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Dear ASFMRA Members and Friends of  Agriculture:

The 2017 Journal of  the ASFMRA is ready for viewing!  And it is in a brand new format – the e-book format so 
you will be able to read it just as you would read an e-book.  This format includes a searchable table of  contents 
with tabs for each article.  

The ASFMRA Editorial Committee is proud to present this year’s Journal with 11 papers on a variety of  topics 
involving farm management, rural appraisal, and agricultural consulting issues.  The manuscripts that were 
submitted for consideration provided our Committee with a wide assortment of  subject matter to review and 
evaluate for your reading pleasure.

This 2017 Journal includes new topics like hydroponics, river sedimentation patterns, ethnic greens and herbs, 
and Latin America agricultural.  These papers include research and case studies illustrating new, reformed and/
or revised ideas and techniques.

Examples of  the many topics included in the 2017 Journal of  the American Society of  Farm Managers and 
Rural Appraisers are:
• Land quality perceptives in changes in land values
• Liquidity problems and management alternatives
•	 Reductions	in	working	capital	with	lower	profitability	and	higher	expenses
• Valuing herd bull characteristics
• Equilibrium analysis of  stocks and prices for long grain rice
• Operating strategies and loan term changes
•	 Introduction	of 	financial	software	if 	Peru	that	is	helping	small	farmers	with	decision	making

The 2017 Journal contains the most up-to-date collection of  rural appraisal, agricultural consulting and farm 
management	 topics	 available	 in	 the	world.	 	 In	 the	 following	 pages	 you	will	 find	 cutting-edge	manuscripts	
documenting	research,	field	studies,	practices	and	methodologies	proposed	by	the	leading	academic,	appraisal,	
consulting and management leaders of  agriculture.  This edition of  the Journal continues to provide our 
membership and the agri-business community with topics on newly evolved issues and concepts for your 
review and consideration.  The Editorial Committee worked with the authors to ensure that each article was 
informative, clear and precise in the presentation of  data and conclusions, and consistent with ASFMRA goals.

The Journal is laid out with all of  the article abstracts up-front so that you can quickly scan through the topics 
and link to the ones that peak your interest and curiosity.  Our authors include practicing appraisers and farm 
managers, experienced agricultural consultants, and university professors and students.  About half  of  these 
papers were submitted by ASFMRA members.

The Editorial Committee continues its challenge to all readers to join our highly acclaimed group of  published 
authors.  Share some of  your experiences and wisdom!  Most of  us have encountered at least one unusual 
problem or situation that required original and innovative thinking to develop workable solutions.  If  it was 
new for you, chances are it will be interesting and usable by others.  

The Editorial Committee thanks you for your continued interest in the ASFMRA, agriculture, and the entire 
agricultural community.

Donald A. Fisher, ARA
Editorial Committee Chair
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Investment Analysis for Commercial 
Greenhouse Hydroponically Produced Lettuce 
and Tomato

By Jeffrey Miller, Pierre Boumtje, and Rachel Johnson

Introduction

Hydroponics	is	a	method	of 	growing	plants	without	soil.	Plants	may	

be grown in a nutrient solution only (liquid culture) or they may be 

supported by an inert medium (aggregate culture). In both systems all 

of  the plants’ nutritional needs are supplied through the irrigation water 

(UK Cooperative Extension Service et al., 2013). Hydroponic farming 

is	 not	 a	 new	 idea.	 Pioneer	 studies	 on	 hydroponics	 were	 conducted	

by Francis Bacon, a British scientist, in the 1620’s, William Gericke, 

Dennis Hoagland, and Daniel Arnon in the1920’s. It is reported that 

American	troops	that	were	stationed	on	infertile	Pacific	islands	during	

World War II were able to grow vegetables hydroponically to help 

alleviate the burden of  transporting perishable food. After the war, the 

use of  hydroponics spread throughout the world. In the 1960’s, soil-

less farming on the commercial level was used in many arid regions 

within	the	United	States,	such	as	Arizona.	It	has	significantly	increased	

in	 popularity	 throughout	 recent	 years,	 first	with	 scientists,	 and	 then	

with commercial growers.

ABSTRACT

This study employs investment analysis 

techniques	to	assess	the	financial	

feasibility	and	economic	profitability	of 	

investments in commercial greenhouse 

hydroponic farming. Results show 

substantial	net	present	values	(NPV)	

and internal rates of  return (IRR) on 

greenhouse hydroponics investments for 

lettuce and tomato. Lettuce however, is 

the	most	attractive,	with	NPVs	and	IRRs	

three to four times higher than those 

in tomato. Also, evidence shows that 

the	potential	income	and	profitability	

measures are very sensitive to changes in 

prices. Results provide valuable insights 

to current and prospective growers, farm 

managers, rural property appraisers, 

extension services, and agricultural 

consultants. 

Jeffrey Miller is Associate Professor and Chair, Department of  

Agriculture at Southern Arkansas University. Pierre Boumtje is 

Professor of  Agricultural Economics, Department of  Agriculture at 

Southern Arkansas University. Rachel Johnson is Financial Services 

Specialist with Farm Credit of  Western Arkansas.
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Hydroponics is a highly exacting and demanding system 

that requires a greater amount of  production knowledge, 

experience,	technical	skills,	and	financial	investment	than	

many other greenhouse systems. A grower must be 

committed to meeting the daily demands of  production 

to	be	financially	successful.

Studies on hydroponics are abundant but mainly focus 

on greenhouse thermal environment and light control, 

greenhouse ventilation and air conditioning, nutrient 

uptake and plant physiology, pest and disease control, 

seed treatment, and plant spacing. Few works if  any, 

have	 looked	 into	 economic	 and	 financial	 aspects	 of 	

greenhouse hydroponic farming. This study intends 

to supplement and enrich the literature by providing 

economic	and	financial	analysis	components	that	need	to	

be taken into consideration. Lettuce (Lactuca sativa) and 

tomato (Solanum lycopersicum) which are among the most 

commonly grown commercial hydroponic vegetables, 

will be the focus of  our study. Therefore, the primary 

objective of  this study is to employ investment analysis 

(or capital budgeting) techniques as a formal decision 

method	to	assess	the	financial	feasibility	and	economic	

profitability	 of 	 investments	 in	 commercial	 greenhouse	

hydroponic production of  lettuce and tomato. Results 

should	provide	valuable	economic	and	financial	insights	

to current and prospective growers, farm managers, rural 

property appraisers, extension services, and agricultural 

consultants.

Literature Review 

Literature on economic considerations of  hydroponic 

farming is not abundant. Ilaslan et al. (2003) studied the 

economic viability of  a greenhouse hydroponic lettuce 

production. The analysis indicated that given current 

prices and costs, controlled environment agriculture 

(CEA) hydroponic lettuce production in northern 

climates such as Ithaca in upstate New York and Chicago 

is marginal to negative, in terms of  economic viability.

Jose	G.	Pena	et	al.	(2005)	conducted	a	study	comparing	

production	 cost	 differences	 between	 field	 grown	 and	

greenhouse tomatoes. Their main conclusion was that 

greenhouse tomatoes compete at a substantial competitive 

disadvantage. They must have a price premium of  $.17 

to $.27 or more per pound to achieve economic survival, 

yet	their	profit	margin	is	equal	to	or	below	that	of 	field	

grown	 tomatoes.	 The	 study	 also	 identified	 greenhouse	

tomato main advantages which are (i) freshness since 

they are grown close to retail centers and picked ripe, 

and (ii) higher quality since they are grown in a highly 

controlled environment. These two advantages can 

justify the required price premium.

There are other potential advantages that could 

significantly	improve	the	profitability	of 	CEA	and	thus	

hydroponic production.  One is that the greenhouse 

forms a restrictive barrier to insect pressure.  As a result, 

insecticide costs are lowered, and organic production 

is a real possibility.  Also, greenhouses experience less 

evaporation loss to the outside environment and thus 

are	more	efficient	water	users	than	non-CE	production	

practices.

Raymond Joe Schatzer et al. (1995) used investment 

analysis	 to	 study	 economic	 and	 financial	 feasibility	 of 	

greenhouse	production	of 	 vegetables.	 Specifically,	 they	

estimated (i) the expected total investment costs, (ii) the 

expected	annual	costs,	returns,	and	cash	flows,	and	(iii)	

the economic feasibility under conditions of  yield and 

price variability. Their results indicated that greenhouse 

production of  tomatoes or cucumbers can provide a 
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producer with a positive net return in Oklahoma and 

that the potential income is very sensitive to changes in 

prices and yields.

In	 their	 study	 of 	 greenhouse	 financial	 analysis,	 Wen-

fei, Steve Richards, et al. (2000) found that the most 

profitable	greenhouse	businesses	are	not	necessarily	the	

largest greenhouses. The top 20 percent rate of  return 

on asset (ROA) of  wholesale greenhouses generally had 

higher annual sales, lower operating costs, higher sales 

per full-time worker equivalent, lower debt-to asset ratio, 

and higher asset turnover ratio. The top 20 percent ROA 

of  retail greenhouses generally have average annual sales, 

low	operating	and	overhead	costs,	high	labor	efficiency,	

no debt, and high asset turnover ratio.

Models and Data

Investment analysis (or capital budgeting) is a formal 

decision	method	used	 to	 assess	 the	financial	 feasibility	

and	economic	profitability	of 	 investments.	Three	most	

commonly used models to evaluate returns on investment 

options include (1) the net present value method, (2) the 

internal rate of  return methods, and (3) the payback (or 

breakeven)	 period	methods.	 The	 first	 two	 account	 for	

the time value of  money, and all together, they provide 

the most meaningful decision making information in 

investment analysis and capital budgeting situations. 

Bierman et al. (1992) indicated that the capital budgeting 

practices	employed	most	by	large	firms	to	make	decisions	

were the internal rate of  return (IRR) method (88%) and 

net	 present	 value	 (NPV)	method	 (63%).	 Hydroponics	

farming is suitable for such analysis because most capital 

assets such as equipment, building structures, and land 

last many years, with revenues and costs occurring over 

a number of  years.

As a recall, the model used for this study is shown in the 

equation below.

(1)

where:

C0 is the initial investment

Ci is net cash flow in period i

r is the discount rate

and T is the final year of  the planning horizon.

or in summary,

(2)

The acceptability of  each investment depends upon the 

comparison	of 	its	NPV	with	the	investor’s	required	NPV.	

Ranking of  investments is based on the relative sizes of  

the	NPVs,	with	the	largest	favored	the	most.

The payback period is the length of  time required for 

an investment to recover the initial outlay of  funds. This 

method	does	not	consider	cash	flows	after	the	payback	

date	or	account	for	differences	in	timing	of 	cash	flows	

prior to the end of  the payback period. It measures the 

speed of  recovery of  the initial investment, but does 

not	 measure	 the	 investment’s	 total	 profitability.	 The	

investment with the shortest payback period is ranked the 

best, while all investments with payback periods less than 

the investor’s required payback period are acceptable.

There are many types of  hydroponic greenhouses and 

the	 economic	 and	 financial	 feasibility	 of 	 greenhouse	

production of  vegetables depends upon the type of  

greenhouse operation (Wen-Fei, Uva, et al., 2000). All data 

used in this study are based on the Ohio State University 

Quonset style house. Individual bay dimensions are 
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24’x128’. With a total of  4 bays, total producing area is 

12,288 square feet, corresponding to 64 square inches per 

plant for lettuce, and 4 square feet per plant for tomato.

 

When	 using	 the	 NPV	 and	 IRR	methods,	 information	

needed to evaluate investments generally include (i) the 

initial	 investment,	 (ii)	 the	 expected	 net	 cash	 flows	 for	

the investment by period including a salvage value if  

any, (iii) an appropriate interest rate or discount rate, (iv) 

the	 length	of 	planning	horizon,	 (v)	 terms	of 	financing	

if  borrowed funds are used, and (vi) the marginal tax 

bracket of  the borrower, as well as the taxability status 

for	each	cash	flow.

The initial investment for commercial hydroponic lettuce 

and tomato production includes the cost of  setting up of  

the greenhouse structure, the greenhouse environmental 

control equipment cost, and the greenhouse production 

equipment cost. Cost estimates of  these initial outlays 

are shown on Table 1 for lettuce and Table 2 for tomato.

The Ohio State University (2011) estimates receipts on 

greenhouse hydroponic lettuce to be based on 23,638 

marketable heads per turn and 10 turns per year, and 

those for tomato on about 2764 plants per year, with 30 

pounds of  marketable fruits per plant. We use the same 

estimates in this study.

Greenhouse hydroponics variable costs include expenses 

on supplies labor, packaging, utility, professional services, 

and miscellaneous costs. Ownership costs for greenhouse 

hydroponics include greenhouse structure ownership 

costs, environmental control equipment ownership 

costs, and other equipment ownership costs.  Estimates 

of  both variables and ownership costs are shown on 

Table 3 and Table 4 for lettuce and tomato respectively. 

The	expected	net	cash	flows	used	in	this	study	are	from	

the 2011 Ohio State University hydroponic enterprise 

budgets. The gross margin, which is the before-tax return 

over	fixed	and	variable	costs	 for	 lettuce	and	 tomato	as	

shown in Table 3 and Table 4 respectively, is used. A 

20-year	 planning	 horizon	 which	 reflects	 the	 lifespan	

of  this type of  greenhouse structure will be used. An 

interest	 rate	 of 	 five	 percent	 reflecting	 a	mortgage	 rate	

for a similar length of  time will be used to discount the 

cash	flows.

Results and Discussions

Net present values and internal rates of  return of  these 

greenhouse hydroponic investments are substantial for 

both lettuce (Table 5) and tomato (Table 6).  Comparing 

the	two,	lettuce	is	by	far	the	most	attractive,	with	NPV	

and IRR values three to four times higher than those in 

tomato.	Potential	greenhouse	hydroponic	growers	must	

recognize that the potential income is very sensitive 

to changes in yields and prices that they receive. In a 

controlled growing environment however, variability in 

yield may be considerably reduced. So, growers may worry 

only about price variability. We conducted a sensitivity 

analysis	and	used	prices	five	and	ten	percent	lower	than	

the	expected	price.	Results	show	NPVs	that	decrease	by	

hundreds at all levels of  discount rates for both lettuce 

and tomato. IRRs also prove to be very sensitive to price 

changes. For lettuce, IRRs fall from 98 to 70 percent and 

then to 50 percent when the expected price is reduced by 

5 and 10 percent respectively. For tomato, IRRs fall from 

26 to 16 percent and then 7 percent when the expected 

price is reduced by 5 and 10 percent respectively. Also, 

payback	periods	of 	two	and	almost	five	years	for	lettuce	

and tomato respectively are quite attractive for this type 

of  investment.
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Conclusion

This study shows that investment in greenhouse 

for hydroponic commercial lettuce and tomato is 

economically	and	financially	sound,	with	very	promising	

NPVs,	IRRs,	and	pay-back	periods.	Comparing	the	two	

vegetables, lettuce is by far the most attractive with 

NPVs	and	 IRRs	 three	 to	 four	 times	higher	 than	 those	

in tomato. Controlled environment agriculture has the 

advantage of  reduced variability in yields. However, 

current and prospective growers, farm managers, rural 

property appraisers, extension services, and agricultural 

consultants must be aware that the potential income and 

profitability	 measures	 are	 very	 sensitive	 to	 changes	 in	

prices.
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Table 1. Initial investment for a hydroponic greenhouse for lettuce

Source: Adapted from OSU Department of  Agricultural, Environmental, and Developmental Economics

Table 2. Initial investment for a hydroponic tomato greenhouse 

Source: Adapted from OSU Department of  Agricultural, Environmental, and Developmental Economics
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Table 3. Greenhouse hydroponic lettuce budget

Source: Adapted from OSU Department of  Agricultural, Environmental, and Developmental Economics
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Table 4. Greenhouse hydroponic tomato budget

Source: Adapted from OSU Department of  Agricultural, Environmental, and Developmental Economics
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Table 5. Lettuce capital budgeting results

Table 6. Tomato capital budgeting results



Conservation Attitudes and Satisfaction on 
Agro-Environmental Conditions of South Dakota: 
A study of Landowners’ Perceptions

By R. Parvez, N.K. Chowdhury, A.J. Smart, R.G. Stover, 

and L.L. Janssen

ABSTRACT

The key goal of  this research is to present an 

economic assessment including producers’ 

perceptions regarding environmental sustainability, 

adoption decisions, and maintenance of  

environmental friendly conservation measures. 

These	research	findings	are	derived	from	a	mail-

based producer survey at Bad River watershed in 

west central South Dakota. The survey is designed 

to not only address producer perception regarding 

water quality of  Bad River basin and Lake Sharpe, 

but also to discuss potential producer activities 

to reduce sediment and improve water quality. 

We use a binomial logistic regression model 

(BLRM) to assess producers’ perceptions and 

activities regarding multiple land conservation 

measures.	Key	findings	demonstrate	a	high	degree	

of  producers’ satisfaction on best management 

practices	(BMPs)	that	were	adopted	during	the	

Bad River water quality (BRWQ) project. Survey 

results also indicate that both sustainability and 

economic	profits	were	important	motivators	

for producer land management decisions. Even 

though our survey area was limited to Stanley and 

Jones county watersheds, these results might be 

applicable to other areas of  the Northern Great 

Plains	due	to	similar	biophysical	environment.	The	

primary	beneficiaries	of 	this	research	are	the	land	

owners,	conservation	officials,	and	others	living	in	

the	area	and	communities	(Ft.	Pierre	and	Pierre)	

adjacent to Lake Sharpe. The study should provide 

material for good discussion for professional 

farm managers, rural appraisers, farm advisors, 

and agricultural consultants, as well as assist 

landowners, farmers, and ranchers in making more 

informed land management decisions.

R. Parvez and N.K. Chowdhury are Ph.D. Students in 

the Environmental and Conservation Science Program, 

Department of  Agri-business and Applied Economics at 

North Dakota State University. A.J. Smart is Professor 

and Rangeland Ecologist, Department of  Natural 

Resource Management at South Dakota State University. 

R.G. Stover (not pictured) is Professor, Department of  

Sociology and Rural Studies with South Dakota State 

University. L.L. Janssen is a Professor, Department of  

Economics with South Dakota State University.
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Introduction

The Bad River (BR) Watershed is located in west central 

South Dakota (SD) and drains into the Missouri River at 

Ft.	Pierre.	Because	of 	the	large	sediment	load	and	size	of 	

the drainage area, this watershed is categorized into two 

segments: the Lower BR and the Upper BR basins. Most 

of  the discussion in this research focuses on the Lower 

BR basin where most of  the sediment load occurs. The 

lower one-third of  the BR watershed discharges 2.17 

million tons out of  3.25 million tons of  annual discharge 

sediment into Lake Sharpe (LS), a Missouri River 

mainstream reservoir, creating multiple problems for the 

reservoir function (Thelen, 2004).

Two-thirds of  the sediment comes primarily from the 

rangeland areas of  the watershed. For example, 80 percent 

of  sediment load in the lower BR watershed comes from 

channel and gully erosion (Thelen & Noeske, 1996). This 

high volume of  sediment load has adversely affected 

water quality in LS. Also, sediment load has constricted 

the main channel causing a rise in water level. Thus, it has 

affected	water	health	in	the	southeast	area	of 	Pierre	and	

in	the	city	of 	Fort	Pierre,	resulting	in	negative	economic	

impacts (Thelen, 2004). The loss of  power generation 

has an average annual value of  $12.5 million. The sport 

fishery	 in	 this	 reach	of 	 the	Missouri	River	 contributes	

about	$2.5	million	annually	to	Pierre’s	economy,	but	only	

when it is not impaired by turbidity from the BR (Thelen 

& Noeske, 1996, pp. 2).

This study examines adoption decision behavior of  

producers regarding water quality issues of  BR and LS 

of  SD and presents a way of  addressing those issues. We 

also investigate producers’ level of  satisfaction regarding 

different land management practices adopted during the 

BRWQ project. The major research questions we try to 

answer throughout this study can be categorized as (i) 

what producers’ perceptions on water quality issues of  

BR and LS were; and (ii) what the levels of  satisfaction 

of  the project participant regarding those conservation 

practices were. The hypothesis of  this study is that 

adoption	 of 	 best	 management	 practices	 (BMPs)	 help	

improve water quality and reduction in sediment in 

the long run. This review of  historical project data 

provides useful information on types of  conservation 

practices that were considered economically feasible, 

environmentally friendly, and socially acceptable to 

South Dakota landowners. We develop an analytical 

framework – binomial logistic regression model (BLRM) 

– to analyze producers’ adoption decision behaviors. 

This framework links three components of  the adoption 

decision process: (1) perception regarding erosion; 

(2) decision to adopt land management measures; and 

(3)	 satisfaction	 level	 regarding	 different	 BMPs	 among	

producers. We use primary survey data to estimate 

Logit models of  perception of  water quality issues and 

adoption decision of  improved conservation measures. 

This attitudinal assessment is unique in its focus on using 

current producer/landowner assessment data to examine 

adoption decision behavior and activities of  producers 

for sediment reduction at a watershed scale. Our research 

findings	are	in	line	with	other	empirical	studies	that	were	

conducted in the same watershed. For example, several 

other empirical studies concluded that SD respondents 

indicated factors help improve water quality and 

sediment reduction are livestock management, improved 

grazing	and	other	BMPs	(Smart	et	al.,	2015;	Clay	et	al.,	

2007).	 Producers	 were	 encouraged	 to	 adopt	 different	

conservation practices during the BRWQ project that 

ultimately lead to a 38 percent reduction in sediment at 

the BR watershed (Smart et al., 2015).  
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Background of Bad River Water Quality 

Project

The Bad River’s sediment load is primarily responsible 

for	filling	the	channel	of 	the	Missouri	River	near	Pierre	

and	Ft.	Pierre,	and	causes	flooding	in	the	municipalities	

and surrounding area of  west central SD. A Conservation 

Effects	Assessment	Project	(CEAP)	has	been	funded	by	

the United States Department of  Agriculture (USDA) 

Natural Resources Conservation Service to provide 

benefits	 (e.g.,	water	quality	 improvement	 and	 sediment	

reduction)	 for	 landowners	 through	 adoption	of 	BMPs	

on	their	farm.	The	BRWQ	Project	is	a	cooperative	effort	

among local, state, federal governments, conservation 

districts, and farmers/ranchers. The project was designed 

for farms and ranches in Stanley and Jones counties of  

SD to protect the environment by implementing various 

conservation practices.

The	 first	 phase	 of 	 the	 project	 was	 designed	 to	 locate	

sediment sources of  BR basin. The second phase 

analyzed	 the	 adoption	 and	 maintenance	 of 	 BMPs	

promoted with cost-share and incentive programs for the 

producers. Final reports of  river basin study presented 

list of  sediment sources such as rangeland, gullies, stream 

banks, cropland, and the badlands area. Both reports 

documented that an inclusion of  90 to 95 percent lands 

under	 BMP’s	 in	 the	 Plum	 Creek	 Watershed	 (USDA,	

1994; USDA, 1998). Besides this, phase II and phase III 

of  the project was developed to implement and evaluate 

sediment control on highly erodible croplands and fragile 

clay rangelands in the lower watershed (USDA, 1998).

The other objectives of  the project were to promote 

adoption of  conservation practices to reduce erosion 

and	 sedimentation	 of 	 the	 BR	 and	 upper	 LS	 (Parvez,	

2011).	 The	 broad	 categories	 of 	BMPs	 adopted	 during	

the project were rangeland, riparian, and cropland 

treatments. The project primarily emphasized riparian 

management practices and some rangeland practices in 

the	breaks	and	flats	portion	of 	the	Lower	BR	basin.	It	

is equally important to know the costs associated with 

BMPs	adoption	during	the	project	(see	table	1	for	cost	

summary	by	BMPs).	The	total	cost	of 	BMPs	adoption	

(BRWQ	project	Phase	 II	 and	 III	budget	 expenditures)	

was $6.32 million (see table 1). The remaining portion of  

the $13 million (total project cost) includes administration 

cost, initial research to estimate baseline conditions in 

the	BR	basin,	and	other	costs	(Parvez,	2011).

Data

Survey Design and Data Collection 

The data in this study come from a mail-based survey to 

assess landowners’ perceptions on environmental issues 

and perception of  their participation in the BRWQ 

project. Two sets of  questionnaires were sent to project 

participants and nonparticipants, respectively. All but 

one section of  the questionnaire was the same for both 

participant and nonparticipant producer residents. 

One set of  questions asked respondents to identify 

their perceptions regarding water quality of  the BR 

basin; to report whether soil erosion and sedimentation 

is a problem in that basin; and to report their level of  

concern and whether it can be controlled. A second set 

of  questions asked respondents to comment on water 

quality of  LS and to report whether they support tax or 

regulation to control sedimentation. The next section of  

the questionnaire requested information about their farm 

and ranch, and potential producer activities to protect 

water	 quality.	 The	 final	 section	 of 	 the	 questionnaire	

consisted of  personal demographic characteristics. The 
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participant questionnaire also contained a key section 

on BRWQ project assessment consisting of  perception 

statements,	and	their	specific	participation	in	a	possible	

15 different conservation practices emphasized during 

the project (see table 3 & 5). Respondents were asked 

to identify the degree to which they agreed or disagreed 

with each perception statement.

Stanley and Jones counties were studied because all 

project participants were from those two counties. 

To provide a comparison group, the other farmers, 

and ranchers (project non-participants) who lived in 

those counties were also included in the mail survey. 

Questionnaires were sent to a total of  323 SD farmers 

including both BRWQ project participants and residents/

non-participants. There were total of  71 landowners 

participating in the BRWQ project from 1990 to 2004. A 

total of  56 of  the original 71 participants in the BRWQ 

project were possible respondents. The other 15 original 

participants were no longer in the locality, died, or unable 

to be reached by survey. The other 252 current producer 

residents consisted of  107 from Stanley county and 145 

from Jones county.

A total of  123 completed responses were included for 

final	analysis.	The	numbers	of 	useable	survey	responses	

were 27 BRWQ project participants for a response 

rate	 slightly	 less	 than	 fifty	 percent	 (48.2%)	 and	 96	

nonparticipants’ producers for a response rate of  38 

percent	(Parvez,	2011;	Stover	et	al.,	2012).

Econometric Model

This study presents a method for assessing producers’ 

perception and conservation attitudes on agro-

environmental conditions in the Lower BR Basin of  

SD. To measure binary response behavior, the linear 

probability	 model	 (LPM),	 the	 Logit	 model,	 and	 the	

Probit	model	have	been	used	(Aldrich	&	Nelson,	1984;	

Peng	et	al.,	2002;	Gujarati	&	Porter,	2009).	Here,	we	use	

BLRM to examine producers’ perceptions regarding 

potential activities to improve water quality and reduce 

sediment. Our dependent variable is binary choice in 

nature.	 We	 define	 producers’	 binary	 choice	 behavior	

(project participant and non-participant’s opinion) as 

dependent variable in our regression model. Also, we 

develop maximum-likelihood (ML) method to estimate 

our	parameters.	This	BLRM	 is	a	better	fit	as	Ordinary	

Least Squares estimation would be infeasible to address 

binary	 choice	 (Gujarati	 &	 Porter,	 2009).	 Also,	 BLRM	

is well suited to test and discuss hypotheses about 

relationships between a categorical outcome variable 

and one or more categorical or continuous predictor 

variables (as in our case).

The dependent variable becomes the natural logarithm 

of  the odds when a positive choice is made and the 

model	is	specified	as

(1)

We can rewrite and estimate equation (1) as

(2)

Where, Pi = the probability (landowners’ participation in 

the project) that an event occurs for an observed set of  

variables Xi; Bi	=	 the	coefficients	 to	be	estimated;	and	

Xi = all explanatory variables of  our model and ui  is the 

stochastic error term. Li, the log of  the odds ratio, is not 

only linear in X, but also linear in the parameters. Li is 

called the logit, and hence equation (2) is our logit model. 
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Empirical Model

The	 initial	 specifications	 of 	 the	 logit	 models	 included	

considerably greater number of  independent variables 

than reported later. Numerous combinations of  variables 

were	tested	with	the	model	before	settling	to	a	final	test.

Using equation 2, we can write our empirical model as:

(3)

Results and Discussion

This study provides results of  an analysis of  producers’ 

behavior due to adoption of  improved soil conservation 

measures. The unique aspect of  this study is the focus on 

producer/landowner assessment of  the overall project 

and	 with	 implementation	 of 	 specific	 conservation	

management practices. All our model variables are 

explained	and	reported	in	table	2.	Parameters	are	estimated	

using	 the	 ML	 method.	 The	 statistical	 significance	 of 	

regression	coefficients	is	tested	using	the	z-statistic	table	

probability. The reported test statistics are Log likelihood 

ratio (LR) chi2 (6) = 17.912, log likelihood function = 

-	(45.742),	Probability	>	chi2 = 0.006 and Odds ratio (eβ) 

estimates (see table 2 for details).

Empirical Analysis of  Producer Survey

This paper presents an empirical analysis of  producers’ 

adoption decision behavior in west central SD from 1990 

to 2004. We compile database build on a primary survey 

including variables relevant to producer perception, 

adoption decision, econometric and socio-demographic 

issues.	Thus,	the	research	findings	reported	in	this	study	

are based on a survey of  producer participant and non-

participants in the geographic region (Stanley and Jones 

counties) of  the BRWQ project. Empirical results from 

data analysis are reported in three sections. First, we 

report a cost summary of  the project. Then, we present 

producers assessment of  water quality issues of  BR 

basin	and	LS.	Next,	we	discuss	the	findings	on	problems	

caused by sediment and best way to address sediment 

issue into a descriptive table. Finally, we assess the 

projects’ success by reporting participant’s satisfaction 

with BRWQ project and their evaluation regarding 

adopted	BMPs	during	the	project.	

Logistic Regression Results

The	coefficients	presented	in	table	2	are	ML	estimators	

(indicate the greatest probability of  giving the observed 

value). The z-statistic replaces the F test to test 

significance	of 	coefficients	(in	case	of 	ML	estimators).	

The log likelihood indicates the difference between the 

current model and the model with only one constant. 

The exponential of  the expected value (eβ) of  “β” 

indicates the magnitude of  an effect. The odds ratio (eβ) 

signifies	the	change	in	the	odds	that	the	binary	dependent	

variable equals one, or that an event occurs in response 

to a one-unit change in the independent variable after 

controlling for all other independent variables (Collett, 

1991). It (eβ) suggests that a one-unit change in sediment 

status is associated with twenty time increase in the odds 

that the respondent is a project participant. It (eβ) also 

suggests that a one unit increase in favor of  opinion that 

soil erosion can be controlled is associated with more 

than one tenth decrease in the odds that the respondent 

is a project participant (see table 2).

Key results indicate SEC, SS, SCBR, and AF variables are 

statistically	significant	(r	values	<	0.10)	whereas	SEP	and	

SSE variables are not (r	values	>	0.10).	The	dependent	
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variable	 “Pnp”	 suggests	 BRWQ	 project	 participants’	

opinions with respect to project non-participants of  water 

quality issues. Our regression model also includes socio-

demographic variables like producers’ age, education, 

marital status, duration of  farm living, and number of  

years living on Bad River farm etc. However, logistic 

regression results report all socio-demographic variables 

as	insignificant.	Even	though	the	estimated	coefficients	

sign of  some of  these variables matches our expectation, 

parameters	were	not	significant	(r	>	0.10)	(see	table	2).	

Thus, we exclude the further discussion of  these socio-

demographic variables from our analysis. 

Comparative Analysis of  Producers’ Assessment of  

Conservation and Land Management Issues

A total of  44 percent of  the participants and 52 percent 

of  non-participants reported sediment as a threat for 

fishing	 in	 LS	 (see	 table	 3).	 The	 other	major	 problems	

caused due to sedimentation are less tourism and loss 

of  wildlife habitat in LS. The respondents were also 

asked about different techniques to address sediment 

issues. Almost half  (48%) of  the participants and non-

participants (49%) mentioned that “implementation 

of  soil erosion practices on uplands” is the best way 

to address sedimentation (table 3). The second most 

effective way to address is to “reduce sediment delivery by 

installing catch basins on bad river tributaries. The least 

effective technique to address is to “remove sediment by 

dredging	or	controlled	flush”.	

Both types of  respondents would like to consider 

“environmental friendly” land management practices 

for their farm or ranch. Also, producers decided to 

adopt “environmentally sustainable” land conservation 

measures. Table 3 data shows that “improve 

sustainability” was more important than “improving 

profits”	for	both	participants	and	non-participants.	Both	

group of  respondents ranked “cost share availability” 

ahead	 of 	 “cost	 to	 implement	 practice”	 as	 influential	

factors. Finally, both types of  respondents ranked “tax 

credit	availability”	as	the	least	influential	factor	for	land	

management decision making (table 3).

Participants Evaluation of BRWQ Project

Project	participants’	opinion	on	the	degree	of 	which	they	

considered the BRWQ projects successful are reported 

in	 this	 section.	 Producers’	 degree	 of 	 satisfaction	 with	

this project were documented in two steps. First, project 

participants	 were	 asked	 about	 the	 specific	 practices	

they adopted, whether those practices are still being 

maintained, and the degree of  satisfaction of  each 

participant on that project. The producers’ survey 

included the information useful in addressing these 

questions.	 Producers’	 opinion	 provide	 insight	 into	 the	

types of  conservation practices that were implemented, 

whether those practices are still being continued, and 

whether	the	participants	were	satisfied	with	the	projects.	

Second, they were asked a “yes” or “no” question on 

whether they recalled the project. A total of  25 (BRWQ 

project participants) completed responses were received 

in this section of  the survey. Following up on their 

opinion about project recall, the producers were asked 

to report their overall assessment and satisfaction of  the 

BRWQ	project	and	its	influence	on	the	BR	Basin	and	LS.		

Project Influence on Bad River Basin 

This	 BRWQ	project	 has	 had	 a	major	 influence	 in	 the	

BR basin area since its initiation. For example, a total 

of  38 percent reduction in sediment is reported in the 

watershed	due	to	adoption	of 	BMPs	(Smart	et	al.,	2015).	

The general perceptions of  the participants on this 

project	 are	 very	 positive.	Our	findings	 suggest	 that	 50	
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percent of  the participants indicated the project helped 

to reduce erosion and sediment, improved wildlife habitat 

and	fishery	conditions	–	 two	 important	social	benefits.	

Most of  the other participants were “unsure” or did 

not	 have	 an	opinion	on	 the	 projects	 social	 benefits.	 It	

is important to note that the participants did not have 

specific	knowledge	of 	the	percent	reduction	in	sediment	

reported above. Finally, one-half  of  the participants 

stated the BRWQ project improved agricultural 

productivity	 and	 had	 a	 substantial	 influence	 on	 their	

own farm or ranch, while 25 percent indicated no major 

influence	 of 	 the	 project	 on	 their	 operation	 (Parvez,	

2011). Overall, majority of  respondents had an opinion 

when the perception statement is about their own farm/

ranch. 

Participant Level of  Satisfaction with the BRWQ 

Project 

Overall, participant satisfaction with the BRWQ project 

was very high. Almost 90 percent of  the participants 

were	“very	satisfied”	or	“somewhat	satisfied”	regarding	

BMPs	 adoption	 on	 their	 farm	 or	 ranch	 (see	 table	 4).	

Producers	 indicated	 the	 project	 accomplished	 most	

of  what it was designed to do. Only about 10 percent 

respondents	were	somewhat	dissatisfied	on	that	project	

and marked that project as an unsuccessful story. Also, 

86	percent	of 	project	participants	were	satisfied	while	14	

percent	were	not	satisfied	with	the	financial	and	technical	

expertise. Further, 85 percent of  the project participants 

would like to take part if  there will be any future project 

on conservation practices (table 4).

Participant Implementation, Current Maintenance, 

and Degree of  Satisfaction with Best Management 

Practices (BMP’s) Adopted in the BRWQ Project

The BRWQ project was a cooperative effort of  federal, 

state, and local agencies and producers designed to 

protect the environment in the BR basin through 

adoption	of 	BMPs.	Many	of 	the	conservation	practices	

were designed to reduce erosion and sedimentation 

in the BR and upper LS. The BRWQ project can be 

regarded as a success story after analyzing the data on 

level of  satisfaction. The landowners and cooperators 

actively participated in this conservation project due 

to its potential economic and land/water stewardship 

benefits.	 Project	 participants	 adopted	 and	 maintained	

15	 different	 BMPs	 during	 and	 after	 the	 project.	 This	

discussion focuses on landowners’ satisfaction regarding 

those practices.

The producers mean level of  satisfaction regarding 

adoption and continuation of  land management practices 

was	very	high.	Practices	like	pipelines	and	tanks	had	been	

adopted by 44 percent of  the participants. Also, a total of  

90 percent of  those have maintained those practices and 

their satisfaction mean is 4.00 (scale of  5.00). Further, 

a total of  30 percent of  the respondents had adopted 

conservation practices like deferred grazing, proper 

grazing use, cross fencing, wells, and livestock ponds. 

Moreover, 80 percent of  the producers have maintained 

those conservation practices that were adopted during 

the project. Overall, most producers have still maintained 

the land management practices that were adopted during 

the project (see table 5). The continuation of  land 

management practices by producers’ after the completion 

of 	 project	 indicates	 its	 long	 run	 benefit	 as	 a	 form	 of 	

sediment reduction and improvement in water quality.

Conclusions and Implications

This study focused on producer assessment, both 

participants and non-participants, of  the Bad River Water 

Quality (BRWQ) project that was implemented over a 
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15-year period in the Bad River basin located in west-

central South Dakota. The BRWQ project was one of  

several agricultural/environmental projects implemented 

by producers and landowners in cooperation with 

USDA-	NRCS	within	the	same	time	period.	The	findings	

reported	throughout	the	study	are,	of 	course,	specific	to	

assessment of  this major conservation project. However, 

key	findings	that	led	to	a	successful	major	conservation	

project are applicable to a greater audience of  farm/

ranch managers, agricultural consultants, agricultural 

economists, and to various environmental/conservation 

officials	and	program	managers.	These	general	findings	

are discussed below.

First, successful conservation programs take time, 

dedicated effort, and persistence. The BRWQ project 

was developed and implemented over a 15-year period. 

It included a strong research component (prior to and 

during implementation), producer education programs, 

and continued funding. Many agencies were involved as 

funding sources, but program management was handled 

at	the	local	NRCS	office	level.

Second, a wide variety (suite) of  conservation practices 

were included in the BRWQ project. This strategy 

was important to widespread producer adoption 

of  conservation practices on privately owned land 

and necessary to achieve the reduced erosion and 

sedimentation into the Bad River and downstream 

into Lake Sharpe. Selected conservation practices were 

designed to keep livestock grazing and access to drinking 

water on the uplands and away from the Bad River. 

Many of  these practices were considered as “win-win” 

by	 producers	 as	 economic	 benefits	 and	 stewardship	

benefits	are	both	provided.	In	this	context,	sustainability	

is	 reflected	 in	 the	 duration	 that	 conservation	 practices	

adopted have been maintained.

Third, successful conservation projects from a producer/

landowner standpoint require careful planning and 

implementation	of 	specific	practices	into	their	operation.	

This may often include the expertise and services of  

professional farm managers and agricultural consultants 

which increasingly involve environmental components 

in their recommendations to clients.

Fourth, successful conservation projects require general 

agreement on stewardship goals (in this case reduced 

erosion and sedimentation), research and education 

components on means to achieve the goals, and essential 

public/private funding for extended time periods. Since 

most United States agricultural production is on private 

lands, conservation program design must include a strong 

voluntary component that is considered as “win-win” 

outcomes for stakeholders and accepted by the general 

(taxpayer) public. Strong, highly competent management 

and leadership is essential for these positive outcomes to 

be realized.

Finally,	 these	 research	 findings	 should	 help	 generate	

significant	 interest	 among	 new	 and	 existing	 producers	

who	are	 interested	 to	choose	BMPs	for	 their	 farmland	

and due to its inclusion of  detailed information on 

potential	 benefits	 of 	 land	 conservation	 measures.	

The	 information	 (cost	 of 	 BMPs	 and	 adoption	 and	

continuation	of 	BMPs	by	producers)	will	also	be	valuable	

to agricultural consultants, rural property professionals, 

land sale experts, and agribusiness communities who are 

working to establish estimates of  cost of  various land 

conservation measures. Furthermore, farm managers 

can	benefit	from	having	a	greater	understanding	of 	the	

economics of  various land conservation measures, its 

impact (e.g., reduction in sediment and improvement in 

water quality) on environment, and have the potential to 

increase	financial	 gain	 through	BMPs	 adoption	on	 the	
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land they manage. This knowledge of  land conservation 

measures will ultimately assist agricultural policy makers 

to design effective conservation policies for farmland 

and other agricultural professionals make more informed 

land management decisions.
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Table 1. Cost summary by best management practices (BMPs) in the BRWQ 
project

Source: Parvez, R. (2011). MS Thesis, SDSU
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Table 2. Model variables explanation and regression results
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Table 3. Respondents’ perception regarding sediment & factors influencing 
land
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Table 4. Producers’ perceptions and level of satisfaction

Table 5. Best management practices (BMPs) adoption in the lower basin of Bad 
River watershed



Evaluating Effectiveness of Operating Strategies 
and Loan Term Changes on Repayment Capacity 

By Freddie L. Barnard & Elizabeth A. Yeager

Introduction

Relatively high net farm incomes were reported by agricultural 

producers from 2006 through 2013, with the exception of  2009 (Table 

1). Responses by many agricultural producers were to purchase capital 

assets	such	as	machinery,	capital	improvements	(i.e.,	field	tile,	irrigation	

systems, grain storage, etc.), and/or farm real estate, and to increase 

family living expenditures. From 2000 through 2006 capital purchases 

averaged $43 per tillable acre for Northern Illinois grain farms. From 

2007 through 2013, capital purchases per tillable acre more than tripled 

to $154 (Schnitkey, 2014). Furthermore, from 2006 through 2013, 

family living expenditures increased from $59,686 (Farm Economics 

Facts and Opinions, 2008) to $89,130 (Krapf, 2015) for Illinois Farm 

Business Farm Management record-keepers.

ABSTRACT

Lower net farm incomes have generated 

concern regarding repayment capacity. 

This study examines the effectiveness of  

changes in operating strategies and loan 

terms on repayment capacity across two 

levels	of 	financial	leverage	for	a	base	case	

farm operation. All operating strategies 

examined were more effective than the 

loan re-amortization and loan term 

extensions considered. The most effective 

strategy in this study was to increase 

revenues by ten percent while keeping 

operating expenses constant. Management 

responses to increase revenues may 

include improving marketing practices 

through development and use of  a 

marketing plan, securing services of  a 

marketing consultant, renting unused 

facilities, and using underutilized 

machinery to perform custom work. 

Although re-amortizing debt is often 

popular among borrowers during times 

of 	financial	stress,	those	changes	alone	

may	not	be	sufficient	to	meet	financial	

obligations	for	highly	leveraged	firms.
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When remaining loan payments collided with relatively 

low net farm incomes reported in 2014 and 2015 (Table 

1),	some	producers	experienced	difficulty	making	those	

payments	 resulting	 in	 varying	 degrees	 of 	 financial	

stress. Relatively low net farm incomes are projected 

for 2016 (USDA-ERS, 2016b), and perhaps beyond, so 

the effectiveness of  operating strategies and loan term 

changes on improving repayment capacity for agricultural 

loans is useful and timely. Currently predicted net farm 

incomes in 2016 are back to levels not seen since 2002 and 

are below levels necessary to support family living and 

debt service for Kansas and Illinois farm management 

association members (Ellinger, Featherstone, and 

Boehlje, 2016).

Agricultural producers and lenders learned valuable 

lessons during the 1980s on effectiveness of  operating 

strategies and loan term changes on repayment capacity 

when operating in a low net farm income environment.  

Although some current agricultural producers and 

lenders experienced the 1980s, a new generation of  both 

did not, and even some who did experience it may have 

forgotten some lessons previously learned.

Before proceeding, both producers and lenders should 

be reminded attempts to generalize effectiveness of  

operating strategies and loan term changes across 

farming operations should only be made with caution; 

profitability,	 repayment	 capacity,	 operating	 efficiency,	

amount of  outstanding debt, loan repayment schedules, 

loan terms, etc. differ across operations as illustrated by 

2014 Minnesota farm record-keepers (Table 2). Hence, 

strategies and changes implemented for one operation 

may be more effective than when implemented for 

another operation. Each strategy and/or change should 

be evaluated for effectiveness. 

The purpose of  this article is to evaluate effectiveness of  

operating strategies and loan term changes on repayment 

capacity for an ongoing farming operation, assuming 

the existing level and structure of  debt outstanding 

is held constant.  The evaluation is conducted using a 

case farm and results are used to illustrate differences 

in effectiveness when implementing the same operating 

strategies and loan term changes for two levels of  

financial	leverage.

Approach

An example base case farm is used, with changes in 

operating	strategies	and	loan	terms	entered	in	a	financial	

spreadsheet and effectiveness measured by changes 

in the term debt and capital lease coverage ratio. Two 

levels	of 	financial	leverage	are	used;	a	relatively	low	level	

(debt-to-asset ratio 30 percent) and a relatively high 

level (debt-to-asset ratio 46 percent). The difference in 

leverage results solely from an increase in farm real estate 

debt, with farm size, enterprise mix, and operating and 

machinery debt held constant.

Term debt and capital lease coverage ratio is used to 

measure effectiveness of  operating strategies and loan 

term changes on repayment capacity, since it provides 

a comprehensive measure of  repayment capacity.  It is 

calculated as follows:

Net Farm Income from Operations

+ Total non-farm income

+ Depreciation

+ Interest on term debt

+ Interest on capital leases

- Total income tax expense

- Withdrawals for family living

= Term Debt and Capital Lease Repayment Capacity.
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Total repayment capacity is divided by the sum of  annual 

scheduled principal and interest payments for term 

debt and capital leases. The measure includes both the 

noncash depreciation expense and non-farm income 

amounts, as well as withdrawals for family living.

The ratio can be calculated using historical data as well 

as projected. As the ratio increases, the capacity to make 

term debt and capital lease payments increases. A ratio 

of  1.00 would indicate a farm could just meet term 

debt and capital lease obligations. A ratio of  1.50, for 

example, would indicate the farm could meet obligations 

one and one-half  times, resulting in a degree of  margin 

for possible shortfalls.  

Operating Strategies and Loan Term Changes 

Evaluated

A 1980 article by Hofer entitled Turnaround Strategies 

provides a framework for evaluating operating strategies 

used in this study. In that article, operating turnaround 

strategies are used for an ongoing business and are 

usually divided into four types: increasing revenues, 

decreasing costs, decreasing assets to reduce debt and a 

combination of  strategies.  

Hofer (1980) also provides a framework for prioritizing 

evaluation of  operating strategies, which is used in this 

study. First, evaluate revenue-increasing strategies, which 

assumes the business continues production of  existing 

products but enhances revenue and/or supplements it 

by engaging in short–term activities it may or may not 

continue in the long run. Second, evaluate cost-cutting 

strategies. It is noted if  the business has high direct costs 

and/or	fixed	costs	or	limited	resources,	then	cost-cutting	

strategies would probably be the preferred strategy.  

Third, if  neither strategy alone provides desired results, 

then a combination of  revenue-increasing and cost-

cutting strategies may be needed. Finally, if  none of  the 

strategies provides desired results, then an asset reduction 

strategy may be the only viable strategy (Hofer, 1980).

A 2008 publication by Foster and Boehlje reviews 

operating strategies and loan term changes available to 

agricultural producers and lenders during periods of  

low	profitability.	That	publication	served	as	a	basis	 for	

selecting operating strategies and loan term changes 

evaluated in this study. Strategies evaluated in this 

study are organized in the categories outlined in that 

publication.	The	first	 is	 labeled	Managing	 Income	 and	

Cash Flow. Strategies are listed below, but reordered to 

match the prioritization suggested by Hofer:

• Increase Revenues/Throughput,

• Increase Non-Farm Income,

• Control Cost, including Renegotiating Cash Rents, 

and

• Reduce Family Withdrawals.

The second category is labeled Managing Liabilities 

and includes changes in loan terms. Changes are again 

reordered to match the prioritization of  changes evaluated 

in this study. The changes include the following:

• Extend Loan Terms and

•	 Pay	Interest	Only.

Of  course other changes are possible, but are beyond 

the scope of  this study. Reducing capital spending will 

prevent further deterioration of  repayment capacity.  

Increasing collateral, acquiring guarantees or contracts 

would improve collateral position, but would not impact 

repayment capacity. Also, re-amortizing carry-over debt 

would reduce repayment commitments for the current 

period and provide immediate relief, but that debt would 
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need to be paid over future period(s) and would alter 

the current debt structure.  Finally, selling assets, either 

current or capital for the purpose of  reducing debt would 

alter the current operation.

Spreadsheet 

The Financial Analysis Spreadsheet is available from 

Purdue	University	at	no	charge	at	www.agecon.purdue.

edu/files/EC712.xlsx	and	discussed	in	a	previous	article	

published in this Journal (Barnard, Yeager, and Miller, 

2013). The spreadsheet is used to evaluate effectiveness of  

operating strategies and loan term changes on repayment 

capacity.  Details of  the spreadsheet are available in that 

article and will not be repeated here, except to explain 

how	specific	data	are	entered	to	represent	strategies	and	

changes and the resulting effectiveness on repayment 

capacity.

The	 Financial	 Analysis	 Spreadsheet	 includes	 five	

different	 worksheets,	 each	 for	 a	 specific	 purpose.	

Only two are used here, Worksheet 1 to input data for 

financial	 analysis	 and	 Worksheet	 3	 to	 input	 data	 and	

calculate repayment capacity measures recommended 

by the Farm Financial Standards Council (FFSC, 2011), 

including term debt and capital lease coverage ratio. The 

worksheet designation is used to direct readers to the 

changes inputted using Worksheets 1 and/or 3 and the 

resulting impact on term debt and capital lease coverage 

ratio reported on Worksheet 3. The base case 30 percent 

debt-to-asset ratio example is included in Worksheets 1 

and 3.

Operating strategies are represented by changing 

individual amounts entered for the base case. For 

example, gross revenues can be changed on Worksheet 

1, Data Cell B, and/or by reducing the ending amount 

of  total current farm assets, Worksheet 1, Data Cell N, 

to represent lower inventory values resulting from lower 

production and/or commodity prices. The impact can 

then be seen by reviewing the coverage ratio reported 

on Worksheet 3, Line 12. The same procedure can be 

used when assessing the impact of  a change in operating 

expenses, which can be entered by changing Worksheet 

1, Data Cell F and reviewing the coverage ratio.

Likewise, non-farm income can be input on Worksheet 

3, Line 2, and its impact shown on the coverage ratio. 

Another change mentioned in the 1980s and to some 

extent today is to reduce family living withdrawals, which 

can be entered by reducing family living expenses and 

taxes on Worksheet 1, Data Cell X.

Adjustments in loan terms include re-amortizing term 

loans and using an extended term (30 years) for the real 

estate loan (i.e., level total payment versus level principal 

payment schedules), re-amortizing and reducing the 

interest rate, and paying interest only for a year. All of  

those changes can be made on Worksheet 1, Data Cells D 

and F, and Worksheet 3, Lines 3 and 7 and effectiveness 

measured using the resulting coverage ratio.

Base Case Farm Example

The base case farm example, Frank and Frieda Farmer, 

used in this analysis is the same as was used in the 

overview article and updated in a 2014 article (Barnard, 

Yeager, and Miller, 2013; Barnard & Yeager, 2014). In-

depth details are available in those articles and will not be 

repeated here.  However, gross revenues were reduced by 

$229,448 (18%) to be more representative of  the current 

farm economy.  The reduction was entered by decreasing 

gross farm revenues from $1,164,898 to $1,135,450 

(Worksheet 1, Data Cell B), along with reducing current 

farm assets (i.e., inventory amounts) from $401,150 to 

$201,150 (Worksheet 1, Data Cell N).
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That change resulted in a decrease in gross revenues 

calculated on an accrual-adjusted basis from $1,274,217 

to $1,044,769 (Worksheet 1, Cell Y), which resulted in 

a decrease in net farm income from operations from 

$280,482 to $51,034 (Worksheet 1, Cell AC). As a result 

of  the reduction in net farm income from operations, 

income taxes were reduced from $35,648 to $10,000 and 

hence Family Living Expenses and Taxes were reduced 

from $115,648 to $90,000 (Worksheet 1, Data Cell X), 

with $80,000 allocated for family living and $10,000 

for taxes. All other data entries remain the same as the 

Barnard and Yeager 2014 article for the example farm 

base case with 30 percent debt-to-asset ratio.

To represent the high leverage situation, term debt for 

the base case (30% debt-to-asset ratio) was increased 

from $655,480 at the beginning of  year 20X2 to 

$1,224,209.	Principal	outstanding	on	the	machinery	debt	

remained constant ($140,190) but farm real estate debt 

was increased by $568,729, from $515,290 to $1,084,019. 

Consequently, the base case is exactly the same as the 

low leverage situation, except it has more farm real estate 

debt and a higher interest expense. 

For loan term changes involving a reduction in interest 

rate, the cash mortgage interest expense (Worksheet 1, 

Data Cell D) was reduced as calculated using a lower 

interest rate.  Also, total operating expenses (Worksheet 

1, Data Cell F) were reduced by the amount of  interest 

expense savings. Consequently, net income from 

operations is increased by the same amount, which 

increases the coverage ratio. The accrual-adjusted 

interest expense (Worksheet 3, Line 3) was adjusted by 

the amount of  the accrual adjustments.

Before discussing the results, it should be noted the base 

case farm example is used to illustrate data entry for the 

spreadsheet, its use in evaluating operating strategies 

and loan term changes and the effectiveness of  each on 

repayment capacity measured by the coverage ratio. It is 

not intended to represent a typical farm. Furthermore, 

the results obtained using the base case should not be 

generalized, but instead are reported to illustrate the 

differences that can arise from implementing operating 

strategies and loan term changes for the same example 

farm	with	different	levels	of 	financial	leverage.

Results

Results are reported for each operating strategy and loan 

term change for both low and high leveraged situations.  

Four operating strategies and a lifestyle change are 

evaluated. The operating strategies are increase gross 

revenues 10 percent, increase non-farm income from 

$0 to $80,000 (the amount needed to offset the amount 

withdrawn for family living expenditures), reduce 

operating expenses 10 percent, and a combination of  

increase gross revenues 5 percent and reduce operating 

expenses 5 percent. The lifestyle change is decrease 

family living expenditures $1,000 per month (15%).

Operating Strategies 

The low leverage base case situation (debt-to-asset ratio 

of  30 percent) had $51,034 in net farm income from 

operations and a coverage ratio of  1.00, so the borrower 

could	just	meet	his	or	her	financial	obligations.	The	high	

leverage base case situation (46 percent debt-to-asset) 

had $44,921 in net farm income from operations and a 

coverage ratio of  0.77, so the borrower could not meet 

his	or	her	financial	obligations.
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Increase Gross Farm Revenues 10 Percent 

In 2014, it was estimated that marketing gains accounted 

for roughly 30 percent of  net farm income. Marketing 

gains occur when selling prices of  old-crop grains differ 

from end-of-year values (Schnitkey, 2016). To represent a 

marketing gain or some other increase in gross revenue, 

an increase in gross farm revenues of  10 percent was   

combined with constant total operating expenses. That 

change resulted in the greatest increases in net farm 

income from operations and the coverage ratio of  the 

four operating strategies evaluated for both leverage 

situations. However, the effectiveness of  the strategy was 

noticeably different for the two leverage situations.

For the low leverage situation, net farm income from 

operations increased from $51,034 to $164,579 and the 

coverage ratio increased from 1.00 to 2.11 (Table 3). For 

the high leverage situation, the same change was evaluated 

and net farm income from operations increased from 

$44,921 to $158,466 and the coverage ratio increased 

from 0.77 to 1.46 (Table 3).  

For both leverage situations, the coverage ratio improved, 

but effectiveness of  the strategy was different for the 

two leverage situations. For the low leverage situation, 

it increased by 1.11; whereas, improvement for the high 

leverage situation was 0.69. The improvement for the 

high leverage situation was less, due to higher interest 

expense and principal payment obligations.

Increase Non-Farm Income

Non-farm income was increased from $0 to $80,000, 

which exactly offsets the amount withdrawn for family 

living expenditures. In other words, nothing was 

withdrawn from the farming operation to pay family 

living expenditures and all the net farm income from 

operations was available to pay taxes and/or make 

principal payments on term debt. 

Of  course, the effectiveness of  the strategy will differ 

across operations, depending on the source and amount 

of  non-farm income contributed to the operation. For 

instance, if  a family member decision-maker obtains 

off-farm employment and has less time to contribute to 

management of  the operation and it, in turn, becomes 

less	 efficient	 and	 profitable,	 the	 strategy	 could	 be	

counterproductive.

When non-farm income was increased, there was 

obviously no change in net farm income from operations, 

but repayment capacity was improved because nothing 

was withdrawn for family living expenditures. The 

coverage ratio improved from 1.00 to 1.78 for the low 

leverage situation and from 0.77 to 1.26 for the high 

leverage situation. Again, the coverage ratio improved 

for both leverage situations, but the effectiveness was 

different. The magnitude of  improvement was 0.78 

for the low leverage situation versus 0.49 for the high 

leverage situation.

Decrease Operating Expenses 10 Percent

A 2016 survey reported that cash rental rates for farmland 

in Iowa fell by 6.5 percent, accumulating to a 14.7 percent 

decline	since	2013	(Plastina,	2016).	To	represent	a	similar	

situation, a cost-cutting strategy was represented by 

reducing operating expenses by 10 percent while leaving 

gross farm revenues constant. The results for the low 

leverage situation were net farm income from operations 

increased from $51,034 to $148,341 and the coverage 

ratio increased from 1.00 to 1.95. For the high leverage 

situation, net farm income from operations increased 

from $44,921 to $142,839 and the coverage ratio 
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increased from 0.77 to 1.37. Again, the coverage ratio 

improved for both leverage situations, but the magnitude 

of  the improvement for the low leverage situation was 

0.95 versus 0.60 for the high leverage situation.

Increase Gross Farm Revenues Five Percent and Decrease 

Operating Expenses Five Percent

A combination strategy was represented by increasing 

gross	farm	revenues	five	percent	combined	with	reducing	

operating	 expenses	 five	 percent.	 The	 results	 were	 net	

farm income from operations increased from $51,034 

to $156,460 and the coverage ratio increased from 1.00 

to 2.03 for the low leverage situation. Net farm income 

from operations increased from $44,921 to $150,653 and 

the coverage ratio increased from 0.77 to 1.42 for the 

high leverage situation. Again, the 1.03 improvement for 

the low leverage situation was substantially greater than 

the 0.65 improvement for the high leverage situation.

Decrease Withdrawals for Family Living $1,000 per Month or 

15 Percent 

A reduction in the amount withdrawn for family living 

expenditures was represented by reducing family living 

withdrawals $1,000 per month, 15 percent, from the 

$80,000 used in the base case for family living. When the 

amount withdrawn for taxes was added to the amount 

withdrawn for family living, the amount for family living 

expenditures and taxes was decreased from $90,000 to 

$78,000, Worksheet 1, Data Cell X. 

As was also the case with the non-farm income strategy, 

the effectiveness of  reducing the amount withdrawn 

for family living will depend on the amount originally 

withdrawn and  the amount of  the reduction. For 

instance,	the	effectiveness	of 	a	fifteen	percent	decrease	

in the amount withdrawn for family living would be 

very different for the same size operation, depending on 

whether the amount withdrawn was $40,000, $80,000 or 

$160,000.   

The result for the low leverage situation was the coverage 

ratio increased from 1.00 to 1.12. For the high leverage 

situation, the coverage ratio increased from 0.77 to 0.84.  

Again, the coverage ratio improved for both leverage 

situations, but the magnitude of  the improvement for 

the low leverage situation was 0.12 versus only 0.07 for 

the high leverage situation. The improvement for the 

high leverage situation was not enough to enable the 

borrower	to	meet	his	or	her	financial	obligations.

Loan Term Changes 

Four loan term changes were evaluated by adjusting 

selected entries for the base case. The loan term changes 

evaluated were re-amortize the real estate loan from 

level principal payments to level total payments at the 

existing	interest	rate	of 	five	percent	and	extend	the	term	

for the farm real estate loan from 24.5 and 20 years for 

the low and high leverage situations, respectively, to 30 

years	while	maintaining	a	five	percent	 interest	 rate	and	

a level principal payment on the machinery loan; reduce 

the interest rate on the machinery and real estate loans to 

2.5 percent while maintaining a level principal payment 

loan on both loans; re-amortize the real estate loan at an 

interest rate of  2.5 percent and extend the term to 30 

years	while	maintaining	a	five	percent	interest	rate	and	a	

level principal payment on the machinery loan; and pay 

interest only for one year on the real estate loan.

Re-amortize the Real Estate Loan over 30 Years at 5 Percent 

Interest Rate

For the low leverage situation, re-amortization of  the 

real	estate	loan	over	30	years	at	five	percent	interest	rate	
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resulted in a total level payment of  $33,520, $25,765 

interest	 and	 $7,755	 principal	 the	 first	 year.	When	 that	

principal payment was combined with a level principal 

payment for the machinery loan of  $50,000, the total 

principal payment decreased to $57,755. The resulting 

coverage ratio improved from 1.00 to 1.15. 

The same re-amortization was done for the high leverage 

situation, the result was a total level payment of  $70,517, 

$54,201	 interest	 and	 $16,316	 principal	 the	 first	 year.		

When that principal payment was combined with a level 

principal payment for the machinery loan of  $50,000, 

the total principal payment was $66,316. Improvement 

in the coverage ratio was from 0.77 to 0.99, and the 

borrower	would	almost	be	in	a	position	to	meet	financial	

obligations.     

Reduce Interest Rate on Both Term Loans from 5 to 2.5 Percent

Both term loans continued with level principal payments, 

but the interest rate for both loans was decreased from 5 

to 2.5 percent. The interest expense savings for the low 

and high leverage situations were $16,387 and $30,605, 

respectively. The change improved the coverage ratio for 

low and high leverage situations from 1.00 and 0.77 to 

1.19 and 0.94, respectively. The change was effective for 

both, but would still not be enough for the high leverage 

borrower	to	meet	financial	obligations.

Re-amortize Real Estate Loan over 30 Years at 2.5 Percent 

Interest Rate

A popular loan term change in the 1980s was reduce 

the interest rate. However, the current interest rate 

environment is substantially different than what was 

experienced in the 1980s. The prime interest rate in the 

United States ranged from 21.50 percent on December 

19, 1980 to 8.75 percent on November 5, 1987; whereas 

the prime interest rate in the United States has remained 

at 3.25 percent from December 16, 2008 until December 

17,	2015	when	it	increased	to	3.5	percent	(FedPrimeRate.

com, 2016). Hence, the effectiveness of  reducing the 

interest rate was expected to have minimal effect on the 

coverage ratio in the current environment.

The farm real estate loan for the low leverage situation 

was re-amortized over 30 years at 2.5 percent interest 

rate. Total annual level payment was $24,619, $12,882 

interest	and	$11,737	principal	the	first	year.	That	principal	

payment was combined with a level annual principal 

payment for the machinery loan of  $50,000, resulting in 

total principal payment of  $61,737 and a coverage ratio 

of  1.28. 

The same re-amortization for farm real estate was 

made for the high leverage situation. The result was a 

total annual level payment of  $51,792, $27,100 interest 

and	 $24,692	 principal	 the	 first	 year.	 That	 principal	

payment was combined with a level principal payment 

at	five	percent	for	 the	machinery	 loan	of 	$50,000,	and	

the total principal payment was $74,692.  The coverage 

ratio improved to 1.16 and the borrower would be in a 

position	to	meet	financial	obligations.

Pay Interest Only on the Real Estate Loan

The most effective loan term change for both leverage 

situations	with	 a	 five	 percent	 interest	 rate	 is	 to	 simply	

pay interest only for one year on the real estate loan. 

The interest only change is not evaluated for the 

machinery loan because of  the depreciable aspect of  the 

collateral (machinery). Of  course, net farm income from 

operations does not change from the base case and the 

principal payments on Worksheet 3, Line 7, are reduced 

to $50,000 from $71,028 and $103,016, respectively, 
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for the two leverage situations. For the low leverage 

situation, the coverage ratio increased from 1.00 to 1.26.  

The coverage ratio also increased for the high leverage 

situation, 0.77 to 1.14.

However, that change would only be a temporary 

solution. If  the current low net farm income environment 

continues beyond one year, the change simply postpones 

the repayment problem.

Management Implications

Every farming operation is unique, so the effectiveness 

of  operating strategies and loan term changes will be 

different for each operation. Differences were found 

when evaluating operating strategies and loan term 

changes for the same case farm with two levels of  

financial	leverage.		The	following	results	were	found:

• All operating strategies for the low leverage situation 

resulted in greater improvements in the coverage 

ratio than when those same strategies were used for 

the	high	leverage	situation.	This	finding	is	as	expected	

given the formula for the term debt and capital lease 

coverage ratio.

• Increasing revenues by 10 percent and keeping 

operating expenses constant, resulted in the greatest 

coverage ratio improvement of  the four operating   

strategies evaluated, for both leverage situations.  

Management responses to increase revenues could 

include: improving marketing practices through 

development and use of  a marketing plan, securing 

services of  a marketing consultant, renting unused 

facilities such as storage and buildings, using 

underutilized machinery to do custom work, etc.

•	 Increasing	gross	revenues	five	percent	and	decreasing	

operating	 expenses	 five	 percent	 resulted	 in	 the	

second greatest coverage ratio improvement of  the 

four operating strategies evaluated for both leverage 

situations. Management responses could include: 

negotiating lower cash rents, negotiating lower input 

costs, using lower input amounts, ensuring labor 

supply is fully employed especially if  a withdrawal 

for family living is taken and comparing operating 

expenses to published enterprise budgets and 

comparative numbers to identify other areas that 

could be improved.

• Decreasing operating expenses by 10 percent, while 

keeping gross revenues constant, resulted in the 

third greatest coverage ratio improvement of  the 

four operating strategies evaluated, for both leverage 

situations.  

• Increasing non-farm income resulted in the fourth 

greatest coverage ratio improvement of  the four 

operating strategies evaluated, for both leverage 

situations. So, even though securing non-farm income 

may help offset some of  the amount withdrawn 

for family living expenditures and especially fringe 

benefits,	the	strategy	was	not	as	effective	as	increasing	

gross revenues and/or decreasing operating expenses.

• Decreasing family living withdrawals by $1,000 per 

month (15%) resulted in only a slight improvement 

in the coverage ratio for both leverage situations.  

Furthermore, the change did not result in a coverage 

ratio	sufficient	for	the	high	leverage	situation	to	meet	

financial	 obligations.	 Even	 though	 average	 family	

living expenditures have increased nearly $30,000 

from 2006 to 2013, the amount is still a relatively 

small percentage of  total operating expenses for 

many commercial farming operations. Of  course, 

size of  operation and amount withdrawn differ for 

each operation, so lifestyle changes should still be 

evaluated.
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•	 Paying	interest	only	on	the	real	estate	loan	at	5	percent	

interest rate resulted in the greatest improvement in 

the coverage ratio of  any loan term change evaluated, 

for both leverage situations, except level payment for 

the real estate loan with a 2.5 percent interest rate.  

• None of  the three re-amortizations and loan term 

extensions for the farm real estate loan at both 2.5 

and 5 percent interest rates increased the coverage 

ratio more than the least effective operating strategy 

(increase non-farm income), for both leverage 

situations.

Although re-amortizing debt is often a popular change 

among	borrowers	during	times	of 	financial	stress,	such	

changes	 alone	may	 not	 be	 sufficient	 to	meet	 financial	

obligations	 for	 higher	 leverage	 firms.	 	 Such	 changes	

may need to be combined with an operating strategy to 

increase the coverage ratio to levels above 1.0.

Final Comment

Forecasted	 declines	 in	 farm	 income	 will	 add	 financial	

stress to many in the agriculture sector in 2016 

(Ellinger, Featherstone and Boehlje, 2016; USDA-ERS, 

2016a). Each farming operation is unique in terms of  

profitability,	 repayment	 capacity,	 operating	 efficiency,	

composition	 of 	 variable	 and	 fixed	 costs,	 amount	 of 	

outstanding debt, loan repayment schedules, loan terms, 

etc. The effectiveness of  each operating strategy and 

loan term change evaluated differed for the same case 

farm	with	two	levels	of 	financial	leverage.	Consequently,	

each strategy and change must be assessed as to its 

effectiveness for each farming operation.

Keeping in mind that each farming operation is unique, 

ASFMRA professional farm managers, rural appraisers, 

and agricultural consultants can apply the general 

results of  this analysis when working with their clients. 

In order to help clients to improve revenues, managers 

and consultants should work with clients to implement 

a marketing plan that best suits their operation and 

to utilize a marketing consultant if  not already doing 

so. Additionally, selling underutilized assets or using 

underutilized assets to do custom work may be a source 

of  additional revenue for the operation. In order to 

reduce operating expenses, managers and consultants 

should encourage their clients to consider leasing 

machinery, negotiating lower cash rents and input costs, 

using less input, and ensuring the labor supply is fully 

employed. Based on the assumptions in this study, 

increasing non-farm income, reducing family living 

withdrawals, and implementing loan term changes did 

not prove to be as effective; however, they could still 

be considered depending on the size and structure of  a 

client’s operation.
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Table 1. US agricultural sector, gross farm income, and total production 
expenses, 2007-2016F
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Table 2. Selected measures and net farm income quintiles for 2014 University 
of Minnesota farm records financial summary
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Table 3. Term debt and capital lease coverage ratios for operating strategies 
and loan term changes for low and high leveraged firms



Ethnic Greens and Herbs

By Ramu Govindasamy, Kathleen Kelley, and 

James E.Simon

Introduction

Farm viability has been a challenge for produce growers in the eastern 

United States since the 1980’s because of  highly volatile market prices. 

East coast growers are at a competitive disadvantage as they operate on 

a relatively small land base with high production costs per unit of  crop 

output, compared to larger commodity growers whose production 

costs are relatively lower.

ABSTRACT

This study primarily focused on 

identifying opportunities for small and 

medium-sized farmers in the eastern 

United States by identifying fresh ethnic 

greens and herbs they could produce 

based on consumer and market demand. 

Since ethnic Hispanic and Asian 

populations in the eastern United States 

have grown steadily over the past decade 

with projections of  continuing, marketing 

ethnic greens/herbs of  interest to these 

consumer groups could be a potential 

alternative venture when carefully and 

strategically approached. Not only can 

such ethnic produce enter into specialized 

niche markets but as the demographics 

continue to change, then the same 

additional variety of  fresh greens and 

herbs may also enter into mainstream 

supermarkets. The overall study results 

will help stakeholders discover ethnic 

produce market opportunities that could 

benefit	small	and	medium-sized	growers	

in the eastern United States.
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Encroachment of  farmland for development coupled 

with a competitive market creates a challenge for 

some farming enterprises, especially for those growing 

agronomic crops such as corn and soybeans that require 

large acreage and lower per acre cost of  production to 

remain viable. In the 21st century, success in commercial 

farming in the East will depend largely on the ability of  

the growers to focus on high value, specialty crops such 

as	ethnic	produce	and	target	specific	niche	markets	for	

favorable competitive advantages.

Specialty crop farmers catering to the needs of  diverse 

ethnic consumers living along the east coast of  the 

United States have experienced tremendous economic 

opportunities in the last decade (Sciarappa, 2001; 

Tubene, 2001; Sciarappa, 2003; Govindasamy et al., 

2006; Mendonca et al., 2006; Govindasamy et al., 2010a; 

Govindasamy et al., 2015).  The east coast region of  the 

United States is characterized by the high proportion 

of  a growing ethnic immigrant population. The total 

population of  United States increased by 9.5 percent, 

from 282 million in 2000 to 309 million in 2010 (US 

Census Bureau, 2011), while the Hispanic population 

increased by 34 percent, from 35.6 million to 47.8 million, 

and the Asian population increased by 33 percent, from 

10.7 million to 14.2 million. More than one million 

foreign-born people become legal permanent residents 

in the US each year, with Mexicans accounting for the 

greatest percent, according to the market researcher 

Mintel International Group, which cited Department of  

Homeland Security data. The rapid expansion of  these 

groups	 presents	 potentially	 significant	 opportunities	

for ethnic crop producers along the east coast because 

of  their proximity to dense populations of  Asian 

and Hispanic consumers (Govindasamy et al., 2006; 

Govindasamy et al., 2010a, b).

The objective of  this research was to examine the ethnic 

greens and herbs market as a niche opportunity for small 

and medium-sized east coast farmers. Identifying the 

potential demand for ethnic greens and herbs by each of  

these	subgroups	will	assist	farmers	with	first	identifying	

and	then	developing	new	markets,	and	then	finally	help	

them remain economically viable in the face of  new and 

upcoming challenges posed by large scale operations. The 

study focused on ethnic Asians and Hispanics and their 

major sub-groups: Asian Indian and Chinese sub-groups 

and	Mexican	and	Puerto	Rican	sub-groups,	respectively.

This study was based on primary data obtained from 

a consumer telephone survey conducted in 16 east 

coast states (Connecticut, Delaware, Florida, Georgia, 

Massachusetts, Maryland, Maine, North Carolina, New 

Hampshire,	New	Jersey,	New	York,	Pennsylvania,	Rhode	

Island, South Carolina, Vermont, and Virginia) and 

Washington,	D.C.	Primary	food	shoppers	were	targeted	

to respond to the survey. A separate survey for each 

ethnic	 subgroup	was	 prepared	 and	modified	 based	 on	

the input from experts and selective ethnic consumers, 

particularly,	Chinese,	Asian	Indians,	Mexicans,	and	Puerto	

Ricans. In total, 1,117 completed survey responses were 

obtained: 276 from consumers identifying themselves as 

Chinese, 277 from Asian Indians, 280 from Mexicans, 

and	284	from	Puerto	Rican	consumers.	The	survey	also	

included a list of  the top 10 crops for each ethnicity to 

document consumer demand. The survey was pre-tested 

by consumers who participated in a two-day online 

focus group bulletin board session study conducted in 

March 2010. Size of  the ethnic greens and herb market 

was estimated and assessment of  market demand were 

examined using the results from both the focus group 

bulletin	 board	 session	 and	 surveys.	 The	 first	 phase	 of 	

the project documented buying patterns of  consumers 
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relating to ethnic greens and herbs. This involved both 

focus group sessions and telephone surveys. Based on 

survey results, in the second phase, during 2011 summer, 

production trials and crop demonstrations were initiated 

in New Jersey, Massachusetts, and Florida.

This project is not only relevant to small and medium-

sized farmers in the eastern US, but also to the whole 

supply chain community since it provides valuable 

insights into how consumers make decisions to purchase 

ethnic greens and herbs, and elucidate which product 

attributes	 contribute	 to	 the	 process.	 Previous	 work	

(Govindasamy et al., 2006; Govindasamy et al., 2007; 

Park	et	al.,	2007)	has	shown	that	ethnic	consumers	are	

looking for produce with certain attributes, such as 

specific	 varieties	with	 authentic	 flavors	 and	 sometimes	

preferring to purchase from particular sources including, 

but not limited to, ethnic produce suppliers. The aim of  

this project was to assist small and medium-sized farmers 

with better understanding ethnic consumers’ needs and 

wants and the factors that drive the consumer market for 

ethnic greens and herbs.

Results

Respondents Gender, Household Size, Age, and 

Education Level by Ethnicity

Gender	 played	 a	 significant	 role	 in	 identifying	 the	

primary grocery shopper among all four ethnicities, as 

66 percent of  the respondents were female (Table 1). 

When segmented by sub-ethnic group, 57 percent of  

Asian Indian, 64 percent of  Chinese, 71 percent of  

Mexican,	 and	72	percent	of 	Puerto	Rican	 respondents	

were women. 

Almost 99 percent of  respondents from the two Asian 

sub-groups had six or fewer members in their household. 

About 53 percent of  Asian Indians and 49 percent of  

Chinese stated that there were 4 to 6 members in their 

household and another 44 percent of  Asian Indians and 

50 percent of  Chinese respondents stated that there were 

1 to 3 members in their household.  Compared to this, 

about	67	percent	of 	Mexican	and	30	percent	of 	Puerto	

Rican participants lived in 4 to 6 person households and 

20	percent	of 	Mexican	and	66	percent	of 	Puerto	Rican	

households reported a household size of  1 to 3 members. 

Data also revealed that 43 percent of  Asian Indian and 

49 percent of  Chinese participants were predominately 

between 36 and 50 years of  age. Among the Hispanic 

ethnicity, 49 percent of  Mexican respondents were 

between age of  21 and 35 years, while a nearly equal 

percentage	of 	Puerto	Rican	respondents	were	between	

age 36 and 50 years (28%) and between 51 to 65 years 

(29%). 

On average, about 27 percent of  respondents identifying 

with each of  the four sub-ethnic groups did not 

complete high school, about 23 percent had completed 

post-graduate or advanced degrees. When segmented by 

sub-ethnic group, a greater percentage of  Asian Indian 

respondents reported having a post graduate or advanced 

degrees (49%) and a 4-year college degree (33%), while 

40 percent of  Chinese respondents had a post graduate 

or advanced degree and 29 percent with had a 4-year 

college degree. In contrast, nearly 62 percent of  the 

Mexican	 respondents	 and	 39	 percent	 of 	 Puerto	Rican	

respondents reported that they did not graduate from 

high school. Only 30 percent of  Mexican and 36 percent 

of 	Puerto	Rican	respondents	were	high	school	graduates.
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Respondents Current Occupation and Annual 

Income

Results revealed that about half  (51%) of  respondents 

among all ethnicities were employed by someone else, 

eight percent were self-employed, and seven percent 

were unemployed (Table 2). When segmented by sub-

ethnicity, about 62 percent of  Asian Indians and Chinese 

respondents were employed by someone else compared 

to	 47	 percent	 of 	 Mexican	 and	 33	 percent	 of 	 Puerto	

Rican respondents. About 12 percent of  Asian Indian 

respondents were self-employed compared to about 

7 percent of  Chinese and Mexican and 5 percent of  

Puerto	Rican	respondents.	With	respect	to	retirees,	about	

26	 percent	 of 	 Puerto	 Rican	 respondents	 were	 retired	

compared to only about 1 percent of  Mexican, 10 percent 

of  Asian Indian, and 13 percent of  Chinese respondents. 

Pertaining	to	the	percent	of 	participants	who	were	full-

time homemakers, 37 percent of  Mexicans, 15 percent 

of 	Puerto	Rican,	 and	 about	9	percent	of 	Chinese	 and	

Asian Indian indicated that this category best describe 

their occupation.

Survey data also revealed that Asian Indian and Chinese 

respondents	were	more	financially	secure	than	Mexican	

and	Puerto	Rican	respondents.	About	29	percent	(Table	

2) of  both Asian Indian and Chinese respondents earned 

between $40,000 and $80,000 per annum compared 

to	 only	 22	 percent	 of 	 Puerto	Rican	 and	 7	 percent	 of 	

Mexican respondents. In contrast, about 59 percent of  

Mexican	 and	 53	 percent	 of 	 Puerto	Ricans	 earned	 less	

than $20,000 and only about 6 percent each of  Asian 

Indians and Chinese respondents were in this income 

category. None of  the Mexican respondents earned 

more	 than	 $125,000	 and	 none	 of 	 the	 Puerto	 Rican	

respondents earned more than $150,000. In comparison, 

about 20 percent of  the Asian Indian respondents and 

about 16 percent of  Chinese respondents earned more 

than $125,000.

Respondents Average Visits, Expenditures on 

Greens and Herbs, Proximity, and Family Size by 

Ethnicity

Data displayed in Table 3 contains information about 

household expenditure for all four sub-groups. In 

general, the average overall household size was about 

four members per household. This is in line with the 

average household size reported by Asian Indians 

(4	 household	 members),	 Chinese	 and	 Puerto	 Ricans	

(3 household members for both), and Mexicans (5 

household members).

Mexican respondents reported having the closest 

proximity (3 miles) to the nearest ethnic grocery store, 

followed	by	Puerto	Ricans	at	five	miles	and	the	Chinese	

at twelve miles. Asian Indian respondents had to travel 

the farthest (13 miles) to obtain greens and herbs from 

this source. 

The average number of  visits to the ethnic grocery store 

among all ethnicities was 4 (Table 3) with an average 

of  $24 spent on ethnic greens and herbs per visit. The 

average amount spent per month on all produce was 

about $175, of  this about $42 were spent on each sub-

groups’ list of  their top 10 ethnic greens and herbs.

Respondents Preference for Ethnic Greens and 

Herbs Outlets

Participnts	reported	purchasing	ethnic	greens	and	herb	

from other sources as well. Overall, about 63 percent 

(Table 4) of  respondents stated that they purchased their 

ethnic greens and herbs from ‘American-style’ grocery 

stores. However, this practice was more prevalent among 
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the	Mexican	(81%)	and	Puerto	Rican	(75%)	respondents	

when compared to the Asian Indian (56%) and Chinese 

(40%) respondents. An overwhelming percentage (88%) 

of  respondents indicated that they purchased their 

ethnic greens and herbs from ethnic grocery stores. 

These results are in line with their self-reported ethnic 

greens and herb purchases from American grocery 

stores.	Pertaining	to	the	percent	of 	participants	in	each	

sub-group that purchased ethnic greens and herbs from 

such retail outlets, about 96 percent of  the Asian, 86 

percent	of 	the	Mexican,	and	76	percent	of 	Puerto	Rican	

respondents stated that they bought their ethnic greens 

and herbs from ethnic grocery stores. 

Other types of  retail outlets where participants purchased 

the ethnic crops were: community farmers’ market (36%), 

on-farm markets or roadside stands (19%), and pick-

your-own farms (10%). Knowledge of  the value chain is 

particularly helpful to US farmers as that is indicative of  

the challenges penetrating into new markets particularly 

produce outlets owned and operated by members of  

another ethnic group.

Importance of  Ethnic Greens and Herbs Attributes

Consumers from all four ethnicities were consistent 

in	 terms	 of 	 rating	 the	 relative	 importance	 of 	 specific	

attributes	 that	 influenced	 their	 decisions	 to	 shop	 for	

and purchase ethnic produce (Table 5). About 58 to 68 

percent of  respondents from each group rated proximity 

to the store as being very important, another 20 to 28 

percent of  respondents deemed store proximity as being 

somewhat important, and about 6 to 16 percent of  

respondents stated that proximity to the store was not 

important.

The language spoken by employees had little or no impact 

on the purchase behavior of  the Asian respondents 

with about 75 percent of  them stating that they do not 

consider	this	to	be	an	important	attribute	that	influenced	

their purchase decision. In contrast, about 68 percent of  

Mexican respondents considered the language spoken by 

grocery store employees to be a very important factor 

influencing	their	purchasing	behavior.	About	42	percent	

of 	 Puerto	 Rican	 respondents	 consider	 the	 language	

spoken by store employees as not being important, 32 

percent considered it to be very important, and about 24 

percent considered it to be somewhat important attribute 

in	influencing	purchase	behavior.

Variety, quality, freshness, price, and packaging were 

some	of 	 the	other	attributes	 that	 influenced	consumer	

purchase. Availability of  variety of  ethnic greens and 

herbs was considered to be very important by about 68 

percent of  all respondents, while about 22 percent of  

the respondents considered availability of  variety to be 

somewhat	of 	 an	 important	 influencer.	This	preference	

was consistent among all four ethnicities. 

An overwhelming 93 percent of  respondents stated that 

quality and freshness of  the ethnic greens and herbs 

was	a	very	important	attribute	that	influenced	purchase	

decision. About 66 percent of  respondents stated that 

they considered the price of  ethnic greens and herbs to 

be a very important attribute while 26 percent stated that 

it	was	somewhat	important	in	influencing	their	purchase	

decision. Survey data reveals that packaging did not act 

as	a	major	influencing	factor	in	the	decision	making,	as	

nearly an equal percentage of  respondents considered it 

be very important (37%), somewhat important (31%), 

and not important (29%).

Specific Ethnic Crops

The crop selection process began with an expert panel 

review of  an initial list of  over 100 ethnic greens and 
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herbs, of  which 40 greens and herbs (10 per each 

ethnicity) were included in the ethnic consumer survey 

questionnaire	 using	 a	 modified	 approach	 to	 that	

employed by researchers (Govindasamy et al., 2007).

Purslane,	Nightshade,	Fenugreek,	Indian	Sorrel	Spinach,	

Indian Sorrel, Malabar Spinach, Radish Greens, Amaranth 

(purple), Amaranth (green), and turmeric were the 10 

Asian Indian ethnic greens and herbs included in the 

survey.	Of 	these,	the	top	five	most	popular	ethnic	greens	

and herbs (Table 6) were: Radish greens (as indicated by 

74% of  participants), Turmeric (73%), Fenugreek (72%); 

Indian Sorrel Spinach (59%), and Amaranth (green) 

(22%).

Shanghai Bok Choy, Chinese Broccoli, Chives and 

flowers,	Garland	Chrysanthemum,	Lycium	Leaf,	Malabar	

Spinach,	 Potherb	 Mustard,	 Spinach,	 Sugar	 Pea	 tops/

bean, and Yen Choy were the 10 Chinese greens and 

herbs considered for this survey. Among these, the top 

five	most	popular	greens	and	herbs,	based	on	participant	

response, were: Shanghai Bok Choy at 86 percent (Table 

6), Chinese Broccoli and Spinach at 72 percent each, 

Sugar	 Pea	 tops/bean	 at	 41	 percent,	 and	 Chives	 and	

flowers	at	39	percent.

The 10 Mexican greens and herbs selected for the survey 

were: Amaranth (green), Chard, Lambsquarter, Epazote, 

Lemon	Verbena,	Lippia,	Pápalo,	Purslane,	Roselle,	 and	

Pumpkin	leaves.	Of 	these,	the	five	most	popular	greens	

and herbs, based on survey participant responses, were: 

Roselle	at	51	percent	(Table	6),	Purslane	at	48	percent,	

Epazote at 44 percent, Chard at 37 percent, and Vine 

Vegetables at 34 percent.

Culantro, Dandelion Greens, Garlic Chives, 

Lambsquarter, Lemon Balm, Lechuga, Spanish Oregano, 

Tarragon,	Purslane	and	Wild	Garlic	were	the	10	Puerto	

Rican	greens	and	herbs	surveyed.	The	top	five	ranking	

greens	 and	 herbs	 among	 Puerto	 Rican	 respondents	

were: Lechuga at 95 percent (Table 6), Culantro at 88 

percent, Garlic Chives at 72 percent, Spanish Oregano 

at	48	percent,	and	Wild	Garlic	at	22	percent.	Scientific	

names for all the listed crops, by ethnicity, are provided 

in Table 6.

Conclusion

The primary objective of  this study is to assess the 

demand for ethnic greens and herbs in the eastern coastal 

United States. Results show that there are unexploited 

opportunities for local farmers in certain ethnic produce 

markets. Furthermore, this market intelligence about 

the demographics of  prospective consumers can assist 

growers in tailoring their products and promotional 

activities to better meet the needs of  the ethnic greens 

and herbs purchaser, allowing these consumers to be able 

to purchase authentic ethnic produce from local farms 

which will enable them to satisfy their social as well as 

community needs. Availability and freshness of  ethnic 

greens and herbs and producer willingness to grow new 

ethnic crops will also help intermediaries in the process 

of  making suitable adjustments to their business and 

supply chain. Combining ethnic consumer demographics 

and information from production trials together with the 

current views and practices of  ethnic growers will help to 

make	final	ethnic	greens	herbs	recommendations	in	the	

eastern	United	States.	The	final	results	of 	this	study	will	

help stakeholders in discovering potential changes in the 

ethnic markets that could provide marketing alternatives 

to the small and medium size growers in this region.



2017 JOURNAL OF THE ASFMRA

49

References

Govindasamy,	R.,	R.	VanVranken,	W.	Sciarappa,	A.	Ayeni,	V.	S.	Puduri,	K.	Pappas,	J.	E.	Simon,	F.	Mangan,	M.	

Lamberts, and G. McAvoy (2010)a. “Ethnic Crop Opportunities for Growers on the East Coast: A Demand 

Assessment” Extension Journal, Inc.  (ISSN 1077-5315). Vol. 48, No 6, Research In Brief//6RIB2

Govindasamy, R., S. Arumugam, X. You and I. Vellangany, (2015) “Willingness to Buy Organically Grown Ethnic 

Greens and Herbs: A Consumers Survey in the East-Coast Region of  United States”, Agricultural Economics Research 

Review, Vol. 28, No.2, pp 213-222.

Govindasamy,	R.,	A.	Nemana,	V.	Puduri,	K.	Pappas.	(2006).	“Ethnic	Produce	Marketing	in	the	Mid-Atlantic	

States:	Consumer	Shopping	Patterns	and	Willingness-to-Pay	Analysis”.	Choices – The Magazine of  Food, Farm, 

and Resource Issues. 4th Quarter 2006. Vol. 21. No. 4. pp. 237-241. http://www.choicesmagazine.org/2006-4/

produce/2006-4-07.htm

Govindasamy,	R.,	W.	Sciarappa,	V.	S.	Puduri,	R.	VanVranken,	A.	Ayeni,	K.	Pappas,	J.	E.	Simon,	F.	Mangan,	M.,	

Lamberts, & G. McAvoy (2007). “A market driven approach to ethnic crop production for the U.S. east coast. In: J. 

Janick and Whipkey (Eds.)”, The 6th new crops symposium: Creating markets for economic development of  new 

crops	and	new	uses.	Alexandria,	Virginia:	ASHS	Press.

Govindasamy,	R.,	R.	VanVranken,	W.	Sciarappa,	A.	Ayeni,	V.	S.	Puduri,	K.	Pappas,	J.	E.	Simon,	F.	Mangan,	M.	

Lamberts,	and	G.	McAvoy	(2010)b	“Consumers’	Shopping	Patterns	and	Expenditures	on	Ethnic	Produce:	Case	

Study from the Eastern Coastal U.S.A.” Journal of  the ASFMRA [June 04, 2010].

Mendonca,	R.,	M.	Moreira,	F.	Mangan,	and	T.	Brashear.	(2006).	“Production	and	Marketing	of 	New	Eggplant	

Varieties for New Markets”. UMass Vegetable Notes. Vol. 17. No. 3. pp. 1-4.

Park,	C.H.,	P.	Tannous,	J.E.	Simon,	T.O.	Kwon,	W.	Sciarappa,	L.E.	Craker,	R.V.	Ranken,	W.	Kline,	P.J.	Nitzsche,	

H.R.	Juliani	and	R.	Govindasamy.	(2007).	“Chives	and	Perilla,	Korean	Greens	for	Emerging	Ethnic	Markets”,	

pp. 228-232. In: Janick, J and Whipkey (eds), The 6th New Crops Symposium: Creating Markets for Economic 

Development	of 	New	Crops	and	New	Uses.	ASHS	Press,	Alexandria,	VI.

Sciarappa,	W.	(2001).		“Growing	Ethnic	Vegetables	with	Plasticulture”.		Vegetable Growers News.  April 2001. Vol. 35, 

No. 4. pp. 32-33. 



2017 JOURNAL OF THE ASFMRA

50

Sciarappa,	W.	(2003).		Heritage	Crop	Research	at	Rutgers.	Proceedings	National	Association	of 	County	Agricultural	

Agents. July 2003. p. 122.

Tubene,	S.	(2001).	Market	Potential	for	Ethnic	Produce	in	the	Mid-Atlantic	Region.	Maryland	Cooperative	

Extension,	University	of 	Maryland,	College	Park-Eastern	Shore.	6	p.

US	Census	Bureau	(2011).	“Profiles	of 	the	Asian	Population	2010”.	U.S.	Census	Bureau,	Washington,	DC.	http://

www.census.gov/prod/cen2010/briefs/ c2010br-04.pdf.

US	Census	Bureau	(2011).	“Profiles	of 	the	Hispanic	Population	2010”.	U.S.	Census	Bureau,	Washington,	DC.		

http://www.census.gov/prod/cen2010/briefs/c2010br-11.pdf.



2017 JOURNAL OF THE ASFMRA

5151

Table 1. Distribution of gender, household size, age, and education
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Table 2. Distribution of current occupation, annual income by household, and 
distance to the nearest ethnic grocery store
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Table 3. Average visits, expenditures on greens and herbs, proximity, and 
family size by ethnicity

Table 4. Distribution of outlets where ethnic greens and herbs are purchased
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Table 5. Importance of store and produce attributes when purchasing ethnic 
greens and herbs
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Table 6. Percentage distribution of top five ethnic greens and herbs purchased 
by Asian/Indian/Chinese/Mexican/Puerto Rican respondents



Equilibrium Analysis of Stocks-to-Use and Price 
for Long-Grain Rice

By Archie Flanders

Introduction

Rice production in the US primarily consists of  long-grain rice that 

is produced in Delta regions of  the Mississippi River. Medium-grain 

and short-grain rice production is concentrated in California, but 

there is some production of  these varieties in the Delta regions as an 

alternative to long-grain rice. All three types of  rice are produced for 

both domestic consumption and export markets. The three types of  

rice have quality characteristics that make Delta regions optimal for 

long-grain rice production and California better suited for medium-

grain and short-grain varieties. Consumer preferences for inherent 

grain characteristics establish three distinct markets for the rice types. 

Long-grain rice typically has a lower price than medium-grain and 

short-grain rice produced in the Delta regions.

ABSTRACT

Supply and demand interactions 

determine prices that ration agricultural 

crops among various uses. This analysis 

investigates equilibrium conditions for 

US long-grain rice with factors that 

include supply and demand, technical 

productivity, and potential impacts on 

rice price due to increased prices of  other 

field	crops	during	the	2006-2015	period.	

Results indicate that prices are inversely 

related with stocks-to-use ratios.
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Among	major	US	field	crops,	 rice	 is	mostly	consumed	

with limited processing beyond its milling state, and 

only a negligible quantity is for animal consumption. 

This warrants a separate market analysis for rice that 

does	 not	 include	 other	 field	 crops.	Due	 to	 differences	

in grain characteristics and historical prices, market 

conditions for long-grain rice prices should be evaluated 

separately from prices for medium-grain and short-

grain rice. Commodity price is the signal that determines 

market conditions for decision making by producers 

and consumers. The interaction of  supply and demand 

is fundamental for understanding current market 

prices and investigating the nature of  price volatility. In 

addition to changing domestic market conditions, prices 

are impacted by international public policies and global 

macroeconomic conditions that affect production and 

international trade for rice. 

Price Determination Factors

Supply and demand interactions determine prices that 

ration commodities among various uses. Rice supply and 

demand are determined as the quantity remaining at the 

end of  a market year relative to total annual use. Ending 

stocks	for	a	specified	market	year	become	beginning	stocks	

for the subsequent market year. Beginning stocks for the 

current period are the supply available to satisfy demand 

until production in the period enters the marketing 

system. The components of  supply are beginning stocks, 

imports,	and	production.	Demand	components	for	field	

crops are food, seed, industrial use, exports, feed, and 

ending stocks. In equilibrium conditions, ending stocks 

will equal the quantity demanded until production is 

available for the current market year.

Agricultural commodities are traded in global markets 

with US currency as the common medium of  exchange. 

Fluctuations in the value of  the dollar relative to other 

currencies impacts US prices. Increased value of  the 

dollar leads to increased expenditures in terms of  

currencies for international purchasers of  US crops. 

This results in downward pressure for US prices and 

could provide incentives for production from foreign 

competitors.

Supply and demand conditions for rice are expressed 

in market analysis as the stocks-to-use ratio. Rice has 

a market year of  August-July that corresponds to its 

annual cycle of  production and utilization entailing total 

annual domestic consumption and exports. Quantities 

remaining	 in	 the	 final	 month	 of 	 the	 market	 year	 are	

ending stocks. Ending stocks at the end of  a market 

year become beginning stocks for the subsequent 

market year. Annual supply includes beginning stocks, 

production, and imports. A ratio of  ending stocks as a 

portion of  annual use is expressed as the stocks-to-use 

ratio (SUR). Market participants develop benchmarks of  

SUR, and monthly SUR estimates by the US Department 

of  Agriculture (USDA) establish a pace for buying and 

selling throughout the market year.

Figure 1 presents long-grain rice SUR for the period 

beginning in 1982 and concluding with a projected 

SUR for 2016 (USDA, Economic Research Service, 

2016; USDA, World Agricultural Supply and Demand 

Estimates, 2016). SUR exhibits a cyclical pattern around 

average	 levels	 that	 are	 identified	 to	 have	 three	 distinct	

values. SUR average for 1982-1987 is approximately 33.0 

and	is	significantly	higher	than	SUR	in	later	years.	Average	

SUR declined to an average level that is approximately 

11.0 during 1988-2003. For 2004-2016, average SUR is 

approximately 15.0 which is equal to a 55 day supply of  

long-grain rice.
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Interactions of  supply and demand, agricultural 

productivity, and macroeconomics determine equilibrium 

conditions for rice as crop prices adjust to establish a 

long-term equilibrium. SUR is an indicator of  market 

fundamentals that determine expected price. Technical 

factors may impact short-term prices available for 

marketing decisions, but equilibrium commodity prices 

are established by market fundamentals. The objective 

of  this research is to analyze equilibrium conditions 

for long-grain rice price with supply and demand as 

determined	 by	 SUR.	 Quantification	 of 	 price	 with	

supply and demand equilibrium will establish a basis for 

industry stakeholders to evaluate market fundamentals in 

conjunction with other information in decision making.

Literature Review and Related Research

Previous	 research	 investigating	 the	 price	 relationships	

with supply and demand have included ending stocks 

and annual use as a single variable formed as a ratio. 

Inverse relationships between annual prices and ending 

US SUR for corn and soybeans have been determined 

for the 1991-2015 period (Good and Irwin, 2015; Irwin 

and Good, 2015). The reports indicate that both US 

and world coarse grain SUR have an inverse relationship 

in	 explaining	 US	 corn	 prices.	 Other	 findings	 are	 that	

for soybeans, neither US SUR nor world SUR are a 

determinant of  US prices for the period of  analysis. The 

report	for	corn	identifies	2006	as	a	transition	year	with	

subsequent years an era of  increased corn prices having 

greater responsiveness to changes in SUR.  

Wright (2014) demonstrated an inverse relationship 

between price and world SUR for rice with an upward 

trending SUR for 1960-2008. Extended analysis in the 

study aggregated corn, rice, and wheat to establish an 

inverse relationship for price with world SUR. The 

analysis indicates a new market regime with higher crop 

prices for years after 2005.

Westcott and Hoffman (1999) investigated market factors 

and government programs in price determination for 

corn and wheat during 1975-1996. Market factors were 

represented by US annual SUR for both crops and SUR 

of  wheat for four main export competing countries. Each 

of  the SUR measures were found to have statistically 

significant	inverse	relationships	with	crop	price.

Goodwin, Schnepf, and Dohlman (2005) proposed to 

expand on the Westcott and Hoffman (1999) analytical 

approach by improving the accuracy of  forecasting 

models applying SUR for soybeans. Generally, research 

involving SUR applies total annual ending stocks as 

reported by USDA in publically available outlets for 

dissemination. Goodwin, Schnepf, and Dohlman 

discuss applying measures of  soybean stocks for the 

fourth	quarter	 and	 the	first	quarter	 as	 a	percentage	of 	

annual use. The report states that data for the analysis 

were collected from a variety of  USDA sources, but 

provides no references or bibliographical information. 

Uncertainty of  data applied in the analysis limits review 

of  the research for comparison to other SUR research 

findings.	The	authors	offer	to	disclose	exact	data	sources	

on request.

Exports are a component of  annual domestic use of  US 

long-grain rice. As the value of  the US dollar strengthens 

relative to other currencies, US exports are more expensive 

in international markets. Ray and Shaffer (2015) state that 

relative dollar values should be considered on a currency 

by currency basis as the dollar may strengthen or weaken at 

varying rates among national currencies. For example, in 

2015, the dollar had strengthened against the euro during 
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the previous year but was approximately equal in value 

to the Chinese renminbi for that time period. Another 

consideration is that most countries import only the 

difference between the amount needed and the amount 

produced on an annual basis. Increased production in a 

potential importing country leads to decreased imports 

without regard to price. Increased production among US 

export competitors leads to decreased US exports and 

vice versa. 

While the US rice industry has great dependence on 

exports for consumption of  its domestic production, 

US rice exports are only a small portion of  global 

milled rice exports. Approximately 50 percent of  US 

milled rice is exported, and the exported portion of  

production	 fluctuates	 greater	 than	 and	 less	 than	 this	

long-term trend. In contrast, US percentage of  global 

exports is following a declining trend to a level of  less 

than 10 percent of  global exports of  milled rice (USDA, 

National Agricultural Statistics Service, 2016). Data for 

global exports of  long-grain rice are not available, but 

US long-grain rice exports are similar to milled rice as 

a percentage of  long-grain rice production (USDA, 

Economic Research Service, 2016).

Irwin and Good (2013) identify the 2006 and subsequent 

years as an era of  higher prices for corn, soybeans, and 

wheat. States producing long-grain rice also have acreage 

devoted to these crops. Cross price effects among crops 

lead to competition for planted acreage that could impact 

all	 field	 crops.	A	 complete	 analysis	 of 	 the	 relationship	

between long-grain rice price and SUR should account 

for	potential	impacts	of 	a	high	price	era	for	field	crops.	

Marketing loans for rice began in 1986 under provisions 

of  the 1985 Farm Act. Under marketing loan provisions, 

producers generally retain ownership of  the crop and sell 

it in the marketplace at market prices, without prices being 

supported by government purchases. Marketing loan 

benefits	to	producers	 lead	to	 incentives	for	production	

decisions that are related to the loan rate rather than 

exclusively to the market price. This introduces potential 

to	 influence	 production	 decisions	 that	 would	 increase	

supply	 and	 decrease	 market	 price	 (Westcott	 &	 Price,	

2001). 

Methodology and Data

Empirical Model. An equilibrium model for annually 

produced crops with potential inventories involves the 

relationship between market year prices and ending 

supply. Market conditions explaining price movements 

toward equilibrium for rice are summarized by SUR. At 

equilibrium prices, p, for the market year, t, equilibrium 

quantities satisfy

(1)  St = Dt + Kt,

where St is supply, Dt is demand, and Kt  is ending stocks. 

Supply is positively related to price while demand 

is negatively related to price changes. Equilibrium 

conditions determine ending stocks in the previous 

market year, Kt-1,	so	that	a	sufficient	quantity	is	available	

to satisfy short-term Dt until production is available in the 

current market year. Supply in the current year consisting 

of  production, imports in the current year, and ending 

stocks from the previous year is St(pt,pt-1). Thus, for a 

given production technology and demand, equilibrium 

price for each market year determines the equilibrium 

Kt(pt) with prices inversely related to stocks expressed as

 

(2)  pt = f-1(Kt).
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To maintain constancy through time with increasing 

global population for domestic consumption and 

exports, Kt is expressed as a percentage of  annual use  

Kt/Dt, or SURt. 

Varian (1992) demonstrates that supply, St, and demand, 

Dt,	 are	 annual	 flow	 variables	 composing	 a	 structural	

system with price, pt, such that ∂S(pt)/(∂pt)	 >	 0	 and		

∂D(pt)/(∂pt) < 0. A reduced form regression equation 

for supply and demand determines unique parameter 

estimates for exogenous explanatory variables that can be 

applied to predict changes in the equilibrium price due to 

changes in these exogenous variables. With a single price 

variable, pt,	and	two	quantity	flow	variables,	St and Dt, it 

is not possible to obtain unique parameter estimates for 

the effects of  changes in supply and demand on price. 

Additionally, assumptions of  ordinary least squares 

(OLS) regression analysis include that explanatory 

variables should not be correlated with the error term.  

This is not the case in equation (1) as supply is positively 

related to price changes and demand is negatively related 

to price changes.

Industry supply, S(pt),	is	the	sum	of 	individual	firm	supply	

functions, and industry supply in the current period has 

marginal costs components for current production, 

current imports, and ending stocks from the previous 

period. Marginal cost of  ending stocks from the previous 

period that are carried over as supply in the current 

period is equal to storage cost per unit of  production. 

Although markets seldom achieve conditions of  perfect 

competition, it is appropriate to investigate models of  

perfect competition in order to generate insights for 

actual realized market conditions. Supply and demand 

determine a price for equating the marginal willingness 

to pay for a product and the marginal cost of  production 

to achieve equilibrium output such that

|(∂D(pt)/(∂pt )|=|(∂S(pt)/(∂pt)|, where both factors 

are absolute values. The equilibrium condition can 

be alternatively expressed as ∂[S(pt )-D(pt)]/∂pt = 0 or 

∂K(pt)/∂pt=0, where K(pt) is a single variable for ending 

stocks. Thus, the reduced form equation for price and 

ending stocks in equation (2) at market equilibrium has 

a single quantity variable, and this stock variable is not 

correlated with the error term in OLS regression analysis. 

Including relevant variables discussed in previous 

sections and market equilibrium conditions, equation (2) 

can be expanded as a cointegration model to investigate 

supply and demand equilibrium with annual market year 

price	for	long-grain	rice,	Pt, as

(3) Pt = β0 + β
1
SURt + β

2
Tt + β3D2006-2015 + µt,

where SURt is stocks-to-use for long-grain rice, and Tt is 

a trend variable for each year corresponding to Pt of  the 

analysis.	 The	 coefficient	 estimate,	β
2
, is attributable to 

net effects of  production technology on price. D2006-2015  

is a dummy variable representing a high commodity price 

era	for	field	crops	with	value	=	1	for	each	year	during	

2006-2015	and	value	=	0	for	all	other	years.	Parameters	

to be estimated are β
1
 (i= 0…3) for an intercept term 

and each explanatory variable with the stochastic error 

represented by µt in equation (3).

Data. Stocks-to-use for long-grain rice are from the Rice 

Yearbook of  the Economic Research Service (USDA, 

Economic Research Service, 2016). Annual data for 

long-grain SUR is available for years beginning in 1982. 

Four years of  data, 1982-1985, that exclude marketing 

loan provisions as a USDA policy are inadequate to 

reliably quantify comparative effects of  the program. 
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Thus, the time series for this analysis includes 1986-

2015	with	30	 annual	observations.	Price	data	 are	 from	

the National Agricultural Statistics Service (USDA, 

National Agricultural Statistics Service, 2016). Data for 

rice prices are converted to real 2015 dollars by applying 

annual	 implicit	 price	 deflators	 of 	 the	 gross	 domestic	

product (USDOC, Bureau of  Economic Analysis, 2016). 

Applying monetary values as real dollars eliminates 

impacts	 potentially	 caused	 by	 inflation	 over	 a	 30-year	

period, and results from equation (3) are attributable 

to fundamental interactions of  supply and demand. 

Value of  the US dollar is hypothesized to impact rice 

prices through changes in exports and imports as SUR 

components and is not included as an explanatory 

variable.	Equation	(3)	is	specified	to	have	a	logarithmic	

functional form with data for price and SUR applied 

as	 natural	 logarithms.	 Magnitudes	 of 	 coefficients	 for	

Equation (3) are interpreted directly as elasticities which 

is a percentage change in price due to a given percentage 

change in SUR as an explanatory variable.

Results

Equilibrium Price Determination. Applying the 

augmented Dickey-Fuller (ADF) test to SURt in equation 

(3)	indicates	it	is	a	stationary	variable.	ADF	results	for	Pt	

determines it to be a nonstationary variable. Investigating 

potential cointegration relationships concludes that 

the residuals for Pt = β0 + β
1
SURt + β

2
Tt are not trend 

stationary. Applying Dickey-Fuller (DF) unit root tests 

to the residuals for the complete model with D2006-

2015 as a cointegrating vector indicates stationarity and 

cointegrating relationships among the explanatory 

variables	(Gujaratti	&	Porter,	2009).

Ordinary least squares (OLS) estimation is applied to 

equation	 (3).	 Table	 1	 presents	 coefficient	 estimates,	

standard error, t-statistics, and p values indicating 

statistical	 significance	 levels	 for	 variables	 in	 the	 price	

equilibrium model. The SUR	 coefficient	 estimate	 of 	

-0.333 has the expected inverse relationship with price. 

A	negative	coefficient	for	the	trend	variable	is	consistent	

with declining real prices after controlling for other 

factors of  price determination. The dummy variable 

coefficient,	 β3, is supportive of  a shift representing a 

new era of  crop prices during the 2006-2015 period that 

includes long-grain rice in its impacts. Federal legislation 

enacted in 2005 as the Renewable Fuel Standards (RFS) 

established mandates for increased ethanol production. 

The RFS contained provisions for biofuels that included 

soybean oil, but the concentration was for fuel ingredients 

produced from corn (Carter, Rausser, and Smith, 2013). 

Increased demand for corn and soybean production 

stimulated competition for acreage that impacted prices 

for	other	field	crops.

To evaluate potential differences between market 

conditions in the US and other global rice markets, 

equation (3) is estimated with the US SUR substituted by 

world	SUR.	The	world	SUR	coefficient	is	0.082	and	is	not	

statistically different from 0. Thus, while US long-grain 

rice exports are approximately 50 percent of  production, 

changes in global rice SUR does not affect price. Impacts 

of  global markets on US price are subsumed in the US 

SUR. 

Although cointegration results indicate there is long-

run equilibrium between variables, there may be 

disequilibrium in the short-run represented by the error 

terms	in	equation	(3).	Gujarati	and	Porter	(2009)	show	

that corrections for disequilibrium are represented with 
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the error correction mechanism (ECM). First differences 

of 	 the	 dependent	 variable	 are	 regressed	 with	 first	

differences of  the explanatory variables and the lagged 

residuals from the cointegrating regression. The ECM 

regression equation for equation (3) is

(4) ΔPt = β0 + β1ΔSURt + β2Tt + β3D2006-2015 + β4µt-1 + et.

where µt-1 is the lagged residuals from the cointegrating 

equation (3) and the stochastic error is represented by et.

Table 1 presents OLS results for short-term price 

equilibrium	 in	 equation	 (4).	 Statistical	 significance	 of 	

ECM suggests that price adjusts to SUR with a lag. Short-

term price elasticity of  -0.246 compares with -0.333 as 

the	long-term	elasticity.	The	ECM	coefficient	represents	

the percentage of  discrepancy between equilibrium 

SUR and price that is corrected within one year. The 

ECM	coefficient	of 	-0.561	indicates	that	approximately	

56 percent of  adjustment in SUR that is necessary for 

returning to equilibrium with price occurs within one 

year.

A lengthy time series for annual data increases degrees of  

freedom	for	statistical	applications.	Coefficient	estimates	

for 1986-2015 are single elasticity measures for a period 

in which structural shifts may have unique elasticities 

for	 a	 specific	 subset	 of 	 years.	 A	 potential	 structural	

shift for price and SUR elasticity encompassing the 

period of  regression analysis are the two distinct SUR 

periods for long-grain rice discussed previously and 

presented in Figure 1. The later period is 2004-2015 

for a potential structural shift, and the period prior to a 

potential structural shift is 1986-2003. Each of  the two 

equations previously applied for long-term equilibrium 

and short-term equilibrium are revised to quantify 

potential structural shifts in elasticities. Following 

Gujarati	 and	Porter	 (2009),	 two	variables	 are	 added	 to	

each equation that account for a unique intercept and 

elasticity during the later period with greater average 

annual SUR measures. The variable added to quantify an 

intercept shift is a dummy variable with a value of  1 for 

each of  the years in the later period of  higher SUR and a 

value of  0 for other years. The variable added to quantify 

a shift in elasticity is the annual SUR value multiplied 

by	 the	 dummy	 variable.	 Statistical	 significance	 of 	 an	

added	 variable	 signifies	 structural	 shift.	 Applying	 the	

methodology to equation (3) and equation (4) indicates 

no structural shift in the later period with greater average 

SUR.  Thus, elasticities reported in Table 1 are applicable 

for the entire 1986-2015 time series. 

Equilibrium Acreage Determination.	 Producers	

utilize many information sources when making planting 

decisions. Futures contracts and forward cash contracts 

for crops to be harvested and delivered at a future date 

have crop prices that are determined by anticipated 

market conditions. Outlooks for market conditions are 

based on expected supply and demand which is measured 

by SUR (CME Group, 2016). Market forces, as measured 

by	supply	and	demand,	influence	prices.	SUR	measures	

summarize the effects of  both supply and demand factors 

during the year and are indicators of  price movements 

for commodities (Westcott & Hoffman, 1999). Thus, 

there is an implied equilibrium between crop price and 

acreage as a supply response.

Evidence of  long-term equilibrium in Table 1 suggests 

acreage decisions are made by producers which lead to 

annual production that maintains a balance between 

supply and demand. High stocks-to-use leads to market 

signals for less production and planted acreage should 
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decrease. Likewise, low stocks-to-use leads to market 

signals for more production and acreage should increase. 

Equilibrium of  price with SUR implies a relationship 

between acreage and price, At = f(pt), as production 

adjustments are a component of  adjustments in 

equilibrium ending stocks. A cointegration model for the 

equilibrium relationship between planted acreage and 

stock-to-use is

(5) At = β0 + β1SURt + β2Tt +et.

At is national planted acreage, SURt	 is	 as	 defined	 for	

equation (3), and Tt is a trend variable for each year 

corresponding to At of  the analysis. The RFS generated 

competition for acreage that positively impacted long-

grain rice price but contained no provisions that are 

hypothesized to stimulate changes in rice acreage, and the 

dummy variable for the 2006-2016 era is not included in 

equation	(5).	Parameters	to	be	estimated	are	β1(i= 0…2) 

for an intercept term and each explanatory variable with 

the stochastic error represented by et in equation (5). 

SUR data are ending measures for a marketing year and 

are available to indicate market conditions when planting 

decisions are made by producers. Data for planted 

acreage are reported in the marketing year of  harvest 

which is subsequent to the marketing year of  SUR 

and planting decisions. Thus, SUR data are beginning 

stocks corresponding to planted acreage. Equation (5) is 

specified	to	have	a	logarithmic	functional	form	with	data	

for acreage and SUR transformed into natural logarithms. 

SURt is a stationary variable in equation (3), and ADF 

results for At determines acreage to be a stationary 

variable for long-grain rice. Thus, the complete model 

represented by equation (5) indicates cointegrating 

relationships among variables. Applying OLS estimation 

to	equation	(5)	results	in	coefficient	estimates,	t-statistics,	

and p	 values	 indicating	 statistical	 significance	 levels	 for	

variables in the acreage equilibrium model which are 

reported in Table 2. SUR has an inverse relationship 

with acreage, and the p value indicates a high levels 

of 	 statistical	 significance.	 The	 interpretation	 is	 that	 as	

ending stocks differs from equilibrium levels, acreage 

adjusts as a response that returns SUR to equilibrium. 

The trend variable indicates that long-grain rice acreage 

does	not	have	a	statistically	significant	trend	in	sustaining	

a long-term equilibrium.

Although cointegration results indicate there is long-run 

equilibrium between acreage and explanatory variables, 

there may be disequilibrium in the short-run represented 

by the error terms in equation (5). The ECM regression 

equation for equation (5) is

(6) ΔAt = β0 + β1ΔSURt + β2Tt + β3et-1 + zt.

where et-1 is the lagged residuals from the cointegrating 

equation (5) and the stochastic error is represented by zt.

Table 2 presents OLS results for short-term price 

equilibrium	 in	 equation	 (6).	 Statistical	 significance	 of 	

ECM suggests that acreage adjusts to SUR with a lag. 

The	 ECM	 coefficient	 represents	 the	 percentage	 of 	

discrepancy between equilibrium SUR and acreage 

that	is	corrected	within	one	year.	The	ECM	coefficient	

indicates that approximately 100 percent of  adjustment 

in SUR that is necessary for returning to equilibrium 

with acreage occurs within one year. It follows that the 

SUR	 coefficient	 is	 not	 statistically	 different	 from	 0	 in	

sustaining equilibrium.  
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Discussion

Results in Table 1 have implications for farm managers 

making planting decisions and marketing crops. SUR 

represents market fundamentals and establishes a 

basis for price expectations when allocating crop 

acreage. Technical factors in market analysis create 

short-term opportunities for crop decisions, but long-

term expectations will involve market fundamentals as 

determined by SUR. The cyclical pattern in Figure 1 

indicates market forces interact to balance supply and 

demand around discernable equilibrium levels. The 

supply portion of  equilibrium adjustments in Figure 1 

is farm management decisions to increase or decrease 

acreage as production responds to prevailing market 

conditions.  

Two public policy implications are indicated by results 

of  this analysis. Decreasing real prices for long-grain rice 

are supportive of  commodity programs that establish 

price	floors	as	long-grain	rice	supply	and	demand	follow	

cycles that periodically result in short-term prices that 

are less than costs of  production. Decreased commodity 

prices lead to supply and demand adjustments that 

result in subsequently higher commodity prices which 

correspond to years in which no commodity program 

payments are received. 

Another	 policy	 implication	 affecting	 farm	 profitability	

involves the lack of  long-grain rice price response to 

changes in global supply and demand. With approximately 

50 percent of  US rice production exported, results of  

this analysis indicate the importance of  maintaining 

established international markets for consumption of  US 

rice. With a small percentage of  global rice production, 

selected unilateral trade agreements could enhance US 

participation in global rice markets more than multilateral 

trade agreements involving numerous rice producing 

nations.

Summary

Price	 is	 the	 mechanism	 that	 signals	 market	 forces	 to	

establish supply and demand equilibrium for rice. Supply 

and	demand	is	quantified	by	a	ratio	of 	ending	stocks	as	

a portion of  annual use which is expressed as the SUR. 

Commodity price is the signal that determines decision 

making by consumers and producers to achieve market 

equilibrium. Analysis in this research indicates that 

prices are inversely related with SUR as production and 

consumption adjustments interact to create cycles with 

short-term equilibriums that are above and below long-

term equilibrium levels. 

 

This analysis presents a basis for investigating rice prices 

as equilibrium is established with supply and demand. 

Results are applicable for industry stakeholders to 

understand market fundamentals as a factor in decision 

making. Long-grain rice has markets that are distinct 

from medium-grain and short-grain rice have markets. 

Among these two rice types, rice produced in California 

has characteristics that render it a premium product in 

many markets. Future research should include all US 

rice and apply appropriate methodologies that account 

for similarities and differences in rice types and markets.  

A	 single	 equation	 model	 is	 sufficient	 to	 investigate	

equilibrium conditions, but does not quantify impacts 

of  individual supply and demand components on price. 

Other econometric methods not applied in this study are 

available to quantify supply and demand components. 

Crops not included in the current analysis have supply 

and	demand	quantified	by	SUR	and	could	be	investigated	

with approaches applied in this study.
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Table 1. Price equilibrium model estimation results
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Table 2. Acreage equilibrium model estimation results
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Figure 1. US long-grain rice stocks-to-use, 1982-2016 (projected). ERS, 
Economic Research Service



Valuing Herd Bull Characteristics: 
Evidence from Illinois Auction Data

By Kevin J. Bacon, Samantha Cunningham, 

and Jason R. Franken

Introduction

Bulls represent half  of  the genetic makeup of  annual calf  crops and 

up to 90 percent of  cowherd genetic change for producers who retain 

their own heifers (Wagner et al., 1985). Given the importance of  herd 

bulls as investments for beef  cattle producers, there is now a fairly 

long history of  hedonic analysis of  bull auction data to assess the 

value of  bull characteristics listed in auction catalogues. Early work 

indicates that producers rely on familiar phenotypic traits (e.g., birth, 

weaning and yearling weights, frame size, body condition, and scrotal 

circumference) when purchasing bulls more so than relatively newer 

and more sophisticated indicators of  quality, such as expected progeny 

differences	(EPDs)	and	carcass	ultrasound	measurements	(e.g.,	ribeye	

area and marbling) (Dhuyvetter et al., 1996; Chvosta, Rucker, and 

Watts, 2001; Turner et al., 2004).

ABSTRACT

An extensive literature assesses the value 

of  herd bull characteristics using hedonic 

analysis of  auction data. Results can assist 

farm managers with bull selection and 

breeders selecting for the most valuable 

traits. Analysis of  Western Illinois 

University auction data corroborates the 

value placed on phenotypic characteristics 

and expected progeny differences 

(EPDs).	It	also	provides	estimates	of 	the	

value attributable to better ultrasound 

scores – $168 for each additional square 

inch of  ribeye area and by $73 for each 

additional degree of  marbling on average 

– attributes that did not appear to be 

consistently valued by cattle producers in 

prior research.
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More recent research suggests that producers may be 

placing more value on the relatively newer measures of  

bull quality as they become more familiar with or gain 

confidence	 in	 these	 measures	 over	 time,	 but	 results	

for indicators of  carcass quality are particularly mixed 

(Atkinson	 et	 al.,	 2010;	 Franken	 &	 Parcell,	 2012).	 For	

instance, Atkinson et al. (2010), the most recent article 

on the topic in the Journal of  the ASFMRA, was unable 

to detect evidence that bidders at an auction in Illinois 

systematically value larger intramuscular fat and ribeye 

area ultrasound measurements. If  these traits are in 

fact valued, an estimate of  their worth is of  interest to 

those appraising the value of  herd bulls, including cow-

calf  producers, seedstock producers, farm managers, 

insurance adjusters, lenders considering collateral, and 

other industry participants.

This	 study	 investigates	 the	 influence	 of 	 traditional	

phenotypic	measures	of 	bull	quality,	various	EPDs,	and	

carcass ultrasound measurements on auction price using 

data on 424 Black Angus, Simmental, and composite 

bulls sold at the Western Illinois University (WIU) annual 

Performance	Tested	Bull	Sale	from	2006	through	2015.	

The	analysis	corroborates	prior	findings	of 	the	value	that	

producers place on phenotypic indicators of  bull quality, 

and	also	offers	 estimates	of 	 the	value	of 	better	EPDs	

and carcass ultrasound scores.

WIU Bull Test and Auction

WIU has held an annual bull test trial and auction since 

1973 and is entering its forty-fourth year of  operation 

in 2016. Up to seventy bull calves are kept on feed for 

a 112-day test period. The objectives at the bull test 

station are to evaluate the ability of  bulls to gain rapidly, 

to collect yearling performance data (weights, ultrasound 

measures, and scrotal circumference) and to provide a 

marketing outlet for superior performance-tested bulls 

with excellent genetics. Bulls are sold in order of  overall 

performance on test.

Data

Records from the WIU bull test and auction are 

available from 2006 through 2015. Summary statistics 

are reported in Table 1. While bulls of  various breeds 

have been sold through the program, in recent years 

most have been Black Angus (55%), Simmental (21%), 

or composites (crosses) (23%). Such crosses may be 

expected to fetch premiums due to growth potential 

from hybrid vigor. Bull Price varies between $1,000 and 

$8,000 with an average of  $2,711, while the Fat Cattle 

Price in the Iowa-Minnesota region varies between 

$80.51 and $161.16 per hundredweight (cwt) with an 

average	of 	$119.37/cwt,	 reflecting	substantial	variation	

in prices over the sample. The Fat Cattle Price is obtained 

from the Livestock Market Information Center and is 

included	in	the	analysis	to	account	for	fluctuating	market	

conditions. Bull Birth Weight varies between 54 and 102 

pounds (lb.) with an average of  82 lb. Frame	scores	reflect	

bulls’ skeletal size based on hip height measurements as 

yearlings (i.e., hip heights). Here, the average frame score 

of  6.11 corresponds to a hip height around 51 inches, 

and a unit increase in frame score (e.g., from six to 

seven) accounts for approximately two additional inches 

of  height. Larger scrotal circumferences, measured in 

centimeters, are indicative of  a more fertile sire, as there 

is a correlation between the scrotal circumference and 

the volume of  semen-producing tissue. In this study, 

Scrotal varies between 32.80 and 49.00 centimeters with 

an average of  39.31. Pelvic area has been shown to a 

highly inheritable trait. Larger pelvic areas are desirable 

to	 reduce	 the	 incidence	 of 	 dystocia	 (calving	 difficulty)	

(Troxel, 2013).  Days Old indicates that tested bulls ranged 
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from about yearlings to 15 months of  age. Average Daily 

Gain averages 4.22 lb/day and ranges from 2.45 and 6.07 

lb./day. 

EPD	 variables	 indicate	 how	 bulls’	 progeny	 can	 be	

expected to perform compared to others in the breed, 

and correspondingly take on positive or negative 

values.	 Specifically,	 differences	 in	 EPD	 values	 for	 two	

sires predict differences in the performance of  their 

offspring.	For	 instance,	the	Birth	Weight	EPD	predicts	

the difference for birth weight in pounds, with lower 

weights preferred for calving ease. This statistic varies 

between -3.40 and 5.10 with an average 1.54 in our 

sample (Table 1). The bull with the maximum Birth 

Weight	 EPD	 is	 expected	 to	 have	 progeny	 that	 weigh	

8.5 (=5.10 – -3.40) pounds greater at birth on average 

than the bull with the minimum value for this statistic. 

The Weaning Weight EPD is an indicator of  growth from 

birth to weaning and predicts the difference, in pounds, 

for weaning weight (adjusted to age of  dam and a 

standard 205 days of  age). Weaning Weight EPD for this 

study varies between 9.10 and 82.20 with an average of  

47.94.	Specifically,	it	is	the	expected	difference	in	average	

weaning weight of  daughters’ calves, in pounds, which is 

attributed to milking ability. Here, the Milk EPD varies 

between – 4.30 and 47.00 with an average of  20.48.

More recently available ultrasound measures offer 

indications of  bulls’ carcass quality that are anticipated 

to be passed on to bulls’ progeny. The Ribeye Area is 

expressed in square inches of  rib eye muscle adjusted to 

a constant fat endpoint. For this study, Ribeye Area varies 

between 10.70 and 19.23 with an average of  14.57 (Table 

1). Intramuscular Fat is expressed in degrees of  marbling 

score, a determinant of  USDA Quality Grade, adjusted 

to a constant fat endpoint. Here, Intramuscular Fat varies 

between 1.49 and 8.40 with an average of  3.71.

Hedonic Pricing Model

Ordinary least squares (OLS) regressions are used to 

estimate hedonic models of  the form:

(1) Bull Price = a + QFat Cattle Price + β Characteristics + e

where Bull Price is a bull’s auction price in dollars, a is an 

intercept term, Q and β	denote	 regression	coefficients	

representing	 the	 respective	 influences	 of 	 Fat Cattle 

Price (market conditions) and the bull’s Characteristics 

(phenotypic	traits,	EPDs,	and	carcass	ultrasound	scores)	

on Bull Price, and e represents the unexplained variance 

or residual error of  the model.

Results

Regression results are reported in Table 2. Robust standard 

errors are reported to account for heteroskedasticity 

indicated	 by	 the	 Breusch-Pagan	 test.	 The	 regression	

coefficients	may	be	 interpreted	as	average	price	effects	

(in dollars) of  a unit increase in the explanatory variable. 

Not surprisingly, Lot indicates that earlier selling bulls 

bring	a	premium	of 	over	$19	on	average,	which	reflects	

that bulls are sold in order of  performance on test. 

Weighted average prices for slaughter steers in the Iowa-

Minnesota region, mandatorily reported by the USDA, 

are included to account for variation in cattle markets 

over time. Across bull auction dates, a one dollar per 

hundredweight increase in this Fat Cattle Price translates 

to a $22 increase in bull price. Binary dummy variables 

(1 if  yes; 0 if  no) are included to account for variation 

across breed. Relative to the omitted base breed, Angus, 

Simmental bulls are not found to bring a statistically 

significant	 premium,	 but	 Composite bulls fetch $314 

premium,	on	average,	which	may	reflect	breeders’	desires	

to introduce hybrid vigor. Larger frame and older bulls 

and those with greater scrotal circumferences also receive  
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statistically higher prices. For every additional pound of  

birth weight, bulls are discounted $14 on average.

In addition to discounts for bulls’ actual birth weights, 

bulls with higher Birth Weight EPD are discounted nearly 

another $63 per pound, on average. Similarly, Weaning 

Weight EPD	imparts	a	significant	effect	on	price,	implying	

that bull price rises about $9 for each additional pound 

of  weaning weight. The Milk EPD is not found to have 

a	statistically	significant	effect,	however.	The	coefficient	

for the Intramuscular Far variable indicates that for every 

additional degree of  marbling score, bull price increases 

by $73 on average. Similarly, the Ribeye Area variable 

indicates that each additional square inch of  ribeye area, 

on average, increases bull price by $168.

Conclusions

This study investigates the value attributable to various 

characteristics of  herd bulls. As in much of  the extensive 

literature on this topic, there is strong evidence that cow-

calf  producers value visually observable or phenotypic 

characteristics and the bull’s performance. For instance, 

estimates of  the value placed on better frame scores, 

birth weights, and average daily gain are similar to those 

reported by the most recent study on the topic (Atkinson 

et al., 2010) published in the Journal of  the ASFMRA. For 

instance,	we	find	that	on	average	a	one	pound	lower	birth	

weight for a bull increases its price by about $14, and 

a birth weight expected progeny difference one pound 

lower than the breed average increases the bull’s price by 

about $63. Similar results are also apparent for expected 

progeny differences for growth (weaning weight or 

yearling weight). A bull with an expected progeny 

difference for weaning weight that is one pound greater 

than the breed average will have a $9 higher price on 

average (or equivalently, 10 pounds greater than the breed 

average translated into an $90 higher price). The primary 

contribution	of 	 this	 study,	however,	 is	 the	finding	 that	

cow-calf  producers systematically place value on better 

ultrasound scores for ribeye area and intramuscular fat, 

a point not apparent in the prior study. In particular, 

we	find	 that	on	average	 for	every	additional	degree	of 	

marbling score, bull price increases by about $73, and 

each additional square inch of  ribeye area, bull price 

increases by roughly $168. These insights allow more 

accurate appraisal of  a bull’s value, given its performance 

on these characteristics.
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Table 1. Summary statistics
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Table 2. OLS regressions of bull sale price



Managing Costs and Liquidity During Low 
Commodity Prices

By Todd D. Davis, Jonathan Shepherd, and Tyler B. Mark

Introduction

The current agricultural downturn has left many producers with tough 

decisions.	 Production	 agriculture’s	 fundamentals	 require	 producers	

to	 operate	 as	 efficiently	 as	 possible	 as	 the	 industry	 operates	 in	 an	

environment	 of 	 thin	 and	 shrinking	margins.	 Efficiency	 is	 especially	

needed when commodity prices are below the cost of  production for 

many. For obvious reasons, producers are limited by how much they 

can reduce fertilizer, chemical, seed, and rent expenses. While there 

has been downward movement in fertility costs, seed and chemical 

expenses have stayed relatively unchanged. Rent expenses are sticky in 

response to changes in the agricultural markets and have to be carefully 

considered. Tight margins have left many producers evaluating 

potential over-capitalization in their machinery set. Opportunities 

to	 further	 increase	machinery	 efficiencies	 have	 to	 be	weighted	with	

operational	 efficiencies,	 tax	 consequences,	 and	 the	 softening	of 	 fair	

market values for some classes of  machinery.

ABSTRACT

Two	case	farms	simulate	profitability	

and	cash	flow	for	low-cost/low-debt	and	

high-cost/high-debt Western Kentucky 

grain farms to demonstrate interactions 

of 	cost	structure,	profitability	and	

liquidity, and the erosion of  accumulated 

working capital from low prices. The case 

farms are end-points for a continuum 

of  possible cost and debt structures, 

and represent best-case and worst-case 

scenarios. Even farms with a low cost and 

low debt may face liquidity problems and 

have little working capital to withstand 

yield, price, or cost risk. Management 

alternatives are presented to help farms 

survive during periods of  low commodity 

prices.
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A combination of  increased domestic and export 

demand coupled with consecutive years of  below-

trend yields, culminating with the 2012 drought, caused 

corn and soybean prices to reach record nominal US 

marketing-year average prices (MYA) of  $6.89 and 

$14.40 per bushel, respectively, in 2012 (USDA-NASS 

2016). Achieving trend yields in 2013, record yields in 

2014, above-trend yields in 2015, and forecasted record 

production in 2016 have changed market fundamentals 

with prices falling dramatically from the 2012 peak. The 

current US MYA corn and soybean prices for 2016-17 

are projected at $3.15 and $9.10 per bushel, respectively, 

based on the August 2016 World Agricultural Supply and 

Demand Estimates (USDA: WAOB). The August 2016 

price projections are $3.74 and $5.30 per bushel lower 

for corn and soybeans, respectively, than the average 

prices received in 2012.

The	 February	 2016	 Agricultural	 Baseline	 Projections	

provided by USDA for 2017-2020 predicts lower 

commodity prices will continue for the near future unless 

there are production problems or demand shocks occur 

to support higher prices (USDA-OCE, 2016). USDA is 

projecting the US MYA corn price to be $3.65 to $3.70 

per bushel for corn and the US MYA soybean price to be 

$8.80 to $9.10/bushel for soybeans for 2017-2020. These 

prices are 85 and 60 percent higher than they were in 2005 

for corn and soybeans, respectively. The 2016 Baseline 

projections (Figure 1) remind producers that without a 

production or use shock, commodity prices are likely to 

adjust	to	lower	levels	below	current	operating	and	fixed	

costs. USDA projected these prices before the potential 

record 2016 corn and soybean crops; therefore, these 

price projections may be optimistic and producers may 

observe even lower prices. This lower equilibrium price 

is needed to discourage supply and encourage demand. 

This process will not take place overnight and will most 

likely result in producers having to exit the industry or 

at a minimum manage losses as they adjust their cost 

structure. If  consecutive losses occur, this could create 

significant	management	challenges	depending	upon	the	

operation.

For many producers, these prices are below their break-

even price. The USDA’s Costs and Returns projections, 

based on the Agricultural Resource Management Survey 

(ARMS), for the typical US corn farm shows how quickly 

operating and overhead costs adjusted higher with the 

price of  corn. The projected average operating expenses 

in 2005 were $186/acre increasing to $335/acre in 2015 

(USDA-ERS, 2016). Similarly, the average overhead 

costs, which are primarily land rent and machinery 

depreciation, are projected to have increased from $201/

acre in 2005 to $342/acre in 2015 (Figure 2) (USDA-ERS, 

2016). This higher cost structure makes marketing at 

profitable	prices	more	challenging	as	the	corresponding	

break-even prices have increased from $2.60 per bushel 

in 2005 to $4.05 per bushel in 2015 to cover operating 

and overhead costs (USDA-ERS, 2016). Still, managers 

should carefully budget break-even prices as managers 

could still face liquidity issues that lead to insolvency 

by only covering cash input costs. Managers need to 

verify that the break-even price also covers principal and 

interest payments on intermediate and term debt. The 

break-even price should also provide a contribution to 

the family living expenses paid from the farm business 

(Figure 3).

USDA’s cost projections and price projections suggest 

several	 unprofitable	 or	 low	 profitability	 years	 ahead	

for grain farms unless higher than expected yields 

are obtained. Alternatively, production problems or 
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unexpected demand growth that push prices higher could 

provide temporary relief. Regardless, managers should 

prepare strategies for managing the business through 

this period where costs will be slow to adjust lower. One 

positive	 financial	 fundamental	 is	 that	managers	 should	

have been able to accumulate savings during the period of  

higher prices and record Net Farm Income (NFI). Also, 

investments made to increase on-farm storage capacity 

allows producers to be more prudent in marketing and 

carry grain inventories as increased levels of  working 

capital on the farm balance sheet. Therefore, some 

managers	may	 feel	confident	as	 the	business	may	have	

seemingly	 sufficient	 cash	 and	 grain	 inventory	 reserves	

to help offset negative margins. In contrast, those farm 

businesses that quickly expanded, those farms with 

higher cost structures, businesses with poorly structured 

debt, and farms that are paying a premium for rented 

land may be surprised how quickly working capital can 

evaporate during a period of  sustained low prices.

In Kentucky, managers are fortunate to have the 

Kentucky	 Farm	 Business	 Management	 Program	

(KFBM) that has been serving Kentucky’s agricultural 

producers since 1962. KFBM is a cooperative program 

between Kentucky’s Cooperative Extension Service 

and the Department of  Agricultural Economics in the 

College of  Agricultural, Food, and Environment at 

the University of  Kentucky. The goal of  the program 

is to assist its members in recording keeping, analysis 

of 	 financial	 records,	 and	 accumulation	 of 	 economic	

information to give producers the tools needed to make 

better management decisions. University faculty and 

staff  also utilize this rich source of  real life data in the 

development of  extension programs, research ideas, and 

classroom examples.

One cost that KFBM Specialists continually notice, and 

that some managers may not fully account for in their 

budgets, is the rapidly increasing family living expense. 

Within	the	KFBM	program,	there	are	227	farms	classified	

as grain farms averaging 2,173 tillable acres per farm and 

spending on average $51,128 for expendable items (e.g., 

vacations, vehicles, groceries, etc.) in 2014. Also, the 

average farm income and social security tax liabilities 

were an additional $34,076. In total, the average family 

living	 expense	 per	 farm	was	 $108,500	 in	 2014	 (Pierce,	

2016). For comparison, the average family living expense 

per farm on expendable items and taxes in 2004 was 

$50,123	(Pierce,	2009).

The average NFI of  the 227 grain farms shows a 

dramatic	 tightening	 of 	 profit	margins	 since	 2013.	The	

average NFI in 2013 was $544,511, and NFI continued 

significantly	lower	in	2014	to	an	average	of 	$173,564.	The	

forecasted NFI for 2015 was $95,352 with expectations 

for	 potentially	 even	 lower	NFI	 for	 2016-2020	 (Pierce,	

2016). At the 2015 NFI level, the average KFBM grain 

producer	 will	 have	 an	 estimated	 deficit	 of 	 $13,000	 to	

cover the cost of  family living for the operation.

Looking deeper into the KFBM data suggest that 

solvency is not currently a problem, on average, for 

Kentucky grain farms. The average debt/asset ratio, 

at 0.32, is on the warning level of  the Farm Financial 

Standards Council Scorecard. The average debt of  the 

farms for 2014 was $2.5 million, but these farms had 

average asset values of  $8 million. Land values remain 

strong which supports this lower than expected solvency 

ratio	(Pierce,	2016).	However,	this	is	projected	to	change	

as farmland values adjust lower with the lower return to 

grain production. Dobbins (2016) indicated that farmland 

values for Indiana have dropped on average nine percent 
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from the February 20015 values. Decreasing land values 

will erode the strong debt/asset ratio that many KFBM 

members currently have and make debt issues more of  a 

management challenge in the future.

Managers	 need	 to	 monitor	 financial	 performance	 to	

adjust for current and future liquidity problems. The 

KFBM data show the average working capital declining 

from over $1 million in 2013 to below $600,000 for 2015. 

The current ratio (Current Assets/Current Liabilities) 

was 2.06 in 2013 with the forecasted current ratio for 

2015 at 0.52. This erosion in working capital leaves little 

financial	cushion	to	absorb	the	 impact	of 	 lower	yields,	

lower	 prices	 or	 increased	 costs	 without	 significantly	

impacting	 the	 farm’s	 liquidity	 (Pierce,	 2016).	Managing	

liquidity	 problems	 is	 important	 because	 cash	 flow	

problems can evolve into solvency problems for the 

farm business. 

The objective of  this paper is two-fold. First, develop 

two	 case	 farms	 to	 simulate	 profitability	 and	 liquidity	

for grain production in Western Kentucky, given price 

expectations	over	the	next	five	years.	Secondly,	evaluate	

different management strategies or alternatives for 

dealing with future price, yield and cost expectations 

utilizing these case farms.  The two case farms are a 

low-cost/low-debt (LCLD) and a high-cost/high-debt 

(HCHD) farm that describe the best-case and worst-

case farm, respectively, to illustrate how price and yield 

assumptions impact the farm’s working capital over a 

five-year	period.	It	 is	 important	to	note	that	we	expect	

most farms to fall between these two paradigms, but 

the case farms provide important points to illustrate the 

potential impact of  current and expected prices.

Case Farm Setup

The KFBM data, from the 2014 summary, are used to 

develop average balance sheets and income statements 

for two case farms. The 2014 summary was the most 

current data available when developing the case farms. 

The working capital values for cash, grain inventories, 

and operating loan balance were updated based on 

KFBM	specialists’	expert	opinion	of 	financial	conditions	

of  grain farms in the program as the specialists closed 

the record books for 2015. These working capital 

adjustments were incorporated into the 2016 beginning 

balance sheets for the case farms.

The intent of  the two case farms is to illustrate the 

interactions	between	efficiency,	profitability,	and	liquidity	

for Western Kentucky grain farms. Western Kentucky 

is the primary grain-producing area growing about 80 

percent of  the corn and soybeans in the state. The case 

farms	 simulated	 returns	 and	 cash	 flow	 for	 an	 LCLD	

farm and an HCHD farm. These farms were assumed 

to have the same amount of  tillable acres (2,100), same 

yields (170-bushel corn/55-bushel soybeans), crop-mix 

(60% corn/40% soybeans) and same marketing prices. 

These assumptions were made to focus the discussion 

on	cost	structure,	profitability	and	liquidity.

Table	 1	 describes	 the	 production,	 cost	 and	 financial	

assumptions for the case farms. The LCLD farm was 

assumed	to	have	production	costs,	defined	by	University	

of  Kentucky Crop Enterprise Budgets, of  $407 and $248 

per acre for corn and soybeans, respectively (Halich, 2016). 

An enterprise budget is the estimate of  the costs and 

returns of  producing a particular crop enterprise. In this 

case, the focus is on corn and soybean crop enterprises. 

The LCLD farm assumes 25 percent ownership of  the 

land base and paid cash rent of  $225 on the remaining 75 
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percent of  the land base. The HCHD farm’s production 

costs were $65/acre greater than that for the LCLD 

farm	reflecting	the	cost	differentials	reflected	in	KFBM	

data	 between	 the	 most	 profitable	 and	 least	 profitable	

farms (Jenkins, 2016). The HCHD farm assumes only 

10 percent ownership of  the land base and paying a 

$25/acre premium for cash rent for the 90 percent 

of  the rented land base. Both farms were assumed to 

yield 170-bushel corn and 55-bushel soybeans each year 

of  the simulation. Both farms also received the state’s 

MYA price based on the historical price relationship 

between the US MYA price and Kentucky’s MYA price. 

These assumptions were made to remove the impact of  

different production levels or different marketing skills 

from	the	profitability	discussion.

Table 2 summarizes the case farms’ beginning balance 

sheets for January 2016. Both farms started with the 

same value of  grain inventory as they are assumed to 

have the same production and marketing skills. Similarly, 

the farms had the same values for machinery/equipment 

and retirement savings. The intermediate and long-term 

assets	 are	 needed	 to	 define	 the	 farm’s	 debt	 structure	

and the current portion of  principal and interest on 

intermediate term debt and long-term debt due as 

current liabilities each year of  the simulation. The model 

calculates the accrued interest on this debt as part of  the 

farm’s current liabilities1

The cash balance for each farm depends upon the 

financial	ratios	assumed	for	each	farm.	The	LCLD	farm	

was assumed to have a debt/asset ratio of  0.30 and a 

current ratio of  1.35 on January 1, 2016. Further, the 

LCLD farm’s debt structure on January 1, 2016, was 35 

percent current, 15 percent intermediate, and 50 percent 

long-term. The HCHD farm’s debt/asset ratio was 0.50 

with a current ratio of  0.85 on January 1, 2016. The 

HCHD farm’s debt structure was 50 percent current, 

35 percent intermediate, and 15 percent long-term on 

January 1, 2016. The cash balance for each farm was the 

amount	that	meets	these	financial	constraints	(Table	2).

The case farms illustrate the break-even corn and 

soybean prices needed to pay input costs, land rent, 

accrued interest, principal payments due, and family 

living expenses (Table 3). For the LCLD farm, the 

2016 break-even prices are $3.92 and $9.22 per bushel, 

respectively, for corn and soybeans. The HCHD farm 

has break-even prices of  $4.89 and $12.23 per bushel 

for corn and soybeans, respectively, for 2016 (Table 3). 

Since producers are not expected to market every bushel 

at these prices, managers need to consider the sources 

of 	funds	available	to	meet	cash	deficits.	Table	3	lists	the	

amount of  savings, grain inventory and operating credit 

available for each farm. Both farms were assumed to 

have the same operating note limit of  $850,000, which 

assumed the lenders would loan up to 80 percent of  

expected operating expense.  Access to operating capital 

is	 variable	 and	 determinant	 on	 farm-specific	 financial	

characteristics. An assumed access of  80 percent is 

consistent, anecdotally, with informal in person lender 

surveys.  The LCLD farm has $139/acre of  available 

credit while the HCHD farm has $17/acre of  available 

credit (Table 3). 

Case Farm Simulation Process

A deterministic model of  the two case farms simulated 

a	Western	Kentucky	grain	 farm’s	profitability	 and	cash	

flow	for	2016-2020.	The	simulation	model	adjusted	the	

value	of 	savings	and	grain	inventories	to	meet	cash	flow	

obligations each year simulated. The simulation did not 

adjust machinery values or land values as the focus was 
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on liquidity issues instead of  potential changes in the 

farm’s solvency. 

For liabilities, the simulation model adjusted the operating 

note balance each simulated year based on the farm’s 

cash	flow	needs.	The	model	 also	 calculated	 the	 annual	

principal and accrued interest payments due on non-

current debt as part of  the current liabilities each year. 

If 	 there	 is	 a	 negative	 cash	 flow	 in	 a	 year,	 the	 model	

assumes	that	the	deficit	would	be	rolled	into	the	operating	

note if  credit was available. If  there was still a shortfall, 

the	model	used	cash	to	pay	the	deficit.	If 	the	shortage	

remained, the model then used stored grain inventory 

to	 eliminate	 the	 deficit.	 The	 simulation	model	 did	 not	

assume any further liquidation of  assets once all current 

assets were exhausted. The model did not consider any 

tax implications of  these management strategies as that 

detail, while important, was not the primary focus of  the 

simulation model. 

Case Farm Scenarios

The model simulated four different price and yield 

scenarios.

1. What if  the Agricultural Economists are accurate in 

their	price	forecasts	of 	 low	prices	for	the	next	five	

years?	The	first	scenario	is	the	base	case	scenario.	The	

base scenario assumes budgeted yields (170-bushel 

corn/55-bushel soybeans) and the USDA Baseline 

price projections for 2016-2020 adjusted to Kentucky 

MYA prices.

2. Can producers produce their way out of  liquidity 

problems? The second scenario assumed 20 percent 

higher yields (204-bushel corn and 66-bushel 

soybeans) each year of  the simulation.

3. Can a one-year price spike cure liquidity problems? 

The third scenario assumed a one-time price spike 

in 2016 of  $4.50 corn/$11 soybeans with prices 

reverting to baseline levels for 2017-2020.

4. What would production and price outcomes need 

to be, however improbable, to help the farm’s 

profitability	 and	 liquidity?	 The	 fourth	 scenario	

combined the one-year price spike from scenario 

3 with the 20 percent higher yields each year from 

scenario 2. 

Results

The model simulated the LCLD and HCHD farms’ 

profitability	and	liquidity	for	the	four	scenarios	described	

above. Table 4 reports the current ratios for each year of  

each scenario simulated for the LCLD farm. The current 

ratio is used instead of  the dollar value of  working capital 

as the ratio succinctly expresses current assets available 

relative to current debt obligations. Working capital is 

more related to the scale of  production and is not as 

easily comparable across farms. The current ratio allows 

for comparison across farms and for farmers to compare 

their current ratio to these results.

The LCLD farm started with a current ratio of  1.35, 

which is less than the Farm Financial Standards Council’s 

recommendation of  a ratio of  two. Given current price 

volatility, a minimum ratio of  2.5 may be ideal to help 

producers absorb price risk. A current ratio of  2.5 means 

that the farm has $2.50 of  current assets available for 

every $1 of  current debt to provide some ability to 

absorb lower revenue from lower prices or yields. Under 

the base scenario, the current ratio continues to erode to 

1.21 in 2020 but remains above one. The current ratio 

suggests that the farm will continue to meet liabilities 

as they come due. However, this farm will have liquidity 
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issues and have limited working capital cushion available 

to absorb price, yield, or cost risk.

If 	 Mother	 Nature	 provides	 five	 consecutive	 years	 of 	

20 percent higher yields (Scenario 2), then the current 

ratio is simulated to increase above 2.5 in years 3 to 5. 

Scenario 2 asks, “Can the LCLD farm produce its way 

out of  liquidity problems?” The answer is “Yes” under 

a scenario that has a very low probability of  occurring. 

A one-time price spike without any yield increase 

(Scenario 3) could put the LCLD farm on a path that has 

the	current	ratio	above	two	by	the	final	year	simulated.		

Also, a combination of  20 percent higher yields each year 

with a one-time price spike in 2016 (Scenario 4) would 

place the current ratio on a glide path to above 2.0 for 

years 2 to 5 of  the simulation (Table 4).

The takeaway message from Table 4 is that the LCLD 

farm could have liquidity problems unless prices increase 

or yields are consistently better than expected. Because 

the LCLD farm has available operating credit, the farm is 

assumed to meet projected liquidity problems primarily 

through the operating note. However, the LCLD farm 

does	 have	 limited	 financial	 cushion	 to	 absorb	 any	 risk	

from lower yields, lower prices or higher costs (Table 4).

The HCHD farm started the simulation with a current 

ratio of  0.85 for the base scenario and was out of  

working capital after three years (Table 5). If  yields were 

20 percent higher each year (Scenario 2), the HCHD 

farm’s current ratio still declined but did not reach zero. 

Under the scenario of  a one-time price shock (Scenario 

3), the farm’s working capital was eliminated by year 5, 

which delayed the inevitable of  depleting working capital 

by a year. Even the scenario of  20 percent higher yields 

coupled with a one-time price shock (Scenario 4) could 

not achieve a current ratio greater than 1 for the HCHD 

farm (Table 5). 

While	 the	 LCLD	 farm	 could	 incorporate	 cash	 flow	

deficits	 into	 the	operating	note,	 the	HCHD	farm	does	

not have that option. The HCHD farm was almost at 

the operating credit limit at the start of  the simulation.  

Table 5 shows the working capital death spiral that could 

occur	if 	costs	were	not	reduced	sufficiently	to	preserve	

working capital over a multiple-year period. While the 

current ratios were greater than zero, the HCHD farm 

suffers	 from	 significant	 liquidity	 problems	 where	 the	

business	would	likely	experience	a	difficult	balancing	act	

of  having cash and grain inventory available at the right 

time to be able to pay liabilities as they are due. Managers 

would	need	to	sharpen	their	pencils	significantly	to	find	

ways	of 	reducing	the	cash	flow	problem	for	the	HCHD	

farm.

Potential Managerial Options

What are the managerial alternatives in this period of  

sustained low prices? To better market their crops, 

managers need to fully understand the price per bushel 

necessary to cover input costs, cash rent, and overhead 

costs. University Crop Enterprise Budgets only provide 

a	guide	but	are	not	a	substitute	for	detailed	financial	and	

production	 records.	 Producers	 also	 need	 to	 factor	 in	

debt payments on the operating note plus the current 

principal and interest payments due on the intermediate 

and long-term debt. University Crop Enterprise Budgets 

may	 not	 accurately	 reflect	 these	 payments.	 Another	

expense that many managers do not consider when 

establishing pricing objectives is factoring in the farm’s 

contribution to the household family living expenses. 

Even with a family member providing off-farm income, 
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managers should budget in a margin to provide for the 

household’s wellbeing.  Otherwise, the household could 

have similar liquidity problems as the farm business.

The corn and soybean market from 2006 to 2013 may 

have taught some producers bad marketing habits. During 

this period, prices tended to increase and managers did 

not	have	to	work	hard	at	pricing	their	crop	at	profitable	

levels. Also, the crop insurance safety net, based on 

futures market prices, provided revenue guarantees 

that	 could	 potentially	 lock	 in	 profitable	 returns	 over	

production costs and cash rent.  As the futures market 

has returned lower to a more traditional seasonal pattern, 

managers will need to relearn previous marketing and 

risk	management	lessons.	Specifically,	managers	should:

1. Understand price seasonality for the futures market 

and use price risk management tools to hedge, 

forward	contract	or	place	a	price	floor	on	a	percentage	

of  expected production before harvest whenever 

pricing opportunities exist. Alternatively, managers 

should understand seasonality to know when prices 

tend to be at the lowest levels to avoid selling at low 

prices. 

2.	 Selling	 stored	 grain	 to	 meet	 cash	 flow	 needs	 is	

common. Managers should consider using USDA’s 

commodity marketing access loans to access funds 

at lower than market interest rates while maintaining 

the opportunity to sell the stored grain at higher 

prices. 

3. Know what price is needed from the market to 

cover budgeted costs and be vigilant for pricing 

opportunities. Again, seasonality will help identify 

when pricing opportunities occur. The market tends 

to rally before planting and early in the production 

process. Use these pricing targets to guide sales at 

profitable	levels.

4. Develop and use a written marketing plan to guide 

pre-harvest and post-harvest pricing. A marketing 

plan can remove some emotion from the pricing 

decision and may help focus managers on what price 

is	required	to	meet	profitability	goals.	The	inclusion	

of  business partners and spouses in discussing the 

marketing plan may provide a different perspective 

on the pricing objectives needed for both the business 

and the family’s well-being.

5. Work on lowering the farm business’s cost structure. 

The case farms illustrate the need for improved 

efficiency	to	lower	per	bushel	operating	and	overhead	

costs. Reducing input costs requires care not to reduce 

yield potential. Traditional managerial tools of  soil 

testing with University fertilizer recommendations, 

scouting for weed/insect pressure and knowing 

economic threshold levels to guide pest management 

may help with reducing operating costs.

Being	 efficient	 with	 operating	 expense	 is	 always	

important. However, the greatest cost savings are also 

the stickiest costs to manage. The three categories to 

focus	 on	 to	 become	 more	 efficient	 are	 lowering	 cash	

rental rates, reducing machinery costs, and reducing 

family living expense.

5a. Cash rental costs need to be lowered in alignment 

to	 profitability	 potential.	 Dobbins	 (2016)	 indicates	

that cash rents in Indiana have fallen by 8.5 percent 

since 2015. However, some producers are hesitant 

to reduce bids or give up land as they expect never 

to have an opportunity to rent that tract again.  

Producers	 also	 believe	 that	 there	 are	 still	 potential	

rivals in the area that will continue to bid aggressively 

for rented land to keep the market from adjusting 

lower. Anecdotal evidence suggests that rental rates 

are tied to conspicuous family living expenses as 
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some landowners are unwilling to lower rental rates 

for tenants that continue to purchase new $50,000 

vehicles every year. Managers need to consider the 

cost	of 	paying	for	marginal	 land	versus	any	benefit	

of 	 giving	 up	 a	 non-profitable	 farm.	 Landowners	

and	 tenants	 may	 want	 to	 consider	 flexible	 leasing	

arrangements that would pay a guaranteed, lower 

amount with incentive structures that compensates 

landowners if  prices or yields are higher than 

expected. In this way, owner and tenant share in the 

production and price risk. 

5b.		Producers	have	recapitalized	in	machinery,	equipment,	

and infrastructure over the last decade at the expense 

of 	 being	 cost	 efficient.	Greater	 focus	 is	 needed	 in	

reducing	 fixed	 costs.	 The	 KFBM	 data	 shows	 that	

machinery economic depreciation has increased 86 

percent since 2007 with acreage increasing 66 percent.  

Reducing	 machinery	 costs	 may	 be	 as	 difficult	 as	

lowering cash rental rates. Managers should consider 

how to fully utilize machinery capacity and consider 

the	costs	 and	benefits	of 	 selling	under-used	assets.	

Care must be taken to avoid triggering tax liability if  

the machine was already written-off  under Section 

179. Care must also be taken not to reduce the overall 

operation’s	machinery	efficiency.	An	alternative	may	

be to do some custom machinery operations to try to 

gain value from having under-utilized equipment. 

5c.  Many farm families need to evaluate their spending on 

family living expenses. Family living is another sticky 

cost that is hard to adjust lower. This cost adjustment 

will require family budgeting and potential lifestyle 

changes	that	may	create	difficult	family	dynamics.

6. As managers assume a more pro-active role in 

managing costs and monitoring liquidity, they should 

prepare	 a	 detailed	 cash	 flow	 budget.	 A	 cash	 flow	

budget will help identify the timing of  needed funds, 

projected operating loan balance, and repayment 

ability.	This	cash	flow	budget	should	be	stress-tested	

with	 lower	 yields	 and	 lower	 prices.	 A	 cash	 flow	

budget	 will	 help	 managers	 better	 define	 their	 risk	

management needs (crop insurance and price risk 

management) and better understand what risks can 

be absorbed by the business and what risks should 

be managed by insurance products or price risk 

management	 tools.	This	 cash	flow	budget	will	 also	

provide valuable information to lenders.

7. The HCHD farm suggests that cost cutting alone 

may	 not	 solve	 profitability	 and	 liquidity	 problems.	

Farms that expanded too fast and structured debt 

in a way that did not match the economic life of  the 

asset may have a greater burden in correcting their 

financial	 structure.	 Current	 liquidity	 problems	may	

be	reflected	in	ever-increasing	operating	notes.	The	

increasing operating debt will continue as long as 

lenders	 agree	 to	 continue	 this	financing.	Producers	

with debt heavily structured towards current debt 

may	want	to	consider	refinancing,	if 	possible,	current	

debt into long-term debt. A farm must have equity in 

the land to collateralize this loan. Managers will still 

need to lower the cost structure of  the business to 

receive	any	benefit	of 	the	debt	restructuring.	Without	

any	 significant	 appreciation	 in	 farmland	 values,	

this option may only be available every 20 years 

to managers as time is needed to pay off  debt and 

increase equity in the farmland. Restructuring debt is 

not a management tool that can be used every year. 

Managers close to retirement age should consider it 

they would enjoy farming for another 20 years just 

to pay off  this restructured debt. Unwinding the 

business over multiple years in a tax minimizing way 

might be the better alternative to restructuring debt 

and encouraging mature producers to work longer 

than planned.
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Recently a producer KFBM worked with completed 

their enterprise budgets for the 2016 crop year and 

decided to exit the industry. Others, who have been 

fortunate enough to amass a high net worth in 

previous years, were pondering on whether or not to 

produce in this depressed agricultural environment.  

Some managers near retirement age considered 

retirement as the best strategy as they evaluated the 

projected equity loss of  the 2016 crop with similarly 

projected equity losses in coming years. For some 

producers, the likelihood of  being able to farm 

long enough to recover the equity loss projected by 

the current market conditions is improbable. The 

decision to retire takes time to implement plans to 

avoid serious tax liability as well as ensuring adequate 

retirement income is available.

8. Managers should talk to their lender about liquidity 

problems early before minor liquidity issues become 

more serious debt problems.  Accurate and timely 

financial	 statements	 (Balance	 Sheet,	 Accrual	

Adjusted Income Statement, and Cash Flow Budget) 

will help managers and lenders understand the farm’s 

financial	position.	Producers	need	to	report	all	loans,	

including vendor credit and FSA Loans, for a true 

understanding of  debt structure and debt repayment 

obligations. 

9. The last alternative might be bankruptcy which 

provides a legally protected framework to adjust 

debt structure. Chapter 12 bankruptcy was created 

specifically	for	agricultural	producers	(and	fishermen),	

who meet certain maximum debt limits, among other 

criteria. This chapter allows for reorganization and 

structured repayment of  debts over a 3 to 5-year 

period and provides producers with an opportunity 

to continue farming while legally addressing their 

insolvency.	 Qualified	 legal	 counsel	 with	 serious	

thought	should	be	used	before	considering	this	final	

solution to the problem.

Consequences and Implications for Professional 

Farm Managers

Managers with a low cost structure, low debt structure 

and have accumulated equity are thought of  as more 

efficient	 and	 should	be	 in	 a	better	position	 to	weather	

periods	of 	low	commodity	prices.	Producers	that	are	in	

trouble are those that are:

• Unwilling to use traditional cost-saving measures 

(soil tests, University fertilizer recommendations vs. 

industry recommendations, crop scouting, economic 

thresholds for spraying for weeds and insects).

• Unable to reduce land costs

• Unable to reduce machinery costs

• Unable to reduce family living expense

• Lacking equity in land to restructure debt are at 

higher risk of  default

The length of  this period of  low prices will also determine 

how long a farm business can survive until costs adjust 

lower or commodity prices rebound. A sustained period 

of  negative margins will burn through the farm’s working 

capital that was built during the good times. Managers 

need to consider how quickly cash and grain inventories 

can evaporate as liquidity and debt problems grow. 

Younger	 farm	 managers	 may	 not	 have	 any	 firsthand	

experience with these types of  issues, especially if  they 

have gotten into farm management in the last ten years. 

Over this period, managers have witnessed record grain 

prices and interest rates at their lowest points in history. 

Now as the market returns towards lower commodity 

prices and potentially coupled with rising interest rates, 

managers will need to be quick learners or have strong 
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mentoring from those that have been through these 

types of  downturns in the agricultural sector.

The ability of  lenders to continue to support debt 

will also drive the success of  the farm business. Will 

lenders	finance	the	business	without	a	USDA-FSA	loan	

guarantee? Will non-traditional lenders abandon the 

agricultural	market	when	their	profitability	is	uncertain?	

Will	USDA	have	sufficient	funds	available	to	allocate	to	

the guaranteed loans program in a timely manner that 

will help lenders and farmers?

This liquidity issue is a form of  counter-party risk for 

tenants and professional managers. Tenants with cash 

flow	problems	may	struggle	to	pay	their	rental	obligations	

promptly.	 Professional	 managers	 should	 consider	

encouraging	 Revenue	 Protection	 (RP)	 crop	 insurance	

coverage be increased to guarantee more revenue per 

acre.	 Potential	 tenants	may	 need	 to	 show	 a	 cash	 flow	

budget to show their plan and ability to pay. Alternatively, 

flexible	leasing	arrangements	can	be	considered	to	reduce	

the base payment but provide additional payments to the 

landowner if  yields or prices are larger than expected. 

This	 flexible	 agreement	 can	 keep	 good	 stewards	 of 	

natural resources while allowing tenants to correct any 

liquidity problems. 

Conclusions

The projected period of  sustained low prices will create 

profitability	 and	 liquidity	 challenges	 for	 managers.		

Producers	 will	 eventually	 see	 lower	 land	 values,	 cash	

rents, input costs, and machinery values. Unfortunately, 

the sector usually experiences several years of  loss before 

the cost adjustments occur. 

Beginning producers are most likely at risk of  exiting the 

industry or using bankruptcy to restructure the business.  

The farms that lack equity or have grown too fast with 

poorly	 structured	 debt	 are	 most	 at	 risk	 of 	 cash	 flow	

problems becoming insolvency problems.

Commodity price volatility is going to continue due 

to market fundamentals and investors driving prices 

higher/lower.  The market always tends to trade on 

adverse weather and perceived production problems that 

will push prices higher within a marketing-year before 

production is known at harvest.  The pricing opportunity 

window may be narrow and managers need to be nimble 

to manage their price risk.

Sustained higher prices will come from stronger demand.  

Can another perfect storm of  export demand growth 

coupled with domestic demand use be replicated? 

Current projections are suggesting that a perfect storm 

is not on the horizon to rescue farms from liquidity and 

debt problems.

Endnotes

1. While not simulated, sales of  these assets are another 

management	alternative	to	paying	deficits	once	other	

more liquid alternatives are eliminated. Managers 

of  farms experiencing severe debt and liquidity 

problems may need to consider selling machinery or 

using	retirement	savings	to	meet	cash	flow	needs.



2017 JOURNAL OF THE ASFMRA

88

References

Dobbins, C. 2016. Farmland Update from Indiana Farm Managers and Rural Appraisers.	Purdue	Agricultural	Economics	

Report.	https://ag.purdue.edu/agecon/Documents/PAER%20MARCH%202016.pdf.

Halich, G. 2016. “Extension Budgets and Decision Tools.” Department of  Agricultural Economics. Accessed 2016. 

http://www.uky.edu/Ag/AgEcon/extbudgets.php.

Jenkins, A. 2015. Annual Summary Data – Kentucky Grain Farms – 2014. August 2015. http://www.uky.edu/Ag/

AgEcon/pubs/kfbmkfbmsumgr201410.pdf

Pierce,	J.S.	Jr.	2009.	Family	Living:	2008 Sources and Use Summary. Cooperative Extension Service, University of  

Kentucky College of  Agriculture, Food and Environment. http://www.uky.edu/Ag/AgEcon/pubs/kfbm2009-08.

pdf.

Pierce,	J.S.	Jr.	2016.	Preliminary Grain Analysis Summary. Cooperative Extension Service, University of  Kentucky 

College of  Agriculture, Food and Environment. http://www.uky.edu/Ag/AgEcon/pubs/kfbmkfbmpregrain1538.

pdf.

USDA-ERS. 2016. Commodity Costs and Returns. Accessed August 2016. http://www.ers.usda.gov/data-products/

commodity-costs-and-returns.aspx.

USDA-NASS. 2016. Quick Stats. https://www.nass.usda.gov/Quick_Stats/index.php.

USDA-OCE. 2016. USDA Agricultural Projections to 2026. February 2016. https://www.ers.usda.gov/publications/

pub-details/?pubid=37818

USDA-OCE. 2016. World Agricultural Supply and Demand Estimates. August 12. Accessed August 2016. http://usda.

mannlib.cornell.edu/usda/current/wasde/wasde-08-12-2016.pdf.



2017 JOURNAL OF THE ASFMRA

8989

Table 1. Case farm production, price, and cost assumptions for 2016
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Table 2. Case farm beginning balance sheet assumptions for 2016
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Table 3. Funds available, per acre production, overhead and financing costs, 
and break-even corn/soybean prices for the case farms
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Table 4. Simulated current ratios for the low-cost/low-debt grain farm for four 
price/yield scenarios for 2016 to 2020
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Table 5. Simulated current ratios for the high-cost/high-debt grain farm for 
four price/yield scenarios for 2016 to 2020 
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Figure 1. US marketing-year average farm price percentage change from 2005 
to 2020 (F) relative to the 2005 marketing-year average price
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Figure 2. Projected operating and overhead expense ($/Acre) for an average US 
corn farm
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Figure 3. Break-even prices needed to cover operating and overhead costs for 
US corn production from 2005 to 2015 ($/Bushel)



Reductions in Working Capital and Resulting 
Burn Rates for Producers

By Cody L. O’Brien and Elizabeth A. Yeager

Introduction

The cyclical nature of  agriculture can strain farms in hard economic 

times,	and	this	can	make	it	difficult	to	continue	operating	until	more	

profitable	 market	 conditions	 occur.	 The	 USDA	 is	 predicting	 corn	

receipts to fall 36 percent through 2016 on a national level (USDA-

ERS, 2016b). The forecast indicates that animal/animal product cash 

receipts are estimated to have fallen 12.5 percent from 2014 to 2015 

and are predicted to fall another 4.3 percent in 2016. These reductions 

in	revenues	for	farms	put	pressure	on	their	profitability	especially	 if 	

expenses do not drop in a similar manner. Gloy (2015) showed that 

budgeted losses for Indiana farms are unprecedented compared to the 

previous 25 years. He explains the reason that margins are tight when 

revenues	go	down,	 is	due	 to	fixed	assets	encompassing	such	a	 large	

portion	of 	a	farm’s	costs.	Fixed	costs	related	to	the	fixed	assets	don’t	

change as quickly as market prices and are another expense that are 

slow	to	respond	to	lower	profitability	of 	farms.
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Additionally, family living expenses are not likely 

to immediately decrease in the event of  lower farm 

profitability.	One	component	of 	family	 living	expenses	

that	 has	 significantly	 increased	 over	 the	 last	 decade	 is	

family living expenses, which have tripled since 2000 

(Kohl, 2012).

If  a farm has debt obligations that can’t be covered 

in the event of  a loss, those debts still need to be met 

by other means. Assessing a farm’s survivability while 

enduring years of  hardship is important for farmers 

and	 financial	 institutions.	Working	 capital	 reserves	 can	

be an effective strategy of  continuing operation during 

years of  losses. With margins being squeezed in many 

agricultural markets due to decreasing commodity prices, 

we	can	assume	that	the	profitability	of 	the	majority	of 	

farm	operations	are	affected	based	on	 their	 large	fixed	

cost structure.

Westscott and Hansen (2016) state that there has been 

a decline in crop prices when compared to a few years 

ago. Despite the lower projected prices in recent years, 

they will likely stay above pre-2007 levels. Livestock 

prices have also experienced a decline with beef  calves 

selling at 25 percent less in November 2015 compared 

to the previous year (Henderson, 2015). The same article 

includes	 a	 prediction	 that	 cow-calf 	 profits	 will	 finish	

40 percent lower in 2016 compared to 2015. Figure 2 

illustrates the trend in commodity prices relevant to 

Kansas farms with the decline of  crop prices and the 

incline of  cattle prices during the last few years.

The USDA forecasts that net farm income (NFI) in 2016 

will drop an additional three percent compared to the 

2015 estimate (USDA-ERS, 2016a). This follows a drop 

of  54 percent from 2013. If  this forecast is correct, the 

US farm sector will experience the lowest real NFI level 

since 2006 (Figure 1).

Proper	 management	 decisions	 can	 only	 affect	 the	

profitability	 of 	 an	 operation	 to	 a	 certain	 level.	 Putting	

the market’s land value, commodity prices, and operating 

expenses in perspective is important for understanding 

a farm’s position in the near future. When examining 

some	 farm	 sector	 income	 and	 assets	 values,	 Patrick,	

Kuhns, and Borchers (2016) found that before 2010, 

NFI had increased largely in part to the growth of  crop 

revenues which were larger than growth of  expenses. 

However,	 farms	 that	 had	 consistent	 profitability	 over	

the past decade, now have seen a decrease of  70 percent 

in net cash income between 2013 and 2016’s forecast 

level, which is mainly due to lower crop revenues while 

expenses have stayed at an elevated level.

Gloy (2016) examined the changing components of  farm 

income being down while expenses are up. Since 1960, 

the NFI ratio, a ratio of  income to value of  production, 

has only been as low as 2015 and 2016 two times: 1980 

and 1983. On the other end, the operating expense ratio 

is as high as it has ever been, with only 2009 being near 

the same level as the current operating expense ratio. This 

infers that the operating expenses are not falling at the 

same rate as the value of  production over the years. Land 

rents consist of  a large portion of  operating expenses, 

and because rents tend to not change quickly, they can be 

the main cause of  the rising operating expense ratio. If  

farmers continue to bid high on rents, they can become 

overextended and working capital can be depleted if  

rental prices do not adjust to market value. These ratios 

show	components	of 	profit	margins	for	farms,	and	these	

margins are shrinking and will continue to do so until  
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operating expenses drop in a similar fashion to farm 

revenues (Gloy 2016).

These	 lower	 profitability	 levels,	 higher	 expenses,	 and	

shrinking margins are creating unease regarding the 

survivability of  farms moving forward. Barnard, Yeager, 

and Miller (2013) utilized a sensitivity analysis using a 

Purdue	Farm	Financial	Analysis	Spreadsheet	to	examine	

effects on NFI and repayment capacity using decreased 

revenues and constant expenses. The analysis showed that 

for	the	example	farm,	decreasing	revenue	by	five	or	ten	

percent can have a strong impact on NFI and deteriorate 

the farm’s ability to cover debt payments. In summary, 

the decreases in revenue and relatively high expenses can 

have an impact on the farm’s ability to service their debt 

and continue operating.

This study examines how a sample of  Kansas farms are 

currently positioned and how long they can operate the 

same way under current conditions through examining 

their working capital and burn rate. The objective is 

to help farmers recognize the need to have alternate 

strategies	or	plans	in	place	that	will	financially	allow	them	

to continue their operation during tough economic times.

Working Capital Reductions

Working capital consists of  current assets less current 

liabilities. Current assets are typically recognized as cash 

or liquid assets that if  sold or used within the next year, 

would	not	impact	the	future	profitability	of 	the	business	

(i.e., breeding livestock, machinery, and land are not 

considered current assets). Current liabilities are debts 

or payments due within the next year. Working capital 

levels need to be monitored to recognize a farm’s ability 

to service debt. Working capital serves three functions 

for a farm: facilitate transactions, cover unexpected cash 

shortages, and provide opportunities for investment 

(Barry & Ellinger, 2012). It is evident that more liquidity 

is needed if  the operating costs are at an elevated level. 

Which, in turn, shows the need for more liquidity to 

service any current debt that is not able to be covered 

due to losses. To help with liquidity issues, Ellinger, 

Featherstone, and Boehlje (2016) suggest working capital 

burn rates as an effective measure of  the time before 

a farm’s working capital is exhausted due to a net cash 

loss. The working capital burn rate can be calculated by 

dividing working capital by current or anticipated future 

losses, and results in the number of  years that working 

capital can support similar losses.

Data and Methods

This study’s data was acquired from the databank within 

the Kansas Farm Management Association (KFMA). The 

KFMA is housed within the Department of  Agricultural 

Economics at Kansas State University and has served 

farmer members across the state of  Kansas for more 

than 80 years. In 2015, over 2,700 farmers were in one 

of  six association programs. In order to be included in 

this study, each farm had to have eleven consecutive 

years of  data from 2005 to 2015. The sample includes 

552 farms, of  which, 426 grew dryland wheat, 353 grew 

dryland corn, 223 grew dryland sorghum, 416 grew 

dryland soybeans, 290 farms produced beef, including 

17 with beef  only, and 287 with both crop and livestock 

operations.	These	farms	consist	of 	232	diversified	crop	

farms	with	no	livestock,	273	diversified	crop	farms	with	

livestock (primarily beef  cattle), and 12 farms with more 

than one species of  livestock. Farm distribution across 

six regions of  the state is shown in Table 1.

These Kansas farms mainly consist of  crop and livestock 

producers,	all	varying	in	size	and	diversification.	Variables	
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of  interest in this study include: crop acres, livestock 

production numbers, current and non-current assets, 

current and non-current liabilities, working capital, NFI, 

gross farm income, and regional data for each farm. The 

first	 step	 involves	examining	 the	summary	statistics	of 	

these	farms	and	some	of 	their	basic	financial	information	

such as working capital, NFI, current ratio, and leverage 

ratios.

This sample of  Kansas farms had an average of  $2,273 in 

NFI during 2015. They also held an average of  $398,141 

of  working capital which is 73 percent of  the average 

gross farm income of  the sample farms. The regional 

high and low for NFI are in the southwest region 

and the northwest region respectively. The southwest 

region averaged $30,039 in NFI while the northwest 

region	 accumulated	 -$65,740	 of 	 NFI.	 The	 significant	

difference is partially contributable to the number of  

farm members and total acres operated by farms in 

each region. The northwest region’s sample size of  31 

farms and the southwest region sample of  35 farms are 

significantly	 lower	 than	 all	 other	 regions.	 The	 average	

acres of  crops in the northwest region were more than 

twice that of  the southwest region with 2,248 acres and 

1,009 acres, respectively. The highest leveraged region is 

the southeast, which on average holds a 22 percent debt-

to-asset ratio. The summary statistics of  the variables 

collected are available in Table 1, and includes a regional 

break down.

Gains and losses for livestock producers were calculated 

using each farm’s number of  animals, and the 2015 

livestock estimated loss per animal from the Kansas 

Farm Management guides (Tonsor & Reid 2015). The 

budgeted gains and losses used for livestock were 

assumed to be the realized as well due to the complexity 

of  determining marketing price and time, and are shown 

in Table 5.

The gains and losses for crop operations were examined 

using both projected and realized gains and losses. 

Projected	gains	and	losses	for	each	individual	farm’s	crop	

acres are pulled from the crop budgets on AgManager.

info (Table 3). Realized gains and losses for each farm’s 

crop acres are calculated by using the Kansas Crop 

Progress	 and	 Condition	 Report	 from	 the	 USDA	 to	

determine appropriate selling week of  each crop when 

harvest reaches 90 percent complete in their respective 

region (USDA-NASS 2016). The time of  cash marketing 

the crop is then combined with the futures contract 

prices on the USDA report and crop basis maps from 

AgManager.info to get each region’s cash prices which 

are listed in Table 2 (Taylor 2016). The calculations of  

the gains and losses are done by inserting the calculated 

prices for each region’s crops into the 2015 budgets 

on AgManager.info, shown for each region in Table 4 

(O’Brien & Ibendahl 2015).

Calculated crop prices for each region were used in 

order to estimate gains and losses compared to the 

projected gains and losses from the region’s budgets 

to assess whether these budgets are effective tools. 

The assumption of  cash marketing at harvest time 

for farmers is reasonable on the basis of  the work of  

Ward (2015) with wheat storage. Unfortunately, storage 

decisions and marketing practices are not recorded at the 

farm level. Ward found that positive returns were not 

typically found for hedged storage or speculative storage 

with wheat. Using the cash price at harvest provides a 

conservative approach of  determining an accurate selling 

price for each farm. Another option, not considered in 

this study, is to determine a state wide price for farms 
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utilizing a USDA percent of  crop marketed by month. 

In this case, storage costs and regional differences would 

need to be further considered.

The calculated gains and losses per acre of  the crops are 

multiplied by each farm’s three-year average of  crop acres 

to try and account for crop rotations. This computes the 

gains or losses for each farm. Once the gains and losses 

were determined for each of  the farms, the burn rate was 

calculated. The burn rate represents how much buffer 

capacity the operation has to absorb short-run losses and 

is calculated by dividing working capital by net income 

loss.

Results

The lower commodity prices combined with operating 

expenses not falling are two main reasons many 

farms	 are	 struggling	 to	 stay	 profitable.	 Measuring	 the	

survivability of  a farm is going to be important moving 

forward in today’s landscape. Working capital burn rates 

illustrate the longevity of  a farm under similar economic 

hardship moving forward from using working capital to 

compensate for the losses of  the farm. Understanding the 

position Kansas farms are in, can help farms benchmark 

and understand the economic survivability of  the farms 

in general.

The calculated gains and losses for crops across the state 

and livestock varied, and mainly consisted of  losses, with 

the exceptions of  beef  and southeast wheat acres. In 

Table 4, the largest losses for wheat are both western 

regions, north and south, and the northeast region. The 

northcentral region realized the worst irrigated corn and 

grain sorghum losses, but had losses in the lower half  

for dryland wheat and soybeans. However, the southeast 

region has the lowest losses compared to the rest of  the 

state, except dryland sorghum in the southwest region. 

This	 signifies	 that	 there	 may	 have	 been	 an	 advantage	

to being located within the southeast region given the 

market conditions calculated in 2015.

When examining the crops that had the largest losses, 

irrigated crops consistently have larger losses with the 

realized	 price	 calculations.	 These	 deficits	 in	 irrigated	

acres compared to non-irrigated crops is attributed in the 

budgets through increased input costs across the board 

to attain the higher yield with more fertilizer, higher land 

and equipment charges, and non-irrigated acres attaining 

good yields. The additional yield from irrigated acres was 

not enough to overcome the increased costs of  utilizing 

irrigation equipment with the low crop prices observed. 

The regions that didn’t have budgets for irrigated crops 

were	assumed	to	have	performed	financially	the	same	as	

unirrigated crops to be conservative as all other irrigated 

acres had larger projected losses than their dryland acres 

(Table 4). Through these calculations, the irrigated acres 

weren’t favorable under the realized price calculations 

from 2015’s market conditions.

Current ratios show the percentage of  current assets 

compared to the amount of  current liabilities. If  the 

current ratio of  a farm is 1.5, then the farm has 1.5 times 

the current assets compared to current liabilities. This 

ratio represents liquidity for servicing short term debt. 

Between 2014 and 2015, the average current ratio of  the 

sample farms dropped from 3.42 to 2.91, signifying that 

the state’s liquidity position as a whole is weakening.

Working capital reserves for this set of  farms dropped 

nearly 11 percent on a weighted average from nearly 

$450,000 to almost $400,000 in average working capital. 

A	 paired	 t-test	 confirmed	 the	 change	 is	 significantly	 
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different between 2013 and 2015, as well as between 

2014 and 2015.

The working capital burn rates of  these farms consist 

of  their working capital divided by their calculated loss 

during 2015. From that, nearly 44 percent of  the sampled 

Kansas	farms	have	a	calculated	burn	rate	less	than	five	

years, and 16.7 percent have a burn rate of  less than one 

year. Table 7 shows the realized state wide burn rates 

for	under	five	years.	If 	the	92	farms	with	a	burn	rate	of 	

less than one year were to perform the same as they did 

in 2015, they would run out of  working capital due to 

losses by the end of  2016.

Tables 6 and 7 show the distribution of  the farms’ burn 

rates through the regions of  Kansas for projected gains 

and losses, and realized calculated gains and losses. The 

projected	burn	rates	of 	farms	under	the	five-year	mark	

are consistently a lower portion of  the sampled farms 

when compared to the realized burn rates, except the 

southwest region in 2015. This indicates the budgeted 

losses in the AgManager.info Farm Management Guide 

budgets created before planting, didn’t fully predict the 

low harvest prices many farmers would receive for 2015 

and the magnitude of  resulting losses. Despite this, using 

budgets is still recommended when making planting 

decisions each year. A t-test was conducted to determine 

if  there was a difference in burn rates from using either 

the projected or realized gains or losses; they were not 

significantly	different.

The southeast region has a relatively low percentage of  

farms	under	a	five-year	burn	rate	at	20	percent	compared	

to the other regions having more than half  their 

sampled	farms	under	the	five-year	burn	rate	mark.	This	

is suggesting that either the southeast region is better 

equipped for harder economic times and/or their losses 

weren’t as great as the rest of  the state due to the higher 

realized crop prices in that region which contributed 

to having the only positive realized crop income and 

relatively lower losses per acre of  corn and soybeans. 

Either way, many farms in Kansas will need to make 

changes in order to endure another year similar to 2015.

When	examining	the	effect	of 	diversification	on	the	burn	

rates of  crop farms, no connection was found between 

the	more	diversified	crop	farms	and	less	diversified	crop	

farms.

Conclusions

Kansas farms, along with farms across the US, are seeing 

lower	profitability	and	consistently	higher	expenses.	This	

study used farm management budgets to predict gains 

and losses as well as actual prices at assumed selling dates 

to examine gains and losses for a sample of  farms in 2015. 

Results indicate that while differences were observed, 

using budgets is still a useful and recommended tool 

for managers as they are making production decisions. 

Professional	farm	managers	and	agricultural	consultants	

should continue to use budgets or assist their clients in 

using budgets each year before planting decisions are 

made.	Results	from	this	study	did	not	find	a	statistically	

significant	 difference	 in	 the	burn	 rates	 using	projected	

gains or losses or the realized gains or losses for Kansas 

farms in 2015. It is important for farm managers and 

individuals working with them to recognize the need 

to adjust their management decisions in order to 

accommodate the recent downturn in the agricultural 

economy. Conversations regarding marketing and 

bidding for land rents should be a focus during this time 

as well. The current study used harvest price; however, 

opportunities may exist to lock in higher commodity 

prices at other times during the year. Moving forward, 
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managers should be conscious of  working capital levels 

and utilize forecasts of  market conditions to determine 

if  they will have enough working capital to successfully 

get	through	times	of 	low	profitability.	If 	they	can	achieve	

this, they can avoid exiting the farming sector before 

more	profitable	conditions	return.
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Table 1. Summary statistics for farm financial variables for sample Kansas 
farm by region
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Table 2. Futures and basis map predictions of real 2015 prices at 90 percent 
of crop harvested in Kansas



2017 JOURNAL OF THE ASFMRA

108108

Table 3. Projected 2015 Kansas crop farm gains and losses by region using 
AgManager.info farm management guide budgets and harvest prices ($/Acre)

Table 4. Calculated 2015 Kansas crop farm realized gains and losses by region 
using predicted prices with AgManager.info budgets ($/Acre)
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Table 5. 2015 Kansas livestock gains and losses ($/Head)

Table 6. Time and number of KFMA member farms with burn rates lasting 1-5 
years based on projected 2015 gains and losses
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Table 7. Time and number of KFMA member farms with burn rates lasting 1-5 
years based on realized 2015 gains and losses
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Figure 1. 2000-2015 and anticipated 2016 US real net farm income

Figure 2. USDA national price received of major Kansas commodities in 2005 
$/Unit
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Introduction

In	Latin	America,	agriculture	represents	a	significant	portion	of 	 the	

income of  every national economy. In 2014, the share oscillated 

between 7-22 percent in this region compared to the 1.3 percent share 

estimated for United States (The World Bank Database, 2015). Some of  

the reasons cited for this trend in Latin American agricultural incomes 

include the larger proportion of  low income population living in rural 

areas, the abundance of  natural resource endowments that usually 

favor crop production, and the relatively less developed economies of  

countries in the region as assessed by the World Bank database (2015).

ABSTRACT

FARM-STPACK	is	a	user-friendly	

statistical	financial	software	that	is	

intended to be used by small farmers in 

Peru.	It	is	based	on	linear	programming	

and	financial	tools	that	seek	the	

optimization of  resources at a local-

regional level. It uses Excel worksheets to 

elaborate	the	cash	flows	and	Macromedia	

Flash for collection and presentation 

of  the results. Because the procedure is 

done internally in Excel-Macromedia, 

the farmer is not required to have any 

economics background because. Together 

with our extension program, we intend 

to	help	the	Peruvian	farmers	in	their	

decision making and improve their 

profitability.	This	software	adjusted	at	

the local-regional levels to provide more 

accurate results.
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Specifically	in	Peru,	the	agricultural	sector	accounted	for	

about	7.6	percent	of 	the	Gross	Domestic	Product	(GDP)	

in 2010 and was the main income source for 2.3 million 

families (e.g. ,equivalent to 34% of  the population). This 

share	is	even	higher	(20%	overall	GDP)	if 	the	Peruvian	

capital city (Lima) is excluded from the calculations.

In	2015,	it	was	calculated	that	the	Peruvian	agricultural	

production uses 2.5 million hectares. The main harvested 

crops are: rice (19%), yellow corn (14%), potato (13%), 

white corn (10%), and wheat (7.5%). It is important to 

note that the situation mirrors the trend noted in other 

Latin American countries (FAO 2015).

One of  the challenges that small farmers have to face 

is	maintaining	and/or	attaining	profitability	due	to	lack	

of 	knowledge	and	skills	 in	financial	analysis.	Generally,	

their farming decisions are based on previous traditional, 

conventional practices or experiences, and do not take 

into consideration other alternatives. Likewise, several 

Latin American countries have to contend with low 

prices for agricultural commodities and high cost of  

inputs	 that	 altogether	 produced	 greater	financial	 stress	

for small farm businesses.

As a consequence, many small farmers opted to sell 

their lands or migrate to urban zones as their income 

generations were inadequate to cover their (opportunity) 

cost. Another important issue is the low education of  

the farmers in Latin America who, on average, have only 

completed primary school. This is a constraint that does 

not	 allow	 them	 to	 undertake	 more	 elaborate	 financial	

plans and make optimal business decisions.

The	 literature	 has	 discussed	 the	 benefits	 of 	 working	

in cooperatives (e.g., Cook, 1995; Sexton, 1986; and 

Torgerson et al., 1998), because it permits small farmers 

to develop alliances at the time of  selling and thus 

obtain better prices. Likewise, cooperatives also offer 

the economy of  size advantage wherein farmers could 

obtain	their	inputs	at	a	lower	cost	and	increase	profits.

There is a necessity for a software that would be able to 

help small farmers make better decisions on crop and 

enterprise	 selection,	 understand	 the	 potential	 benefits	

of  the cooperative business framework, and adopt more 

efficient	 input	 choice	 and	 intensity	 prescriptions.	 This	

potentially could provide small farmers with a tool that 

can	 help	 them	 to	 operate	 more	 profitable	 operations	

that, in turn, could eventually translate to a better 

quality of  life. There are two challenges that needs to 

be overcome in order to elaborate this software: (1) It 

has to be a user-friendly platform to make it accessible 

and easy to use by the farmers (who many of  them have 

only primary education), and (2) the support of  external 

institution and centers that are able to provide computer 

and guidance to use the computer tools.

Thus,	 we	 developed	 FARM-STPACK	 (i.e.,	 Statistical	

Package	 for	 Farmers)	 as	 a	 user-friendly	 software	 in	

partnership with academic researchers from three 

universities:	 Purdue	 University,	 Zamorano	 University	

(in Honduras), and the University of  Georgia. Our 

project’s objective is to provide small farms with a 

software package that will allow them and their advisors 

institutions	to	analyze	the	profitability	of 	potential	crops	

that	 they	 could	 produce	 as	 well	 as	 assess	 the	 benefits	

and costs associated with working under a cooperative 

business	 framework.	 Specifically,	 we	 have	 selected	

different	 regions	 in	 Peru	 as	 our	 initial	 target	 area	 of 	

implementation.
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The FARM-STPACK Research Project

The	project	is	called	FARM-STPACK,	a	software	that	is	

intended to be made available for free to small farmers 

and has been especially designed to be user-friendly. 

In that sense, the farmer does not necessarily need to 

have	a	background	in	economics	or	finance,	because	the	

model will carefully guide through the user to provide 

inputs that the program will analyze and use to produce 

recommended optimal action plans. Thus, with the 

extension	 program	 that	 we	 proposed	 (figure	 4),	 we	

instruct them on how to interpret the key results from 

the model which will help them in their decision making 

and	improve	their	profitability.

FARM-STPACK	 is	 a	 two-step	 software	 (figure	 1)	 that	

first	 collects	 the	 information	 of 	 input	 and	 outputs	

prices and quantities from different crops depending on 

the	 location	 and	 conditions.	 Financial	 flow	 sheets	 are	

presented that also feature borrowing options. The model 

provides	the	Net	Present	Value	(NPV),	Internal	Rate	of 	

Return,	Benefit	Cost	ratio,	profitability	index,	and	other	

financial	 indicators	for	each	crop.	In	the	second	phase,	

the	NPV	of 	each	crop	is	used	in	a	linear	programming	

optimization wherein the software chooses the best 

crop mix that needs to be produced given the level of  

endowments of  the farmer/cooperative.

All these steps are implemented using Excel worksheets. 

Then, the software Macromedia Flash collects all the 

information and provides the results in a user-friendly 

output. The farmer will be provided with concise results 

that will help him/her and make better decisions. This 

output will also be provided to the technicians of  the 

cooperatives in order to help the farmer with the 

interpretation.

This software was initially intended to be used at a national 

level. In order to make it useful for local farmers, we 

needed to obtain information at the local-regional level 

(figure	 5)	 to	 calibrate	 the	 software	 and	 provide	 more	

accurate results that can be useful for the farmers.

The FARM-STPACK Platform

To successfully implement this project, a prerequisite 

condition is to provide enough orientation and training 

for farmers (our target audience) so they can effectively 

use	our	FARM-STPACK	tool.	The	software	is	developed	

in a user-friendly software platform: Macromedia Flash. 

The	window	of 	FARM-STPACK	will	require	the	user	to	

select between two settings/cases: that of  an individual 

farmer,	or	a	cooperative	(figure	6).	Likewise,	it	will	require	

the user to provide inputs on available land, capital, and 

labor, and select the region of  the country in which he/

she	is	located	(figure	7).	This	is	done	to	differentiate	the	

available crops that can be produced in those areas.

Using this information, the software will run different 

macros (procedures) from Excel that will: (i) provide the 

potential net present value for the potential crops using 

financial	analysis	 tools,	and	(ii)	select	which	crops	(and	

how much) are the most optimal values to produce using 

linear programming procedures. Thus, the farmer could 

obtain as output a report with the suggested crops and 

the	optimal	quantities	that	can	be	planted	(figures	9,	10,	

and 11). Additionally, there will be an option that will 

allow them to modify the values of  the prices or cost of  

inputs	to	make	the	model	more	flexible	for	them.

In the case of  a cooperative, the steps are the same in 

terms of  calculations, except that, at the beginning, there 

will appear a window asking the number of  farmers and 

requiring the user to input the available amount of  land, 
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labor and capital available per farmer in order to optimize 

resources.	The	 procedure	 of 	 the	financial	 analysis	 and	

the selection of  the crops will follow a similar fashion as 

the single farmer case. The results will provide what are 

the suggested crops to grow as a cooperative and what 

could	be	the	potential	benefits	in	profits	for	the	farmers.

Data Collection 

The database has been collected by Alvaro Felix in 

collaboration with AGROKLINGE S.A., a multinational 

corporation that focuses on providing fertilizers and 

other	 related	products	 in	Peru.	This	database	provides	

(depending on the region) output prices for cotton, 

potato, rice, yellow corn, purple corn, sugarcane, white 

corn, grapes, tomatoes, soybean, and wheat, which are 

the	main	crops	produced	in	Peru.	Likewise,	 it	provides	

input requirement and costs for the different crops, 

timing, optimal temperature of  growth, and storage 

period.

Extension Program

Our model provides standard national values collected 

by Alvaro Felix. However, in order to obtain more 

accurate results, we needed to calibrate the model using 

local prices. Thus, we needed to work with the farmers in 

two steps: in the initial calibration and in the instruction 

on how to use the software. We also had to consider 

the interaction with suppliers, lenders and government 

incentives. Taking into consideration all these criteria, 

we developed the following steps (described in table 1): 

(i) to communicate with local farmers to obtain regional 

calibrated parameters for the model, (ii) to explain the 

use of  the software to our partners, (iii) to program 

activities to work with the farmers who are interested in 

learning and using this software, and (iv) to teach them 

how to interpret the results.

As we can observe in table 1, step (i) permits us to 

transform our general model into a more sub-regional 

(local) model. To facilitate the interaction with the 

participating	farmers	in	each	of 	the	five	regions,	we	take	

advantage	of 	the	unique	structure	of 	the	Peruvian	water	

administration center: “Comisión de Regantes”, which is 

a subdivision of  the Ministry of  Agriculture. This center 

is in charge of  representatives elected by the farmers to 

administer the water schedule for the crop irrigation of  

the region. In this way we can use the help of  this center 

to communicate with farmers and organize meetings 

that will serve as venues for gathering from farmers 

such relevant information as their current production 

activities and the necessary information to calibrate our 

local model. In order to do this, we prepared a short 

Q&A sheet, which is printed and given to them, and with 

the help of  the representatives and agricultural engineers 

from the centers, we corroborate the validation of  the 

survey and the model.

For step (ii), we met with the Cajas Rurales (local 

banks), interested suppliers of  inputs (e.g., fertilizers 

and herbicides) in the (local) region, and regional 

administrators of  the Ministry of  Agriculture. This is 

done to provide additional options and information to 

the model: special prices and discounts, better tax rates, 

and incentives by the government. Thus, the farmer 

could optimize better their resource utilization and make 

better decisions.

Likewise, we have a second set of  meetings step (iii) 

to	 capacitate	 them	 with	 the	 final	 local	 version	 of 	 the	

model. We provide the following outputs: (1) a Word 

PDF	 document	 that	 provides	 the	 instructions	 on	

how	 to	 install/open	 the	 program;	 (2)	 a	 Power	 Point	

presentation that explains the inputs that are required by 
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the software (e.g., land, capital, and labor available) and 

also an illustrated example for input requirements under 

the individual farmer and cooperative user modules; (3) 

an	explanation	in	a	PDF	file	of 	the	financial	indicators	

that	will	be	included	in	the	results	sheet;	and	(4)	a	PDF	

document with a sample case to illustrate how to interpret 

the software recommendations for crop selection and 

quantity to produce.

In order to organize the workshop for the farmers, we 

follow a similar procedure as step (iii). However we need 

to	be	more	specific	with	certain	details	and	we	require	

the partnership of  the other organizers (e.g., local banks, 

suppliers	–	the	collaborative	teams	are	displayed	in	figure	

1). The workshop should be held before the start of  the 

growing	period	of 	crops,	which	in	Peru	is	approximately	

August. In the meeting we provide the following 

instructions and information:

(1) A document with the instructions on how to install 

and	open	the	program,	which	accompanies	a	Power	

Point	presentation	that	shows	the	installation	step	by	

step.

(2) A printed example version of  the model, which 

provides the background of  a farmer. Thus, the 

farmer can follow the steps that are provided in the 

guideline and run the example. Likewise, there is a 

Power-Point	Presentation	that	also	solves	the	example	

provided in the document in order to facilitate the 

understanding on the model and compare it.

(3) Once example is prepared, the model will present 

the	results,	which	are	shown	also	in	the	PDF	printed	

version	and	 in	the	Power	Point	presentation.	Thus,	

we	 can	 explain	 one	 by	 one	 the	financial	 indicators	

(e.g.,	 Net	 Present	 Value,	 Profitability	 index	 and	

others). We would have a question/answer session to 

improve their understanding of  the topic. Likewise, 

we show how to interpret the suggested values for 

the optimal crop and their production.

(4) Then we proceed to reset the scenario of  the software. 

In this case, because the software is user-friendly and 

has already been locally adjusted (in steps (i) and (ii)), 

the farmer will only be required to write the amounts 

of  his/her own land, capital and labor. Thus, every 

farmer/cooperative	 will	 obtain	 financial	 analyses	

depending on his/her/their inputs.

(5) We discuss the results obtained by them and ask 

them if  they have any questions with respect to 

the inputs (type of  fertilizer, herbicide, etc.) that 

are suggested, the quantity of  money that could be 

required to be borrowed (and the rate of  borrowing), 

and the type of  crops that are being proposed. In 

this discussion, we also rely on the participation of  

our partners: suppliers, government representatives 

and	local	banks	(figure	1)	who	could	provide	better	

information to the farmers.

Additionally, we validate if  the farmers followed our 

suggestions and if  the model provided an accurate 

recommendation in different states of  the growth period.

 

Evaluation of the Implementation of the Plan

To evaluate the effectiveness of  the extension program, 

we will organize four different meetings during the growth 

periods: November, January, and April and July, which are 

the harvesting periods depending on the crops. Thus, we 

can monitor if  they are following our suggestions. If  they 

are following our recommendations, we then analyze if  

the production plans have been undertaken as expected, 

or if  we need to make adjustments in the model, such 

as changes in input prices (e.g. fertilizer/herbicide) to 

provide better alternatives. A survey is also conducted at 
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the end of  the growing season to ask them if  they have 

any comments to improve the model. Additionally, we 

compare their results with our predictions and deduce 

any discrepancies between prescribed and actual farm 

business decisions.

If  they do not follow our suggestions, we ask them in a 

survey why they preferred not to adopt the prescribed 

plans and compare their results to ours. In that way 

we could check if  our model in fact found an optimal 

solution or what criteria these farmers found that we 

did not take into consideration and thus to improve the 

model.

Conclusions

FARM-STPACK	 is	 a	 statistical-financial	 software	 that	

is intended to be used by small farmers designed with 

a user-friendly platform. The farmer is not required to 

have any economics background because the model does 

internally the calculations. Together with our extension 

program, we intend to help participating farmers in their 

decision	making	and	improve	their	profitability.	FARM-

STPACK	 is	 based	 on	 linear	 programing	 and	 financial	

tools. It uses Excel worksheets and Macromedia Flash. 

This software is adjusted at the local-regional levels 

(figure	5)	to	provide	more	accurate	results.

While	 this	 software	 was	 developed	 for	 Peruvian	

farmers, it can also be easily adapted to and promoted 

among US farm businesses, especially smaller farms. 

This	 farm	 business	 financial	 decision	 tool	 can	

supplement the numerous business decision aids, such 

as enterprise budgets, price monitoring programs, and 

yield or production calculators, developed by extension 

economists in several land grant universities. As this 

tool puts together all farm business decisions under 

one framework, this provides a more holistic, integrated 

approach to farm business decision-making.

This tool’s accommodation of  a cooperative business set-

up enhances its relevance to more U.S. farm businesses. 

As the business cooperative paradigm has become a 

more effective strategy for small farms to sustain and 

enhance their business viability and industry presence, 

this	 financial	 tool	 can	 help	 such	 entities	 make	 more	

reliable and useful business decisions.
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Table 1. Set of activities per period (1-8) for the extension program

Figure 1. Procedure of internal operations – FARM STPACK
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Figure 2.a. Cost description of a determined crop per activity – Expenses
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Figure 2.b. Cost description of a determined crop per activity – Production cost
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Figure 2.c. Description of a determined crop per activity – Net revenue
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Figure 3. Organization of the team

Figure 4. Set of activities of the extension program
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Figure 5. The presentation – Macromedia output of FARM ST-PACK

Figure 6. Options – Macromedia output of FARM ST-PACK
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Figure 7. Input from farmers – Macromedia output of FARM ST-PACK

Figure 8. The download option – Macromedia output of FARM ST-PACK



2017 JOURNAL OF THE ASFMRA

126126

Figure 9. The summary report – Hectares devoted to each crop

Figure 10. The summary report – Input for each crop
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Figure 11. The summary report – Total potential net revenue



Land Quality Perceptions in Expert Opinion 
Surveys: Evidence from Iowa

By Wendong Zhang & Michael D. Duffy

Introduction

Land is the most valuable asset in the US farm sector. Valued at 

2.31 trillion US dollars in 2016, farm real estate (land and structures) 

accounted for 85 percent of  total US farm assets (USDA ERS, 2016a). 

Because	it	comprises	such	a	significant	portion	of 	the	balance	sheet	of 	

US farms, changes in the value of  farm real estate have an important 

bearing	on	the	farm	sector’s	financial	performance.	Farm	real	estate	

also represents the largest single item in a typical farmer’s investment 

portfolio. Land is a principal source of  collateral for farm loans and a 

key component of  many farmers’ retirement funds. Changes in land 

values	affect	the	financial	well-being	of 	landowners.	

ABSTRACT

While many opinion-based surveys ask 

land values for different land quality 

classes, little is known how survey 

respondents perceive the land quality. 

Using the 2015 Iowa Land Value Survey, 

this article examines how respondents 

perceive land quality in their responses 

to land value questions. Our results 

show agricultural professionals seem 

to perceive land quality with respect to 

specific	regions,	and	high,	medium	and	

low land quality should be interpreted 

locally within a crop reporting district. 

This	case	study	suggests	that	it	is	difficult	

to generalize uniform yield or soil 

productivity index ranges for land quality 

questions in all opinion-based surveys.
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Many view farmland transaction prices as the best 

measure to estimate farmland market trends. However, 

when solely relying on transaction prices, there are 

several challenges to understanding farmland market 

trends. First, the farmland sales market is very thin – 

the amount of  farmland sold each year typically only 

represents one to two percent of  all farmland in the US 

(Zhang, Ward, and Irwin, 2014), and even less for arm’s 

length transactions. Second, the farmland market tends 

to be localized and heterogeneous in crop-livestock 

mix, land use types, and land quality, even within a 

state. Third, farmland owners tend to hold onto land, 

especially top-quality land, for a long time – more than 

half  of  all farmland owned by Iowa landowners was 

bought more than 20 years ago (Duffy, 2014). While it 

does not necessarily suggest that appraisers do not have 

enough land sales available to establish credit market 

value	of 	the	land,	it	does	make	it	difficult	to	keep	up	with	

recent trends in any particular localized farmland market, 

especially for those professionals and investors who 

do not track individual and often scattered auction or 

private party sales. In addition to farmland transactions, 

opinion-based surveys often provide consistent and 

complimentary information on farmland market trends 

at the county, district, and state-level.

In lieu of  transaction data, many land grant universities 

across the Midwest, the US Department of  Agriculture 

(USDA), the Federal Reserve Bank system, and many 

agricultural professional associations conduct annual 

or quarterly opinion surveys to gauge the pulse of  the 

farmland markets. These opinion surveys of  market 

participants and farmers (in the case of  USDA) or 

agricultural professionals otherwise, are often directly 

based on recent land transactions and provide valuable, 

complimentary information on farmland markets. 

Previous	empirical	 analyses	have	 suggested	 that	 survey	

data are a good indicator of  the historical and current 

path of  land values (Zakrzewicz et al., 2012; Stinn & 

Duffy 2012). The results of  these opinion surveys are 

widely used in farmland investment, rural property 

appraisal, agricultural consulting, farm management and 

estate planning.

Many farmland value surveys cover several different 

land use types such as cropland, pastureland, and 

timberland. In addition, cropland is often categorized 

into top, average, and poor quality classes (for examples, 

see surveys conducted in Indiana, Ohio, Illinois, North 

Dakota, Iowa, and Nebraska). Table A1 in the appendix 

provides a description of  other surveys, especially 

how they ask land quality questions, which varies from 

explicitly	 defined	 crop	 yield	 ranges	 to	 respondent-

reported values on soil quality or crop yields, and non-

specified	 in	 many	 cases.	 While	 land	 quality	 is	 one	 of 	

the	most	significant	characteristics	for	farmland	values,	

we lack a clear understanding on how land quality is 

subjectively	defined	or	perceived	by	participants	of 	many	

of  these opinion surveys.

This article analyzes how the respondents to opinion-

based surveys perceive land quality in their answers to 

land value questions. We also investigate whether or not 

they view high, medium, and low quality with state-wide 

yield ranges or as relative to their service area. We will 

use the 2015 Iowa State University Land Value Survey 

as	 an	 example.	 However,	 the	 findings	 are	 informative	

and useful to understand the survey methodology and 

interpretations of  all opinion-based surveys, especially 

those conducted by other land grant universities.
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Initiated in 1941, the Iowa Land Value Survey represents 

the longest running annual opinion survey of  farmland 

markets in the US and is widely used by agricultural 

stakeholders in Iowa, the Midwest and across the 

country (Zhang, 2015a). Unique to our study region, 

Iowa started a process to change its soil productivity 

system that has been used since the early 1970’s. In 

addition to understanding how agricultural professionals 

or producers perceive land quality in opinion-based 

surveys using Iowa as a case study, this study analyzes 

how accurately the respondents understand the change 

from the original Corn Suitability Rating (CSR) to a new 

Corn Suitability Rating 2 (CSR2) in 2013, especially the 

correlation between reported CSR values with land values 

and the consistency of  reported values with empirical 

soil data evidence.

 

Land Quality Questions in the Opinion-based 

Surveys

Many opinion-based surveys conducted by Midwestern 

land grant universities, USDA, and the Federal Reserve 

bank ask land quality questions. However, how land 

quality	is	defined,	and	how	the	question	is	posed,	varies	

significantly	 across	 various	 opinion-based	 surveys.	

Appendix table A1 shows how land quality questions 

are presented in more than ten opinion-based surveys 

of  land values throughout the Corn Belt. For example, 

quality	 definitions	 range	 from	 statewide	 pre-specified	

ranges of  crop yields in the Illinois Farmland Value 

Survey,	to	pre-specified	ranges	based	on	Land	Capacity	

Classifications	 in	 the	 Nebraska	 Real	 Estate	 Market	

Survey, to subjective average crop yields reported by 

respondents, such as in surveys conducted by Ohio State 

University	 and	 Purdue	 University.	 In	 contrast,	 USDA	

solicits land value estimates from producers for a spatially 

delineated parcel, while the Federal Reserve Bank of  

Chicago	does	not	offer	specific	land	quality	definitions.	

Given the substantial variability across the surveys, we 

use Iowa State University Land Value Survey as a case 

study to offer some insights on how these land quality 

questions are perceived by agricultural professionals.

Sponsored annually by Iowa State University (ISU) 

Extension and Outreach and ISU Center for Agricultural 

and Rural Development (CARD), the Iowa State 

University Land Value Survey is intended to provide 

information on general land value trends, geographical 

land	price	relationships,	and	factors	influencing	the	Iowa	

land market. The survey is not intended to provide an 

estimate for any particular piece of  property. The survey 

is based on reports by licensed real estate brokers, farm 

managers, appraisers, agricultural lenders, and selected 

individuals considered to be knowledgeable of  land 

market conditions. The Iowa Land Value Survey is the 

only consistent data source that provides an annual 

land value estimate for each of  the 99 counties in Iowa 

(Zhang, 2015a).

Participants	in	the	survey	are	asked	to	estimate	the	value	

of  high, medium, and low quality land in their county as 

of  November 1 each year. These individual land value 

responses are used to calculate not only average land 

values at the crop reporting district and state level, but 

also district- and state-level estimates for high, medium, 

and low quality land.1 County-level estimates are not 

directly from the survey itself, but rather derived from a 

procedure that combines the ISU survey results with data 

from	the	US	Census	of 	Agriculture.	Specifically,	the	ISU	

survey	responses	are	first	used	to	derive	an	unadjusted	

average for one county, which will then be adjusted using 

the ratio of  land values for that county relative to the 

district	average	from	the	last	five	rounds	of 	US	Census	
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of  Agriculture (Harris, 1980). This procedure also takes 

into account the effects of  neighboring counties from 

districts delineated using similar spatial land quality 

patterns following the work by Walker (1976).

Previous	 research	 has	 shown	 that	 the	 state	 land	 value	

estimates from the ISU survey are consistent with the 

survey results from USDA, the Federal Reserve Bank of  

Chicago, and the Realtors Land Institute, which can be 

accessed in a web-portal accessible at www.card.iastate.

edu/farmland/ (Zhang, 2015b). Stinn and Duffy (2012) 

compared the ISU survey results with arm’s length 

farmland sales prices from 2005 to 2011, and found sale 

prices	 are	 not	 statistically	 significantly	 different	 from	

the ISU survey averages.2 The Iowa Land Survey is a 

well-respected, widely-used, and consistent source of  

information for farmland values in Iowa and across the 

Midwest.

Figure 1 presents the land quality questions from the 

2015 Iowa Land Value Survey. In particular, we asked the 

average soil productivity index, which is known as CSR 

and CSR2 (Corn Suitability Rating 2) in Iowa, for high, 

medium, and low quality land for a particular county. 

Survey respondents who provided estimates are given 

their past year’s estimates as a reference. 

Background on the CSR System3 

Introduced by Thomas Fenton of  Iowa State University 

in 1971, the corn suitability rating (CSR) is a soil 

productivity rating for Iowa soils ranging from a low of  

five	to	a	high	of 	one	hundred.	Since	its	inception,	CSR	

has gained widespread use by farmland owners, tenants, 

and other land professionals (Jensen, 2013; Burras et al., 

2013).	CSR	values	are	often	used	when	figuring	farmland	

indexes such as land values and cash rents, as well as 

individual real estate property taxes. The CSR values are 

designed to measure inherent soil productivity under 

average management. The correlation with long-term 

corn yields is shown in Figure A1 in the appendix.

Iowa State University Extension and Outreach 

introduced an updated rating system in 2013. The new 

system is simply named Corn Suitability Rating 2 (CSR2). 

A major difference between the two systems is climatic 

considerations. The original CSR index was developed 

using weather data from the 1950s to 1970s. At that 

time, western Iowa had a relatively drier climate. As a 

result, the original CSR had adjustments to compensate 

for the difference in climate as you moved across Iowa 

from the southeast to the northwest. When compared to 

southern and eastern Iowa, these adjustments resulted 

in lower ratings for soils with similar properties located 

in the northern and western parts of  the state. The 

climate, especially precipitation patterns, has changed 

noticeably	 since	 the	 1970s	 with	 a	 five	 to	 seven-inch	

increase in normal rainfall across central, northwestern, 

and western Iowa. The new CSR2 uses the last 30 years 

of  weather data, from 1981 to 2010, and as a result, the 

climatic adjustments have been eliminated from the new 

calculations.

The new CSR2 is designed to be transparent in how soils 

are rated. CSR2 was developed for Iowa but it could be 

calculated for soils anywhere in the world with similar 

soil data available. At the present time, Iowa is the only 

state that uses a CSR indexing system.

As	explained	above,	 the	most	significant	change	 in	 the	

new CSR2 system is that the new CSR2 no long has 

an adjustment for climate. The lighter areas in Figure 

2 below clearly show that northwest, west-central, and 
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north-central parts of  Iowa saw a greater increase in 

the county weighted average CSR2 values relative to the 

average CSR values. In addition, the CSR2 now assigns 

the same CSR2 values to all soils of  the same types rather 

than making adjustments at the county level. For more 

details regarding the CSR system and the transition into 

CSR2, please see Jensen (2013).

Survey Results

Table 1 shows the different categories depending on 

whether or not the respondents reported some quality 

measure of  the CSR and/or CSR2 value associated 

with the land value estimates. As shown in Figure 2, 

respondents were given the choice of  reporting the CSR 

and/or the CSR2 value corresponding to their estimated 

land value. The CSR measures were used in lieu of  crop 

yields in terms of  bushels per acre because the CSR is 

a	measure	of 	soil	quality	whereas	yields	can	also	reflect	

weather, management, and other factors.

CSR	 and	 CSR2	 are	 valued	 from	 five	 to	 one	 hundred.	

There were 38, or 6 percent, of  the responses with 

incorrect numbers for CSR or CSR2 values (i.e., greater 

than 100). Thus, we categorize these responses as 

misinformed about the system – it is hard to interpret 

someone who reports using an index but then gives a 

number not possible using that index.

As	shown	in	Table	1	almost	one-fifth,	19	percent,	of 	the	

responses did not report an index value. It is not possible 

to tell from the data if  some other method was used 

to distinguish between high, medium, and low quality 

farmland. These responses provided estimates based on 

quality of  the land determined on a personal basis.

Table 1 shows that the majority of  the responses, 75 

percent, reported using one or both of  the soil quality 

indices. Most of  the responses reported the value for 

both indices in their determination of  high, medium, 

and low quality land. Over half  of  the responses using 

an index value used both CSR and CSR2 values. 

Impact of Primary Occupation

The discussion to this point has focused on the 

responses to the land value survey. Survey respondents 

were able to provide value estimates and CSR ratings 

for more than one county. As a result, the number of  

responses is greater than the number of  respondents. We 

used the number of  responses for Table 1 because the 

respondents provided different land value estimates and 

CSR or CSR2 values for each county in their responses.

Table 2 presents the breakdown of  the respondents by 

their primary occupation and type of  quality measure 

they reported using with their land value estimates. 

Respondents are used instead of  responses because a 

person responding for more than one county will only 

have one occupation. Including all responses could have 

introduced a bias towards those who reported for more 

than one county.

Agricultural lenders were the most frequent respondents 

to the land value survey, representing 38 percent of  the 

respondents. Lenders also represented 46 percent of  

respondents who did not list a measurement value.

The top four occupations represented 81 percent of  all 

the survey respondents, with appraisers, lenders, farm 

managers, and sales accounting for 14, 38, 16, and 13 

percent of  respondents, respectively. Over 85 percent 

of  the appraisers and farm managers reported an index 

value	used	for	the	quality	of 	 land.	These	results	reflect	
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that farm managers and rural appraisers routinely use 

farmland transactions data, which typically has parcel-

level CSR or CSR2 information. In contrast, agricultural 

lenders	may	be	more	familiar	with	the	financial	aspects	

of  farmland transactions.

Summary Statistics on CSR and CSR2 

Responses

Table 3 presents the summary statistics for the CSR and 

CSR2 values reported by land quality. To construct Table 

3, we combined the responses for those who gave both 

indices with those who only provided CSR or CSR2 

values. The results for those who reported both the CSR 

and	CSR2	 values	were	 not	 significantly	 different	 from	

those who reported either only CSR or CSR2, so we 

combined the estimates.

The CSR values reported are lower than the corresponding 

CSR2 values. This is to be expected because of  changes 

in how the two indices are calculated. Dropping the 

climatic factor increased the values for northern and 

western Iowa, which generally have higher productivity 

than the southern areas of  the state. This suggests that 

agricultural professionals are familiar with the change 

in the CSR system and their reported soil productivity 

indices are consistent with the objective measures 

published by Iowa State University agronomists.

Table 3 shows the expected results with respect to the 

index values. The values are the highest for the high 

quality land and lowest for the low quality land. In Table 3 

we	also	present	the	coefficient	of 	variation,	the	standard	

deviation divided by the mean, which provides a unitless 

measure to compare the relative variability of  index 

values across land quality classes. Table 3 shows that the 

coefficient	of 	variation	increases	from	high	to	medium	

to low quality land. On one hand, this may result from 

more limited supply for higher quality land, and on the 

other hand, the greater dispersion for index values for 

low	quality	 land	may	reflect	 the	mixing	of 	pasture	and	

less	productive	cropland	in	this	category.	The	coefficient	

of  variation for CSR and CSR2 is similar for all three 

land categories.

Many growers and people working within the Iowa land 

market use the “dollars per point” as a measure to compare 

different land sales. The dollars per point is simply the 

dollars per acre divided by the weighted average CSR or 

CSR2 for a particular property. This heuristic measure 

assumes that the fundamental soil productivity of  land is 

the primary factor for driving farmland values, especially 

in the Corn Belt. Discussing the desirability and pros 

and cons of  using this measure is beyond the scope of  

this	 paper.	 Suffice	 it	 to	 say,	 people	 do	 compare	 based	

on dollars per soil quality point. Readers interested in 

learning more about this measure could read Seifert and 

Sherrick (2016) for a discussion of  this measure in Iowa, 

Indiana, and Illinois.

Table 4 shows the dollars per point for the two land 

quality indices and the three land quality measures. 

Similar to Table 3, the reported values follow the 

expected pattern for decreasing dollars per point with 

lower land quality. This suggests that survey respondents 

feel that high quality farmland in Iowa is worth more 

for one unit in the inherent soil productivity compared 

to	lower	quality	land.	This,	again,	likely	reflects	a	limited	

supply of  high quality farmland. In addition, notice that 

the dollars per point are higher for the CSR measure than 

the	CSR2	measure.	This	reflects	the	higher	CSR2	values	

shown in Table 3. A constant dollar estimate for the land 

value divided by a lower number gives a higher dollar per 

point.



2017 JOURNAL OF THE ASFMRA

134

The	coefficients	of 	variation	are	higher	as	the	quality	of 	

the land decreases (similar to Table 3). More importantly, 

the	coefficient	of 	variation	is	much	larger	for	the	dollars	

per point relative to the absolute index value. The lower 

quality land shows a much wider CV for both the CSR 

and	 CSR2.	 This	 may	 reflect	 that	 land	 value	 estimates	

could	be	 influenced	by	a	host	of 	other	 factors	beyond	

soil productivity, including distance to population 

centers and potential development pressure, recreational 

opportunities of  the land, and distance to grain markets.

We also investigated the correlation between the reported 

CSR2 values with land value, dollars per CSR2 point, as 

well as with reported CSR values. Table 5 presents the 

estimated	correlation	coefficients	for	various	measures	in	

the land value survey and land quality designations. The 

correlation	coefficient	 is	 a	measure	of 	 the	 relationship	

between	two	random	variables.	The	coefficients	shown	

in Table 5 were produced in Excel. First, note that there 

is a strong correlation between reported CSR responses 

and reported CSR2 values for all three quality classes. It 

is also obvious that the correlation between these two 

soil quality measures are lowest for high quality land, 

which may result mainly from a large increase in soil 

quality index values for high quality soils in northwest 

Iowa due to the shift to the CSR2 system. The strong 

correlations between the reported CSR2 responses and 

land value and dollars per CSR2 point indicate that soil 

quality indexes, such as CSR2 in Iowa, are a useful and 

valid indicator in farmland management, appraisal, and 

valuation. The higher correlation between CSR2 and 

dollars per CSR2 point, especially for high quality land, 

confirms	our	earlier	discussions	that	survey	respondents	

feel that high quality land is worth more for one unit 

of  soil productivity index compared to low quality land. 

This	finding,	consistent	with	Seifert	and	Sherrick	(2016),	

again	reflects	the	limited	supply	for	high	quality	land	as	

well as the large quality variations for low quality land.

Land Quality Perception Differences across 

Districts

The USDA divides Iowa into nine crop reporting 

districts (CRD). The CRDs contain approximately the 

same number of  counties; and, for the most part, they 

have similar land quality and land use patterns.

Table 6 shows the average and standard deviation for 

each CRD and for both the CSR and CSR2 responses. 

The numbers for the State of  Iowa are similar to the 

ones presented in Table 3.

Table	6	illustrates	the	difficulty	with	using	specific	yield	

ranges	or	soil	quality	measures	to	define	high,	medium,	

and low quality land for all farmland in Iowa. Our results 

seem to suggest that agricultural professionals perceive 

high, medium, and low quality with respect to their area 

or district. Note that the average CSR2 for high quality 

land in the Southwest and South Central districts are less 

than the average CSR2 for the medium quality land in 

Northwest district. In addition, comparing across the 

CRDs shows a difference of  19 percent between the 

high and low CSR for the high quality land. Comparing 

medium quality land there is a difference of  28 percent 

between the high and the low average CSR. Low quality 

land shows a difference of  39 percent between the high 

and low CRD values.

The pattern of  higher average CSR or CSR2 for the 

higher quality land continues to exist for all CRDs. The 

pattern for the higher CV going from high to low quality 

land also continues for all CRDs. In some CRDs the CV 
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is triple for the low quality land relative to the higher 

quality land.

Differences between Response Values and 

the Actual Calculated Values

The original CSR values were developed and maintained 

by Iowa State University. CSR2 was developed by Iowa 

State University but it relies on values provided by the 

USDA National Resource and Conservation Service 

(NRCS). The estimates are publically available. The 

official	values	are	available	in	the	Iowa	Soils	Properties	

and	Interpretations	Database	(ISPAID).

Table 7 shows a comparison between the average CSR 

and CSR2 responses for medium quality land to the 

survey and the calculated weighted average CSR and 

CSR2	values	 from	ISPAID.	The	average	 from	ISPAID	

was calculated by averaging the CSR and CSR2 values 

weighted by USDA NRCS acres. 

The difference in the reported and the actual weighted 

average	values	were	not	statistically	significantly	different	

at	the	90	percent	level	in	five	of 	the	nine	CRDs	for	CSR	

and in six of  the nine CRDs for the CSR2 estimates. Table 

7	shows	that	the	reported	CSR2	values	are	significantly	

higher	for	the	ISPAID	actual	weighted	average	especially	

in East Central, South Central, and Southeast districts. 

This	could	likely	be	resulting	from	the	fact	that	ISPAID	

includes all soils, even soils that are not farmed, when 

calculating the weighted-average CSR and CSR2 values. 

In other words, a weighted average for soils used for 

agricultural production excluding non-farmed acres 

would yield a higher value than the current weighted 

average, which will shrink the gap between reported CSR 

and CSR2 values. 

Discussion

Opinion surveys have been the mainstay for providing 

estimates for changes in land values for many years by 

a variety of  different groups and institutions. There are 

different	classifications	of 	survey	respondents,	different	

time periods, different questions asked, and so forth. 

However, all opinion surveys solicit the opinion of  the 

respondent. While these opinions cannot be directly used 

to infer land value for a particular parcel, they provide 

useful benchmarks on general farmland market trends at 

the county, crop reporting district, and state level.

This paper focused on the perceptions of  land quality 

differences when people respond to the opinion-based 

surveys of  land value. Some surveys, like the one 

conducted by the University of  Illinois, provide explicit 

and common crop yield ranges for the respondents 

in completing the survey. Other surveys simply use a 

high, medium, and low quality or some other opinion 

categorization	rather	than	a	specific	measure.	While	the	

land value for different land quality classes are commonly 

used by agricultural professionals, there is no clear 

evidence	on	how	land	quality	 is	subjectively	defined	or	

perceived by the respondents in many of  these opinion 

surveys.	To	our	knowledge,	this	paper	provides	the	first	

empirical evidence on how land quality is perceived by 

respondents in opinion surveys using the ISU Land 

Value Survey as a case study.

We found that 75 percent of  the ISU Land Value Survey 

respondents do have some quantitative measure in mind 

when they record a value estimate based on land quality. 

Another six percent reported using an ISU soil ranking 

system, but they reported a number outside the range of  

possible values. What this means is subject to speculation, 

we treated these respondents as misinformed and did 
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not use their responses in the analysis. The remaining 

respondents, 19 percent, did not report using an Iowa 

soil productivity index as a measure for their responses. 

This does not mean they did not use some type of  scaling 

mechanism when estimating their land values but they 

didn’t report using the CSR system, the most common 

Iowa system.

The lending community represented 38 percent of  the 

respondents but almost half  (46%) of  those who didn’t 

report using a soil productivity value. Appraisers and 

farm managers were 30 percent of  the respondents and 

represent 15 percent of  those who didn’t report a soil 

productivity value. It is quite likely people had some yield 

level or soil properties in mind when they made their 

distinction between land qualities.

A	 significant	 finding	 is	 how	 the	 survey	 respondents	

perceive high, medium, and low land quality with respect 

to their region. For example, the reported soil productivity 

value for high quality land in south-central Iowa is lower 

than the average productivity value for medium quality 

in	 northwest	 Iowa.	 This	 illustrates	 a	 difficulty	 using	

statewide	pre-specified	yield	or	 soil	 index	 ranges	when	

asking	 quality-specific	 land	 value	 questions	 in	 opinion	

surveys. In addition, this regional heterogeneity is also 

revealed from the range in values for the productivity 

measure reported throughout the state. The difference 

between the highest average soil productivity estimates 

by	 area	 of 	 the	 state	 for	 each	 land	 classification	 was	

significant.	The	differences	ranged	from	approximately	

20 percent for high quality estimates, to 30 percent 

for medium quality estimates, to 38 percent difference 

between the high and the low average reported value for 

the low quality land.

The variation in responses increases going from high, 

medium, to low quality land. This result is similar to the 

increasing differences within a land class between regions. 

The primary reason for the wider dispersal of  estimates 

as land quality decreases is the increasing amount of  land 

farmed in the lower quality. In other words there is more 

variability in land falling into the lower quality.

This study also analyzed how respondents of  opinion 

surveys update their land quality perceptions when one 

state converts from one soil productivity measuring 

system to another. In particular, we looked at the 

transition from CSR to CSR2 system in Iowa. Both 

measures, CSR and CSR2, were given in 42 percent of  

the responses; and, over half  (55%) reported using the 

CSR2, suggesting that many agricultural professionals 

have embraced the CSR2 system. The CSR system has 

been in place for almost 40 years and the conversion to 

the CSR2 started in 2013.

This paper has several important implications for 

professional farm managers, rural appraisers, agricultural 

consultants and investors, as well as those interested 

in the farmland market. First, using the 2015 ISU land 

value	 survey	 as	 an	 example,	 we	 find	 that	 the	majority	

of  agricultural professionals who responded to the 

survey	have	a	quantifiable	measure	 in	mind	when	 they	

make	 the	 distinction	 among	 land	 classifications.	 This	

suggests that a soil quality index, such as CSR and 

CSR2 employed in Iowa, is a salient measure used by 

agricultural professionals when evaluating farmland 

market trends and individual investment opportunities. 

This	 finding	 is	 consistent	 with	 the	 fact	 that	 farmland	

transactions like auctions highlight average CSR2 or 

other soil quality index as one of  the most important 

characteristic for a farmland parcel for sale. However, 
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we also need to mindful that although soil productivity 

is a major determinant of  land value, it is only for tillable 

soils	and	not	the	only	factor.	Professionals	also	need	to	

consider and allow for the percent tillable, location, size, 

financing	influences,	and	general	economic	conditions.

A	second	finding	is	that	the	perceptions	of 	land	quality	

vary	 significantly	 across	 regions	 –	 the	 average	 soil	

productivity measure in southern Iowa for high quality 

land is lower than that for medium quality in northwestern 

Iowa. This wide spread in the average value between 

regions	suggests	that	if 	a	specific	range	for	each	of 	the	

land	 classes	 is	 pre-specified,	 the	 ranges	would	 have	 to	

be	wide	or	else	tailored	for	specific	regions.	This	finding	

sheds light on the interpretation of  land quality and 

land value for all opinion-based surveys. In particular, 

our analysis suggests that land quality, even not explicitly 

specified	in	opinion	surveys,	tends	to	be	perceived	relative	

to	a	specific	region	as	opposed	to	conforming	to	uniform	

statewide ranges of  crop yields or soil quality indexes. 

Practically,	 this	mean	 that	agricultural	professionals	are	

encouraged	to	employ	region-specific	soil	quality	values	

for high, medium, and low quality land classes, and 

explore spatial variations in the marginal contribution 

of  land quality improvement in land values. Similarly, 

researchers	are	encouraged	to	incorporate	regional	fixed	

effects in hedonic analyses of  farmland markets and 

explore	 regional-specific	 capitalization	 impacts	 of 	 land	

quality in farmland values. In particular, low quality soils, 

which may be continuously in row crops, rotated acres 

or pasture, tend to have a larger range in soil productivity 

measure.

Finally, our paper revisits the tradeoffs between farmland 

transaction prices and opinion surveys of  farmland 

market	 participants.	 Previous	 research	 has	 established	

that opinion surveys of  agricultural professionals, which 

are often indirectly relying on recent farmland sales, 

are good indicators of  farmland market trends and on 

average are not statistically different from farmland 

transaction prices (Stinn & Duffy 2012). However, 

previous studies argue that appraised values or opinion 

surveys could estimate the value of  natural amenities 

(Ma & Swinton 2009), which may imply more caution 

is warranted when analyzing survey data in regions with 

lakes or streams or greater hunting presence. In addition, 

in times of  rapidly changing land values, the differences 

across different surveys at different times, and the 

deviation of  opinion surveys from the transaction prices 

may	fluctuate	more	widely	(Stinn	&	Duffy	2012).	Given	

the low turnover ratio and localized nature of  farmland 

market, the opinion surveys of  agricultural professionals, 

such as the ISU land value survey examined in this paper, 

provide valuable insights in gauging farmland market 

trends rather than valuing a particular property.

We contend that more research is needed to examine 

the right procedures in determining what transactions 

are really arm’s length, to analyze whether and how the 

relationships between surveys and actual sales change 

with	market	fluctuations,	to	figure	out	how	the	opinion	

surveys should be designed to be easy to respond to yet 

insightful to provide valuable information such as county 

level land value trends, and to provide guidance on what 

to do and not to do with the surveys to avoid misuse.
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Endnotes

1  Iowa has nine crop reporting district with each 

district approximately covering nine neighboring 

counties.
2  Arm’s length means that the transaction occurs 

in which buyers and sellers of  the farmland act 

independently and have no relationship to each other 

(e.g., they are not relatives).
3  The main text of  this section is adapted from Jensen 

(2013).
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Figure 1. Land quality questions in the 2015 Iowa Land Value Survey

Figure 2. Changes from the CSR system to the CSR2 system in Iowa
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Table 1. Number and percentage of responses by type
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Table 2. Respondents by response types and primary occupation
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Table 3. Summary statistics on reported average CSR and CSR2 by response 
types
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Table 4. Summary statistics on land value per CSR or CSR2 point by response 
type
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Table 5. Correlation coefficient between land values, $/CSR2 and CSR with 
CSR2
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Table 6. Summary statistics of reported average CSR and CSR2 and the 
standard deviations from the 2015 Iowa Land Value Survey
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Table 7. Differences between reported average CSR2 values for medium quality 
land and the actual average CSR2 from ISPAID
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Appendix
Table A1. Land quality questions in midwestern expert opinion surveys of land 
value
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Table A1 Cont’d.
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Figure A1. Scatterplot of county average corn yields 1986-2015 vs. average 
CSR2



Matlatzinca Interpretative Path and Food 
Landscape (MIP) Social Touristic Project

By Luis A. López-Mathamba, Luis M. Peña-Lévano, Dr. 

Humberto Thome-Ortiz, and Dr. Cesar Escalante

Introduction

Thousands	 of 	 years	 ago,	many	 cultures	 flourished	 and	 grew	 across	

Latin America, becoming the basis of  many important cities and 

nations. Nevertheless, only a few of  them have survived until now. 

This is the case of  the Matlatzincas, a powerful ancient nation that lived 

around 3000 BC and formed the basis for the culture and economy of  

the current state of  México. Many Matlatzincas are currently settled 

in a small town in México called San Francisco Oxtotilpan (SFO) in a 

region located next to the Toluca volcano (Borboa, 1999; CDI, 2009; 

and Granados-Flores & Ramírez, 2011).

ABSTRACT

Matlatzinca	Interpretative	Path	and	

Food	Landscape	(MIP)	is	a	landscape	

project implemented in Matlatzinca 

Valley, Mexico. This project is built in 

partnership with local inhabitants of  

the town who participated in planning 

workshops and expressed interest in 

improving the connection between 

cultural preservation and their daily life. 

The main objective is to provide a plan 

that can help the preservation of  endemic 

food and culture of  the Matlatzincas, 

while also protecting the environment 

and providing a source of  income for the 

local population. In addition, it offers a 

full-package experience for visitors that 

includes: a tour, traditional food, lodging 

in a traditional cabin, and the opportunity 

to interact with local Matlatzincas.
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Despite being conquered by Spain and other pre-Spanish 

empires (e.g., the Aztecas), the Matlatzincas were able 

to keep their traditions, which are now considered as 

a valuable national patrimony. In addition, they have 

preserved their native agricultural practices and the 

endemic forest and plantations (CDI, 2009). Thus, SFO’s 

landscape presents a unique variety of  traditional foods 

and plants that are not found in any other place in the 

world.

However, several sociocultural developments have 

evolved in recent decades, partially changing their 

traditions. The modern Matlatzincas face several 

challenges: (i) fewer people are interested in speaking 

the native language, (ii) they face challenges in selling 

their endemic food products, mainly because they are 

relatively unknown to the market, (iii) the preservation 

cost of  traditional houses of  the ancestral Matlatzincas 

is high, and (iv) soil erosion decrease land productivity; 

among many others. These reasons suggest the need 

for a program that can help to preserve their cultural 

tradition and promote their local food and tourism in a 

manner	that	is	economically	beneficial	to	their	population	

and environmentally-friendly at the same time (López-

Mathamba, 2015).

Landscapes 

A landscape, in socioeconomic terms, is a unit of  area 

that possesses a unique “organic quality” (i.e., vegetation, 

culture,	 fauna,	 etc.)	 defined	 in	 a	 determined	 area,	with	

physical and cultural relations with other landscapes 

(Sauer, 2006). Thus, landscapes are considered a primary 

source of  rural tourism for many towns. Additionally, 

they interplay with different agricultural activities as well 

as with the native population tradition (Naveh, 1998; 

García, 2004).

Interpretative and food landscapes are two prominent 

examples	of 	a	 landscape.	The	first	one	is	an	organized	

plan that intends to facilitate visitors’ access to the 

natural culture and environment, and provides them with 

recreational and educational services. Likewise, food 

landscapes promote the development of  endemic foods 

while being environmentally sustainable. Both then also 

become sources of  income for the population through 

tourism and sale of  local food (López-Mathamba, 2015).

The Matlatzincas

The descendants of  the Matlatzincas inhabit SFO, a 

small town located next to the Toluca volcano which also 

possesses natural forest cover and cropland. Their main 

activity is agriculture and is mainly developed by men. 

Women traditionally take care of  the home and children, 

although they support their husbands at the seeding 

and harvesting period. The main crop is maize for self-

alimentation. They also grow other endemic traditional 

crops (i.e. beans, barley, etc.) and collect fungi from the 

forest.	In	addition,	they	have	developed	beneficial	drinks	

such as “pulque”, which is rich in probiotics (INAH, 

1982; Lopez-Mathamba, 2015).

Objective

Our current study, called Matlatzinca Interpretative 

Path	and	Food	Landscape	(MIP)	is	a	 landscape	project	

implemented in Matlatzinca Valley, México.1 This 

project is built in partnership with collaborators from 

three universities: Universidad Autónoma del Estado de 

México	(UAEM),	Purdue	University,	and	the	University	

of  Georgia (UGA). Our main objective is to provide 

a plan that can help the preservation of  endemic food 

and culture of  the Matlatzincas while also protecting 

the environment and providing a source of  income for 

the local population. In addition, it offers a full-package 



2017 JOURNAL OF THE ASFMRA

154

experience for the visitors that includes: a tour, traditional 

food, lodging in a traditional cabin, and the opportunity 

to interact with local Matlatzincas.

This study produces two important contributions: (i) 

it updates the information about Matlatzinca culture, 

botanic diversity, and native food products, and (ii) it 

also	proposes	and	implements	a	beneficial	project	for	the	

habitants of  SFO by creating an interpretative landscape 

from	which	they	profit	through	agriculture	and	tourism	

while at the same time preserving their traditions and 

culture.

This article focuses on an agritourism project for a cultural 

unit outside the US and provides an important blueprint 

for a more effective and wholistic implementation of  an 

agritourism business venture, especially in the US. The 

Agricultural Marketing Resource Center cited the role 

of 	 agritourism	 in	providing	 income	diversification	 and	

enhancement	benefits	to	US	farms,	especially	to	smaller	

farms. Data from the 2007 and 2012 US Censuses of  

Agriculture show the industry’s impressive growth 

between those years (USDA-NASS, 2007, 2012). In 

2007 the industry generated $546 million gross revenues 

attributed to 10,249 farms while in 2012 the revenues and 

the	number	of 	involved	firms	increased	$674	million	and	

13,334 farms. The US agritourism industry continues to 

grow and become an important income source for many 

farms, especially smaller ones. This article can provide 

insights on strategies to effectively blend the preservation 

of  cultural and social traits of  communities with an 

economic agenda, in order to improve the survival 

and overall viability of  small farm businesses and their 

communities.

MIP and the Interest of the Community and 

Institutions

The local community was previously looking for 

strategies to preserve its tradition and started a project to 

build touristic cabins called Cultural Center Matlatzinca 

(CCM). However, CCM didn’t include interpretative 

or	 food	 landscapes,	 specific	 plans	 for	 cultural	 or	

environmental preservation, or a strategy to attract 

tourists. For these reasons, the inhabitants were very 

interested	 in	 collaborating	 with	 to	 develop	 the	 MIP	

proposal.

Our team consists of  environmental and agricultural 

economists, agroindustry engineers, and tourism 

specialists	 from	 UAEM,	 Purdue	 University,	 and	

UGA	 (figure	 1).	We	 present	MIP	 as	 a	 project	 for	 the	

Matlatzincas to promote tourism, transfer knowledge to 

future generations, and advertise their local food while 

(i) preserving the local cultural aspects and traditions and 

(ii)	 being	 economically	 profitable	 and	 environmentally	

sustainable. This is done to improve the integration of  

tourism and environmental conservation in México. It 

also promotes the local food industry of  Matlatzinca 

while	developing	an	inventory	of 	the	region’s	beneficial	

indigenous plants and fungi.

Thus,	 MIP	 is	 a	 proposal	 of 	 our	 team	 together	 with	

the local inhabitants, who participated in the planning 

workshops and expressed interest in improving the 

connection between cultural preservation and their 

daily life. Likewise, this project is based on the empirical 

scientific	evidence	presented	in	the	2015	study	of 	Luis	

López-Mathamba and Thomé. It includes the rules 

and	 suggestions	 for	 the	 implementation	 of 	 the	 MIP,	

encompassing the monitoring, maintenance, and the 
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principles to produce positive environmental impacts. It 

also recommends guidelines for the conservation of  the 

nature paths and sustainable agriculture. Likewise, due 

to its cultural and environmental importance for rural 

communities in México, the project has attracted interest 

from different institutions. Thus, the materials for the 

touristic	 cabins	 have	 been	 financed	 by	 the	 Mexican	

National Commission for the Development of  Native 

Population,	an	institution	committed	to	the	preservation	

of  native culture. This project is also looking to enjoin 

the efforts of  the Ministry of  Tourism and Development 

of  México to promote and advertise the Matlatzinca 

culture, food and tourism; as well as faculty members 

in other universities with expertise in such areas as 

hydrology and civil engineering to enhance the analysis 

of  the study.

Lopez-Mathamba (2015) Research 

The	MIP	 research	 is	 based	 on	 the	 scientific	 study	 of 	

Luis López-Mathamba and Dr. Thomé, which has been 

accepted in the Autonomous University of  State of  

México	(UAEM).	MIP	is	presented	as	a	proposal	for	the	

Matlatzincas to preserve their culture, promote tourism, 

advertise their local food and conserve the environment. 

This collaborative proposal is attractive because it does 

not only preserve the ecosystem but also generates 

income and employment for the locals, and it can help 

them with their rural development. Interpretative paths 

for tourist and food landscape were designed to provide 

guidelines to avoid damages to the natural ecosystems 

while (i) allowing the preservation of  existing trails and 

(ii) controlling soil erosion by using hedgerow plants that 

boost the agricultural production. It also promotes the 

local food industry in Matlatzinca while developing an 

inventory of  the endemic plants and fungi, including 

their	benefits.	The	local	food	system	then	was	evaluated	

through an ethnobotanical index to calculate its cultural 

importance. The rules and proposed implementation 

of 	MIP	 –	 including	monitoring,	maintenance,	 and	 the	

principles to produce positive environmental impacts –  

are	included	in	the	proposal.	MIP	also	incorporates	the	

Leopold Matrix (to measure environmental impact) and 

guidelines for the conservation of  the nature paths and 

forest management.

Data and Development of MIP 

In order to successfully implement this project, 

prerequisite conditions were to (i) gather enough 

information about the Matlatzincas cultural aspects 

including an inventory of  local plans and fungi; and 

(ii) provide enough orientation and training to the 

inhabitants	so	they	can	effectively	use	the	MIP	plan.	The	

development	of 	MIP	followed	a	process	with	five	main	

steps:

(1) Data collection; 

(2) Inventory and cost calculation of  the tour paths;

(3) Development of  the proposal; 

(4) Implementation of  the project; and 

(5) Follow-ups and evaluation/improvement of  the 

plan.

The schedule of  the activities for the extension and the 

research programs are listed in table 1.

Data Collection

The database was collected by Luis López-Mathamba, 

in collaboration with the local inhabitants of  SFO 

under the guidance of  Dr. Thomé. The interviews and 

meetings with the locals were generally conducted on 

Saturdays during participative planning workshops from 

2013-2014 (Table 1). The initial target population was 15 
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people who were local permanent residents, older than 35 

years old, and who seek to preserve ancestral traditions 

(i.e., language, typical customs, and food recipes). The 

data record quantitative and qualitative information from 

the Matlanzincas in the following aspects: alimentation, 

ethnobotanical and ethno-fungi information, details of  

the rural geography, current erosion, and possible side-

effects of  increasing tourism demand (i.e., damages in 

soil erosion and supply shortage due to increased demand 

for native products, among others).

Several methods were used to gather this data: 

ethnographic methods, surveys, interview to the 

inhabitants,	 and	 identification	 of 	 the	 ethnic	 flora	 and	

fauna. This information is valuable because it represents 

the intellectual capital of  the region. Likewise, we 

surveyed potential tourists in order to evaluate their 

willingness to pay and the services to offer.

Inventory and Cost Calculation

(1) Inventory: We collected samples of  the plants and fungi 

according to the information provided by the locals. The 

inhabitants	also	participated	and	helped	with	field	work	

(figure	2).

(2) Cost analysis: We gathered the information of  the 

unitary cost of  every ingredient on the list of  food 

recipes, quantity of  material and labor wages required to 

build the cabins, and the wages for the potential tourist 

guides. With these values, we were able to calculate the 

costs of  the food recipes, cabins, and the tour package. 

There are two options for the tour package: “agricultural 

land” path (i.e., cropland and agricultural production area 

covering a distance of  3.5 kilometers over 1.5 hours); 

and the “mountain” path (i.e., through the forest and 

mountains for a distance of  about 8.3 kilometers over 

3.5 hours).

Supply and demand analysis – In order to determine the 

potential optimal number of  tourist customers, we 

estimated the potential supply and demand. For the 

supply determination we used the maximum capacity 

sustainable formulation for each tour path proposed by 

Lopez-Mathamba (2015), which considers the distance 

of  the tour, number of  visits per person, minimum 

space required per visitor and between groups, erosion 

factor,	 accessibility	 level	 (i.e.,	 slope	 and	 difficulty	 in	

walking through some places of  the path), precipitation, 

and other climate factors. The estimation was 20,040 

visitors/year or 1,336 groups/year, using 8 and 4 groups 

of  15 visitors per day for the agricultural land and 

mountain path, respectively. The potential demand was 

determined through surveys according to the willingness 

to pay above the breakeven point. Thus, the price was 

determined using an inverse linear demand function.

Development of  the Proposal

Using the information collected, we developed:

(1) The food landscape, which recorded the endemic plants 

and fungi consumed by the locals. It also includes the 

cultural impact of  each food as well as the recipes to 

prepare the plates. In addition, the ethnobotanics and 

ethno-fungi	reports	describe	the	benefits	of 	each	food.

(2) The interpretative path, which determines the tools that 

the community will use to promote the tourism and 

generate economic income/employment while being 

environmentally sustainable. Among these tools are 

building of  the traditional residences, creation of  the 

tours, testing endemic plates, preparation of  the touristic 

activities, writing of  educational pamphlets, procedures 

to receive and host the potential tourists, and elaboration 

of  the local food menu. We met with the local people 

in interactive planning workshops to gather constant 
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feedback on our progress. Reports were provided in each 

workshop.

Additionally, the interpretative path also included 

the guidelines for environmental conservation (e.g., 

implementation of  hedgerows to avoid soil erosion 

and forest management) and food sustainability (e.g., 

appropriate harvesting of  endemic plants and funguses, 

analysis of  the seasonality of  the plants, storage, etc.). 

It	 also	 classified	 the	 ecological	 habitats	 (i.e.,	 ecotopes)	

depending on the slope, type of  soils, production (forest 

or agricultural production), and elevation, among others.

(3) The estimated accounting cost calculation. This document 

displays the average annual investment that should be 

generated from tourism activities in order to breakeven 

and	 the	potential	 annual	profits	depending	on	 a	 target	

(30%)	profit	margin	and	potential	first	year	demand.	The	

complete documentation and description of  the costs 

can be found in Lopez-Mathamba and Thomé (2015). 

The	accounting	cost	of 	MIP	(Table	2)	was	calculated	at	

$527,975. Table 3 shows a target population estimated at 

177,257 annually, with a standard price of  $250/person/

visit (i.e., considered $300/person/visit when the food 

is included in the total tour cost, which is calculated 

externally).

Implementation of  the Program

We implemented the interpretative landscape path 

through a training program that consisted of  workshops 

and seminars. We provided reports of  the potential 

earnings, descriptions of  the plan while also teaching 

them the techniques and tools to promote tourism and 

remain environmentally friendly. The tourist guides were 

also prepared at this step. We also participated in their 

activities and offered constant monitoring and guidance. 

In order to analyze the effectiveness of  the guidelines, 

we brought visitors to test the tour by using Social 

Laboratories of  Rural Tourism (SLRT) tool developed by 

Dr. Thomé (2014). The SLRT uses potential focus groups 

of  10-15 people to test the quality of  the attractions and 

provide recommendations for future improvements. 

The main attractions successfully evaluated were: Cerro 

Blanco Mountain, Toluca volcano, baths in temazcales 

(i.e., saunas with natural herbs), educational walks to 

show	the	forest,	flora	and	fauna,	and	food	prepared	by	

the locals.

Follow-ups and Evaluation of  the Implementation 

of  the Plan

In order to evaluate the effectiveness of  the extension 

program, we have monitored their agricultural and 

tourism	 activities,	 profits,	 quantity	 of 	 tourists,	 and	

surveys that record the tourists’ satisfaction. We also have 

organized bimestrial meetings to observe the progress of  

the joint project’s implementation. Likewise, we analyze 

if  the results are undertaken as expected, or if  we need 

to make adjustments.

We expect to continue to monitor progress for the 

first	two	years	to	evaluate	the	project’s	progress,	paying	

attention to the expansion potential, environmental 

impacts, cultural transmission, and the ensuing economic 

development impact, among others. We also expect to 

provide further suggestions with respect to techniques to 

make it more environmental friendly, such as providing 

suggestions for recycling methods and techniques to 

minimize climate change impacts. Likewise, according 

to the bimestrial results we are offering suggestions 

on improving agricultural techniques (e.g., harvesting 

methods, soil treatment), tourist services, and 

preservation of  the local food (e.g., rotation of  plants), 
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among others. In the meetings we also ask if  they have 

any comments to enhance the project.

In	 addition,	we	will	 evaluate	 the	first	 two	years	of 	 the	

program	in	order	to	observe	the	financial	and	economic	

impacts.	We	will	then	extend	and	extrapolate	the	benefit-

cost analysis for the next 18 years with the goal of  

expanding	 the	 project	 and	 obtaining	 financial	 support	

from governmental programs (table 4 shows the 20-

year	 plan,	 including	 the	 first	 two	 years	 of 	 operation).	

According	to	our	results,	the	project	is	highly	profitable	

because our target is below the maximum supply capacity 

and the potential demand. Thus, we expect to expand the 

project doubling the number of  tourists at the end of  

year 5.

Sensitivity Analysis

We also consider sensitivity analysis to observe the 

robustness of  our project. Among the variables that 

are	accounted	for	in	the	financial	sensitivity	analysis	are	

changes	in	tourist	demand,	profit	margins,	visitors,	ticket	

prices, and equipment. We use Monte Carlo simulation 

for the analysis. A total of  10,000 simulations were run 

for the analysis. The variables were assumed to follow a 

normal distribution with a standard deviation equivalent 

of 	 five	 to	 ten	 percent	 of 	 the	mean	 depending	 on	 the	

variable.

According to the variation of  the variables in the 

simulations, there must be 1,261 and 2,492 annual 

visitors to cover the annual costs of  the tour expenses. 

The expected distribution of  visitors to break even is 

skewed to the right. This distribution is much lower than 

the potential demand, which shows the robustness of  

the	project.	Likewise,	a	30	percent	profit	margin	requires	

an	average	of 	2,227	visitors	per	year	(with	a	confidence	

interval between 1,640 and 3,240 visitors per year). In 

terms of  groups, 15 people per group, between 110 and 

216 groups per year (i.e., a mean of  149 groups per year) 

would be required. This is equivalent to 2 to 4.4 groups 

per week (with an average of  3 groups per year) to cover 

the tour cost and administrative expenses and earn a 30 

percent	profit	margin.

With	 respect	 to	 the	 projected	 20-year	 plan	 (figures	

3-5), considering that the variation of  prices and costs 

do not exceed 20 percent of  deviation (and a normal 

distribution), the project is expected to have positive net 

present	value	(NPV)	of 	about	$MX	700	thousand	pesos	

(with	a	NPV	in	a	range	of 	$MX	550	–	698	thousand	at	a	

90%	confidence	interval),	which	shows	that	the	project	

is	safe	and	robust	with	a	high	confidence	of 	providing	a	

positive	NPV.

Likewise, the internal rate of  return (IRR) of  the project 

(148%)	is	significantly	higher	than	the	30	percent	expected	

return that was proposed by the local participants. 

This means that, even increasing the discount rate, the 

project is likely to provide positive returns. In addition, 

the	benefit-cost	 ratio	 shows	 that	 is	 likely	 to	earn	$MX	

5.6-6.0 for each peso invested (an average of  $MX5.84 

earned/$MX invested).

Thus,	all	the	basic	financial	indicators	show	that,	under	

the circumstances and variations described, the project 

during a 20-year period can generate positive returns 

for the local inhabitants and shows as a good option 

in which to invest and even expand, i.e., double the 

quantity	of 	 touristic	cabins	 in	 the	fifth	year	of 	project	

implementation. The revenues could even increase more 

if 	 governmental	 institutions	 provide	 financial	 support	

for the expansion of  the project.
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Summary and Conclusions

This proposed extension program offers an important, 

significant	benefit	of 	upholding,	enhancing,	and	aiding	

in the rural development of  an endemic community, 

which is the last group of  direct descendants of  the 

Matlatzincas that represent an important cultural legacy. 

It helps to preserve the food and interpretative landscapes 

of  the endemic town while also being environmentally 

sustainable and generating a source of  income and 

employment for their inhabitants.

Thus, this project has laid out a blueprint for overcoming 

important challenges that the Matlatzincas were facing. 

With the touristic plan:

(i)  indigenous food products can be sold; 

(ii) people are motivated to keep their traditions while 

generating income at the same time;

(iii) additional money can be spent in preserving the 

traditional houses that are among the attractions; and 

(iv) they reduce the problem of  soil erosion.

This article offers some useful insights on agritourism 

business implementation strategies that may be useful 

to small farms in the US. As the agritourism industry 

has	flourished	in	recent	years	in	the	US	(USDA-NASS,	

2007, 2012), the effect on business survival and viability 

of  smaller farms cannot be understated. The USDA 

census	data	reflect	that	a	number	of 	smaller	farms	with	

gross receipts of  less than $25,000 have now migrated to 

the next higher revenue class that has grown from 3,637 

farms to 4,518 between 2007 and 2012 (USDA-NASS, 

2007,	 2012).	 The	 income	 diversification	 and	 revenue	

enhancement effects of  agritourism could have been one 

of  the important drivers of  growth for those expanding 

small farms.

All told, more than just marveling at favorable growth 

rates and positive changes brought about by an expanding 

agritourism industry, this article has clearly demonstrated 

that the implementation of  agritourism projects needs 

to carefully consider social and cultural issues. After all, 

a truly satisfying business endeavor is one that is not 

just	fixated	on	profit	generation,	but	also	able	to	strike	

a balance between economic and non-economic goals.

Endnote

1 In México the project is called Sendero Interpretativo 

del	Paisaje	Alimentario	Matlatzinca	[SIPAM].
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Figure 1. Organization of the team

Figure 2. Work field on sample collection for inventory
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Figure 3. Sensitivity analysis on VAN (30%)

Figure 4. Sensitivity analysis on Internal Rate of Return (IRR)

Figures 1-3 were made using @Risk software through 10,000 simulations varying prices, input cost and projected demand.
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Figure 5. Sensitivity analysis on Benefit-Cost analysis
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Table 1. Set of activities per quarter (2013-2016) for the extension and 
research program
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Table 2. Cost of the MIP project (in $ Mexican Pesos)
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Table 3. Calculation of the tour cost and breakeven analysis (in $ Mexican 
pesos)

Table 4. Projected cash flow of the 20-year financial plan (in $ Mexican Pesos)
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Purpose of the Journal

The Journal is published by the American Society of  Farm Managers 
and Rural Appraisers. The Society decided in 2003 to move from 
hard copy format to online publication, although you may obtain a 
hard copy from the American Society headquarters for the cost of  
reproduction.

The Journal of  the American Society of  Farm Managers and Rural Appraisers 
is a refereed journal. Articles submitted for publication undergo a peer 
review process before being accepted for publication. The peer review 
process is designed to ensure that articles meet certain standards and 
that the Journal is a publication of  high standing.

The	Journal	seeks	articles	from	those	working	in	all	the	fields	of 	farm	
management, rural appraisal, and agricultural consulting. Therefore it 
is not just for academics, but is also open to contributions from all 
those involved in rural property valuation and / or management and 
consulting endeavors.

The purpose of  the Journal is to provide a forum for those in the 
farm	management,	rural	appraisal,	and	agricultural	consulting	fields,	to	
share experiences with others, from which we can all learn.

Objectives

The objectives of  the Journal are to:

1.		 Present	papers	relevant	to	farm	managers,	rural	appraisers,	 farm	
advisors, consultants, academics, students, and to all others 
interested in farm management, rural appraisal and agricultural in 
its widest sense.

2.  Report new challenges and pressures that are developing, for the 
use of  agricultural and rural resources.

3.  Encourage practical and problem solving contributions highlighting 
common farm management, rural appraisal, and agricultural 
consulting issues and principles.
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Author Guidelines for Submitting Manuscripts

Contributors MUST use the following guidelines in preparing 
manuscripts for submission:

1.  Cover letter. In a cover letter accompanying the manuscript, 
(a) indicate why the manuscript would interest JASFMRA 
readers; (b) certify that the material in the submitted manuscript 
(or	 modification	 thereof)	 has	 not	 been	 published,	 is	 not	 being	
published, and is not being considered for publication elsewhere; 
and (c) stipulate that the material in the manuscript, to the best of  
the author’s knowledge, does not infringe upon other published 
material protected by copyright.

2.  Title page. On a separate page, provide the title of  the manuscript 
and author(s)’ name(s) centered and in boldface type. At the 
bottom of  the same page, provide university title(s), institutional 
affiliation(s),	acknowledgments	of 	colleague	reviews	and	assistance,	
and institutional support as an unnumbered footnote. If  there are 
multiple authors, please designate which author is the contact, and 
include contact’s address, phone number, and e-mail address. Do 
not	place	the	name(s)	of 	the	author(s)	on	the	first	page	of 	the	text.

3.  Abstract. Include an abstract of  100 words or less. 
4.  Manuscript title. Manuscript titles should not exceed ten words, 

should encompass the topic of  the paper, and should be designed 
to attract potential readers.

5.  Style, grammar, and punctuation. The JASFMRA uses The 
Chicago	Manual	of 	Style	by	the	University	of 	Chicago	Press,	and	
Webster’s Third New International Dictionary for style, format, 
and spelling.

6.  Manuscript format guidelines
a.  Manuscripts should not exceed approximately 5,000 words and 

must be submitted electronically. 
b.		 Use	left	justification	only.	
c.  Double-space all material throughout the manuscript, including 

abstract, acknowledgments, footnotes, and references. 
d.  Use 12-point Times New Roman font style throughout. 
e.		 Allow	 1”	 margins	 on	 all	 sides.	 Do	 not	 use	 right-justified	

margins (i.e., use jagged right margins). 
f.  Do not use end-of-line hyphenation feature. 
g.  All pages and lines must be numbered. Line numbers are to 

run consecutively throughout the entire manuscript from page 
one to the end of  the manuscript; do not re-start numbers on 
each page. 

h.  You must use Word for your manuscript. 
i.  Excel should be used for spreadsheets, tables, and graphs.
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7.  Footnotes. Number footnotes consecutively throughout the 
manuscript. Combine all footnotes on a separate page immediately 
following the manuscript text. Do not place footnotes at bottoms 
of  manuscript pages. Footnotes should be used solely for citations 
or directives to other literature. Reference citations should be 
incorporated into the main text or into the text of  the footnotes.

8.  References/Text citations. In a reference section immediately 
following the footnotes page, list all works cited in the text, 
alphabetized by author last name. Refer to The Chicago Manual 
of  Style for format. For within-text citations (either parenthetical 
or as part of  narrative), spell out up to three author last names; use 
first	author’s	name	followed	by	“et	al.”	for	works	with	four	or	more	
authors. When citing a direct quotation, include page number(s) 
from the author’s work. List complete URLs for online sources.

9.  Figures and tables.	Place	each	figure	and	table	on	a	separate	page	
at the end of  the manuscript. Computer-generated graphics for 
figures	and	charts	are	required,	Microsoft	Excel	versions	of 	every	
table,	chart,	and	figure	must	accompany	submission.	Do	not	place	
figure	title/caption	within	graphics	image.	Use	patterns	rather	than	
color where possible.

10. Photos.	 Photos	 and	 graphics	 must	 be	 sent	 as	 separate	 files.	
Resolution	 should	be	 300	dpi.	 Preferred	 format	 is	 JPEG;	TIFF	
and	PDF	image	files	also	accepted.	

11. Math/Equations. Use only essential mathematical notation. 
Consecutively number equations throughout the text. When 
displaying equations, place equation number within parentheses at 
flush-left	margin;	 center	 the	 equation.	Use	 italic	 typeface	 for	 all	
variables, both within equations and within narrative.

12. Publication costs. Authors submitting manuscripts are expected 
to assume obligation for payment of  page charges at the time their 
manuscripts are published. Current page charges are $95/printed 
page for non-members and $80/page for ASFMRA members but 
may be waived if  authors do not have institutional support.

13. Manuscript deadline: August 15th of  each year is the deadline to 
submit a manuscript for publication in the following years Journal.

14. The editorial review process
a.  The Chair of  the ASFMRA Editorial Committee, serving as 

Editor, assesses the initial suitability of  articles submitted. 
b.  Authors of  submissions considered to be potentially suitable 

for	the	JASFMRA	will	be	notified	and	their	paper	sent	to	three	
members of  the ASFMRA Editorial Committee, who will 
review the article for the Editor. 

c.  Unsuitable articles are returned to the authors with a short 
note of  explanation from the Editor. Failure to adhere to the 
Manuscript Format Guidelines will be cause for the manuscript 
to be returned to the authors. 
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d.  The review process is double-blind: the identity of  the author(s) 
remains anonymous to the reviewer and vice versa. 

e.  Following review, authors may be asked to resubmit their 
article in revised form. 

f.  Upon completion of  the review and editorial processes, authors 
will	be	notified	of 	the	Editor’s	decision	regarding	publication	
along with explanatory feedback, including referees’ reports. 
The	 lag	 between	 receipt	 of 	 submission	 and	 first	 response	
varies, but a turnaround of  four months should be expected. 
We will make every effort to ensure that this target is achieved, 
but it cannot be guaranteed. 

g.  Final decisions will be made at the Editorial Committee’s 
annual meeting, generally in the fall of  each year. The decision 
of 	the	Editor	is	final.

15. Submissions. Electronic submission of  manuscripts is required 
and must include the lead author’s email address. The manuscript 
must be formatted per above guidelines as a Word attachment to 
the	ASFMRA,	Attn:	Jaleen	Edwards,	jedwards@asfmra.org.
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Journal of  the ASFMRA subscriptions are available at $28.00 per year 

(international subscribers add $10.00).

q  Yes, I would like to order a subscription to the Journal of  the 

ASFMRA.
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