paper we explore how changes in local economic conditions, namely population, per capita 

income and unemployment rate, impact average peak-day capacity utilization at NF campgrounds. We 

define local as counties with borders that lie within a 50-mile radius of a NF campground. Our 

definition of local enables us to make use of the spatial variation in economic conditions around each 

campground. This specification along with campground and year fixed effects enable us to identify 

the impact. Our results suggest that growth in per capita income reduces capacity utilization at nearby 

campgrounds. Areas with falling wage rates increase the use of their campgrounds as means of 

accessible leisure activity. 

We also show that increases in the unemployment rate lead to higher utilization. These 

changes are likely to be driven by changes in the opportunity cost of time and due to substitution to 

other leisure activities as a result of increases in income. In this paper we are unable to estimate the 

relative magnitude of the impact of opportunity cost of time and the impact of substitution. When the 

model is estimated separately by Forest Service region the results show considerable variation by 

region. Although perplexing, this provides motivation for future research to explore the regional 

differences that may lead to such heterogeneity. 

Understanding the determinants of capacity utilization can aid in resource management and 

allocation decisions in National Forests. Looking at how these utilization rates vary in response to 

environmental changes and shocks, such as the impact wildfire, beetle kill, and drought stress, provide 

an important avenue that we wish to explore in future research. 
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Appendix 

The models included in Table A1 include our base model without controls (1); base model 

with control variables of number of campsites, number of campgrounds within a 50-mile radius 

and oil prices (2); model that excludes the unemployment rate from the base model and 

includes all the control variables (3); model that excludes the natural log of personal income 

per capita from the base model and includes the control variables (4); base model with all the 

control variables estimated using only the initial set of campgrounds reservable in 2008 (5); 

and a model using the average capacity utilization over all days in the camping season as the 

dependent variable and including the control variables. 
 

 
 

Table A1: Models to check sensitivity and with explicitly mentioned controls 

Dependent variable: 

Average capacity Utilization 

 Peak days Peak days Peak days Peak days Peak days All days 

 (1) (2) (3) (4) (5) (6) 

ln(Population) 0.026 -0.078 -0.062 -0.088 -0.011 -0.038 

 (0.075) (0.076) (0.076) (0.076) (0.078) (0.057) 

ln(Personal income per capita) -0.094* -0.068 -0.093** 
 

-0.083* -0.032 

 (0.049) (0.049) (0.047)  (0.05) (0.036) 

Unemployment rate 0.006*** 0.003** 
 

0.004** 0.005*** 0.004*** 

 (0.001) (0.002)  (0.002) (0.002) (0.001) 

Number of campsites 
 

0.00004 0.0001 0.00004 0.0001 -0.0002 

  (0.0003) (0.0003) (0.0003) (0.0003) (0.0002) 

Number of nearby 

campgrounds within 50 miles 

  
0.002*** 

 
0.001*** 

 
0.002*** 

 
0.002*** 

 
0.002*** 

  (0.001) (0.001) (0.001) (0.001) (0.0004) 

Oil prices 
 

-0.015*** -0.017*** -0.015*** -0.013*** -0.014*** 

  (0.002) (0.002) (0.002) (0.002) (0.002) 

Observations 6,756 6,756 6,756 6,756 5,914 6,820 

R2 0.861 0.863 0.863 0.863 0.858 0.885 

Adjusted R2 0.842 0.844 0.844 0.844 0.84 0.869 

Residual Std. Error 0.089 0.089 0.089 0.089 0.087 0.067 

 (df = 

5,940) 

(df = 

5,937) 

(df = 

5,938) 

(df = 

5,938) 

(df = 

5,274) 

(df = 

6,000) 

Note: Note: Standard errors are provided in brackets below the coefficient estimates. *p<0.10, **p<0.05, ***p<0.01 
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Implementing and Operating a State Meat Inspection Program: Potential Opportunity 

in New Mexico 

By Lenora Parker-Sedillo1, Chadelle Robinson2, and Jay Lillywhite3 

Abstract 

New Mexico stakeholders expressed interest in a state meat inspection program. Stakeholders 

recognize that a state inspection program could provide access to local markets for livestock, 

increase locally produced meat, provide economic development opportunities, and alleviate supply 

chain concerns. A study at New Mexico State University explored the potential costs of 

implementing a state meat inspection program. This article summarizes interviews of 22 state 

officials operating meat inspection programs and 25 existing meat processors in New Mexico about 

interest to participate. Researchers estimated the state program would have an annual cost of $1.1 

million with additional costs expected as the program develops and grows. 

 

Key Words: New Mexico, meat, inspection, meat processing, FSIS, pro forma budget. 
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Introduction and Background 

Agriculture plays an important role in New Mexico’s economy. The state’s nearly 25,000 farmers 

and ranchers produce roughly $3 billion in agricultural output annually (USDA- National 

Agricultural Statistics Service, 2018). Livestock production contributes to three- quarters of the 

state’s agricultural output, with meat animals accounting for 32% of the state’s agricultural 

revenues. While the state has a significant agricultural production base, it has relatively few meat 

processors. New Mexico only has 6 of the approximately 800 U.S. federally inspected livestock 

slaughter facilities that allow processors to market meat to the public (USDA- National 

Agricultural Statistics Service, 2016) and approximately 25 custom-exempt processors who harvest 

and process meat for livestock owners, but not for the public in general. 

U.S. commercial red meat production has increased more than 40% since 1977 while New 

Mexico’s commercial red meat production has declined significantly. New Mexico produced 3.7 

million pounds of red meat commercially in 2019, ranking the state 42nd of the 44 states reporting 

commercial red meat production. Most of New Mexico’s meat production comes from cow-calf 

operations that sell a majority of the calf crop to feedlots outside of the state (USDA- National 

Agricultural Statistics Service, 2019). 

 

 
1 Graduate student, lenora96@nmsu.edu. 
2 Corresponding author and an assistant professor, chadelle@nmsu.edu, 575-646-5093. 
3 Professor and Department Head in the Department of Agricultural Economics and Agribusiness at New Mexico 

State University, Las Cruces, New Mexico, lillywhi@nmsu.edu. 

mailto:lenora96@nmsu.edu
mailto:chadelle@nmsu.edu
mailto:lillywhi@nmsu.edu


Fall 2020 Volume 18 Issue 2 Western Economics Forum Page 130 
 

Several New Mexico agricultural stakeholders have expressed interest in increasing locally 

produced and processed food products, including meat. Agricultural producers are exploring 

opportunities to integrate into the supply chain via value-added production (Nelson, 2019). The 

popularity of value-added meat products continues to grow as consumers desire meals that meet 

their dietary needs and are convenient (Acosta, 2019). New Mexico livestock industry stakeholders 

have indicated an interest in value-added meat processing opportunities that, for many, have been 

amplified during the COVID-19 pandemic. 

One avenue proposed by some stakeholders is to increase the availability of locally 

produced meat to the public by implementing a state meat inspection program. Stakeholders have 

suggested that a state meat inspection service could significantly increase value-added meat 

production as well. The majority of New Mexico meat processing facilities are small, custom 

exempt facilities that can only slaughter and process animals for use of the livestock owner, i.e., the 

meat products must be labeled “Not For Re-Sale”. A state meat inspection program would 

potentially add value to the meat and increase processor access to the State’s commercial meat 

outlets. 

The USDA’s Food Safety and Inspection Service (FSIS) enforces the requirements state 

inspected facilities must meet including those outlined in the Federal Meat Inspection Act (FMIA), 

the Poultry Products Inspection Act (PPIA), and the Humane Methods of Slaughter Act (HMSA). 

Meeting the federal standards is referred to as the “at least equal to” standard. State programs are 

audited annually to ensure programs are meeting the “at least equal to” standards. 

Under the Federal Meat Inspection Act, funding and other assistance for state meat 

inspection programs is provided if they meet the “at least equal to” requirements. The 

reimbursement can be 50 % of the state program cost. Component 9 of the comprehensive review 

document evaluates whether the State Meat and Poultry Inspection (MPI) program conforms with 

7 CFR 3016, Uniform Administrative Requirements for Grants and Cooperative Agreements to 

State and Local Governments, and follows FSIS Directive 3300.1, Rev. 2 Fiscal Guidelines for 

Cooperative Inspection Programs (National Archives, 2012). 

This article summarizes information obtained from 2 research activities: (1) qualitative 

interviews of program directors in states currently participating in FSIS cooperative state meat 

inspection agreements; and (2) qualitative interviews of meat processors currently operating in 

New Mexico and their interest in participating in a meat inspection program in the state. 

 

Methods 

 

Existing State MPI Program Director Survey / Interviews 

Interview questions were created and approved following NMSU Institutional Review Board (IRB) 

guidelines. Interviews were conducted from mid-November 2019 through January 2020. Officials 

in other states with meat inspection4 were interviewed in order to better understand the operations 

of established state inspection services and gain insight as to how a potential program for New 

Mexico might be developed. 

Each state official was contacted to arrange an in-depth interview of approximately one 

hour. Information requested from each state official included a history of the program, how it was 

established, size and complexity of the service, number and type of state inspected facilities, issues 

facing the service, organization and cost of the program, and profitability of the program. 

 

 
4 Included bureau chiefs, directors, lead inspection supervisors and others with similar leadership positions within 

their program. 
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In addition to basic program information, state officials were also asked about fees charged to 

individual processors, challenges involved with their State MPI Programs, and potential 

remedies for issues that may arise as a program operates. 

Of the 27 states with state meat inspection service programs, officials from 22 states 

agreed to participate in the interview process (See Figure 1). Two state program directors 

indicated they were advised by legal representation not to participate in the survey/interviews 

and were unable to provide responses to the questions. Summary information from the 

interviews is included in this section and conclusions drawn specific to the estimated New 

Mexico budget are available upon request. 
 

Figure 1. Participating Meat and Poultry Inspection State Program Directors 

 
 

New Mexico Processor Survey / Interviews 

Researchers in the Department of Agricultural Economics and Agricultural Business at New Mexico 

State University developed a list of meat slaughter and processing facilities in New Mexico. The 

University’s Cooperative Extension Administration invited extension agents across the state to 

provide contact information for facilities in their counties. The original list from the county agents 

was expanded using information obtained from internet searches. The final list of processors and 

slaughterers contained 25 facilities. 

Upon IRB approval, all these facilities were contacted in an effort to gauge the level of 

interest in implementing a state meat inspection program. Each facility was contacted by phone 

during the period April 15-26, 2020. The survey was developed to determine the level of interest in 

a state meat inspection program among existing processors and took five minutes to complete. Of 

the 25 processors contacted, 21 spoke with researchers. Four were federally inspected and already 

able to sell their product, one had been approved to become a federally inspected facility, and the 

rest were custom-exempt facilities. State processors who indicated interest in the program were 

asked about the type of facility they operated, e.g., whether they slaughtered animals, processed 

animals, or did both, their schedule of activities and the number of animals that they could 

slaughter/process. 
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In addition to the information obtained from the 2 interviews/surveys, additional details 

such as costs, employee benefits, and program details were obtained. The sources of the additional 

information included the New Mexico Department of Agriculture, the New Mexico Cooperative 

Extension Service, the USDA Food Safety and Inspection Service, the New Mexico Livestock 

Board, and the New Mexico State Personnel Office. These sources provided additional details 

specific to New Mexico and supported the budget building process. 

 

Results 

Existing State MIP Officials Survey / Interview 

 

History of Existing Meat Inspection Programs 

All the directors interviewed indicated that their states entered into cooperative agreements with 

Food Safety and Inspection Service (FSIS) and formed official State MPI Programs in the late 

1960s-70s. All the State MPI Programs were housed within their state’s departments of 

agriculture. Each program had its own department, branch, or division dedicated to meat and 

poultry inspection. 

 

Number and Type of Facilities 

The number of state program facilities in each state ranged from fewer than 8 state inspected 

facilities to 272 state facilities, with an average of 73 facilities. The number of custom exempt 

facilities, inspected by state inspectors, ranged from 5 to 231, with an average of 61 facilities 

(Table 1). 

 

Program Staffing 

The number of state program employees varied in size from fewer than 10 employees to more than 

150 (Figure 2). Programs staffing numbers are established based on specific program and state 

needs. The larger states with more area to cover and states with higher numbers of facilities 

employed more staff in order to maintain their “at least equal to” status with FSIS. 
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Figure 2. Total Number of Program Personnel by State MPI Program 

 

 

The various position titles and the number of states that utilized each position are reported 

in Table 2. States with larger programs had multiple supervisory levels for each position as they 

had many employees in each category. States with fewer facilities in their programs created cross-

trained positions, e.g., training officers and compliance officers.5 State program staffs structured 

with positions beneficial to the specific needs of the program. Key positions utilized by most, if 

not all, programs are director, inspectors, field/district supervisors, and compliance officers. Sixty-

five percent of all State MPI Program personnel across the 27 states are inspectors. 

 

 

 

 

 
 

5 Some states have inspectors cross-trained outside of meat inspection. For example, one of the states that was 

interviewed has inspectors that have varying inspection tasks from meat to inspecting swimming pools. 
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Training 

States operating MPI Programs are required to have employees participate in regular training to 

ensure that they are meeting the cooperative agreement’s “at least equal to” requirements. All 

states used trainings to provide new inspectors with administrative orientation and additional 

training on inspection duties. Training subject areas include livestock inspection, slaughter 

inspection, processing inspection, hazard analysis critical control point (HACCP), sanitation 

standard operation procedures (SOPs), and sanitation performance standards. Most programs 

maintain a record keeping system to track participation and completion of training. State program 

officials can choose to develop their own training programs or have their employees participate in 

federal trainings. 

 

Program Funding – Federal Government Funding 

Under the Federal Meat Inspection Act, the FSIS provides funding and other assistance for state 

meat inspection programs, if they meet criteria specified under the regulation, i.e., “at least equal 

to” requirements. State MPI Programs can be reimbursed up to 50% of their program costs by the 

federal government. The FSIS program will also cover the cost of inspection for up to 40 hours a 

week. An inspector can review processing facilities for a maximum of a 12-hour day and a 

slaughter facility for a maximum of a 10-hour day. Many states allowed for an 8-hour day, 5 days a 

week for their inspectors.  Component 9 of the annual comprehensive review submitted by each 

state to FSIS relates to financial accountability. This mechanism regulates states in maintaining 

realistic budgets and justifying all expenses for reimbursement purposes from the federal 

government. Capital equipment that costs over $5,000 has a funding approval process outside of the 

normal state inspection funding process. 

 

Funding from Participating Meat Processors 

The basic costs of operating a State MPI Program are covered by the federal government 

reimbursement described above and by state funding. The state processors do not incur charges or 

fees except for inspections that require overtime and annual licensing fees, if implemented by the 

state program management. 
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Challenges to State Programs 

A major challenge for many states is covering the cost of training and retaining personnel. The 

largest portion of every budget was salary for employees. Many state officials advised that New 

Mexico pay a competitive salary to avoid employees looking elsewhere and leaving after a year. 

The USDA also issues new regulations frequently and audits the state programs every year with an 

inspection audit every 3 years. New Mexico was advised to develop a strong working relationship 

with district FSIS contacts and to be sure the state complies with all regulations. 

 

Program Profitability 

The state officials interviewed were asked if the meat inspection program was profitable for their 

state, i.e., did program revenue sources (federal reimbursement, facility licensing fees, and tax 

revenues) cover program costs. The officials’ general consensus was that, while state inspection 

program costs far exceed revenues, the programs encourage small business development, support 

rural economies, allow smaller producers the opportunity to expand, and encourage consumers to 

purchase local products. 

 

State Processors Survey / Interview 

Information regarding interest in a state meat inspection program by existing New Mexico meat 

processors was determined via a survey of the state’s 25 custom exempt processors. Eighteen of the 

facilities were not interested in a state meat inspection program. Four of the facilities were already 

federally inspected and had the authorization to ship and sell product over state lines. 

Three of the facilities are only wild game processors and did not want to change their operations in 

order to meet inspection requirements. The others indicated that they could not afford to meet the 

standards required to be able to sell meat products to retail consumers. 

Six managers initially indicated an interest in participating in a state meat inspection 

program and the managers of two additional facilities expressed interest, but with conditions. One 

of these facilities would need the ability to ship across state lines and the other’s involvement 

would be contingent on cost of updating the facility to comply with inspection regulations. Each of 

these facilities expressed concerns about consumer demand, supply chain and meeting the 

requirements to become compliant for the state program. 

The 6 facilities are located across New Mexico with only 2 located in a single county. The 

distance between the facilities creates a logistical struggle. Two are strictly processing and the 

remaining 4 both slaughter animals and process meat. Currently the 6 processors average 15 head of 

beef a week for 50 weeks annually. Facility management and owners were hesitant to give a definitive 

answer of how many animals are currently being processed and slaughtered. 

They were also hesitant to provide any forecast of potential processing increases with the 

implementation of a state inspection program. Upon additional discussions with stakeholders, an 

estimate was established of the potential capacity increase of 12 animals (beef, hogs and sheep) a 

week or 3,600 animals per year for the 6 processors. 
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Pro Forma Budget 

 

Program Size 

The budget assumes that processors increase their current meat production from 15 to 27 animals a 

week, the additional 12 animals being state inspected and available for retail sale in the state. 

The 6 facilities that are assumed to participate in the state meat inspection program upon 

implementation, will increase their current intake of animals by 3,600 head of livestock annually (6 

facilities x 12 animals weekly x 50 weeks a year). 

Program Organization 

The number and type of employees required to operate a meat inspection program vary. A few key 

factors to consider: the number of processors participating in the program, the type of work 

conducted at processing facilities (e.g. slaughter), processing of raw meat or processing of finished 

product, the size of the participating processing facilities, and the overall size of the state. Staffing 

for the program was budgeted with 10 staff members to service an expected 6 meat processing 

facilities (Figure 3). As the number of facilities participating in the program increases, and the size 

of the participating facilities changes, the number of staff members would need to be adjusted to 

reflect the changing workload and program complexity. 
 

 
 

Figure 3. Proposed Staffing for NM State Inspection Program 

 

 
Pro Forma Budget Details 

This section provides a pro forma operational budget to help stakeholders better understand the 

potential costs of developing and implementing a state meat inspection program in New Mexico 
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(Table 3). The $1.1 million budget needs were derived from detailed information provided from 

interviews with officials of the existing state meat inspection programs.6 
 

 

 

The proposed budget includes estimated labor costs, including fringe benefits, of $941,573 per 

year, accounting for 82.5% of the total budgeted costs-- similar to other state programs. Estimated 

salaries were based on the midpoint of pay bands, rounded up to the nearest thousand dollars. The 

fringe costs were estimated to be 41.0% of the overall salary costs or 69.5% of base salary (New 

Mexico State Personnel Office, 2020). The proposed budget includes 1 state director/program manager 

and 1 administrative assistant to provide support and direction for the program. In addition to the 

management positions, funds have been allocated for 2 compliance officers, and 6 inspectors with 1 

designated as the lead inspector. 

An additional insight into the budget is that a large share of the non-salary costs is related to 

travel, vehicle maintenance, and fuel. Considering New Mexico is the fifth largest state 

geographically in the United States, these expenses are considerable.  Other costs for the program 

included $76,931 for supplies, equipment, and other fees including lab fees for third- party 

laboratory testing. 

 

Conclusions and Limitations 

 

Conclusion 

Key assumptions based on information derived from the interviews with meat industry participants 

and other stakeholders and collected from various other sources play a major role in deriving the 

budget presented here. If those assumptions are not met, significant cost and negative economic 

impacts could be seen. The assumptions include: 

• The 6 current New Mexico processors, who indicated an interest to participate in a state 

inspection program, are able to meet required codes and process the additional 3,600 

animals. 

• New Mexico can satisfy USDA inspection and reporting requirements sufficiently for 

their continued participation in the cooperative state meat inspection program. 

• Supporting industries, such as feedlots, can expand to meet requirements needed for 

processing, such as live cattle production increases in the state. 

 

 

6 The first year “implementation budget” for the program was $289,249 higher than the operating budget, reflecting the 

need for initial purchase of nine program vehicles, office furniture and equipment, and personnel hiring expenses. 



Fall 2020 Volume 18 Issue 2 Western Economics Forum Page 139 
 

The successful implementation of a state meat inspection service for New Mexico is 

contingent upon New Mexico’s ability to properly train inspectors and allocate sufficient 

resources to meet the needs for enough inspectors to fulfill the needs of the FSIS. Recognizing the 

importance of federal regulations and the value of being knowledgeable in all regulations, 

researchers recommend training all meat inspection service employees, not only the inspectors. 

Recognizing the importance of cross training and the ability for all employees to assist with 

meeting compliance requirements. 

Effective communication is important for state meat inspection program operations. 

Researchers recommend developing a close working relationship with the FSIS district contacts 

responsible for New Mexico to ensure the program regulations and budget meet FSIS regulations. The 

agency responsible for implementation is advised by researchers to develop working relationships with 

slaughter and processing facilities across the state in order to promote interest in participation in the 

state meat inspection program. This outreach effort will also allow interested processing facilities a 

direct link to assist with equipment purchases, property improvements, and overall facility compliance 

prior to initial inspection. 

The first-year implementation budget of the proposed state meat inspection program was 

estimated to be $1,420,256, primarily due to purchase costs of necessary capital equipment. The 

total annual operating budget was estimated to equal $1,141,507. Assuming USDA will reimburse 

the state one-half of the total operating costs, the remaining estimated annual cost to New Mexico 

is $570,754. The program’s largest expense is associated with staffing, representing about 82% of 

total operating costs. Other significant costs include transportation and fees associated with third-

party lab services. 

 

Limitations 

Limitations for these conclusions rest primarily on the accuracy and completeness of the responses 

of existing State MPI Program Directors that participated in the actual interviews. Program 

Directors were either unable or unwilling to provide all the materials requested by researchers. 

While the state officials did answer most of the researchers’ questions, the vast majority did not 

provide specific or itemized program costs. The directors’ responses were considered their own 

opinion and did not necessarily reflect an “official” program or state response. 

Another significant limitation focuses on the low survey participation by current meat 

processors in New Mexico. Many of the processors were unwilling to participate in survey 

interviews by indicating no interest in a state meat inspection program or whether they would 

participate if such a program were developed. Researchers did not observe processing facilities and 

have no way of determining if facilities would meet state inspection requirements. 

 

Future Work 

Future work that would provide additional insight into the potential impact of a state meat 

inspection program would be to visit New Mexico processors in person. Such on-site visits would 

allow researchers to build rapport and trust with the processors and may result in more complete 

information shared regarding processors’ capacity, identification of facility limitations, and a more 

accurate assessment of each manager’s knowledge of the criteria for compliance.  Additional 

research could also focus on other businesses participating in the meat supply chain; consolidators, 

feedlots, and meat wholesalers. 
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Additionally, a majority of current state meat inspection directors and officials indicated 

that, while the state inspection program did not pay for itself in terms of license fees, the programs 

had significant economic benefits that supported their existence. Future work might explore these 

potential economic and fiscal benefits that a state meat inspection program could have on the state. 
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Shape Influence on Consumers’ Willingness to Purchase Jujube Fruit 
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Abstract 

Agricultural producers diversify their operations to reduce vulnerabilities to market and weather 

fluctuations. Agriculture producers in New Mexico often search for profitable, water efficient 

alternative crops and have shown interest in jujube fruit. A sensory evaluation determined 

consumer preferences of dried jujube based solely on the shape of the sample. An ordered probit 

regression model analyzed the data to determine the willingness to purchase. The analysis showed 

more than half of the participants were overall likely to purchase and had a clear preference for the 

circular shaped sample jujube fruit. This evidence supports jujube as a successful alternative crop. 

 
Key Words: Value-added, agriculture, consumer behavior, alternative crop, New Mexico, 

marketing, ordered probit model. 
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Introduction and Background 

In 2018, the majority (58.2%) of farms in New Mexico were less than 100 acres in size and 78.3% 

of all New Mexico farms had annual sales of less than $9,999 (Agriculture, Economic Research 

Service, 2020). The small scale of production in New Mexico contributes to the diverse range of 

commodities grown in the state. New Mexico’s top five commodities by cash receipts are dairy 

products, cattle and calves, miscellaneous crops, pecans, and hay (Agriculture, Economic Research 

Service, 2020). The miscellaneous crops category includes grains and a variety of fruits, 

vegetables, nuts, and nursery products. 

New Mexico’s climate is semi-arid due to low humidity, low precipitation, abundant 

sunshine, and large annual and diurnal temperature ranges. Water availability is also important for 

the state’s agriculture sector. Current drought conditions, water distribution to urban, industrial, 

and recreation usage, and obligations to provide water to Texas are all growing issues 
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of public concerns. Water concerns provide producers greater incentives to use irrigation 

allocations efficiently while maintaining profitability (Ward, Michelsen and DeMouche, 2003). 

Jujube trees grow well under existing conditions and could provide both producers and consumers 

in New Mexico new opportunities. 

The jujube is a cold-hardy ornamental tree, native to China, where it has been cultivated for 

over 4,000 years, produces a drupe fruit, shown in Figure 1, which has a pit. After 1908, jujube 

cultivars were distributed to USDA experiment stations in Texas, New Mexico, Oklahoma, 

Georgia, and Florida. Upon further study, it was found to produce well in the southwest due to the 

climate, plentiful sunshine, and the ability to develop fruit after a late bloom, reducing late frost 

hazards. Unlike some fruit trees, jujubes are very precocious, and certain cultivars can bear fruit 

the same year as planting or grafting. Jujube trees come to full maturity after four to five years and 

can produce anywhere from 40 to 100 pounds of fruit (Yao, 2012). 
 

Figure 1. Jujube Fruit – Shuman cultivar 

 
 

Jujubes have successfully produced fruit in New Mexico State University experiment 

orchards in the past eight years. Jujube trees are extremely drought resistant and cultivation is 

simple (Mishra and Krska, 2017). This crop could be a good alternative to increase New Mexico’s 

orchards’ yields and profitability without expending large amounts of resources. In 2017, there 

were only about 1,796 acres of fruit orchards in New Mexico. The state’s orchard fruit industry 

has declined since 2002, from 1,991 bearing acres for indicated crops as shown in Figure 2, to 982 

bearing acres (Agriculture, Quick Stats 2020). Jujube trees provide a viable crop option for New 

Mexico agriculture producers looking to diversify their operations. 
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Figure 2. Decline of Orchard Bearing Acres in New Mexico from 2002 to 2017 

 
 

Even though jujubes were introduced from Europe to the United States in 1837, they are a 

relatively new-to-market fruit and consumer preferences have not yet been fully assessed. 

Jujube producers will need to extend their marketing window to allow consumers time for 

exploration and incorporation of the fruit into their diets. Marketability of jujube is somewhat 

limited as it can only be stored refrigerated for approximately 14 days (Yao, 2012). Recognizing 

this limitation, it is necessary to explore alternative preserving methods to extend marketability of 

this new-to-market fruit. Worldwide, jujube’s uses include as a candied or smoked fruit; as an 

ingredient in juice, jam, wine, mixed beverages, powders, and teas; and, after drying, as a substitute 

for raisins and dates (Mishra and Krska, 2017). Drying extends the shelf life of the fruit for at least 

a year, depending on the drying type, and does not have a significant negative effect (loss) of 

nutrients (Mishra and Krska, 2017). Since this fruit does have a pit, there are a limited number of 

ways to cut the fruit before drying. Determining consumer preference for the shape of dried jujube 

will provide jujube producers information about consumer preferences as well as give them 

direction for investment decisions about processing equipment. 

Consumers have specific preferences, and these preferences are important to know when 

marketing a product. Previous marketing research has shown product shape directly influences 

consumer purchases of both food and non-food products. Different Roles of Product Appearance in 

Consumer Choice showed aesthetics influenced 65% of their subjects to select a product based on 

attractive appearance (Creusen and Schoormans, 2004). Additionally, Completeness Heuristic: 

Product Shape Completeness Influences Size Perceptions, Preference, and Consumption showed 

people prefer completely shaped items because they are perceived to have more quantity (Sevilla 

and Kahn, 2014). Shape can even affect how a consumer perceives flavor of a product.  More 

recently in the article, Hedonic Mediation of the Crossmodal Correspondence Between Taste and 

Shape (Velasco, et al., 2015), a correlation was shown between circular shape and sweetness, 

offering essential information when marketing a new dried fruit. 

Sensory evaluations are commonly used to gather information on preferences for food 

products. Sensory evaluation is science that measures, analyzes, and interprets reactions of people 

to products as perceived by the senses (Stone, 2018). This approach uses a representative 
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sample of consumers in order to gain information to be applied to a larger population. The 

primary objective of this study is to evaluate significant factors determining consumer decision to 

purchase dried jujube fruits using sensory evaluation data. 

Methodology 

Mature jujubes, Sherwood cultivar, were obtained from NMSU’s Agricultural Science Center at 

Los Lunas, NM. Fruits had seeds removed, and then were cut into one of three different shapes: 

circular, diced and crosscut, Figure 3. Samples were oven-dried in a preheated convection oven at 

60° C for 12 hours and stored in quart bags at room temperature. Later, the sample shapes were 

sorted and placed into color coded small sample cups: red for circular; blue for diced; and green for 

crosscut. 
 

 

Figure 3. Three Shapes for Jujube Sensory Test 

 
 

The sensory evaluation was conducted in the Tejada Food Lab at New Mexico State 

University in a sensory room with 4 seats. The room was climate controlled (around 70 °F) and 

neutral lights were used to prevent bias on perception of the sample. There were 121 samples in this 

evaluation; most signed up via SignUpGenius.com and selected a time slot for a particular day 

during the experiment. A consent form and latex allergy notice was provided to participants 

electronically. Each participant responded to online survey prompts and received randomized 

samples. Unsalted crackers and water were distributed to participants to cleanse their palates 

between sample tastings. 

 

Survey Instrument 

The Internal Review Board of NMSU approved this research and survey. The survey consisted of 

40 questions and an attention check question. Respondents took between 8-15 minutes to answer 

questions about corresponding samples. Each participant responded to a randomized sample of 

jujube and ranked the following attributes: sweetness, flavor, texture, after-taste, chewiness and 

overall liking based on a five-point Likert Scale identified as: 1- dislike a great deal; 2- dislike 

somewhat; 3- neither like nor dislike; 4- like somewhat; 5 - like a great deal. Each respondent also 

ranked their overall willingness to purchase each sample using a Likert Scale of 1-extremely 

unlikely to 5-extremely likely. 

Following completion of the taste test, respondents were asked to answer questions about 

their shopping habits and demographics. Participants were asked how often they consumed fresh 

fruit and vegetables on a scale of infrequently, once a week, twice a week, three times or more a 

week, once a day, or three times a day. Demographic questions included gender, age, race, income, 

education, and marital status. Table 1 shows participant demographics in percentages. 



Fall 2020 Volume 18 Issue 2 Western Economics Forum Page 145  

Survey demographics show the majority of the participants in this sensory evaluation were white 

(61%), unmarried (83%), female (68%), students (51%), in the age range of 18-24 years old (75%) 

and had a household income of less than $19,999 (40%). 
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𝑖𝑖 

𝑖𝑖 

Model 

An ordered probit model was chosen as the methodology for empirical analysis since the choice 

alternatives do not have an exact value but instead represented an underlying interval scale. 

After tasting the dried jujube samples, the study participants expressed their intent to buy using a 

five-point ordinal Likert Scale ranging from extremely unlikely (1) to extremely likely (5). 

Following Green and Hensher (2009), we specify an ordered probit model which 

accounts for the natural ordering of the dependent variable to estimate the consumer’s jujube 

purchase decision function (Daykin and Moffatt, 2002; Green and Hensher, 2009). 

 

(1) 𝑦𝑖
∗ = 𝛽′𝑋𝑖 + 𝜀𝑖 

Where 𝑦𝑖
∗ is the underlying latent variable reflecting respondent i’s intent to purchase and 

consume the fruit; 𝛽′ is a vector of unknown parameters to be estimated; X is the vector of 

explanatory variables including survey participant’s sensory evaluations of dried jujube attributes 

(chewiness, aftertaste, flavor, texture, and sweetness), fruit purchase and consumption behavior 

(fresh and dry fruits purchase), the shape of dried fruits (circular, crosscut, and diced), and 

demographic variables (gender, race, education, income, marital status); and 𝜀𝑖 is a normally 

distributed random error term. 

Since yi
* is an unobserved latent variable, the model is estimated using its observed 

counterpart 𝑦𝑖.  The relationship between 𝑦𝑖
∗ and 𝑦𝑖 is: 

 

               (2) y=1 if      𝑦 ∗< 𝜇1 

 y=2 if 𝜇1 < 𝑦 ∗< 𝜇2 

 y=3 if 𝜇2 < 𝑦 ∗< 𝜇3 

 y=4 if 𝜇3 < 𝑦 ∗< 𝜇4 

 y=5 if 𝜇4 < 𝑦 ∗ 

 

Where y = 1, 2, 3, 4, or 5 to identify the likelihood to purchase as being extremely unlikely, 

somewhat unlikely, neither likely nor unlikely, somewhat likely, or extremely likely. The 𝜇𝑖’s are 

threshold parameters (or cut points). Assuming that the error term in equation (1) is normally 

distributed, the probabilities of consumer purchase intentions can be expressed as: 

 

               (3)  𝑃𝑟𝑜𝑏[𝑦 = 𝑗] = Φ(𝜇𝑗 − 𝛽′𝑥) − Φ(𝜇𝑗−1 − 𝛽′𝑥).     j=1, 2, …, 5. 

The threshold parameters 𝜇𝜇𝑗𝑗 are estimated along with other unknown parameters (𝛽′)  by 

maximum likelihood estimation (Greene and Hensher, 2009). Some of the recent studies use 

ordered probit models to examine consumer food choices (Jiang, et al. 2017; Keogh, Li and Gao, 

2019; Nguyen and Solgaard 2017), country of origin labeling (Ehmke, Lusk and Wallace, 2008; 

DeLong and Grebitus, 2016), food security (Maitra and Rao, 2015) (Nkegbe, Abu and Issahaku, 

2017), and poverty (Kingdon and Knight, 2006; Maitra and Rao, 2015) 

Results 

The summary statistics of the variables used in the regression analysis are presented in Table 2. The 

table also includes the proportion of respondents who are ‘extremely unlikely’ (0.13) to ‘extremely 

likely’ (0.15) to purchase the fruit. The results show that about 55% of the respondents are likely or  
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extremely likely to buy dried jujube. Among the five attributes of jujube is the sweetness (3.81) 

followed by flavor (3.67), after taste (3.36), texture (3.28), and chewiness (3.04). The sample also 

includes 2% of respondents who do not currently purchase fresh fruits and vegetables and 29% who 

consume dried fruits at least weekly. 
 

 
 

 

 
The ordered response model (equation 1) was estimated using ordinary least squares 

(OLS), ordered logit, and ordered probit models for comparison, and the results are presented in 

Table 3. The R2 (OLS) and Pseudo R2 (ordered logit and probit models) are relatively high, 

indicating a good model fit. As expected, the magnitude of parameters from the three models is 

very different. However, the sign and level of significance of the coefficients are similar except for 

a few variables – sweetness, race, education, income, and marital status. Most variables of interest 

are significant in the probit model. Therefore, discussion going forward will focus on results from 

the ordered probit model. 

The empirical results show that all five coefficients associated with the jujube attributes are 

positive, and four of them are statistically significant. Although the study participants liked the 

sweetness of the dried jujube the most, as indicated by its highest average score of 3.81, it is not 

one of the significant factors affecting consumer purchase decisions. Based on their statistical 

significance and the magnitude of parameter estimates, the most crucial jujube attribute that 

motivates consumers to purchase is its flavor followed by chewiness, after taste, and texture. 

Only four of the five demographic variables included in the model are statistically 

significant. In particular, gender has no impact on purchase decisions, and the coefficients of the 

race and education variables are significant only at the 10% level. Results show whites are less 
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likely to purchase dried jujube than the non-white population. Similarly, a significantly negative 

sign of education variable indicates that people with more than two years of college-level education 

are less likely to purchase jujube. 
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The coefficients of the household income and marital status variables are highly significant. 

Results indicate that participants with more than $40,000 annual income are less likely to purchase 

the dried jujube than the participants with lower income. On the other hand, study respondents who 

are married are more likely to buy the fruit. 

Both of the fruit purchase behavior variables included in the model are significant and carry 

a positive sign. In particular, those who do not consume or purchase fresh fruits and vegetables are 

more likely to purchase dried jujube than those who consume fresh produce. 

Moreover, those who are currently consuming dried fruits at least once a week are more 

likely to buy dried jujube than those who do not. 

The study participants evaluated three different shapes of dried jujube – diced, crosscut, 

and circular. The model includes two shape dummies for controlling the impact of circular and 

crosscut shapes on purchase intentions. Circular shape is significantly positive, implying that 

consumers prefer dried jujube that is circular than diced or crosscut. 

 

Discussion and Conclusion 

The results show flavor is the most crucial factor in determining the purchase decision followed by 

chewiness, after taste, and texture. Although most participants liked the sweetness of the fruit, it 

has no impact on their purchase decision. Only circular shape is significantly positive, implying 

higher demand for circular-shaped, dried jujube fruits as compared to those that are diced or 

crosscut. This study shows participants were, overall, willing to purchase oven-dried jujube fruit. 

Results indicate that jujube growers should produce jujube varieties that receive higher taste test 

scores on flavor, chewiness, after taste, and texture. This also shows that ‘food shape does matter’ 

and consumers consider the shape in making their purchase decisions. 

Among the five socio-demographic variables evaluated in the study, race (white), 

education, and income are negatively associated with jujube purchase decisions. Since jujube is a 

relatively unknown commodity in New Mexico (and the U.S.), marketing campaigns mainly 

targeted to Caucasian, college graduates (> 2 years of college), and those with higher disposable 

income (>$40,000) are likely to boost demand. The results also show that participants who do not 

currently consume fresh fruits and vegetables and those who consume dried fruits at least once a 

week are more likely to buy jujube, indicating a significant opportunity for producers to expand 

their market reach. 

This study expands on current research and discussions of consumer behavior and influence 

of shape on overall perceptions of food products. It also shows potential for increased marketing of 

an alternative New Mexico crop by beginning to examine expansion of the jujube supply chain 

through value-added processing. This will provide direction to the type of processing equipment for 

cutting and drying necessary to meet the demands of consumers. 

Overall, data from the sensory evaluation better prepares New Mexico producers who decide 

on this alternative crop by providing additional detail and direction as to how to effectively market 

dried jujube. 
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