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E N V I R O N M E N T A L  Q U A L I T Y  B O A R D

September, 1999

To Interested Minnesotans:

The GEIS on Animal Agriculture is a statewide study authorized and funded by the 1998 Minnesota
Legislature and ordered by the EQB. The Legislature directs the EQB to “. . .examine  the long-term
effects of the livestock industry as it exists and as it is changing on the economy, environment and
way of life of Minnesota and its citizens.”

The intent of the GEIS is twofold: 1) to provide balanced, objective information on the effects of
animal agriculture to future policymakers; and 2) to provide recommendations on future options for
animal agriculture in the state. The success of the GEIS on Animal Agriculture will be measured by
how well it educates and informs government officials, project proposers, and the public on animal
agriculture, and the extent to which the information is reflected in future decisions and policy
initiatives, made or enacted by Minnesota state and local governments.

The GEIS consists of three phases during the period summer 1998 through summer 2001: scoping
the study; studying and analyzing the 12 scoped topics; and drafting and finalizing the GEIS. The
EQB has established a 24-member Advisory Committee to provide advise to EQB during all phases
of the GEIS. The scoping phase of the GEIS was completed in December of 1998.

This literature summary is the first step in the second phase aimed at study and analysis of the 12 key
topics. This summary is intended to inform the Environmental Quality Board (EQB) members, EQB
staff, and the Advisory Committee on the “Feedlot  GEIS” scoping questions and research needed for
adequate completion of the GEIS. The EQB would like to acknowledge the time and effort of the
Advisory Committee members who provided invaluable input in the development of this “tool” for
use throughout the GEIS process.

The literature summary is formatted to address the 12 topics of concern and 56 study questions
outlined in the Feedlot GEIS Scoping Document (www.mnnlan.state.mn.us).  Any conclusions or
inferences contained in this report are those of the authors and do not necessarily reflect the positions
of the EQB or the Feedlot GEIS Advisory Committee.

The EQB would like to make this literature summary available to others interested in the effects of
animal agriculture. Copies of this literature summary will be available for use in the Minnesota
Plannin&QB  Library: 300 Centennial Building, 658 Cedar Street, St. Paul. The Library will also
house copies of the key literature review articles and the searchable database compiled as part of 658 Cedar St.
this literature review. A limited number of copies of this literature summary will be St. Paul, MN 55155
printed for distribution at cost.

Telephone:

For further information on the GEIS or this literature summary please contact the EQB at
651-296-9535.

651-296-3985

Facsimile:
651-296-3698

TTY:

a---‘ssioner,  Minnesota Department of Agriculture and

800-627-3529800-627-3529

www.mnplan
state.mn.us
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EXECUTIVE SUMMARY

OVERVIEW

Most of the environmental impacts discussed in the GEIS are characterized by external
costs and benefits (or "externalities").  The questions in the GEIS scoping document
catalog many of the sources of those externalities.  This topic's report looks at how to
quantify some of those externalities -- that is, attach dollar values to them.  Quantification
is important because just about any policy or practice will result in externalities, both
positive and negative.  But the question remains, how big are they?  Are they worth
worrying about?

The report is divided between community and regional economic externalities from
animal agriculture (which can be both positive and negative) and other spillovers that
center on pollution impact, though they cover some other areas (which are generally
negative).

This report was created as two separate parts, which are largely not integrated in this
draft. The first part (overview, spillover/pollution section) was prepared Phillips in
collaboration with Welle and Erin Lees (graduate student, UM EOH).  The second part
(regional economics) was prepared by Morse and Guess-Murphy.

SPILLOVER/POLLUTION SECTION

On the spillover/pollution side, the state of the literature can be summarized quite
succinctly: The tools exist to map particular policies or practices in animal agriculture to
the value of the resulting externalities, and the possibility is generally acknowledged in
several related literatures.  However, the actual mapping that would be of immediate use
in the GEIS process has only been done a few times for a few specifics.

Technologies exist that let us estimate the effect a policy or practice will have on the
environment (including ecosystems, recreation, and health).  These are discussed under
the other topics in the literature review, and the studies have been carried out in many
areas.  Technologies also exist in the field of economics to put a value on a particular
level of environmental degradation, health risk, or other spillover.  These valuation
methods have been used in thousands of studies of many environmental impacts.  The
theory behind these techniques and some of the specifics that are most important to the
GEIS are discussed in the report.

Unfortunately, the literature contains very few cases where previous analysis has
followed the entire path from a particular practice to a physical impact to human values.
While the existing research provides a good start for many estimates that would be useful
for the GEIS, new secondary research is needed to fill the gaps that a literature review
cannot.  In many cases, this research could produce accurate estimates of valuation with
relatively little work.  In other cases, new research would be needed.



Literature Summary for the GEIS on Animal Agriculture                     UNIVERSITY OF MINNESOTA

F–4

In terms of specific areas, there have been a few studies that specifically link changes in
property values to nearby large-scale animal agriculture operations.  However, these have
produced mixed results and are not sufficient to provide an estimate of the magnitude of
effects (or possibly even the sign).  Further research in this area will likely require de
novo studies, since there is little other data that can substitute.  This situation is similar
for valuing the externalities related to animal well-being.  People's valuations for
improving agricultural animal well-being have been studied to some extent, and some
numbers exist, but they are sparse.

By contrast, water quality studies have apparently not completed the link from specific
practices to specific values.  However, there are hundreds of studies valuing water quality
externalities in terms of the quality itself or its implications for health, recreation, or
ecology.  Research valuing air quality provides similar information, as does research
valuing of terrestrial habitats.  Valuations of human morbidity and mortality have been
extensively studied.  These could be linked to the effects of animal agriculture, but have
not been.

The use of existing studies to put values on different impacts in different places (which
would be needed to apply all but one of the studies cited herein to Minnesota agriculture)
is known as benefits transfer.  Benefits transfers are quite doable in many cases, but are
not trivial.  They are not just a matter of literature review and borrowing the numbers
from existing studies, an approach that can be quite misleading.  In keeping with that, no
numbers from existing studies are cited in this review, since they are more likely to be
misleading than useful.

Recommendation for what further research is particularly promising follow from the
above observations.

REGIONAL DEVELOPMENT SECTION

Focused on Facts not Value Judgements: In reviewing articles on this issue, we limited
our review to those articles which focused on the establishment of the economic
consequences to the community, region, or state of different types of livestock
operations.   Policy decisions require a combination of facts and values.  While the
scientific method can provide solid information on the facts, it can say nothing about
what values people should use to make the final policy decisions (Barrows 1993).  For
example, while science can report on the economic benefits and environmental costs of a
new livestock operation, the ultimate policy choice about zoning issues depends on how
much local people value the economic benefits vs. environmental quality.    Research on
external benefits and costs, once satisfactorily completed, can tell us what the trade-offs
are between different types of impacts.   For example, there seems to be some evidence
that larger farms provide less employment but higher earnings per worker.  Research can
not tell us whether we should prefer one over the other or even how much we are willing
to give up of one to get the other.  Benefit/cost analysis, which attempts to provide
monetary values for both benefits and costs, does attempt to address these trade-offs.  It is
not covered in this portion of the report.
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Good research depends upon using the scientific method.   The scientific method includes
two major features: 1) refutable hypotheses and 2) replicable research methods.  First,
consider refutable hypotheses.   Popper argues that “science produces and tests refutable
hypotheses and non-science does not.  Scientific knowledge consists of the set of
refutable hypotheses which have not yet been falsified” (Fox 1997).  A hypothesis is a
tentative explanation of facts or the connections between two variables.  A refutable
hypothesis can be tested against data and shown to be false.  If it is not refuted when the
data is applied, then it is accepted as probably true.  Second, consider replicable research
methods.  Researchers are trained to be highly skeptical of research done by their peers.
For a scientific test to be credible the scientist must report his research methods in so
much detail that another scientist could replicate the research.  Naturally, if the first
scientist has honestly reported his results, then the second scientist replicating the test
with the same data and the same research methods should get the same results.   Without
a detailed description of the methods in any research report it is difficult to evaluate the
quality of the research.

A second type of research involves estimation procedures using the best available
knowledge together with explicit assumptions.  These operation research models are not
trying to discover new facts but are merely using existing knowledge in models where
there are complex relationships between variables.  While operations research models do
not have refutable hypotheses, they share the need for clearly articulated research
methods.  The assumptions, the data, and the computational methods need to be clearly
specified to allow an evaluation of the validity of the research.   This quality of being
clearly specified is often called “transparency.”  We have focused on articles that clearly
describe their research methods and have transparency in their models.

In reviewing the literature we found some articles had flawed research methodology.  In
these cases, we provide a critique of the articles but often do not provide detailed
summaries of their findings.  To provide detailed summaries would be irresponsible since
there is a tendency for some readers to focus on the findings and ignore the technical
discussion of methodological errors.  The final picture is not a simple average of all the
literature.  Rather, greater weight needs to be placed on studies that are carefully done.  In
contrast, we attempt to give equal emphasis to studies, regardless of their conclusions on
issues.  To the best of our ability, given the time constraints, however, we have cited as
much of the literature as possible on these issues.

Major Findings: The following summarize the major findings of this portion of the
literature review:

n Livestock production and processing makes important contributions to the Minnesota
economy (Jahae and van Staalduinen 1992; AG NOMICS Research 1992; Morse 1998;
Doherty and Morse 1999).

n None of the current research can be used to evaluate the impacts of changes in
regulations or other economic shocks to the livestock industry. (Note: The introduction
has a primer on terms used in this report.)
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n The data on impacts provided by the best of regional impact models can provide only
partial information for public policy decisions.  Additional information will be needed on
the social and environmental risks and costs.  Final policy decisions require value-
judgements which are by nature not scientific (Barrows 1993).

n Integrated econometric/input-output models offer the best promise for estimating the
regional economic and fiscal impacts of economic shocks.   However, this type of model
has only been applied the pork industry in Iowa (Otto and others 1996; Otto and others
1998).  A Minnesota integrated econometric/input-output model is being developed
(Kennedy 1999).

n Use of operations research models (such as input-output) requires very careful attention
to the quality of the data, the specification of the nature of the economic shock, and the
assumptions on regional purchase coefficients (Miller and Blair 1985; Otto and Johnson
1993; Otto and others 1998; Thompson and Haskins 1998).

n The amount of local versus non-local spending by farmers influences the multiplier
effects.  The best available research (Chism 1993; Chism and Levins 1994) found that the
expenditure per acre was unchanged as the size increased (but the percentage fell due to
higher overall spending by large farms).   If further research confirms this finding, it
means that as long as the land stays in livestock production, farm size has no positive or
negative impact on local economic impacts.

n Wages appear to be competitive in the livestock industry, after controlling for skills
and regional differences.  However, the research base for this conclusion is very thin
(Hurley and others 1996)

n The public sector fiscal impacts of livestock operations appear to be positive.  Again,
the research base for this is very preliminary and needs much greater attention (Otto and
others 1998).

n Research on the impacts of farm size on poverty has used either the comparable area
approach or a variation using multiple regression analysis.  The most comprehensive
study (Lobao and Schulman 1991) found rural poverty rates were influenced most by
social relations and economic structure of the region and least by the size of farms.

n Research on the impacts of farm size on income and employment suggests a trade-off.
Larger farms yield higher incomes but fewer jobs (Marousek 1979; Otto and others 1998;
Thompson and Haskins 1998).

Probably the most important finding of the literature search was that none of the
Minnesota studies examined directly addressed the local economic and fiscal impacts of
adding a new feedlot. The work underway by Inhyuck Ha and Diego Platas comes the
closest to addressing this issue.  It will be ready in December 2000.
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Topics covered: The Introduction gives a primer on the terminology and methods used in
regional economic analysis.  Section 1 then gives a critique of the scoping document
study questions.  Section 2 reviews the first two (actually three are listed) questions in
section II.F of the scoping document.  Note that this section of the report does not deal
with pollution externalities or with property taxes.  Both of these are covered in the other
part of this report.

There are potentially important indirect effects on the demographics of a community, the
need for social services and educational programs.  These are covered in section on social
/community impacts.  The regional economic impacts of livestock operations depend, in
part, on the economic viability of these operations.  These questions are covered in the
sections on industry structure/ competitiveness and profitability/ economic viability.
Section 3 reports on the ongoing research.  Section 4 provides recommendations for
additional research on the regional economic impacts of animal agriculture.
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GENERAL INTRODUCTION

External benefits are at the core of much of the GEIS, which as a whole could be
considered a study of the various external costs and benefits attributable to animal
agriculture.  It is clear that these external costs and benefits related to animal agriculture
are quite large, but their total magnitude has seldom been considered.  The GEIS provides
a comprehensive look at the breadth of external costs and benefits, and most parts of it
provide information that can be used to quantify them.

External costs and benefits, typically called "externalities" in economics, are impacts felt
by people who are not party to a particular decision or transaction.  For example, a farm
has internalized costs (purchases of inputs) and when it sells its product there are
internalized benefits (from the market transaction), but along the way there are external
costs (effluent that is not paid for) and external benefits (contributing to an appreciated
way of life).  In economics, externalities are one of several "market failures,"
imperfections in the market that prevent "invisible hand" forces from leading to
maximum welfare.  Were it not for external costs and benefits the need for government
intervention in the market would be dramatically reduced and much of the concern that
led to this GEIS would not exist.  Indeed, the phrase "environmental impact" in the
Scoping Document is used quite broadly, almost as a synonym for the usually broader
term "externalities."

Interpretation and Critique of the GEIS Scoping Document Questions

The present report was prepared based on two particular interpretations of the questions
in the GEIS Scoping Document.  First, the division between costs and benefits was
reinterpreted to be a division between community/regional economic externalities
(roughly Questions 1 and 2) and the usually negative spillovers that affect the
environment and health (roughly Questions 3 and 4).  This redefinition closely parallels
the division between costs and benefits in the Scoping Document, but it better reflects
how the literature is divided.  It is also well defined; contrary to intuition, drawing a line
between costs and benefits turns out to be arbitrary and basically impossible.  (As a
simple example of this, does a tightening of effluent regulations entail a benefit to the
environment or is it the removal of a previously existing external cost?  The distinction is
purely semantic.)  For convenience, the current report addresses environmental and
health spillovers first and community/regional economic issues second.  These areas are
sufficiently different that the two halves of this report are largely independent of each
other.

A second important interpretation of the Scoping Document is that the words "what are"
in the question posed, "what are the overall economic costs/benefits?" can be interpreted
to mean "list" or "how big are?"  Since the Scoping Document itself provides the list, and
the literature reviews from the other areas will expand on it in great detail, there is little to
be gained by duplicating that here.  Instead, given that the question is asked in the
language of cost-benefit analysis and quantifying externalities, and is categorized in the
economics sections, the present discussion focuses on attempts to quantify the
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externalities. These interpretations of the questions were approved by the EQB staff
before this report was started.

Separate responses are also offered in each of the two major sections of the report. The
specific bullet points have been reorganized to better reflect how the literature and
research in these areas is organized, and this is reflected in the revised table of contents.

Real vs. Pecuniary Costs

Economists explicitly take an agnostic position on what costs and benefits in the world
should be counted.  Economists will attempt to measure them all, and it is up to policy
makers to decide if some should not be counted.  Economists do carefully categorize
costs and benefits in terms of whether they are real resource costs (something is totally
lost to the world) or pecuniary costs and benefits (those related to the movement of
money).  These areas have substantial overlap, but also substantial non-overlap.

Real resource costs are often simply called "real costs" in economics, reflecting the
underlying notion in economics that for most purposes of economic analysis, these are
what we should consider.  These include the consumption of actual valuable resources,
such as the land or labor used in a production process, capital goods that are used to
produce other things people want, or the time people devote to labor.  They also include
someone's loss of happiness when, for example, an environmental amenity is injured,
even if this does not involve any change to any financial or commercial transaction.  Such
costs and benefits that do not involve a change in monetary wealth or commercial
transactions are often specifically identified as non-pecuniary.  Real costs are closely
related to pecuniary costs in the sense that they are often (but not always) measurable in
terms of the price paid for something.  The cost of labor, land, or other inputs is typically
valued based on the price paid, since this should be a value that is just high enough to bid
the resource away from its next-most-valuable use.  The value lost from the alternative
use, as reflected in the purchase price, is the real cost that accrues to society from using
the resource as it is used.

More concretely, when we are interested in measuring real costs or benefits of a policy or
practice by looking at the flow of money, it is critical to recognize that real costs and
benefits are the changes in consumer or producer surplus (i.e., the extra benefit/profit
they get from something, over and above the resources they are spending).  This is a point
that is somewhat subtle in the literature because it is so much a part of the bedrock of
economics that it is seldom explicitly mentioned, though it is always implicit and can be
found in any introductory discussion.  Not understanding this is one of the most common
mistakes made in analyzing economic costs and benefits.  For example, if someone
spends $100 for a day of recreation that is worth $300 to him, cost of not being able to
enjoy that day would not the whole $300, and is most definitely not the $100 that is his
measurable expenditure (a common mistake, but this $100 is the cost of the trip in real
lost resources, not the benefit from it) -- it is the lost $200 of surplus.  Similarly, if a firm
or farm earns an annual profit of x on a revenue of y and it goes out of business, the real
loss is x, not y (and is most certainly not y-x, which reflects the resources that the
operation used up, not the goods it created).
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Expanding by example, if you are able to buy an apple for $1 and you would have paid as
much as $1.40 if you had to, then by being able to make the purchase, you are better off
by $.40.  Thus, a new policy that banned the sale of apples would have cost you $.40.
The $1 you actually spend reflects neither real benefit nor real cost to you.  Similarly, if
the producer expends only $.75 to get the apple to you, then he makes a producer surplus
(profit) of $.25.  That is how much the policy would cost him.  The other $.75 in purchase
price that is no longer being exchange represents the real resource cost of getting an apple
to market, and is actually a saving to society.  So, adding it up, the policy saved society
$.75 in real resources, but resulted in the consumer not getting $1.40 worth of benefit for
a net real resource cost of $.65, which can be measured by looking at the $.25 loss of
profit and the $.40 loss of consumer surplus.

These real costs and benefits are what is being looked at in most economic calculations.
They are what is considered in the spillover/pollution section of this document.
Pecuniary externalities are the primary unit of analysis for regional economics, and hence
the second half of the document.

Pecuniary costs and benefit look at the movement of money.  This approach is interested
in prices and expenditures just because they are a good measure of real costs, but in and
of themselves.  Pecuniary costs and benefits include expenditures for goods and services,
and sometimes are measured in such a way to include pure transfers of money from one
party to another, without any goods being purchased (such as taxes).  Such statistics as
the gross national product (GNP) are measures of pecuniary expenditures.  Policy
decisions are frequently made based on pecuniary measures, and so these are likely to be
very important in the current policy discussion.

It should be noted that despite the economics jargon, most pecuniary costs are real (in the
colloquial sense) to someone, since someone will be making less money, even if there is
no real (in the economic sense) cost.  Pecuniary costs and benefits reflect changes in total
expenditures, which is quite different from the real costs and benefits discussed above.  A
pecuniary costs will very often mean people's net well-being is lowered (but it might not),
whereas a real cost is defined based on the reduction in people's well-being.  An example
of how this disconnect might occur include shutting down a industrial facility that was
causing pollution and only making a small profit (or perhaps losing money).  There is a
net real benefit to society because of the shutdown, but there may be a pecuniary cost (or,
since it may be impossible to tell where the freed-up capital and labor went, we may just
think there is a pecuniary cost), and there will certainly be a pecuniary cost to some
people, such as local suppliers to the facility.  It should be noted that the authors of this
report (and the broader community of economists) include economists who consistently
advocate that public policy should shift its attention from pecuniary benefits to real
benefits, as well as economists who study pecuniary costs and benefits.

Which Costs are External?

In a policy context like the GEIS, some costs are clearly external, affecting people who
were not party to the producer-consumer transaction of making and consuming animal
products.  Clear externalities include injuries to unmanaged ecosystems, health effects
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from effluent, and increased net profits for other local businesses.  These costs and
benefits tend to be mixed in with certain other costs that are not so clearly external.  It is
fine to consider these in parallel, as long as care is taken to not add them up as if they
were all externalities.

Some costs that an economist would consider to be internal (bought and paid for, as it
were) are workplace injuries and depletion of soil that is owned by the same person who
is depleting it.  But for various reasons these are often discussed as if they are
externalities.  Other costs are legitimate effects of a fair market, like someone not being
able to make a profit because a competitor provides a better product.  Many of these non-
externalities are closely associated with true externalities (like the destruction of a way of
life due to market forces), but if any cost-benefit style summing up of real costs and
benefits is to be done, they must be distinguished.  For the measures of pecuniary costs
and benefits, it may not be possible to separate the internal from the external.  Such
analyses are not generally set up to make such a distinction in the economic sense, but
instead distinguish between inside the region and outside the region.

Local vs. Non-Local Costs

Regional economic analyses, as discussed in detail below, look at the money flowing
within a particular area.  A critical parameter in determining whether something is a cost,
therefore, is which area.  If a policy change results in a firm buying its supplies from the
other side of the state rather than locally, there is a net (pecuniary) cost if the region is the
county, but not if it is the state.

From a real resource perspective, this change of suppliers does not matter.  However, the
question of "who counts" remains.  If we are only worried about the citizens of
Minnesota, then the effect of Minnesota agriculture policy on many external costs (such
as global warming or increases in antibiotic resistance) will not matter much since most
of the net effect will be shared across the globe and most of the effect on Minnesotans
will come from outside the state.  Other costs will be felt disproportionately in the State,
but also affect those outside (such as surface water pollution, loss of recreation areas, and
foodborne diseases).

The question of where to draw the line is a political one, not scientific.
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SPILLOVER / POLLUTION EXTERNALITIES
CRITIQUE OF THE SCOPING STUDY QUESTIONS

The biggest suggestions for revising the questions are contained in the general
introduction, above.

The major issue within the spillover/pollution questions is the implied order of priorities.
The questions ask "figure out the total cost" followed by "break these out based on
distribution."   After this report was researched and written, the comments of readers as
well as the feeling of the authors suggest that it would have been better to look at
distribution first and totals as a subsidiary point, rather than the other way around.  The
present prioritization led to the conclusion that the totals are uncertain, and therefore
breaking the totals to reflect distribution concerns is generally not possible.  A
"distribution first" approach would have avoided this problem.  Unfortunately, by the
time this approach became clear, it was too late to carry out this major revision.

Some explicit request for a background discussion would have helped guide that
presentation.  This report (and most or all of the others) includes such a discussion.
However, the authors had to decide exactly what and how much to provide in these
"primers".  Since they are clearly necessary for making sense of the information in the
review, it would have been useful to have an explicit request.  (The take-away lesson
from this that a such a primer should be included in the prospectus for future GEIS
research to the extent that it is necessary in any given area.)

Finally, for the spillover/pollution section, the specific topical subpoints are not
organized in a way that reflects the literature and ease of presentation.  The outline of this
section has been revised from that implied by these subpoints as can be seen in the table
of contents.  The subpoints referred in parentheses in the table of contents refer to the
original questions in the Scoping Document to indicate how we have rearranged the
coverage to better fit the existing organization of the literature. The new organization
covers the specific questions about external costs and benefits from the Scoping
Document questions and adds a few similar points about other externalities that are
addressed in the Scoping Document but were not specifically included in the externalities
question.  It also covers quite a lot more than the specific scoping questions.
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RESPONSES TO SCOPING DOCUMENT AND RELATED
QUESTIONS

ENVIRONMENTAL AND HEALTH EXTERNALITIES, THEORY, METHODS, AND

COLLECTIONS OF RESULTS

To present the environmental and health externalities from animal agriculture spillovers -
- roughly the "cost" half of the Scoping Document questions -- it is useful to include
background on the theory of valuing environmental externalities.  In some cases, we have
extensive theory but relatively little empirical work.  In most cases, as discussed below,
we have almost no specific numbers to link to animal agriculture practices. Since this
report is a literature review and not new secondary research, no attempt has been made to
figure out "the right numbers" for any given externality.  Indeed, no valuation numbers
are presented at all because honestly interpreting the numbers from any single study
typically requires pages of background and discussion.  Listing a potpourri of numbers
quantifying various environmental externalities, while an easy way to write a literature
review, would imply that this brief review offered more answers than it really can.  The
reasons for this are discussed to a greater extent under "benefits transfers," below.

Because the responses to the environmental questions are largely "it does not exist in a
completed form," we have made an effort to explain what does exist in the literature and
how it can be used.  In many areas the major value added from this report will be
presenting a picture of the existing technology that can be used to do further
quantification.  The presentation is intended to provide something more useful than a list
of specific analyses and their highly incomplete answers they present in this area.  It is
intended to leave the reader with an understanding of how to think about the questions
when moving forward in the GEIS process.

Why Calculate Costs and Benefits?

If there is a policy choice that is better in every way, then the decision about what to do is
easy.  But inevitably, there will be a tradeoff between competing claims for our scarce
resources, which introduces the need for economic analysis.  Often economics is
incorrectly perceived to be the study of commercial transactions and goods with an
explicit price (Steiner and others 1995).  Indeed, economists are often among those who
make this mistake.  But economics is better characterized as the study of the tradeoffs of
scares resources people make to try to maximize welfare.  As such, it is interested in all
the costs and benefits associated with a policy or decision.

In the case of animal agriculture and externalities, it is widely agreed that certain
environmental impacts (almost all negative) occur.  There is clearly substantial public
concern, with a recent poll showing that 80% of voters favor tougher uniform standards
for air and water pollution from "factory farms" and most would vote accordingly (Lake
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Snell Perry & Associates 1999).1 But these observations are not sufficient knowledge for
making good policy decisions, since the amount the public is (or should be) willing to
pay to eliminate the externalities is not identified.  To make effective decisions, it is
necessary to know magnitudes.

Ideally, if we can calculate the external cost of something, we can create the incentive to
produce no more than the socially optimal amount of the externality by imposing the
appropriate tax rate, known as a Pigouvian tax.  For a specific application to effluent
from livestock, see Nuppenau et al. (1995). Even without this optimal taxation scheme,
regulation requires specific valuation of externalities to get the socially optimal levels of
externalities, since any regulation will have a specific quantitative effect, rather than just
serving the qualitative goal of reducing something that people do not like.  For an
application to livestock, see Lauwers et al. (1995).

Putting values on externalities is an important part of environmental cost-benefit analysis.
This method of analyzing regulation by adding up the various costs and benefits has
become increasingly important in environmental policy, particularly since President
Reagan issued an executive order requiring assessment of costs and benefits for major
regulations.  (However, many environmental regulations like the Clean Water Act and the
Clean Air Act explicitly forbid comparing costs and benefits (Cropper and Oates 1992).)
A detailed discussion of cost-benefit analysis is beyond the scope here (a brief discussion
can be found in another recent State scoping study, coauthored by the author of this
section (Tetra Tech EM Inc. and others 1998)2).  But it is worth noting that the method
has gotten a bit of an undeserved bad name in Minnesota due to several recent faulty
studies that were not really true cost-benefit analyses.

There is some debate about whether to quantify externalities (or other values) if the
methods are imperfect.  The usual response is that as long as we are honest about the
flaws in the numbers, it is better to have some numbers than none.

Valuation Methods

There is a general agreement in economics that putting a value on something is
tantamount to figuring out how much it is worth to someone, which in turn is tantamount
to describing what they would exchange for it.  Certain costs and benefits are relatively
easy to measure and identify, such as the benefits consumers get from things they buy

                                               

1 The study followed standard polling methods, contacting 1000 registered
voters in March, 1999.  The study was commissioned by ten public interest
organizations including the Humane Society of the United States and Clean Water
Action of Minnesota.

2  Work on the watershed cost-benefit project would contribute
substantially to important questions in the GEIS, but it was defunded in the
current State budget.
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and the profits producers make from selling them.  Other benefits, such as those
associated with environmental recreation or good health, are a little more difficult to
measure because they are not directly tied to a market.  A further class of values that are
not associated with any activity or observable state of being, non-use values, are
particularly difficult to measure.  However, since these values -- which include the
pleasure of knowing that wilderness exists or the unhappiness about an injured ecosystem
-- are particularly important in environmental economics, it is necessary to find a way to
measure them.

More specifically the cost that should be attributed to a negative externality is the cost of
efficient mitigation action plus the cost of any residual harm (Phillips and Zeckhauser
1995).  Similarly the benefit of a positive externality is the extra benefit enjoyed by the
world less any additional costs incurred to realize those benefits.  Quantification is a
much tougher problem.  Various methods have been developed, but good analysis
remains difficult.  Even as theory abounds and is increasingly refined, actual
measurements are relatively sparse.  As Klamer and McCloskey (1988, as quoted in
Shabman and Stephenson, 1996) put it, "the problem in economic life is not calculating
what to do after knowing all that you need to know. The problem is to know."

Smith (1997, p. 157) suggests in his review of valuing environmental resources, "market-
oriented systems around the world are being forced (by growing demands) to find ways
of reflecting the economic values of environmental resources available outside markets in
the decisions that are made about how they are used and protected."  In other words,
given our decision-making processes, it is necessary to describe the value of non-
marketed resources in concrete terms -- usually their dollar value.  The discussion in this
subsection summarizes the basic overview of valuation theory and methods that is found
in most discussions of the subject (Smith 1997; Hannemann 1992).

Market-based externalities (such as property value impacts) can be calculated using
market prices.  Non-market externalities, including most environmental externalities,
usually cannot.  Yet some valuation must be calculated if these costs (and benefits) are
going to be considered alongside more quantifiable commercial effects of an activity.
When some values are considered qualitatively while others have numbers attached, the
former often get forgotten and only the latter reported.

In response to this, valuation studies were first carried out in the 1950s (Hannemann
1992).  There are five reasons why there has been some attempt to value environmental
externalities: CBA of projects, CBA of new regulations, natural resource damage
(liability) assessment, environmental costing, and environmental accounting (Navrud and
Pruckner 1997). It should be noted that some of these can benefit from rough, back of the
envelope, calculations while others (particularly liability (Phillips and Zeckhauser 1995))
need to be quite precise.  This means that the existing literature has vastly variable levels
of precision (even apart from the variably quality of the work), making it challenging to
assess.

Valuation methods are typically categorized based on whether they involve actual market
transactions ("revealed preference") or not (hypothetical), and whether they directly
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measure the value in question, or whether some further machinations must be performed
to determine the value indirectly.  Indirect use of revealed preference (market purchase)
data is made in the hedonic price method and travel cost method, which are discussed
below.  The most intuitively appealing and controversial method is direct but
hypothetical, and basically consists of asking people to tell us their valuations.  This
method (contingent valuation) is also discussed below.

Many analysts have applied multiple valuation methods to the same question to try to
calibrate the methods and get better measures of the values in question.  They generally
show very different results (Shabman and Stephenson 1996), prompting the observation
that we as a society need to decide which valuation criteria truly reflect public
preferences (Carson and Navarro 1988).

Direct Use of Market Prices, including Alternative Production and Mitigation.

Direct revealed measures of a value, the price that someone actually pays for something
in a fair market, are the gold standard in economics.  This can provide measure of certain
externalities.  The simplest are cases where someone can no longer buy or sell something
thanks to a policy or practice of someone else.  In that case, market methods can be used
to estimate the loss in consumer or producer surplus.

In other cases, particularly environmental health concerns, mitigation can be purchased.
For example, polluted drinking water can be processed or replaced.  In that case, the price
of the mitigation perfectly measures one cost of the pollution, since that expenditure is
what it takes to undo the effect of the injury on drinking water quality and would not
have been necessary were it not for the pollution.

A more subtle application of market methods to the costs of one source of pollution is the
savings that could be achieved by allowing another polluter to relax its pollution controls
by the corresponding amount.  This comparison is particularly applicable for looking at
the costs of relatively unregulated nonpoint sources of pollution like animal agriculture
(Freeman, 1990; (Shortle and Abler 1997).  For example, if there is a policy that requires
a city to treat wastewater to a achieve certain level of dissolved chemicals, and the cost of
the treatment is known from the engineering of the treatment plant, then we know the
cost that effluent from upstream agricultural sources -- it is the cost of the extra treatment
by the city that could be avoided if the agricultural effluent were reduced.  This approach
has largely been overlooked in the literature.  It would have been used in the State's cost-
benefit analysis of watershed policy if it had been funded.

For most environmental externalities, however, methods other than direct use of revealed
preference are needed.

Hedonic Pricing Studies.

Hedonic pricing attempts to assess the price of real estate based on its characteristics, and
use statistical techniques to extract the value of such things as being near a scenic
waterway or an odorous facility.  Using real estate prices to value environmental
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amenities (or disamenities) enjoyed by the user of a certain parcel of land has a long
tradition and is respected as a good method (Freeman 1993; (Clark and Nieves 1994;
Palmquist 1991).  The hedonic method works to measure localized effects that do not
affect the overall market of the goods being studied (usually houses), but do affect the
appeal of certain ones.  This means that hedonic methods, while appealing because they
use real consumer behavior, are limited because they can only value a certain class of
externalities.

Hedonic studies are particularly useful for measuring externalities from locally
undesirable land uses or positive environmental amenities.  For example, Steinnes (1992)
looked at the value of water quality in Minnesota as it affects lakeshore land values.
Such a measure provides an estimate of one of the external costs attributable to water
pollution.

A subtle point that should be understood about sale prices (and thus the results of hedonic
studies) is that they provide a "market clearing" or "equilibrium" price.  Roughly
speaking this means they reflect the preferences of the person who most wants the
property rather than the average person's preferences.  This may explain the disconnect
between large perceived impacts and smaller measured impacts that are reported for
many hedonic studies.  Some people might find that living next to a hog farm or a nuclear
power plant is extremely unpleasant, dramatically lowering the value of a property to
them, but other people may not care.  As long as there are enough people in the latter
category, the effect on the price will be small, regardless of the opinion of those in the
former category.  This might mean that hedonic studies understate the effect of a
disamenity on people who own affected property and are particularly bothered by it, but
are not inclined to sell for whatever reason.

Travel Cost Method.

The travel cost method (TCM) provides a measure of the value of an environmental
amenity that people must travel to in order to enjoy (particularly recreational sites).
Technically, the cost of travel traces out a demand curve for the good, from which the net
surplus from the environmental recreation can be calculated.  (For more details, see
Smith (1997).)  Note that the cost of travel itself is not the loss to consumers if the
amenity is injured.  The travel cost is just that -- a cost -- in the same way that the price of
a good does not tell us how much benefit someone gets from being able to buy it.  The
net benefit is the surplus, the amount more than the cost that people would have paid if
they had to.  But the different pattern of use by people who face different travel costs
allows us to estimate their net benefit, the consumer surplus.  This is a particularly
popular method for estimating the value of environmental recreation because it uses
revealed preference data (that is, it is founded on actual behavior).

Contingent Valuation Studies.

Central to the current literature on valuing environmental externalities is the contingent
valuation (Phillips and Zeckhauser 1995) method.  This method, which at its core
consists of asking people their willingness to pay (Lareau and Rae 1989) for something,
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is the only method for valuing many (perhaps most) environmental impacts, because it is
the only method for measuring non-use values.  Notice that all the other methods
discussed can only measure something that someone is physically using, either
consumptively, recreationally, or aesthetically.

The CV method remains extremely controversial, and there are many observers who
conclude that it cannot produce reliable results (Hausman 1993; Diamond PA and
Hausman JA 1994; Diamond PA 1996).3  However, CV was effectively given a blessing
by a blue ribbon panel including highly-respected economists, conditional on certain
rules being followed in applying it (Arrow K and others 1993).  Everyone agrees that
survey respondents have no particular incentive to give correct answers, and have some
incentive to strategically give incorrect answers, but proponents of this and other survey
research methods insist that it is still possible to get useful results.  Most assessments also
recognize that analysts must be very careful in how they conduct the survey (Smith
1997).

There are probably hundreds of CV analyses ongoing currently in the U.S.  Every month
there are dozens of articles from CV research in the economics literature.  Due to the
proliferation of articles, since 1997 contingent valuation has had its own subject code in
the Journal of Economic Literature, a level of aggregation generally reserved for quite
broad categories of subject matter. A recent special issue of Resource and Energy
Economics (Tolley and Fabian 1998) was devoted to CV, and there have been numerous
organized discussions in various other forums over the last decade.  Most published
articles look at environmental goods, though relatively few break out the impacts of
agriculture.  Most of the articles emphasize as their primary goal refining the method
rather than providing a specific quantitative result (indeed, many of the titles do not even
mention what was being measured).  This emphasizes the current mood of uncertainty
about CV results.

Very few of the existing papers provide direct measures of WTP to eliminate externalities
from animal agriculture, though many of them could apply.  Some recent examples of the
topics studied are ecosystems on a global basis (deforestation) (Kramer and Mercer
1997), recreational canoeing (Rollins 1997), and effects of tourism on rural lifestyles
(Lindberg and others 1997).  Among important classic studies is the "Spotted Owl" study
which was important in making Northwest forest policy (Hagen and others 1992).

                                               

3  Hausman and Diamond, who top the list of critics of CV, were
consultants for Exxon in the Valdez case which involved a huge valuation from
CV, though this certainly does not dilute the importance of their criticisms.  It
should be noted that the author of this section has also been a critic of CV as it
has been applied (Phillips and Zeckhauser 1995) and has done consulting work
based on that position, but currently believes that CV is ultimately promising as a
method for improving environmental decisions.
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CV as applied presents some major pitfalls for making policy decisions.  For example,
many studies attempt to measure household WTP for a certain percentage reduction in
some pollution.  This may be a good rough cut at measuring general public sentiment, but
tells us almost nothing about the actual value of the impact of a particular industry (let
alone a single regulation or facility).  As another example, CV studies often ask people to
implicitly make technical estimates that are better made by experts by asking them about
their WTP for a change in policies or practices rather than a change in physical outcomes.
CV questions are useful for determining how much a final outcome (like safe water or
better vistas) is worth to people, but should not be used to ask people to guess at, e.g., the
probability of groundwater nitrate contamination from a new facility.  More generally,
like any research method, there are lots of ways to use CV badly, and many of them can
be found in published articles.

Research in the context of the GEIS is unlikely to resolve any of the controversy
surrounding CV as a method.  However, some best-practice application of the method
could provide critical information to assess some of the major questions in the field.
Since the value of a particular environmental good to a particular group of people is a
very idiosyncratic thing, new studies in the context of the GEIS and Minnesota would
provide new information.  Benefit transfer analyses (see below) of existing CV numbers
would also provide some valuable information, but individual values do not transfer from
studies of different people done for different purposes nearly as well as do studies of
natural science phenomena.

Catalogs of Studies

There are various reviews that look at multiple analyses of environmental values and
costs of environmental injuries.  These include:

n a list of more than 2000 CV studies that had been carried out at that time (many more
have been done subsequently) (Carson and others 1993),
n TCM and hedonic studies in the US (Braden and Kolstad 1991),
n Agricultural applications in Europe (Merlo and Puppa 1994; Dubgaard and others
1994),
n various methods and topics in Europe (Navrud 1992; Navrud and Pruckner 1997),
n a sortable database of results from studies of various media and countries, primarily
localized studies, using various methods, at the New South Wales (Wilcox 1989) Web
Site (New South Wales Environment Protection Authority 1999), including more than
200 studies from the U.S.

Navrud and Pruckner (1997) note that U.S. studies have tended to emphasize health risks
for air pollution while European studies have focused on non-use values.  But there has
been no shortage of CV studies of non-use value in the U.S., particularly in light of the
importance of non-use vales in the Spotted Owl and Exxon Valdez studies.

Benefits Transfer, The Key to Most Policy Applications
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Making the most of valuation data requires taking information from one study and
applying it to other contexts, a technique known as benefits transfer (Desvousges and
others 1992).  U.S. EPA's desire for more numbers has resulted in a large number of
benefits transfer analyses (Navrud and Pruckner 1997).  It is likely that most of the time
when valuation studies are used in policy making, there are benefits transfers.  However,
it is difficult to identify policy applications being made at various levels when they
involve informal (and never published) benefits transfers.

Effective benefits transfer involves many of the same challenges as designing a good de
novo study, and is not a trivial process.  Casual analogies between one value and another
are very likely to be misleading.  Benefits transfer studies take the imperfect results of
one study and  introduce other possible sources of error, so researchers and analysts must
be particularly careful not to claim unjustifiable precision or accuracy.  A practical
cautionary discussion about benefits transfer in state-level policy making is available at
the NSW EPA Web site (1999), see both the overview and many of the detailed
discussions of individual studies).

On the other hand, benefit transfers are important for policy making.  It is never going to
be possible to measure every value of interest, so benefits transfer should be used to
expand the available information.  Discussions of how to effectively do benefits transfer
research can be found in Kirchhoff et al (1997), Boyle and Bergstrom (1992),
Desvousges et al (1992), Feather and Hellerstein (1997), and Pearce et al. (1992).

Much of the current valuation research is so project-oriented that it badly serves the need
of transferability (Smith 1997).  Studies have found existing analyses to have ambiguities
and arbitrary decisions that made transfers (or even comparisons) difficult (Boyle and
others 1994).  An important complication in transferring benefits is recognizing the
relative availability of substitutes in different places.  It is well known that the availability
of substitutes and other mitigation opportunities (e.g., alternative water sources) will bias
measurements of value unless care is taken (Hoehn 1991).

For purposes of the GEIS, benefits transfer will likely provide much valuable information
and should be used.  However it would be a mistake to decide ex ante (without regard to
available data) that a particular value needs to be determined this way.  This could easily
result in the use of an inappropriate benefits transfer.  Because doing effective benefits
transfer of environmental values is an involved process, it is not attempted in this report.
Benefits transfer requires additional careful research, not just literature review, and so
specific dollar values from existing studies, values that might be transferable to
Minnesota animal agriculture policy, are not presented in this report.

Aside: Skepticism about Valuation-Oriented Methods

Several threads in the literature -- sometimes in the non-mainstream social science
literature, though more often in the natural science literature -- express deep skepticism
about cost-benefit analysis or other valuation-based methods of making environmental
decisions.  Frequently these criticisms of the economic approach demonstrate a
fundamental lack of understanding about economic methods or ignore the fact that human
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resources are limited and thus we need to make tradeoffs.  However, some of the
criticisms are more cogent.  These generally focus on the problems of actually measuring
costs and benefits, arguing that it is not likely to be resolved in a way that is generally
accepted as accurate and so is a dead end.  They conclude that alternative decision criteria
are needed.

Criticisms of discussions of CV and other specific methods often overlook the fact that
all valuation methods for non-market goods are imperfect and so comparisons must be
made between the various imperfect methods, and between using some method versus
not having a source of the data at all.  These considerations apply to future research
conducted under the GEIS.  Neither the "fatal flaw" approach ("these methods are
imperfect, so there is no use in using any of them") nor blind acceptance of the available
data is appropriate.

The most substantive anti-valuation thread in the economics literature calls for
"sustainability."  The term has various formal definitions (Hartwick 1997), most of which
are in keeping with the intuitive definition of not using resources like soil or water faster
than they can be replenished.  This offers a "second best" alternative to the economist's
"first best" calculation of the optimal rate for depleting resources which requires the
difficult calculation of the optimal trade off of gains for non-sustainable losses
(Radermacher 1994).  The details of this discussion are beyond the scope of the current
review, but readers should be aware that this line of reasoning exists in competition with
the notion that we need to focus on getting the valuations right so we can do the cost-
benefit optimization.

Along the theme of sustainability, the Legislative Commission on Minnesota Resources
(LCMR) recently funded a project titled "Economic Analysis of Agriculture for Multiple
Benefits" for the 1999-2001 funding cycle.  It contrasts with the GEIS's approach of
itemizing impacts of current practices and quantifying specific externalities.  Instead it
looks at alternative farming systems from a perspective that is closer to the sustainability
paradigm to evaluate the differing levels of economic social end environmental benefits,
including the prevention of pollution, provided by various types of farming systems.  The
LCMR project abstract states, "The economic valuation will include crops and livestock
production, other market-valued items and non-market items such as water quality, soil
erosion, wildlife habitat, biodiversity, local purchases from farming operations, social
capital formation, etc."  The research agenda later states that it "will integrate
quantification of environmental and social impacts, economic valuation and development
to prevent non-point source pollution and to promote the production of multiple
environmental and social benefits for society."  Thus, the agenda is similar to the GEIS,
but comes from a somewhat different viewpoint (one that might be called more
"holistic").

Application to Animal Agriculture

Externalities from animal agriculture will have various proximate causes, including:
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n production of feed grains (and the resulting use of land and other resources, runoff,
etc.),
n other  resource use (beyond that needed for plant foods or integrated sustainable
production methods),
n direct impact of production facilities (such as odors, leaching, and manure spills),
n direct impacts of using animals (impact on the animals, zoonoses).

Given the need for producing plants for animal agriculture, it is difficult to sort out some
of the externalities of animal agriculture from those of agriculture in general.  To sort out
many of the impacts that are specific to animal agriculture it is necessary to determine on
what portion of crop production should be attributed to animal agriculture and then
calculate the impacts of that portion.

For purposes of the GEIS, an explicit decision will have to be made about whether all
externalities from animal agriculture are being studied, or just those from animal
agriculture facilities (ignoring impacts upstream in the production process), which is
potentially a fairly small subset of the total.  That distinction is not particularly important
for the present report (since it is providing background information that would apply in
either case), but will clearly be important later.

A large portion of the existing valuation studies focus on environmental goods that are
associated with recreation or passive aesthetic enjoyment (e.g., vistas).  This is not
surprising since these are values that people are particularly concerned about, understand
(and thus can price more accurately), and are associated with market decisions (travel,
housing) which allows the use of multiple measurement methods.  Many of these studies
focus on resources that are affected by animal agriculture, particularly surface water
recreation.  These are addressed specifically below.  Hundreds of studies look at values
less relevant to the GEIS, including wilderness areas, impacts of mining, urban
greenspace, urban industrial pollution, and traffic.

Costs from injury to the natural environment include damage to aquatic ecosystems (from
eutrophication and water removal), damage to terrestrial ecosystems (from land use),
global warming (from methane emission), acid rain (from NH3 volatilization and NOx

deposition), and direct health impacts.  Quantifying these impacts involves the dual
challenge of quantifying environmental injury in the first place and determining how
much of the injury is attributable to animal agriculture.  Unfortunately, the implication of
this challenge is that extremely little has been accomplished to date.

Quantifying the external health costs of animal agriculture (or anything else) is similar to
quantifying the effects on ecosystems and other environmental goods.  Some aspects of it
can be calculated using observed market mechanisms, such as the cost of treating certain
illnesses or the extra costs of purifying drinking water (a cost of avoiding negative health
effects).  Other aspects can be quantified only indirectly since they involve non-market
components of human welfare.  As is the case with environmental goods, the theory is
relatively well developed, but actual empirical work is lacking.

SPECIFIC RESPONSES TO SCOPING DOCUMENT QUESTIONS
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This section provides the best possible direct answers to the specific questions in the
Scoping Document.  It should be clearly stated at the outset that the short answer to most
of these questions is "we don't know."  At best it is "we don't know much."  As a result of
not knowing much about the big questions, we basically know nothing about the more
detailed questions like how the costs vary by production method.  Similarly, we can say
very little about how costs are distributed other than the obvious (e.g., people living
nearby or downstream/downwind feel most of the impacts, drinking water contamination
is most likely to affect infants).

The Major Difficulty in Answering the Specific Questions

It is important to realize that the analysis of how an action leads to a measured cost or
benefit has two distinct steps, the path from action to change in the physical world (such
as an injury to an environmental good), and the path from the change in the physical
world to a change in human well-being (valuation).  The first step is the topic of many of
the other areas of the GEIS, while this report focuses on the latter.  The critical
importance of the two step process is that while we have the technology to map a certain
agricultural practice or policy to human welfare outcomes, it has not been done in very
many cases.  In many cases, someone has gone from Point A (the action) to Point B (the
injury), and someone has gone from Point B' (seldom exactly the same Point B,
unfortunately) to Point C (change in welfare), but no one has gone from A to C.  As a
result, a literature review is not sufficient to produce many values -- it can only show
what groundwork has been laid to produce those values.  Actually providing the values
would be new research, not simply a review of the literature.

Furthermore, it is important to note that the methods used to calculate non-market
valuations are quite complicated and sensitive to the exact choice of study design.  As a
result, care should be taken to avoid looking at a single study in an area and saying "this
has been done, and the answer is X."  Of course, if there is one quality study, then it does
provide the best answer we have.  Great care must be taken in looking at one quality
study of a particular value in a particular place and transferring that to a different place or
situation.

The following discussion includes many examples of valuation studies that might have
some bearing on the impacts of animal agriculture, but that do not specifically study
animal agriculture. These are examples selected from a huge body of literature that
contains many more studies on many of these topics.  It is beyond the scope of this
project to completely enumerate valuation studies that might contribute something to
valuing the impacts of animal agriculture.

Property Values / Property Tax Revenues

The environmental impacts of animal agriculture facilities as locally undesirable land
uses (LULUs) include aesthetic impacts (e.g., odors, injury to surface water ecosystems)
and health threats (e.g., polluted wells).  These are among the easiest costs to quantify,
both in theory and practice, because the costs should be incorporated into local land
values -- the total monetized cost of the environmental spillover should subtract from
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what would otherwise be the price of the land.  Economics predicts that property values
(and with them, property tax revenues, which are basically just a piece of the total value
that is captured by local government) will drop when negative externalities from animal
agriculture operations affect residents or users of the land in question.  However,
confirming this empirically and quantifying it is still a difficult task.

LULU issues and property value impacts are one of the more contentious issues in animal
agriculture policy.  Unlike some of the other areas of environmental impact, there are a
few very specific and very talked-about papers in this area, namely Taff et al. (1996) and
Palmquist et al (1997), that look at exactly the question being asked in this review.
Unfortunately, these studies provide mixed results, and even if they did not, these alone
would not provide nearly enough information to draw any firm conclusions.

Palmquist et al. studied residential property values near large-scale hog operations in
North Carolina using the hedonic pricing method.  They created an index of proximity to
large operations and concentrations of manure (a variable that increases with the size of
nearby operations as well as measuring the amount of nearby manure itself) and analyzed
the effect on house sale prices (controlling for other characteristics of the house and
property).  There were 237 house sales in the study area during the study period.  They
found a substantial reduction in selling prices as properties are located closer to large hog
facilities or as the amount of proximate manure production is increased.  Signs of
coefficients and estimated functional forms conformed to intuition for control and study
variables.  Most of the discussion focuses on odors, though there is actually nothing in
the data that allows odors to be separated from other local spillovers.

Palmquist et al. could identify only one earlier study (Abeles-Allison and Conner 1990)
that addressed this question.  That study, in Michigan, also found a drop in property
values, though it was limited to houses near facilities that been the subject of complaints,
and so is particularly difficult to generalize.

Taff et al. used a similar method to study residential property sale prices in southwestern
Minnesota.  The study was commissioned by the Minnesota Department of Agriculture
and has never been published (the cited paper is a working paper version of the report to
the legislature).  They examined 292 residential property sales in Renwood and Renville
counties and examined the effect of a series of indicators of feedlot proximity.  The
indicators were discretized variables reflecting the existence of feedlots, distance to
feedlots, total animal units within a certain distance, and upwind feedlots.  The notorious
results of the study were that they found a significant (both statistically and substantively)
increase in property values associated with each of the measures of proximity to feedlots.
The authors offer some possible explanations for what might have caused this (e.g.,
workers living close to facilities; houses with lowered values not coming on the market),
but they were unwilling to dismiss the finding as a pure anomaly.  Other possible
explanations include the possibility that property values are driven up by the facilities and
local economic activity (as is discussed in the second half of this report), even as they are
driven down by aesthetic impacts.  In any case, the best response to the controversy
surrounding this report seems to be to point out that hedonic price analyses are very
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complicated, and like most complicated studies researchers give the best answer they can,
knowing it might be wrong.  The same could be said if the study had found the expected
result.

It takes multiple studies and a large weight of evidence to sort out results from
complicated analytic tools. These few studies do not provide nearly enough information
to draw conclusions about the impact of feedlots on property values.  Whatever the
findings of one or a few studies, there are still compelling reasons to believe (from
anecdotal reports and intuition) that homes with odors or contaminated wells from
feedlots are worth less than they would be if those impacts were eliminated (though we
can construct stories of how benefits from proximate feedlot make up for this).  But
without useful studies, we cannot put numbers to this belief.

There is a strong history of using the hedonic price method to value the effect of other
LULUs (as well as other things affecting property values) and this could inform further
research on this topic.  There have been attempts to measure the disutility from odors in
non-agricultural settings (Lareau and Rae 1989).  Various studies exist that examine
house prices near non-agricultural LULUs, including landfills (Hirshfeld and others
1992; Nelson and others 1992), closed landfills (Halstead and others 1997), airports
(Nelson 1980), nuclear reactors and radioactive waste disposal (Gamble and Downing
1982; Payne and others 1987), and hazardous waste sites (Ketkar 1992; Smith and
Desvouges 1986).  Many of these studies have found the expected results, though many
do not, and the results are not always dramatic.

There is also a substantial literature that uses hedonic property value methods to value air
pollution more generally (Giannias 1989; Harrison and Rubinfield 1978).

Impacts on Other Producers

One of the easiest (though not necessarily easy) externalities of pollution to estimate is
the impact on downstream producers.  As discussed above, the measure of the externality
should be the sum of the lost consumer and producer surplus.

In the case of animal agriculture, this is particularly relevant to water pollution affecting
irrigation and commercial fishing, and requiring greater purification for downstream
industrial uses.  We can consider purification of drinking water supplies as downstream
production also.  Other impacts on production, such as the long-term implications for soil
nutrients are sometimes considered externalities, though these impacts are largely internal
to the land owner so it is difficult (and beyond the present scope) to figure out how to
address these.  The impact on producers can be measured in terms of lost profit, extra
expenditure, or the cost of avoiding the problem (sometimes called "averting behavior"
(Smith and Desvouges 1986)).

Studies that attempt to value the impact of agriculture (not specifically animal
agriculture) on downstream production include:

n the effect of river salinity on irrigation (Lee and Howitt 1996),
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n effects of soil erosion on water treatment and other uses (Clark 1985),
n avoidance cost for groundwater pollution (Abdalla 1994; Abdalla 1990; Abdalla and
others 1992; Collins and Steinbeck 1993; Nielsen and Lee 1987; Powell 1991).

If the direct cost of eliminating an environmental externality (mitigation cost) can be
determined, and such costs are indeed being paid to eliminate the impact, then that cost is
the cost of the impact.  A CV survey in England to find WTP for lowering drinking water
nitrate produced high values that exceeded the costs of installing treatment (Hanley 
1990), suggesting that the mitigation is the right measure of cost (and the right policy
response).  Smearman et al. (1997) used mitigation to measure the external costs of
aquaculture.  Partial cost-benefit analyses are often done comparing the cost of
eliminating the source of an environmental injury to the cost of remediating the injury.
This is a legitimate quantification as long as those two options are interchangeable (the
remediation is perfect) and the third option of just allowing the pollution to happen is not
considered.  (Things become much more difficult if there is a cost, but it is deemed to be
less than the cost of mitigation so the mitigation is not actually done.)

As with most of the other areas of environmental impact, there do not appear to be any
studies that look at the path from a particular animal agricultural practice, to
environmental injury, to impact on a producer, and then from there to lost surplus.
Several of the above cited studies look at the steps from injuries that can be generally
traced to animal agriculture to cost of impact (in a particular place, at a particular time).

Drinking Water Quality

If drinking water pollution is not mitigated then the externality is manifested as lowered
water quality.  The best way to value untreated drinking water (ground or surface)
contamination by animal agriculture is to return to the multi-step method described above
and anchor the measure in a scientific estimate of the morbidity and mortality that is
expected, with separate measures for aesthetic impacts.  To our knowledge, this step-by-
step linking has never been done for animal agriculture impacts, though each individual
step has.  For example, the link from animal agriculture to nitrate pollution is fairly
clearly mapped, the link from the nitrates to methemoglobinaemia in infants is well
understood, and the costs of morbidity in children has been estimated in the health
literature.  However, since the share of the exposure attributable to animal agriculture is
difficult to determine, let alone the differential share attributable to different sectors or
practices, establishing a precise value would require some new arrangement of existing
knowledge.

Benefits of groundwater protection have been widely studied and valued (Segerson 1994;
Boyle and others 1994).  Many attempts have been made to directly measure people's
valuation for drinking water quality, such as eliminating nitrates or heavy metal
contamination, rather than doing the step-by-step linkage (Edwards 1988; du Vair and
Loomis 1993; Hanley 1990; Jordan and Elnagheeb 1993; Schultz and Lindsay 1990).
These approaches are (in the opinion of this author) highly suspect because they call upon
people to make complicated technical assessments of matters they likely do not
understand.  Economics teaches us that people's opinions about how costly it is to be sick
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define that cost, but their opinions about how likely they are to become sick are not
necessarily useful.  In cases where the CV method is used, these studies represent a
particularly tenuous use of a method that already has many possible sources of error.

An alternative method for measuring drinking water contamination is the cost of
mitigating the impact (see the discussion of effects on production, above).  This has been
done for pollutants that are attributed to animal agriculture, though the link to particular
animal agriculture sources has not been specifically calculated (Clark 1985; Harrington
and others 1989).

Surface Water – Recreation, Ecosystems, and Drinking

Animal agriculture has a substantial impact on surface water recreation, particularly
angling but also boating, swimming, and aesthetic uses (vistas and odors at land
recreation areas).  It also affects aquatic ecosystems through effluent and water
consumption.  In some cases, estimates of the use values and the non-use values
regarding ecosystems can be separately measured (particularly by using TCM to measure
the use values and CV to measure the non-use), but in many cases they cannot, so they
are addressed together (using CV studies designed to pick up both).

There are a large number of valuation studies of water usage.  Some of these include
environmental injuries that can be specifically linked to animal agriculture (though, as
usual, there is no body of literature that clearly tracks specific policies or activities to
particular valuations), such as:

n welfare gains to anglers from a 1% reduction in fecal coliforms, phosphorous, and
copper (as well as other contaminants), using TCM (Tay and McCarthy 1994),
n WTP for returning water to an ecosystem, using CV (Loomis 1987).

Other studies look at environmental injuries that can be linked to agriculture, but where it
is not possible to sort out the role of animal agriculture from other agriculture, let alone
specific animal agriculture practices.  These include:

n benefits of reducing eutrophication from agricultural runoff, using TCM (Piper and
others 1987),
n value of siltation directly linked to agriculture, using TCM (Osborn and Shulstad 
1983),
n recreational value of wetlands (Bergstrom and others 1990),
n various other studies of angling and other recreational activities (Duffield JW and
Patterson DA 92; Rollins 1997; Smith and others 1983; Clark 1985; Navrud 1992; Kaoru
and others 1995).

Other studies look at environmental injuries or water quality questions that are probably
affected by animal agriculture, but the link is not so direct or clear.  Some of these studies
measure the value of changing a waterway to "fishable" or to "swimmable," or changes
such as "fair" to "good" quality, without specifying the particular quantities of pollutants
or their sources (Sutherland 1982; Smith and others 1983; Lant and Roberts 1990;



Literature Summary for the GEIS on Animal Agriculture                     UNIVERSITY OF MINNESOTA

F–28

Desvousges and others 1987).  Such questions are useful because they are in terms that
people can understand and put a value on, but they require several more steps before a
particular effluent can be valued.

In order to determine the effect of changing recreational appeal on recreational businesses
(a subject more closely related to the analysis in the second half of this report), it is
necessary to determine what behavioral changes people will make in response to a
particular impact.  If the quality of a waterway decreases, the impact on businesses might
be zero (people still buy the same things and simply go to a different stream to fish) or it
might be substantial if they spend their money on something else (though the actual
welfare loss, lost producer surplus, will be offset by the additional surplus generated by
spending the money somewhere else).

Two Minnesota-specific studies can be found in Steinnes (1992) (impact of water quality
on lakeshore land values, using hedonic pricing) and Welle (1986) (value of protecting
vulnerable lakes from acid rain, using CV).

Much of the value of clean surface water, even when not specifically linked to drinking
water, can also be attributed to health concerns (Lant and Roberts 1990), and so is closely
related to the ground water analyses.

Soil Quality

The losses from soil degradation and pollution are theoretically largely internalized, since
they are usually caused by the choices of the soil's owner, though some erosion problems
are caused by someone other than the owner of the affected land.  Gardner and Barrows
(1985) used the hedonic price method to examine the effect of past erosion control on
land prices and found that it only matters where the need for more control is obvious.
This might suggest that more of the impact is externalized if only obvious depletion
results in price changes, though other studies (Miranowski and Hammes 1984; Palmquist
and Danielson 1989) did not report this pattern. Quantifying the externalities would
require the initial step of determining if any of the costs are actually externalized.

There is a literature on "sustainable" livestock management which argues that low-level
grazing and integrated animal-plant farms can have positive impacts on soils as well as
other environmental goods discussed elsewhere in this report (Mearns 1997).  It is not
clear that there has been an attempt to quantify the value of these contributions, let alone
identify what portion is external (even setting aside the debate over whether there really
are positive impacts from actual practice).

Air Quality

Local air quality externalities from animal agriculture are captured in the LULU property
value measures.  Regional and global externalities, such as contributions to global climate
change or ambient NOx, have until recently been overlooked as externalities from animal
agriculture.  While literature now exists that clearly links the industry to regional and
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global air impacts, and other literature has attempted to value then value those impacts, a
combination of these steps does not seem to yet exist.

Other Relevant Factors

Several sources of economic externalities are discussed in the Scoping Document but
were not included as specific questions in this topic area.  Given the similarities of these
externalities to others discussed in this report, they are addressed here in parallel to the
preceding topics, under the rubric of the "other relevant factors" subpoint.

Terrestrial Habitats

The GEIS Scoping Document does not specifically address the loss of terrestrial habitats
associated with animal agriculture, though (in parallel with the discussion of aquatic
habitats above), people are willing to pay something to preserve such habitats for use and
non-use values.  Among the very few valuation studies that directly measure animal
agriculture externalities is a CV study of preserving environmentally sensitive areas in
England from modern farming practices (Garrod and Willis 1995).  Beyond that, as with
most of the topics discussed here, valuation requires that assessments of the physical
impact be combined with people's values for habitats and biodiversity (such as those
found in Moran and Pearce (1997)), and the value of recreational areas (discussed in
dozens of studies in the literature).

Other Human Health Impacts

Beyond drinking water, there are various human health effects associated with animal
agriculture.  As with drinking water, the best way to value these effects is let the
engineers and natural scientists estimate the exposure levels and the health scientists
estimate how these map into morbidity and mortality outcomes.  From there we can use
economists' measured valuations for morbidity and mortality.  Attempts to measure
people's valuation for eliminating the exposure itself will tend to pick up things which are
not actually health effects, namely irrational fears and misunderstandings about the actual
effects.  (There is substantial disagreement in the field as to whether to count people's
irrational fears as real values.  Even if they are counted, they should not be confused with
the actual physical health effects.)

There is an extensive literature on willingness to pay for changes in risk of morbidity or
mortality (Viscusi 1992; Viscusi 1993; Viscusi and others 1991).  Preventative
(mitigation) costs also offer a measure of health effects of environmental injury
(Murdoch and Thayer 1990), as can medical costs of fixing the problem the
environmental pollution creates (Dickie and Gerking 1991).  For example, Harrington et
al. (1989) examine the cost of preventive expenditure to measure the cost of giardia in the
water.

By far the largest negative impact of animal agriculture on human health comes from
eating its outputs.  While these costs seem to be largely beyond the scope of the GEIS
(being non-environmental by all definitions of the term except the biological, and not
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discussed in the Scoping Document), there has been some interest expressed in them.  It
is generally agreed in public health that consuming more animal foods contributes
substantially to heart disease, diabetes, certain cancers, and other diseases.  (A few
summaries of this massive literature can be found in Messina and Messina (1996) and
Messina and Burke (1997).)  These negative health impacts dwarf the environmental
health effects of the production process (and probably all involuntary environmental
health hazards combined).  As far as this author knows, no serious attempt has been made
to calculate the direct human welfare cost of the excess disease attributable to animal
product consumption. In any case, these are largely internal costs, since they are borne by
consumers as a result of their own actions.  To the extent that they result in socially-borne
medical costs, there may be an externality (Gray and Malla 1998), though there may be
no net cost because people may reduce medical costs by dying prematurely.  (The one
attempt to calculate the excess medical costs (Barnard and others 1995) is widely
regarded as hopelessly flawed.)

By the same token, occupational hazards and exposures in animal agriculture probably
account for a substantial portion of the non-dietary health impacts of the industry, again
quite possibly more than the environmental health impacts.  However, the voluntary
nature of the employment contract makes these costs internal as well, since enduring the
risk is part of the employee-employer contract.  (The social welfare ("justice") issue of
many agricultural workers having little alternative employment opportunity is important
as a larger social issue, but does not change this point.)  There is an external cost,
however, in the unhappiness the general public sometimes expresses about the unpleasant
and unhealthy conditions faced by the workers that provide their food.  This is a
legitimate external cost that should be considered, though it has possibly never been
quantified.  It is expressed non-quantitatively in various statements that many people
would be willing to pay more for their food if it meant that workers would get "fair" total
net compensation.  This takes the form of political statements in favor of protective
regulation, willingness to buy coffee from producer cooperatives, and similar behaviors.

Problems of foodborne disease attributable to animal agriculture are more complicated.
Some of the costs are similar to those of animal food nutrition -- largely internal to those
buying the food, though possibly with externalized medical costs.  But some of the costs
are externalities exactly like other effluent, since the producers introduce human
pathogens into the environment without paying the social cost, particularly the cost of
infecting non-animal foods or any other food beyond their own products (Ackers 1998).
It is clear that we can put a value on food safety (Hayes and others 1995).  However, to
determine the value of food safety externalities from animal agriculture, we need to be
able to determine how many cases of foodborne illness (a figure placed above 200
millions per year in the U.S. by former State Epidemiologist Michael Osterholm) can be
considered an external effect of animal agriculture.  Calculating the total value of
microbial contamination is much easier, though it still depends on the highly uncertain
estimate of the prevalence of foodborne disease.

The creation of antibiotic-resistant pathogens as a result of using antibiotics in animal
agriculture is a potential high-value externality.  This is an extremely difficult impact to
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quantify though.  It is only recently that a series of findings have confirmed the long-held
suspicion that animal agriculture was contributing to resistant pathogens (see the Human
Health report for more details and references).  There has been discussion in the health
literature trying to put numbers on the impact of antibiotic-resistance, but for obvious
reasons this is an incredibly speculative process, even without trying to apportion the
right share of the blame to animal agriculture.

Animal Well-Being

There is a respected tradition of suggesting that costs and benefits to animals should be
considered (at some level, usually substantially lower than human utility on a per-
individual basis) in utilitarian cost-benefit calculations.  This is implicit in the common
law and many of Western society's norms and regulations about treatment of animals.  It
has been more formally explored in a literature that traces back to J.S. Mill (Singer 1975;
Singer 1980; Blackorby and Donaldson 1992).  However, while there is much discussion
of true animal well-being (as it would be measured by the animals as interested parties, as
opposed to their physical health as commodities), for obvious reasons no serious attempt
has been made to put a dollar value on the welfare losses animals suffer from their
treatment.  (Economic theory makes clear that the lack of a functional metric does not
mean that such costs should not theoretically be added into cost-benefit analysis, though
there are certainly many who argue that such an valuation for non-human animals would
be inappropriate for other reasons.)

What has been seriously proposed and attempted is to quantify one of the external
impacts of animal welfare losses, the feelings of humans about the treatment of animals
in agriculture.  Though it is difficult to physically measure animal well-being (which can
be seen as based on philosophy, non-human psychology, or highly indirect physiological
measures), it is relatively easy to measure the current state of people's feelings about it
(which is a social construction like every other economic value (McInerney 1996)).

Most Americans agree that there is more that matters about an agricultural animal's well
being than how fast she gains weight.  Many people would be willing to pay something to
reduce the impacts the industry is having on animals, and this is as legitimate a value as
any other non-use value.  (Many people are willing to pay to reduce the impact that they
personally are having on the animals, such as by buying "free range" or organic animal
products, but in terms of the welfare of the interested humans only, this is the mitigation
of an internal cost.  However, it provides data that could be useful in estimating the
external costs, as well as further assessing society's values for animal well-being, whether
it is an externality or not.)  This value is a matter of preferences of members of our
society.  It is not a biological measure of the animals themselves, and does not involve a
controversial claim about the welfare of the animals themselves.  It is a straightforward
measure of human welfare, and thus is a matter of economic externalities -- negative
impacts on people not involved in the transaction that are not reflected in the market --
very closely analogous to ecosystem injury (McInerney 1991).

Studies of various populations in the U.S. and Western Europe have shown a consistent
concern about the welfare of animals in agriculture (particularly "factory farms").
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Results of the recent Lake Snell Perry poll released by the Humane Society of the United
States (1999) found that 77% of Americans are "concerned about the inhumane treatment
of animals on factory farms."  Other studies found the portion of the population that says
they are "concerned" (or some equivalent) about agriculture animal well-being is in the
range of 80%, half of which are "very concerned" (or some equivalent) (Bennett and
Larson 1996; Bennett 1997).  People indicate a willingness to pay something to improve
food animal welfare (Broom 1993).  These observations and results suggest that
externalities from animal well-being affect a large portion of the population and probably
vary substantially across different production processes.

Various analysts point out that the marginal cost of some options for improving farm
animal welfare from the status quo is low (McInerney 1996; Bennett 1995; Wilcox 1989),
thus offering an easy net social welfare gain if consumer WTP to improve conditions
turns out to be substantial.  Hedonic and CV measures have been proposed for measuring
this WTP (Bennett 1995; Henson and Beard 1993).  CV is likely to be the only effective
method because much of the externality is a non-use value.  There have been a few
attempts to actually measure it.  Bennett and Larson (1996) used CV to measure U.S.
students' willingness to pay for improvements in animal welfare in veal and egg
production, and found significant positive results.  They clearly state that the study is an
exploratory test of the method rather than a finished study of value (their primary
conclusion is that their approach could be used), and it uses CV study techniques that are
no longer considered effective.

Bennett (1997, 1996) later carried out a more carefully-crafted CV study of consumers in
the U.K., and found a significant WTP for eliminating battery laying operations.  The
study was affected by a low response rate and possibly various limitations of CV as
applied, though the author shows that the result would still be nontrivial after adjusting
for these.  As with every other studied cited in this report, these results cannot simply be
borrowed to provide definitive numbers for use by the GEIS, but they are among the few
studies that directly put a value on a specific negative spillover from animal agriculture.

RECOMMENDATIONS FOR FURTHER RESEARCH ON SPILLOVER-TYPE EXTERNALITIES

The good news is that we know a lot more about valuing environmental and health
externalities than we did only a few years ago and the knowledge base is growing rapidly.
The bad news is that the questions are so big and the research so scattered that there is no
body of literature that specifically addresses the general environmental impact of animal
agriculture.

Any honest recommendation about further research for a policy application should start
by trying to nail down the question the policy-makers really want to see answered.  The
recommendation should not be driven by what the analyst thinks is interesting (let alone
by a simple cataloging of what we do not yet know), but by the policy goals.  As such,
this section asks some questions and lists some possible further research and what it
could accomplish, without presuming to say "you should do X."
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Any recommendation about doing further research in the area of spillover-type
externalities hinges on a few overarching questions:

1. Is cost-benefit type valuation desired?
2. Are we interested in the spillover effects of facilities or animal agriculture in general?
3. If we only want to value some of the externalities (notwithstanding the concern about

doing that is discussed above), which ones?
4. (Ha and Morse 1998) Are we interested in externalities that affect people beyond

Minnesota's boundaries?  If so, how far do we extend our interests and how to we
weight the interests of people outside Minnesota or the U.S. compared to people
locally?

The reason for specifically asking the first question is that a cost-benefit approach has a
substantial effect on the whole character of the analysis.  It is the opinion of the authors
of this section is that this approach is the only effective way to compare the many
competing claims and interests with a common metric, allowing use to sort out the really
big ones and get a rough cut at whether something produces a net cost or benefit.
However, the additional step of putting valuations on the externalities, after identifying
and quantifying their physical characteristics, will require additional work.  Much of this
work would draw upon benefits transfer and natural science/engineering knowledge that
already exists, and so would be less expensive than new physical science studies, but it
would not be free.  The results would provide some numbers that made more sense to
most reader than parts-per-million and such.

The second question was alluded to above.  Unlike some of the other areas of the GEIS,
where the analysis of all aspects of animal food production can be discussed and the
reader could just set aside the ones that are not of interest, it is often difficult to make
these separable in an economic analysis.  An valuation study for surface water pollution,
for example, could look at only the marginal cost of direct impacts from leaching and
spills of stored manure, or it could incorporate the all of the impacts of animal
agriculture, including cropland.  While any given study might allow you to separate these
and pay attention to whichever is of interest and ignore the other, the study design might
give the reader only one bottom line.  Thus, a political/policy decision needs to be made
as to which measure is of greater interest.  In some places it will be much easier to look at
only facilities, while in others it will be easier to look at the sum of facilities and other
impacts.

By the same token, there needs to be a decision about which values are of interest, since
this probably does not perfectly parallel the economist's definition of which values are
external.

The recommended further research can be divided between relatively easy analyses
(making the link where studies of A-to-B and B'-to-C have already been done) and de
novo studies that measure something that has not been previously measured, and will
require more work.
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In many cases valuations can be calculated using existing studies that basically cover
each step from action or policy to outcome, but have never been tied together.  These
would be relatively inexpensive studies.  While doing a series of such valuations would
be larger in scope and cost than a literature review, it would probably be smaller and
cheaper than any new natural science study.  Some of the most promising applications of
secondary research to derive valuation numbers are:

n valuing the probability-weighted cost of manure lagoon spills in terms of ecosystem,
recreation, and mitigation costs,
n estimating similar for ongoing non-point runoff into surface water, plus health impacts,
n examining the cost of groundwater contamination risks, as a function of what we know
about a given practice's probability of creating contamination,
n assessing surface water impacts, measured in terms of downstream costs to
municipalities or the costs of making comparable reductions in effluent from point
sources,
n generally linking the natural science and engineering information about the various
human health impacts to existing quantifications of those impacts,
n valuing recreational use of land that might be degraded.

Beyond these transfer studies, there are a few areas that seem particularly ripe for de novo
research.  Such research would be considerably more expensive than the transfer studies,
but would have the advantage of getting directly to the numbers that are of most interest
in the current discussion.  In particular, these include:

n property value (Smith and Desvousges 1986) impacts -- clearly this is important to
many people in Minnesota, but the existing literature is simply inadequate to provide us
with useful numbers,
n a CV study of Minnesotans to determine WTP for maintaining
small/traditional/"family" farms (capturing community economics, LULU, some
environmental, and animal well-being issues) -- without such a value it is difficult to
assess the basic question of the net cost or benefit of changing farming methods,
n a CV study of the value consumers place on the welfare of food animals,
n a CV study to measure how much value Minnesotans place on the survival of "Main
Street."

The latter of these refers to a topic that is not discussed elsewhere in this report, though is
discussed in detail elsewhere in the GEIS.  It is included here because the type of
research that must be done to address this question is the type of research discussed in
this report.  Without such economic measurements, it will be impossible to tell how much
people care about changes to rural communities, no matter what studies we do to show tat
the changes are occurring.   The first two items on the list may offer great insight into
what appear to be some of the most controversial and uncertain externalities motivating
the GEIS process.  These types of studies are likely to tell us more that is relevant to
policy than will any natural science, engineering, or non-consumer-based economic
analysis.
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REGIONAL DEVELOPMENT EXTERNAL IMPACTS

INTRODUCTION TO MEASURES ON REGIONAL ECONOMIC IMPACTS

Types of Income

This section presents the terminology that is commonly used in economic impact studies
looking at the effects of one industry on other industries and businesses, communities and
the state as a whole.   While many of these terms are commonly used and understood,
sometimes there are several common ways of using the terms and this can create
communication problems. The definitions used in this report are as follows:

Employee compensation includes wages or salary plus fringe benefits such as health and
life insurance, retirement payments, and any other non-cash compensation.

Proprietary income consists of self-employed income.  For example, the income of
self-employed lawyers, doctors, or business owners  would fit here.

Profits and other property income include payments from interest, rent, royalties,
dividends, as well as profits.

Indirect business taxes consist of excise and sales taxes but not income taxes or
corporate taxes.

Personal income is the sum of employee compensation and proprietary income or the
total of all forms of employment income.

Value-added income is the sum of personal income plus profits and other property
income  and indirect business taxes.

Gross Regional Income is identical to the value-added income of the region.

Gross Regional Product (GRP) equals the gross regional income.  However, GRP is
defined as the total spent on regional consumption and investment goods, total
government purchases, and the total value of net exports from the region.

Region is defined to be any size from a small town or city, a county, a state, or even the
nation.

Generally, gross regional income or total value-added is used as the key measure of the
size of a regional economy.  When measuring the impacts on the entire region, gross
regional income or value-added is often reported because it is the most comprehensive
measure.

Multiplier (Spin-Off Effects)

The economic impacts of adding a new industry to a region will vary depending on the
extent to which that firm buys raw materials and other inputs within the region.  The
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larger the volume of purchases within the region, the larger the regional multiplier or
spin-off  impacts.   Conversely, the smaller the leakages (purchases from outside the
region) the greater the spin-off effects.

Regardless of the type of models used, there are several basic concepts used in estimating
the multiplier effects.  While most of these concepts are directly applicable to input-
output models described in the next section, they also apply to nearly all of the methods
of examining multiplier or spin-off effects.   These are defined below:

Economic Shock In measuring the economic and fiscal impacts of  the changes in an
industry, we need to define exactly what that change is.  Generally, this is called the
economic shock.  It is an exogenous change (a change from outside the model that you
are using to explain the changes in other variables).  With the feedlot issue, economic
shocks might be drops in demand for livestock, changes in regulations at the state or local
level that restrict the number of animals grown, or addition of a new meat packing plant
that increases the demand for livestock locally.   The economic shock is taken as a given
or the starting point in any economic impact analysis.

Direct effects are the changes in expenditures in each industry or for each commodity
that stem from the economic shock.  These do not include any spin-off or multiplier
effects.   Estimates of these direct effects come from surveys or interviews with firms
rather than from economic models.

Indirect effects are the changes in industries that sell to the industries in which the direct
effects occur.  For example, if a new hog operation opened in Murray County, the
additional feed sold to that unit would be an indirect effect.  The corn sold to the feedmill
would also be counted.  The fertilizer used on the corn and the trucking services used to
deliver the fertilizer would be counted.

Induced effects are the changes in expenditures by consumers who work either in the
industry directly affected or in industries that are indirectly affected.

Offsetting effects are changes in the local economy that occur as a result of your direct
effect but which are not captured by backward linkages.  For example, if you add a new
hotel to a community, you need to check that this new hotel is not simply taking business
away from the existing hotels.  If this offsetting effect happens the direct effect could be
zero.  When a firm is lost from a community, other existing firms might simply expand
and service the market.  Again, there could be no net direct effect due to this offsetting
effect.

Type 1 Multipliers report on the total change in income, counting both direct and in-
direct incomes stemming from the economic shock compared to the direct change in
income coming from the shock.  A multiplier of 2.5 means that total income is 2.5 times
as high as direct income and that the indirect effect is 1.5 times more than the direct.
Type I multipliers are available for all types of income and employment.
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Type 2 Multipliers report on the total change in income, counting direct, indirect, and
induced income divided by the direct change in income.  Type 2 multipliers are always
higher than type 1 multipliers that leave out the induced impacts.  Type 2 multipliers are
controversial because they assume that any new income will be spent in exactly the same
spending patterns as the average spending.  This is rarely true and generally means that
type 2 multipliers overestimate the true impacts of an economic shock.  On the other
hand, type 1 multipliers completely ignore consumer spending and tend to underestimate
the economic impacts.   In practice, some economists use modified type 2 multipliers that
give some consumer effects but not the full effect.

Backward Linkages refers to the purchases by an industry from its suppliers or the
purchases by a household from the producers of the goods and services it uses.  For a
pork producer, the backward linkages are for feeds, equipment, trucking services, etc.

Forward Linkages refers to the sales to other industries or to final consumers.  For a
pork producer, sales to a meat packing plant are part of her forward linkages.

Final demand includes sales to consumers within the region being studied and to
consumers and industries outside the region.  Sales to governments within the region are
also included in final demand.

Intermediate demand includes sales to all industries that use the product as part of their
production process.

Models for measuring multipliers

This section looks at the models used to estimate the regional spin-off effects.    We
provide a general description of these models and a critique, outlining their strengths and
weaknesses.   Models are simply maps of the economy.  As a map outlines the major
features of the land, a model outlines the major features of how an economy works.   Just
as no one type of map (U.S. interstate highway map, state road map, topological map)
will serve all purposes, none of these models are useful in every context.

Economic Base Models are the simplest type of multiplier models.  The multiplier is
simply defined as:

Multiplier =  Total employment/ Basic Export Employment

Exports are sales outside the region being studied, not necessarily international exports.
Nearly all industry sectors have some export sales, especially when considering domestic
exports (sales to people or firms in other states within the country).

When we consider the fact that some industries will purchase more raw materials and
inputs within a region than others, it is apparent that the multipliers will differ between
industries.  However, the economic base model only has a single multiplier.  Input-output
models provide multipliers for each industry.  For details on economic base models, see
Shaffer.(1989).
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Input-Output models are a double entry accounting system for all industries within a
region.   In the rows it traces the sales of each industry to each other industry, to
consumers in households, and to exports (See the rows in Table 1).  For example, the
Agriculture sector has total sales of 100 million in this hypothetical economy and sells 5
million to itself, 10 million to manufacturing, 10 million to retail, 15 million to
households, and exports 60 million.   In the columns it also traces the expenditures by
each industry as it purchases raw materials and inputs from other industries, pays
workers, and imports goods (See the columns in Table 1).  For example, agriculture has
total expenditures of $100 million.   It buys 5, 20, 30 million from agriculture,
manufacturing, and retail respectively.  It pays households 25 million, partly as wages
and partly at self-employment income and partly as profits.  In addition it has to buy 20
million in imports from outside the region.    The multipliers are derived from this table
as shown in Appendix A.    The only difference from the example in Table 1 and actual
input-output models is the scope.  Most have 528 industrial sectors rather than only three
as shown in Table 1.

Table 1: Transaction Table for an Area Economy*

Economic
Sectors

Agriculture Manufacturing Retail Household Export Total
Sales

Agriculture 5 10 10 15 60 100
Manufacturing 20 5 5 10 140 180
Retail 30 5 5 90 15 145
Household 25 80 30 10 25 170
Imports 20 80 95 45
Total
Expenditures

100 180 145 170

*  Example from Goode, 1982.  See Appendix A for non-technical explanation of
multipliers

Several authors are critical of input-output models.  For example, Thompson and Haskins
(1998) write that input-output models are “severely limited by both the assumptions made
and the data used.” (p.2) They are correct, but this can be seen as virtue rather than a
weakness.  It ensures that users can trace exactly what assumptions and data are used
rather than having a mysterious black box.

When the input-output model is used to predict the economic impacts of a change in an
industry, the following assumptions are made:

1. The output of each sector has a fixed production function, and there is no substitution
between the input factors as change in the level of output occurs;

2. The change in the level of output being studied is not large enough to result in changes
in the economies of scale;

3. The change in the level of output being studied is not large enough to result in changes
in the prices of outputs or inputs;
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4. The change in the level of output is not large enough to cause a change in the
technology being used;

5. The percentage of imports for each industry will not be changed by the size of the
impacts;

6. All increases in employment come from in-migration or new entrants to the labor
force.

7. The estimates of transactions (as shown in Table 1) are accurate.

None of these is likely to be true for large changes in a business or economy.  But if the
change is small enough relative to the total economy that prices do not change, then the
first four will be true.  Assumption # 5 simply says that the market share of inputs
between the region and the outside world will remain the same as the regional economy
grows.  Assumption #6 could be a problem in areas with large amounts of in- and out-
commuting.   This assumption is removed in the integrated econometric/input-output
models.   Assumption #7 seems obvious.  However, since some of the input-output
models have over 250,000 cells of information and over 3,600 pieces of regional data this
can be a problem.

Regional input-output models typically are non-survey models that are built from the
national model using regional data for each sector on output, employment, and value-
added components.  These non-survey models are 90 percent as accurate as the survey
models but only about 10 percent as expensive.  Consequently, practically no one uses
survey models at the regional level.   Non-survey models have two additional
assumptions.  These are:

1. the technology used in the region is identical to that used nationally; and
2. the percentage of regional purchases from local supplies is estimated accurately.

When the regional technology appears to be very different from the national average,
many non-survey input-output models allow users to substitute survey data for the
primary industries being studied.  Likewise, semi-survey methods are sometimes used to
improve the accuracy of the regional purchase coefficients for the principal industries.
For additional detail on input-output models see Shaffer, 1989, p. 274-284; Miller and
Blair, 1985; Goode, 1982; Olson and Lindall, 1996; or Otto and Johnson, 1993.

Integrated Econometric/Input-Output models blend the virtues of these two models.  The
most common integrated model (Johnson and Scott 1997) estimates the changes in out-
commuting and in-commuting for a county, adjusting the number of in-migrants and new
entrants.

This adjustment is important when estimating the fiscal impacts changes.  If a person
who lives in community A but commutes to work in community B takes a new job in his
home community (A), he adds very little to the local demand for services and little to the
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local tax base.  Likewise, additional in-commuters add much less demand on schools and
other local public services than do new in-migrants.

The other advantage of these models is that the econometric portion includes equations to
estimate the additional local government revenues and additional local government
expenditures.  These models, however, are in their infancy and need additional testing
(Johnson 1996; Johnson and Scott 1997; Shields and Deller 1997; Shields 1998; Ha and
Morse 1998)

Computable General Equilibrium Models (CGE) are simulation models which do not
require all the assumptions in input-output models.  Most CGE models allow impacts
large enough that they result in changes in the prices of inputs or the outputs.  Since
economists spend most of their life studying the impacts of price changes, this drives
them wild and these models have been wildly popular.  Unfortunately, the data required
for these models is massive.  In fact, so much data is needed that the equations are not
estimated using local data but rather coefficients are borrowed from other earlier studies.
An advantage of these models is that they make explicit the many assumptions that often
go into any analysis.  The complexity of the models often makes them very time
consuming and costly to develop.   For an excellent overview of CGE models, see
Robinson, 1989.

The CGE modeling that has been done on agriculture deals with national and
international issues (Hertel 1990; Kilkenny 1991; Kilkenny and Otto 1994).  No CGE
studies were found that dealt with state or sub-state regions and livestock.

Comparable Areas Impact Studies are an approach for estimating the impacts of a change
in one industry on the rest of the economy that does not use an explicit model.  In this
approach, the study area is compared to “similar” areas.  Changes in key variables are
measured before and after the impact in both areas.  The differences in the two areas are
assumed to be due to the impact.   This inference is only valid if the two areas are
identical and all the influences on their economies are identical.  If they are of different
sizes or different economic structures (percentage of firms in each industry), then we
would expect different rates of growth and change in the two areas without any shock.

Before and After Impact Studies are identical to the comparable areas impact studies
except that the same area is used.  The changes in key economic variables are measured
before and after an economic shock.  Like the comparable area studies, this is only valid
if the only difference is the economic shock.  However, this is seldom the case.
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CRITIQUE OF SCOPING DOCUMENT QUESTIONS

The questions considered in this part of the report are the first two (really three) in
Section F, External Benefits and Costs.  These are:

1. What are the overall economic benefits of animal agriculture (from all sources,
including spin-off economic activity)?  How do the benefits vary by type of
production method, size, and location of operation and the animal population and
density in the area?  Factors to be considered include:

n wages
n value added to crop prices
n purchases of supplies
n property taxes
n tax base: and
n other relevant factors

2. How are the economic benefits (from #1) distributed locally (between owners,
operators, employees, neighbors, and others) and in the state economy?

The questions in the scoping document present two major difficulties in terms of
evaluating research related to regional economic impacts.

First, regional impacts will vary considerably given the nature of the policy or project
being considered.  If the primary policy concern is with the growth in large livestock
feedlots, it would have been useful to explicit about that.   If there is more concern with
pork production than with milk or poultry, it would be useful to focus on that industry.
If there is interest in establishing a set of policies or incentives that result in most farms
being small rather than large, this needs to be explicitly considered in order to evaluate
the impacts of these two types of industry structures.  While the following review
addresses these issues, the more focused the initial mandate the deeper the search and the
analysis can be around a given issue or set of issues.

Second, the impacts will vary considerably depending upon the region being considered.
This is due to both the structure of the local economy (and thus the backward linkages
and spin-off effects), the size of the area considered, and the nature of offsetting effects.
Local economies with a number of input suppliers will be hurt more by downturns in
livestock production than ones without this.  The larger the geographic area considered
the larger the multiplier effects of a given livestock operation.  Purchases outside the
immediate local area (say a radius of 20 miles) are considered leakages and do not
contribute to the multiplier effects within that 20 mile area.  But if you consider a 40 mile
radius, some of the previous “leakages” will now be within the region and contribute to
spin-off effects.  At the state level, the leakages will be much smaller than at the township
or county level.  If policies that discourage growth in livestock are implemented, the
local, regional and state impact depends on how the labor and land previously used in
agriculture are used.  Generally, this land and labor will not be completely idle.  In a few
cases it might even by used in more productive ways, contributing more to the state’s
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economy than it did in agriculture.   Without specifying the local economy, the region,
and the policy scenario, neither prior research nor future research can provide much
guidance on the probable impacts.

While the research considered can provide some insights to the questions asked, it will be
necessary to be more specific on the location and the nature of the development to be
considered in order to develop new research which can help policy makers consider the
consequences of the options.
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REGIONAL ECONOMIC/FISCAL BENEFITS AND COSTS

This section critically analyzes the research available on the regional economic and fiscal
impacts of livestock production and processing.  It considers the external effects captured
in the market but does not consider environmental impacts that are outside the market.  It
does examine the research on overall fiscal impacts on local economies.  It does not
consider studies of changes in demand for community services (police, fire, etc.) due to
demographic changes.

What are the overall economic benefits of animal agriculture (from all sources,
including spin-off economic activity)?

This section reviews the conclusions of studies of the regional economic impacts of the
livestock industry.    Primary attention is given to studies that have been done on
Minnesota’s livestock industry, followed by those of neighboring states.  Studies done in
other parts of the nation that appeared to have useful insights for Minnesota are also
covered.   The studies are organized by species, followed by general livestock studies.
Several very useful studies of agriculture’s contribution to a state’s economy were found
but these did not focus on livestock and thus were not reviewed in detail (Tanjuakio and
others 1996; Carter and Goldman 1998; Senf and others 1992).

Minnesota Dairy Production Studies: Two studies have examined the dairy industry’s
regional economic impacts within Minnesota.

In 1992, Ag*nomics Research estimated the impacts that differing production trends in
the dairy industry would have on support industries and on state tax revenues by the year
2000.  This study used regional input-output analysis to estimate the changes in payroll,
employment, value-added income, and state tax revenue of alternative trends in dairy
farm production. The impacts are overstated because the authors failed to account for the
offsetting effects of increases in employment in other sectors due to the labor released
from the dairy industry.  The estimates provided in this study assume that none of the
workers who lose their jobs as a result of reduced dairy farm production will ever find
new jobs.   Especially in tight labor markets, this is very unlikely.  While some of those
that stop farming will not work again, many of these are simply retiring.  The reduction in
employment comes from the fact that the younger generation is not going into the dairy
farm.  However, if that younger generation goes into a more lucrative type of work and
earns more than they would have on the farm, the state’s economy could actually
improve.    It is difficult to determine what the net effect would be if this type of
offsetting effect had been included.

In 1999 the University of Minnesota Extension Service published a report on the
Economic Importance of Minnesota’s Dairy Industry (Doherty and Morse 1999).    This
is a descriptive report that traces the linkages between dairy farms, dairy processors, and
other sectors in the state’s economy.  It found that the 22,037 persons employed on dairy
farms and processing plants support another 22,222 persons in support industries and
another 9,437 in consumer sectors.  In total, the dairy industry supports 53,696 jobs in the
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Minnesota economy.     The value-added income earned by dairy producers and
processors was $1.02 billion and supported another $1.39 billion in support and consumer
industries.

While this study demonstrates the importance of the dairy industry, it can not be used to
estimate the impact of expansion or contraction of the size of the dairy industry.
Estimates of the impacts of expansions or contractions in the dairy industry would need
to examine potential offsetting effects in other industries.   To examine the net effects
would require explicit definition of the offsetting effects in other sectors.

While this study by Morse and Doherty (1999) did not make the same mistake regarding
offsetting effects, it is on the edge.  Readers might assume that they could extrapolate the
descriptive results shown in these types of descriptive linkage studies when there is a
change in the size of the livestock industry.  This is only correct if the proper off-setting
effects are considered.

Both of these studies used IMPLAN regional input-output models.   A discussion of
IMPLAN strengths and weaknesses comes at the end of section 2.1.

Other Dairy Production Studies: Two other regional economic impact studies were
found on the dairy industry, these were for North Dakota and Idaho.

A 1993 study examined the impacts on North Dakota of adding twenty 500-cow dairy
herds to the state’s economy.  Using regional input-output analysis, this study estimated
total value-added income to increase $18 million.   The study reported that “Statewide, an
estimated 580 full-time secondary jobs would be created, as well as 140 direct jobs”
(Leistritz 1993).    These estimates appear valid if the following two assumptions are
valid.   First, the new jobs go to in-migrants or to new entrants to the labor force.   If the
new jobs go to existing workers who are commuting to jobs outside the region then the
new income to the region would be lower than estimated here.  Second, if the jobs go to
workers who already work within the region and in-migrants do not come in to take their
jobs, this development could drive up wages in the region.  Then the number of total jobs
would not increase as rapidly as shown by this model.   While it is unlikely that wages in
the dairy farms would be high enough to cause these shifts, additional analysis would be
needed to evaluate the degree to which these two factors are likely to influence the
results.

Another 1993 study examined the impacts of dairy production in Idaho (Robison and
others 1993).  Idaho had 24 percent more cows in 1991 than in 1970, compared to a 25
percent drop nationally (p.1).  Using an Idaho regional input-output model, the authors
estimate that milk production and processing account for 6 percent of the state’s gross
income in 1989, measured in value-added terms.   Due to differences in the local
economic structure the multiplier effects varied considerably from region to region. Like
the Doherty and Morse (1999) study for Minnesota, this is a descriptive study that has no
implications about the potential impacts of changes in the size of dairy herds.
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Summary of Dairy Regional Economic Impact Studies:  Only two of the studies report
on wages or personal income.  However, all five of the studies reported on the total
value-added income impacts which includes wages as well as profits, interest, and
indirect business taxes.  Three of the studies reported the changes in value-added to crops
or the number of additional jobs in crops as a result of the dairy production.  None of
these studies examined the changes in property values.  Two estimated the changes in tax
revenues, and four of five estimated the changes in total number of jobs in the state
economy.

Three of the studies are descriptions of the linkages of the dairy industry to the rest of the
economy and make no predictions of the impacts on the economy from changes in the
dairy industry (Doherty and Morse 1999; Doherty 1999; Robison and others 1993).  Two
studies attempt to predict changes in the state’s economy from changes in the dairy
industry. The Ag*nomics study estimates overall trends in milk production and uses these
estimates to predict the changes in the input and consumer sectors stemming from these
changes.  Since this study did not address the potential for offsetting effects, it is not
possible to determine whether the net results will be positive or negative.

The Leistritz (1993) report examines the impacts of twenty 500 cow herds on the state’s
economy.   If there are no price effects due to increased wages stemming from lack of
sufficient in-migration of labor or due to shortages in other inputs, then these estimates
are reasonable.  Additional research would be needed, however, to confirm the validity of
these conditions.

All of the studies address the general importance of dairy.  Yet, none of them
satisfactorily address the net changes in a region’s economy due to changes in the dairy
industry.  The North Dakota study probably comes the closest to doing this but both the
estimates and the offsetting effects would need to be localized to guide zoning policies.
Since the nature of the impacts depends on the structure of the local economy, both the
size and the distribution of the impacts will vary with the region being studied.  This was
demonstrated in the Idaho study that reported differing multipliers for the same
processing sectors in different regions.   Research on local feedlots would need to factor
in offsetting effects.  This will also vary widely from region to region.  In areas of very
high unemployment and little rural residential development there will be minor off-
setting effects.   However, if labor markets are tight and the land is likely to be used for
high valued residential developments, the offsetting effects will be high

Minnesota Pork Production Studies:  Only one study has examined the regional
economic impacts of pork production in Minnesota.

A 1992 study by Jahae and van Staalduinen estimated the impacts of a proposed 1200
sow unit on Redwood County, Minnesota and on the economy of Minnesota as a whole.
They concluded that final demand, total industrial output, property income, employee
compensation income, total income, total value added, employment, and population
would all increase in both the county and the state due to the proposed sow unit.  They
estimated a total effect, including indirect and induced effects, of 17 jobs in Redwood
County (p. 19) and 25 jobs in Minnesota (p. 24).  The production function was adjusted
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to reflect the fact that this new unit would be more efficient than the average unit in
southern Minnesota (p.1).

Other State Pork Production Studies: Nine studies have been completed on the
regional economic impacts of the pork industry.

An integrated input-output/econometric model was used by Iowa State University
economists to estimate the impacts of different sizes of pork operations.  These are
reported in two articles (Otto and others 1998; Otto and others 1996).    Thompson and
Haskins (1998) provided a critique of these articles.  All three are reviewed here.

The two articles by Otto, et al were based on the same research, originally reported in the
1996 Pork Industries Economic Review, published by the National Pork Producers
Council.  Starting with data from Purdue University on the costs of production and time
required on farrow-to-finish operations of 150, 300, 1,200, and 3,400 sows, they used
regional input-output analysis to estimate the multiplier effects of each size of operation.
In the first paper (Otto and others 1996), they report the impacts under two different
assumptions about corn.  In the first case, they assume that the additional pork production
will stimulate additional corn production, resulting in higher regional employment and
incomes.  In the second case, they assume that there already is a surplus of grain and that
this is exported out of the region.  In this case, the additional pork production would
result in less exports but no increase in corn production.  Consequently, the spin-off
effects would be less.   The data from Purdue shows a negative return to capital for the
150 sow unit with proportionally higher returns to the larger units.

The authors compared the impacts of a farm in each of the four sizes of sow units.
Naturally, the larger units show more positive impacts on the total number of jobs.  The
scenario that assumed corn production would increase as a result of the pork production
yielded slightly higher total employment but lower earnings per worker.

As discussed in a later section, the local impacts depend on the level of local spending for
inputs and consumer spending by farmers.  The Otto, et al. studies did not make any
adjustment for potential differences due to size.  As discussed later, this omission
probably gave a slight advantage to the smaller farms since larger livestock farms spend
more per acre (Chism 1993).  Note that this conclusion is very tentative since the data on
this relationship is based on a very small sample.

Thompson and Haskins (1998) correctly criticize the 1998 article (Otto and others 1998)
for failing to compare the net impacts on the community if all the production had been in
the smaller farms rather than the larger ones.  That is, they argue that Otto, et al. should
have held the level of output constant for the four different sizes rather than comparing
one very small farm with other larger farms.  Using the data from Otto et al. reports,
Thompson and Haskins show that twenty three of the smallest farms would produce the
same amount as the largest farm.  Using Otto et al.’s data, Thompson and Haskins go on
to show that if all the production was in the smallest farms that these 23 farms would
employee considerably more persons than the one large one (p. 4).
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However, Thompson and Haskins incorrectly suggest that it does not matter whether or
not a particular size of operation survives or not.  Their argument appears logical if all
sizes of hog operation are equally likely to survive over the long-haul.  If one size is more
likely to fail than the other, then we need to estimate the probability of survival and
multiply that times the estimated impacts in order to get a reasonable estimate of the
long-term impacts on the region.  Neither Thompson/Haskins nor Otto et al. make this
type of estimate.

Thompson and Haskins correctly state the strengths and weakness of formal
mathematical models such as regional input-output models.  They state:

“They use a mathematical model to compute the conclusions that must follow from
the assumptions they make.  That way, if the methods are sound and they have done
the arithmetic correctly, a reader is forced either to accept their conclusions, or to
argue with the assumptions.  The model rules out accepting the assumption but
disagreeing with the conclusions that follow.  That’s the benefit and the power of
formal methods of mathematical modeling.  But it’s also their weakness.” (p. 7)

Note, however, that the conclusions that Thompson and Haskins refer to are the factual
consequences of a specific economic shock.  Input-output models can provide no
“conclusions” on the correct policy to follow.  Policy conclusions can come only with a
blend of the factual impacts provided by the models and value judgements (Barrows
1993).

Thompson and Haskins then question the veracity of the cost data used by Otto, et al.
While possibly this data is incorrect, Thompson and Haskins provide no evidence to this
effect.  An evaluation of the accuracy of this data is beyond the scope of this literature
review and would take a team of production economists rather than regional economists.

In a 1994 study, DiPietre and Watson used input-output analysis to estimate the impacts
of Premium Standard Farms on the state of Missouri and a five county region where the
hogs and the employees are located.   They estimated the impacts during the five-year
construction phase as well as annually after the farm was in full operation (Table 2).
These were ex ante estimates so it is uncertain if the direct impacts were as high as
estimated.  Naturally, the total impacts would be less than these estimates if the direct
ones are lower.

The construction costs were industry estimates on a per sow basis not exact figures from
Premium Standard Farms (p. 26).    Type III multipliers, a special version of Type II
which yield 15 to 20 percent lower results than the Type II, were used to estimate the
total effects.
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Table 2: Economic Impacts of the Premium Standard Farms, Missouri

Phase New Jobs Personal Income *
Five Counties Missouri Five Counties Missouri

Construction # 873 1291 $87.2 $ 119.0
Operation + 957 1639 $82.0 $ 199.0

# Results over the five
+  Annual impacts
* in Millions of dollars

Three additional studies estimated the economic impacts of pork production in their
respective state using input-output analysis (McKissick and others 1998; Thornsbury and
others 1993; Warner and Plaxico ).  The three states that were covered in these analyses
were Georgia, Virginia, and Oklahoma, respectively.  The Georgia study used IMPLAN
for their analysis.  The Georgia study estimated the total economic output, wages, and
employment impacts of four different size plants on Bacon County, Georgia.   The
Virginia study estimated the economic and fiscal impacts of an expanding swine complex
in Southside Virginia.  This study used IMPLAN to derive multipliers.  The authors then
used these multipliers in the Virginia Impact Projection (VIP) model to estimate the
impacts.  The main impacts estimated were employment, income, retail sales, and tax
base impacts.  The authors of this study did not detail the VIP model or the procedure that
they used, so no conclusions can be made about the validity of their results.  The Virginia
study also estimated the impacts that would occur during the construction phase of the
new plant.  The authors of the Oklahoma study did not specify what kind of model they
used in their analysis.  They just stated that it was an input-output model.  Thus, no
conclusions can be made about their results.

A 1998 study was conducted in Canada that combined economic impact analysis to
estimate income and employment impacts and social impact analysis to assess
government and community concerns (Serecon Management Consulting Inc.).     This
study used a form of economic base model.  Consequently, the results can provide no
detail on the sectors that are impacted.

The studies that come the closest to providing the type of information needed for
evaluating the feedlot issue at the local level or to evaluate proposals concerning the most
desirable structure of pork farming (mostly large or mostly small) are the ones by
DiPietre and Watson, 1994; Otto, Orazem, and Huffman, 1998; and Otto, Lawrence, and
Swenson, 1996.  However, even if their results are reasonable they would not translate
easily to Minnesota’s economy and fiscal structure.  Since most decisions on zoning are
made at the local level, estimates need to be run for each proposed project rather than at
the state level.

Minnesota Poultry Production Studies: Only one study was found that dealt with the
economic impacts of the poultry industry in Minnesota.

A 1998 study examined the importance of the poultry industry on Minnesota’s economy
(Morse 1998).  This study only traced the linkages between the poultry production sector,
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the poultry processing sector, and the other sectors in Minnesota’s economy.  The study
did not try to estimate the economic impacts of expansions or contractions in the poultry
industry.

By using regional input-output analysis, Morse found that the total number of jobs that
were created in Minnesota due to the poultry industry was 26,344.  Only 10,308 of these
jobs depended directly on the poultry industry.  Over 10,000 jobs were created in the
supply industries, and over 5,000 jobs were created due to increased spending by
employees in the poultry industry.

Besides employment impacts, this study estimated the income impacts associated with
the poultry industry.  It was found that poultry producers and processors earned income
of $317 million.  When the supporting industries are included, the estimated earned
income for the poultry industry was $905 million.

Other Poultry Production Studies: Two other studies examined the economic impacts
of the poultry industry.  The first study is for North Carolina, and the second study is for
Alabama.

A 1995 study estimated that the poultry industry, including both production and
processing sectors, in North Carolina helped to create approximately $1.6 billion in state
income (Vukina and others 1995).  The poultry industry also supported close to 52,000
jobs.  However, this study is also a descriptive one and can not be used to estimate the
impacts of changes in the size of the poultry industry.

Another 1995 study examined the impacts of the poultry industry (Hurst and others
1995).  The authors studied the impacts of the broiler and egg industry on Alabama.
They used the RIMS II input-output model to estimate these impacts. The authors of this
study did not explain their procedure for estimating the economic impacts of the poultry
industry.  Thus, we do not report the results since it is impossible to evaluate the validity
of their assumptions and methods.

All of the poultry studies are descriptive only.  They can not be used to estimate the
impacts of an expansion or contraction of the poultry sectors.

Minnesota Beef Production Studies: No articles were found dealing with the economic
impacts of the beef industry on Minnesota.

Other Beef Production Studies: There were only two articles found about the economic
impacts of the beef industry.  Both studies were for North Dakota.

A 1992 study by Bangsund and Leistritz estimated the economic contribution of public
land grazing to the North Dakota economy.  This study was only a descriptive study.  It
did not try to estimate the impacts that a contraction or expansion in public land grazing
would have on North Dakota.
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The authors estimate that public land grazing contributed about $153.4 million to the
North Dakota economy in 1991.  Public land grazing also generated over 1,800 jobs.  The
authors only gave secondary employment impact estimates.  Thus, public land grazing
probably generated more jobs than just the 1,800 stated in the study.

A 1993 study by Leistritz and Sell estimates the economic impacts of expanded
backgrounding on the North Dakota economy.  Backgrounding is a program in which
producers of feeder cattle retain the cattle until they achieve a gain of 150 to 300 pounds
after weaning instead of selling the calves out of state.  The authors estimate that
expanded backgrounding would generate 1,030 full-time secondary jobs.  State tax
revenue from additional use and sales tax, personal income tax, and corporate income tax
receipts were estimated to total approximately $1.4 million.

The employment impact estimate was only for secondary effects.  Thus, the total
employment impact is probably higher.  Also, part-time employment was not considered
in this study.  When adding full-time and part-time employment, the number of jobs
generated will increase.  However, the estimates in this study assume that these jobs are
going to in-migrants or currently unemployed residents.  If current residents who are
employed by other industries quit their jobs to seek work in this industry, the
employment impact will be dampened.

Strengths and Weakness of IMPLAN Regional Input-Output Model and Data:
Since most of the regional input-output models used were built around the IMPLAN
model and database, we consider the strengths and weakness of this model and database.

There are three major data weaknesses in the IMPLAN  input-output models.  They are:
1) the value of inputs purchased by a livestock producer reflect national averages for
usage/head and national prices; 2) the amount of labor used in livestock is estimated to be
one worker per farm, regardless of size of the farm; and 3) the regional purchase
coefficients are estimated from secondary data and might be inaccurate.

Ikerd suggests that the default IMPLAN data might understate the impacts of owner-
operated family farms on retail employment and overestimate their impacts in
manufacturing (p. 165).

From the data perspective, the major strength of the IMPLAN software is that it allows
the analyst to modify all three of these with local data when it is available.    For
example, Otto, Lawrence and Swenson (1996) use cost data from Indiana to run the
analysis of different sizes of pork operations in Iowa.   Morse used data from the
Minnesota poultry industry to adjust the input purchases when studying turkeys, eggs,
and broilers.  Doherty used cost data on different sizes of dairy herds to avoid the first
two problems.  The third problem was addressed by several authors but none adjusted the
regional purchase coefficients.

Two general weaknesses of all input-output models are: 1) they are inappropriate to use
for very large impacts; and 2) they do not account for commuting.  If the impact is large
enough that it leads to increases in wages or in the prices of any inputs, the results stated
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by IMPLAN will be overstated (Kraybill, 1993).    After commuting is accounted for the
employment impacts are likely to be considerably smaller than derived from IMPLAN.

In evaluating IMPLAN studies, one should ask if the researcher did the following:

1. Compared the national expenditure patterns to regional ones and adjust where
necessary?

2. Validated the models estimated regional purchase coefficients and adjust as necessary?
3. Examined the labor and employee compensation coefficients and adjusted as

necessary?
4. Considered the offsetting effects when defining the economic shock scenario?
5. Considered whether the size of the economic shock would be so large that prices

would increase for labor or other inputs?

The major strength in regional input-output models is that they can provide detailed
estimates by sector.  This allows the researcher or the public to check the validity of the
assumptions used and the reasonableness of the results.

How do the benefits vary by type of production method, size and location of
operation and the animal population and densisty in the area?

Is a community’s economy better off with a lot of small farms or a few large ones?  This
is the question examined in this section.   In many cases size is also related to the
production methods with small farms being independently owned and operated and the
larger ones be vertically integrated.   This section looks at the research on whether large
operations and vertically integrated ones yield more or less community benefits than
small independent operations.    While the density of animals is often greater in the large
integrated operations, no separate studies were found of the separate impact of the
population and density, controlling for size.   This section looks at research which has
been done on the differences in wages, value added to crop prices, purchased supplies,
property values, tax base, jobs, and poverty.

Wages

This section reviews the literature that deals with the effects that animal agriculture can
have on wages, salaries, and benefits.

Four studies were found that contributed information regarding the effects of pork
production facilities on wages, salaries, and benefits.  Two studies were for Iowa.  The
second two studies are for the nation as a whole.

In the 1998 study written by Otto, Orazem, and Huffman, they found that the earnings per
worker were positively related to the size of the farrow-to-finish operation.  Workers in
the 3,400 sow units earned an average of 16 percent more than those in the150 sow units.
Thompson and Haskins (1998) do not challenge these estimates on the quality of jobs by
size of operation.
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Grey’s (1998) chapter about the effect that the new IBP plant in Storm Lake illustrates
the difficulties of comparing changes in wages in two points in time.  Grey compares the
wages at the previous Hygrade plant that went bankrupt with the new IBP plant rather
than comparing the IBP wages with what was currently available in the community.

While it would have been better for IBP workers to have earned the same wage rates as
the Hygrade workers, the high wages were one of the factors for the closure of the
Hygrade plant.  Were the IBP workers better off with their IBP jobs at the low wages
than if they had been unemployed or had to move or to commute?   Since the IBP
workers were free to either commute or move, one could reason that they picked their
best feasible alternative and thus are better off with the IBP jobs than without them.  On
the other hand, to conclude this we would need to know if the workers were given
reliable information on the wages, benefits, cost of living, and working conditions.
While a comparison to the Hygrade jobs is not realistic simply because those jobs no
longer exist, we do know that the IBP jobs were relatively low paying.

Miller (1991) reported on a survey sponsored by the National Pork Producers Council of
1,472 producers and 1,270 employees.  Approximately 91 percent of the employees
worked in hog operations that produced 100 or more head of hogs per year, with 25.7
percent working in herds of 500 sows or more.  Eighty nine percent of the employees
were in units of less than 1,000 sows.  Twenty eight percent of the employees had a four-
year college degree or more, while another 33 percent had two-year college programs.

Hurley, Kliebenstein and Orazem (1996) used the 1995 National Pork Producers Council-
National Hog Farmer Magazine (NPPC-NHF) data to examine the structure of wages and
benefits on pork farms.  They used a regression analysis to separate out the influence of
formal education, years of work experience, length of work tenure, gender, output levels,
number of employees, region, and labor market variables.  The labor market variables
includes: an index of employment concentration, percent without high school diploma,
employment rate, average income, and percent employed in agriculture.  Their major
findings were:

“1) wages do not differ across regions of the county but, instead, reflect differences in
worker skills and firm size consistent with a nationally competitive labor market; 2)
there is no evidence that large producers have market power in local labor markets
that enable them to pay lower wages than competitors; 3) the wage premiums in
larger firms seem to be partly explained by the greater use of skill-intensive
technologies in large firms; 5) the remaining wage premium in large firms seems to
be consistent with returns to scale that are partly shared with labor; 6) salary, benefits,
and a safe working environment all contribute to worker job satisfaction so that firms
offering better working conditions and benefits can pay lower salaries than
competitors with fewer benefits or inferior working environments” (Abstract) .

Value-Added to Crop Prices
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Will additional production in a county or region lead to higher crop prices?  Or will
imports from other counties and regions result in a fairly uniform price across large
regions?   No articles were found on this topic but one is underway as mentioned later.

Purchased Supplies

Two streams of research are relevant here.  First, regional input-output analyses provide
details on the types of supplies that are estimated to be purchased by animal producers.
The second stream of research examines the question of whether large livestock farmers
buy less locally than small ones.

Purchased Supplies from Other Economic Sectors:  Table 3 shows the distribution of
economic impacts by various sectors for  a 1200 sow unit on the state of Minnesota in
1991 (Jahae and van Staalduinen 1992).    Not all of these supplies were purchased
directly by the hog operation.  For example, the dairy farm products would have
purchased some feed grains, soybeans, and hay to produce milk that was purchased by
hog operations.  However, all of the amounts shown in Table 3 are spin-offs of the 1200
sow unit.

Table 3: Indirect Effects of the 1200 Sow Unit on Minnesota, 1991

Industrial Sector of Purchased Supplies Value of Supplies
Dairy farm products 28,200
Feed grains 103,700
Hay and pasture 31,700
Oil bearing crops 14,900
Agricultural forestry 17,200
Maintenance and replacement 10,700
Farm equipment 15,800
Railroads 12,200
Motor freight transportation 38,600
Electric services 33,500
Other wholesale 107,400
Other retail trade 11,900
Banking 46,600
Credit agencies 9,700
Insurance carries 21,200
Insurance agents 4,900
Real estate 100,100
Hotels and lodging 3,500
Misc. Repair shop 7,900
Accounting, audit 6,000
Eat/drinking place 6,000
Auto repair 13,500
Other medical 21,700
Other indirect 195,200
Total 862,200

Regional input-output analysis can trace the impacts to 528 sectors in the economy.  Most
of the reports aggregate to avoid overloading the readers.   Table 3 is included only to
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illustrate the type of information provided on purchased supplies by regional input-output
models.  The impacts for any specific feedlot will vary with the location of the feedlot,
the nature of that county’s local economy, the nature of the feedlot, and the spending
patterns of the producer.  In addition, the net impacts will vary with the type of other
development displaced, if any.

All non-survey input-output models must estimate the amount of inputs to a sector which
are imported from outside the region being studied.  Generally, this is considered one of
the weakest aspects of the non-survey input-output models (Stevens and others 1989;
Ralston and others 1985; Swanson 1998).  Most of the regional input-output models use
an econometric estimate of the RPC or estimate it via the supply-demand pool method
(Olson and Lindall 1996).  The later method assumes that all local purchases come from
local supplies prior to going to imports.

The second stream of research attempts to examine the location of the purchases of
inputs.  In fact, the above estimates include data on the percentage of local purchases that
come from local supplies (called the regional purchase coefficient).

Purchased Supplies by Location of Purchase:  Do large livestock farmers buy less
locally than small ones?  If so, the multiplier or spin-off effects of large farmers are less
than for smaller ones.   Sociologist Walter Goldsmidt predicted the demise of rural
communities based on the view that large farms would buy less locally (1978).

Marousek (1979) surveyed 84 Idaho farmers (49 small ones and 35 large ones) and found
that small farms spent a higher percentage of their production expenditures locally than
large ones (59 versus 55 percent).  However, spent nearly five times more than small
farms in the local area.  He found that 22% of the small operators expected to cease
farming within five years but none of the large ones did (p. 58).

The Marousek (1979) study is one of the few input-output studies that uses survey data to
develop the regional input-output model.  The model is highly aggregated (19 sectors
compared to recent models of 528 sectors) and has only two agricultural sectors.  These
are:  “large farms” and “small farms.”  To use input-output with this type of aggregate
sectors in agriculture, it is necessary to assume that the type of crops and livestock in
large and small farms is identical.  Assuming this, he uses the model to examine the
trade-offs between large and small farms on the rest of the community’s economy.  He
found that:

“Displacement of small farms by large farms results in greater regional income
whereas increasing the number of small farms yields greater regional employment.
Agricultural output is comparable for the two farm size structures” (p. 61).

Chism and Levins (1994) found that farmers generally believe that large farmers are
less likely to buy locally than small ones.  They surveyed 30 farmers on their opinions
about local vs. non-local spending.  They found that these farmers felt: 1) larger
farmers would benefit more from small differences in prices and would have greater
incentives to purchase in non-local markets, 2) large farmers had greater capacity to
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shop around the region for discounts, and 3) large farms often needed specialized
inputs not available locally (p. 1).  In addition, Chism and Levins examined the
expenditure records of crop and livestock farmers to determine their actual spending
patterns.

The Chism/Levins article is cited widely (Ikerd, 1998, p. 157; DeLind, 1998, 29; Thu and
Durrenberger, 1998, p. 7; Lasley, 1995, p. 127).   Yet, everyone that has cited it did so
incorrectly with respect to economic impact analysis.   They all conclude that Chism and
Levins  provides support for the view that small livestock farms buy more locally.  In
fact, they might, but the Chism and Levins article doesn’t report this.

Chism and Levins present a graph that shows that the percent of local farm expenditures
in livestock operations falls sharply as farm size increases.  However, a totally different
picture emerges when you consider the per-acre spending.  For livestock they point out
that:

“the relationship between sales volume and local spending per acre was relatively
flat.  It appears that livestock operators spend a certain base amount locally, whatever
their size.  As operations get larger, any additional spending occurs outside the local
area”  (p. 2).

In fact when Chism (1993) compared the average expenditures per acre of large and
small livestock farmers, he found that:

“On the acreage basis, both groups of livestock farmers surpassed the overall
weighted average of local spending, $251.91 per acre.  The small livestock farmers’
weighted average of local spending on the acreage basis was $310.51 per acre, while
the large livestock farmers had a weighted average of $367.58 per acre.  While this
may seem to contradict the notion that only smaller livestock farmers are more apt to
spend locally for their farming needs, it is important to recall that the larger farmers
had much greater spending volume to spread over relatively fewer acres of land.” p.
33-34.

Chism (1993) points out that the more livestock intensive farmers spent more locally on a
per acre basis than the more crop intensive farmers.  From this, Chism suggests that:

“By creating a hostile climate for livestock farmers, some small, rural communities
may be putting greater negative economic pressure on many of their agricultural
merchants by unwittingly lowering the total volume available from the surrounding
countryside” (p. 44).

The spin-off or multiplier effects depend on the total amount of spending per acre not on
the percent of spending by the livestock units.  Since the larger livestock farms spend
more per acre but spend about the same amount locally, they spend a lower percent of the
total.  But the percentage is meaningless in estimating the spin-off effects.
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At worst, the Chism/Levins study implies that large livestock operations are not more
beneficial than small ones.   This is a very contrary view to that reported in the literature
citing this study (Ikerd 1998; Thu and Durrenberger 1998; Lasley 1995).   At best, the
Chism/Levins study suggests that large livestock farms are beneficial to local
communities.  This would be the case if the larger units are more likely to survive than
the smaller units.  In this case, the expected value of the local spin-off effects are larger
for larger farms than for smaller farms.

The Chism/Levins study has two methodological problems, however.  The livestock
conclusions are based on a very small sample (12 farms).   “Local” was defined as a 20-
mile radius of each farm.  While this seems reasonable, it leaves unclear where the non-
local spending goes.  Does it go to other rural areas?  Given today’s transportation
networks and the distance that many rural people commute to work, should alternative
estimates be considered?

In a staff paper from Iowa State, Lawrence, Otto, Meyer, and Folkerts report on a 1993
survey of pork producers’ spending patterns.  These authors report that a larger
percentage of large producers travel longer distances to purchase inputs compared to
smaller producers.  However, they do not report the per-acre spending which is needed to
determine the local economic impact.  Otto in summarizing this work writes:

“Producers of all size operations appear to be willing to shop in more distant
communities for their inputs and services.  For producers who indicated they did not
buy inputs in the nearest community, quality and service were most frequently given
as reasons when professional services such as accounting, banking, and veterinary
medicine were involved.  Pricing became the predominant factor in producer
decisions to purchase general supplies and hog equipment.  Producers’ concern with
price and non-price attributes of inputs and services suggest that local agribusinesses
in rural communities are likely to face increased competitive pressures from larger
and more distant businesses.  Rural agribusiness firms that are unable to provide
specialized expertise may have difficulty competing in this environment” (p. 17 and
18).

Property Taxes

Property values might increase in value due to the additional economic demand stemming
from growth in the livestock industry. Or, property values might fall due to the negative
influence of odors or water pollution or other externalities.  This aspect is reviewed in the
other part of this report.

Tax Base/Taxes

This section reviews the documentation regarding the effects of animal agriculture on the
tax base, and taxes in general, of the respective region.  First, the findings from articles
that deal with Minnesota agriculture will be summarized.  Then, the findings from other
states are reported.
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Minnesota:  Currently there are no completed studies on the tax base or taxes stemming
from animal agriculture.

Other States: Only two studies were found that dealt with the effects that pork
production could have on taxes and the tax base.

In a 1998 Iowa study, Otto, Orazem, and Huffman estimate the changes in expenditures
and revenues for local units of government as a result of four different sizes of farrow-to-
finish operations.   Since the authors do not report any details on the nature of their
model, it is difficult to evaluate the veracity of the estimates.

DiPietre and Watson (1994) also estimated the public sector fiscal impacts.  They left
plenty of room for improvement in the estimation methods for the public expenditures.
They simply assumed that the cost of repair to county roadways damaged by construction
vehicles was $3.7 million or equal to the amount paid by Premium Standard Farms for
this same purpose.  In addition, they included $115,000 for “on the job training.”  Despite
the addition of 873 jobs over five years, they assumed no additional costs for police, fire,
sanitation or other general public service costs.  Equally as interesting is that they
assumed no additional costs for any local public services during the operational phase,
despite the addition of 957 new jobs.  This might be reasonable, given the depressed
conditions in the region.  However, the report provides little justification for these
assumptions on expenditures.

Poverty

Goldschmidt (1978) suggested that communities that have primarily small farmers are
better off because the smaller independent farmers will be more interested in the well-
being of their local communities and will invest in its institutions.  In contrast, he
reasoned that large commercial farms will have separate management from labor and
absentee ownership, resulting in lack of interest in the well-being of the local community.
He compared two California communities, confirming his hypothesis.   Goldschmidt
examined the communities of Arvin, CA (with primarily large farms) and Dinuba, CA
(with primarily small farms).  He examined detailed information on the character of their
agriculture and a wide variety of other social and economic variables.   On the retail
businesses, he found that Dinuba had more than twice the number in Arvin, “showing
that the small farm population supports small business to a far greater extent.” (p.381).  In
addition, Goldschmidt points out that the “total volume of expenditure and the volume
per person is appreciably smaller in Arvin than in Dinuba.” (p.391).  However, he also
suggests that this could be due to the influence of another urban center near Arvin.  As
with other comparable area studies, it is difficult to know how much of the difference
between two areas is due to the farm size and how much is due to completely unrelated
variables which also influence the number of businesses and extent of local shopping.

Durrenberger and Thu examined Goldschmidt’s findings relative to the Iowa pork
industry.   They conclude that “it is more advantageous for Iowa to have more hog
farmers rather than more hogs” (p. 409).   Quoting a longer summary passage, they write:
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Since total hog production is a function of the number of small-to-moderate hog
farms, large hog operations have a deleterious relationship to rural hog production.
Large hog operations are related to a decline in small and moderately sized
operations.  The more farms that produce hogs, the fewer people that use food
stamps.   This analysis suggests it is important to maintain and create small-to-
moderate sized hog operations, not large ones (P. 413)

However, the evidence and the analysis in their article does not support these
conclusions.  First, Durrenberger and Thu examine the correlation between farm size and
number of farms.  They find that as farm size increases, the number of farms decline,
implying one causes the other.  However, their data shows that the most urban counties
have the largest number of farms and the smallest ones.  They do not explore the
possibility that this reflects the non-farm opportunities in more urban areas.  Seventy five
percent of small farm operators report their principal occupation outside of farming.  On
the average, the small farms earned $42,686 in nonfarm income while losing $4,593 on
their farming operations (Steele, 1992).  The smaller farms near urban areas are more
feasible because of the greater number of nonfarm jobs.   The larger farms in rural areas
might not be forcing small farms out but simply required for families to earn sufficient
income.  A second factor might contribute to small farms near urban areas.  Near urban
areas many farmers expect to sell their land for subdivisions as part of their retirement
plan.  Consequently they can afford to hold onto the land in smaller farms in order to
qualify for lower agricultural taxes.

Next they observe a negative correlation between the number of farms per capita and the
percentage of people on food stamps.   Note, however, that the relationship between the
percent on food stamps and the number of farms would have been positive rather than
negative if they had not first divided farms by population.  They did not explore whether
the more urban counties had higher rates of participation in food stamp programs or other
factors that might have influenced the differences in rates between these regions.  Rather,
they attributed all of these changes to farm size.  A complete model of the factors that
influence food stamp participation is needed and a multivariate analysis to control for the
multiple factors.  Without this, it is difficult to know if the correlation they find has any
meaning.

Why was food stamp participation selected as “the most direct measure of social and
economic well-being.” (p.411)?   Why not income per capita or percent in poverty?
While food stamp participation might indeed be the best measure, Durrenberger and Thu
provide no conceptual or empirical justification for their assertion.  Would the
conclusions they reach hold if these other measures for local well-being were used?
Since this is only a literature review, we do not attempt to answer this.   Further research
should explore this.

Using regression analysis, MacCannell (1998) studied the relationship between farm size
and poverty rates and family incomes.  This study is not germane to the livestock issues
in Minnesota since it dealt with conditions in four Sunbelt states: California, Arizona,
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Texas, and Florida.    Further, he excluded the counties that were principally grain and
livestock counties. (MacCannell 1988)

Flora and Flora (1988) studied the relationship between farm size and community well-
being in farming areas west of the Mississippi River.  Minnesota is not included in the
areas studied except for wheat production in the northwest part of the state.  They
examined 234 counties that had 20 percent or more of the personal income from wheat
and/or livestock but excluded the industrial agriculture counties in California and Arizona
(p. 80-81).    The Floras found that poverty declined most rapidly in the livestock
counties but was initially higher (p. 100

Lobao (1990) found that industrialization of agriculture had little impact on the quality of
life.   Summarizing the conclusions about regional differences in farm structure and well-
being, Lobao and Shulman (1991), write:

First, compared to nonfarm industry, farming is not a strong determinant of
socioeconomic conditions even in agriculturally dependent areas (van Es and others
1988).  Second, the effects of medium-sized farms tend to be constant over the
regions examined;  the studies verify or imply that such farms are related to better
socioeconomic conditions.  The impacts of small and large farms by region are less
clear.  Skees and Swanson’s (1988) study suggests that small farms may lower well-
being, a finding that was confirmed in a national study of U.S. counties (Reif 1987).
The effects of large-scale farms do no manifest a consistent pattern across regions. (p.
568-569)

Lobao and Shulman (1991) studied the impact of farm size and farm industrialization
while controlling for the non-farm economic structure and other variables within regions.
They found that the impact of industrialization in agriculture varied by region with fewer
adverse affects in the midwest than in the south.    Using data on 2,349 nonmetropolitan
counties for the 1970 to 1980 period, Lobao and Shulman ran multiple regression
analyses on poverty rates. They summarize their work as follows:

“Rural poverty is largely a function of the prevailing economic structure, the balance
of social relations and spatial characteristics.  Of these sets of factors, social relations
variables tend to explain more of the variation in rural poverty rates, and farming
patterns explain the least.  Industrial structure followed social relations as an
important correlate of poverty.”  (pp. 587-594)

The farming patterns included indexes for industrialized farming, larger family farming,
and smaller family farming.  The regional industrial structure variables included: percent
in peripheral employment; percent in state employment; and non-farm establishment size.
Social relations variables included: percent unionized, per capita AFDC payments,
percent nonwhite, median education, percent unemployed and earlier poverty.  The
spatial variables included: percent farm-to-rural population in the county, the percent
urban, metropolitan adjacency.

Employment Comparisons: Contract vs. Independent Farmers
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In his analysis of independent hog farming and contract hog production, Ikerd (1998)
states that a sustainable agriculture paradigm is the only way for rural America to
survive.  The sustainable agriculture paradigm “relies more on people, including the
quality and quantity of labor and management, and relies less on land and capital” (p.
158).  Ikerd criticizes a study done in Missouri about the future of pork production in the
state (DiPietre and Watson 1994).4  Ikerd argues DiPietre’s report indicates that the drop
in total pork production in Missouri is the main problem in the state and that the solution
is to bring in large corporate hog producers.  However, Ikerd  writes:

“Only to the extent that it results in higher quality employment opportunities does
increased hog production contribute to economic development of rural communities.
Since large-scale confinement hog operations seek to reduce total costs by using
production methods that allow fewer people to produce more hogs, the substitution of
capital and mass-production technologies for labor and management is the primary
advantage that large, specialized hog production units have over smaller, diversified
operations.  The displacement of family farms by large-scale hog production systems
reduces rather than increases total employment in pork production.” (p. 161)

Ikerd goes on to provide estimates of the number of farmers displaced by a $5 million
investment in contract farrowing and finishing operations.  There are two critical
assumptions in his analysis.  First, he assumes the multiplier effects for both the contract
units and the independent units are the same.  Yet, since contractors buy much of their
feed while independent producers often grow theirs, the multipliers would be higher for
contractors than for independents.  Second, he assumes a fixed demand for hogs so that
growth of one type of producer directly displaces another type of producer.  This might or
might not be true but Ikerd provides no evidence on this.   In summary, the estimates
provided by Ikerd are only valid if these assumptions are valid and no evidence is
provided on them.

How are the economic benefits  distributed  locally (between owners, opertors,
employees, neighbors, and others) and in the state economy?

Table 4 illustrates the type of employment impacts sometimes reported in regional input-
output studies.   Estimates can also be made for these same groups for all the spin-off
industries as well.  However, generally the total change in value-added income is
reported rather this specific breakdown.

                                               

4  The DiPietre 1992 study was not available for review.  Comments reflect Ikerd’s

discussion of  this paper.
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Table 4.  Estimates of Income Impacts by Type of Recipient for the Dairy and Poultry Industries, Producers

and Processors, Minnesota

Type of Income Dairy Industry * Poultry Industry #
Employee wages and salaries 50.0 54.5
Self-employment income 9.3 14.5
Returns to capital 33.4 24.5
Indirect business taxes 7.3 5.5
Total Value-Added Income 100.0 100.0

*     Doherty and Morse, 1999,
#     Morse, 1998.
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INTERVIEWS WITH RESEARCHERS CONDUCTING ONGOING
WORK

Doherty (1999 forthcoming) is working on estimates of the impacts of several sizes of
dairy herds.  Using input-output, she will compare the impact on the state if all herds
were in different size categories.  She points out in the preliminary work that the survival
rate of the different sizes of firms will make a difference in the actual impact.  For
example, if the larger dairy farms have a larger impact (controlling for total output) but a
lower survival rate, then their impact would be diminished.  Unfortunately, her research
does not have the survival rate factored into the final estimates.  This could be done in
future research, however.   A master’s thesis will be available later this summer or fall. It
is an initial piece of work and not peer reviewed.

Research is underway by the North Central Regional Center for Rural Development on a
number of economic and fiscal impacts of the Seaboard Corporation, a large integrated
industrial pork production facility in Texas County, Oklahoma.   The study uses the
comparable area approach and is currently in the peer review process.

Two projects are underway which measure the changes in tax revenues and changes in
expenditures in counties.  Inhyuck Ha is developing an integrated econometric/input-
output model for Minnesota counties and has preliminary results for dairy farms in four
counties.  Diego Platas is using the same model to examine different types and sizes of
swine operations in a sample of Minnesota counties.  Platas is examining the regional
purchase coefficients and production functions for different sizes of operation.  This has
been a weakness in earlier studies of the pork industry.   Ha’s work will be ready for
public release in late 1999.  Platas’s work will be ready for publication in late 2000.

John Leatherman, Kansas State University, is planning to use an integrated
econometric/input-output model to evaluate the economic and fiscal impacts of
alternative types of livestock operations in Kansas.  The project will probably be done in
18 to 24 months.
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RECOMMENDATIONS FOR ADDITIONAL RESEARCH ON
REGIONAL BENEFITS AND COSTS OF ANIMAL AGRICULTURE

Current research does not provide much evidence of the potential economic and fiscal
impacts of new feedlots on communities or counties.  The net economic impacts will
depend upon the current economic structure of the area, the spending patterns of local
farmers, and the characteristics and commuting patterns of local labor.  The net fiscal
impacts will depend on both additional tax revenues, changes in state aid, and additional
local expenditures.  Only two studies (DiPietre and Watson 1994; Otto and others 1998)
tried to measure these changes.  However, these estimates are specific to their states and
there are some questions on the data.   Even in Minnesota, the same industry will have
different fiscal impacts on different counties.

To estimate the overall economic benefits of animal agriculture as called for in question
#1 of section F, either regional input-output or integrated econometric/regional input-
output are the  most accurate and practical.   Computable general equilibrium models will
not give the detail needed and are very expensive to build.  Export base models are
inexpensive to build but give no detail.  Comparable area and before/after studies can not
be used ex ante and have many problems in developing truly comparable areas.  But more
importantly, with the comparable areas or before/after models, it is difficult to determine
the extent to which the changes are due to factors other than feedlots.

However, the input-output and integrated econometric/input-output models will give
accurate results only when the data used is accurate and when the impact scenarios are
properly defined to include both the impacts on the livestock industry and any potential
off-setting effects.    An example of an off-setting effect related to the livestock industry
would be the reduction in the number of houses built on a new sub-division as a result of
a new feedlot.  The net effect would be the positive economic impact offset by the
negative economic impacts of the loss of the additional housing.   This offsetting effect
only occurs if the houses definitely would have gone in without the feedlot.

To use integrated econometric/regional input-output models on feedlot issues, additional
research is needed on:

1. estimation of the regional purchase coefficients in order to accurately estimate the
purchases within a region;

2. examination  and verification of the fiscal impact models components of integrated
econometric/input-output models.

3. integration of the social impacts work with the fiscal impact analyses;
4. examination of the regional production functions in input-output models;
5. studying the potential off-setting effects and means of accurately defining the impact

scenarios;
6. greater collaboration between economists, sociologists, anthropologists, ecologists,

and production agriculture scientists in studying the economic, social and
environmental impacts of different types of agriculture;
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7. practice in using integrated econometric/input-output models in local settings for
educational purposes;

8. capture a more realistic regional scale;
9. incorporate a temporal dimension to the economic impact estimates;
10. examine the overall structure of agricultural production in terms of the local economic

impacts.

The recommended additional research listed above is necessary if clear conclusions are to
be reached on question 1 in section F.  The following section provides greater detail on
the recommendations.

Discussion of Future Research Needs:

Suggestion one deals with estimates of the regional purchase coefficients.  Given the
importance of the purchasing patterns on the multiplier effects and the very thin database
currently available, additional work should be done to expand on the work of Chism and
Levins (1994). While their work used an excellent methodology, the sample size of
livestock farms was very small (12 farms over all types of livestock).  The sample size
should be expanded greatly so that estimates of purchasing patterns can be determined for
different types and sizes of livestock operations.

Two, the fiscal impact models are in their infancy.  They need careful examination and
verification in a variety of ways, including detailed tracing ex poste of the impacts
predicted in ex ante models.

Three, there is a need for integration of the social and fiscal impacts.  While sociologists
often predict that social program costs will increase with the establishment of large-scale
livestock operations, the current fiscal impact models do not adequately incorporate
differential growth in public sector costs.  The achievement of the third suggestion would
require an interdisciplinary team with sufficient budget to do longitudinal studies.

Four, we need to examine the regional production functions in input-output models. As
some have pointed out, the data used in I-O models pre-determines many of the results.
To improve regional I-O models in this respect will take an interdisciplinary team of farm
management economists working with regional economists and a long-term database
from farms of different sizes and types.

Five, the development of scenarios in input-output analysis often ignores the offsetting
effects. While CGE models automatically capture some of these, I-O models cannot.
These offsetting effects can be handled outside the model and entered as a secondary
shock.

Sixth, greater collaboration is needed between a wide range of social and physical
scientists, industry groups, environmental groups, local governments, and citizens to trace
the consequences of different types of agriculture;
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Given the many competing research needs, suggestion #6 will only happen if the some
state agency invests sufficient funds to create incentives for ongoing focus on these
issues.

Seventh, there is a need to practice using existing integrated econometric/input-output
models in local settings for educational purposes.  While there is much research needed
to improve the accuracy of regional models, much could be learned from applying the
existing models in educational settings now.  If used in the fashion suggested by Barrows
(1993) and  readily pointing to the limits of the models, they can help community leaders
recognize new questions and frame issues more clearly.

Eighth, the definition of “local” needs to be considered.  In prior studies (Chism 1993),
local was defined as being within 20 miles of the farm.  From the state’s perspective, is
this the correct definition?  If farmers buy inputs 40 miles from their farm but still in
Minnesota, the economic impacts on the state of Minnesota are positive even if the sales
are lost to vendors within 20 miles.  Insistence on buying within 20 miles might be good
for one local community but result in higher costs for the farmer as well as hurt another
local community.  This is an area where policy and research methods overlap.  To help
sort this out, additional research is needed on alternative definitions of “local.”

Ninth, a temporal dimension to the economic impact estimates needs to be incorporated.
Nearly all of the impact models estimate the impacts for a year.  Some analyses split out
the difference between construction and operation (DiPietre and Watson 1994).  Few
consider the changes over time in the levels of operation.  This should be explored.

Tenth, there is a need to examine the overall structure of agricultural production in terms
of the local economic impacts.   As Dr. Leatherman outlined in his comments, livestock
production is changing in both scale and vertical integration.  As he points out current
research focuses either on specific facilities or industry-wide impacts.  It would be useful
to do more research on the large integrated systems such as the one he describes of a
network of production and processing facilities with 40 confined animal feeding
operations and processing for 1 million hogs annually.
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APPENDIX A

Regional Input-Output Models: A Non-technical Explanation

The following extended quote is from the University of Wisconsin-Extension bulletin
(Goode 1982) gives a non-technical description of how regional input-output models and
multipliers are developed.  This was a regional project and Frank Goode is a Professor or
Agricultural Economics at Pennsylvania State University.  The extended quote follows:5

The Transaction Table

The input-output model takes its name from one of the tables typically constructed in
such studies.  This table shows the distribution of sales of each of the sectors in an area
economy to each of the other local sectors and to the export sector.  Suppose that we have
a rural community in which we can assign each of the firms to one of four sectors: the
agricultural sector, the manufacturing sector, the retail sector, or the household sector.
The input-output transactions for such a community are shown in Table 1.  The first
(row) of Table 1 indicates the distribution of total sales of the agricultural sector to the
other sections in the local economy and for export.  Agricultural production in the region
totals $100.  Of that $100, sales to other agricultural firms accounts for $5, sales to
manufacturing firms for $10, sales to retail establishments, such as grocery stores, for
$10; and direct-marketing sales to the household sector for $15.  The balance of $60 of
agricultural output is exported to individuals and firms outside the region.  Conversely,
each column of the table represents the distribution of input purchases for each of the
four sectors.  Thus, the columns of such a table represent the inputs and the rows
represent the outputs of the sectors in the local economy.  Generally, these flows are
measured in dollars.

The Input Coefficient Table

The next step in input-output analysis is to use the information in Table 1 to develop an
input coefficient table.  The input coefficients for a particular sector indicate the amount
of input purchases by that sector, per dollar of output, from each of the sectors.  The input
coefficients in Table 2 are obtained by dividing the entries of each column of Table 1 by
the total of the corresponding row.  For example, each of the entries in the first column
would be divided by the total of the agricultural row.  To produce one dollar's worth of
agricultural output requires 5 cents' worth of input from other agricultural firms, 20 cents'
worth of inputs are required from the manufacturing sector, 30 cents' worth of inputs

                                               

5   This publication is in the public domain and not copyrighted so it can
be quoted at length with full citation and without explicit permission.
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from the retail sector, 25 cents' worth of inputs from the household sector in the form of
labor, and 20 cents' worth of various imported inputs.

The Multipliers

The next step in input-output analysis is to develop multipliers.  There are a variety of
multipliers, but those most commonly used reflect the total change in output in the
economy associated with a $1 increase in exports from one of the sectors.  That is, for an
economy such as that represented by Tables 1 and 2 there would be four multipliers.
These multipliers would indicate how much total output in the local sectors would
increase as a result of a $1 increase in exports from the agriculture, manufacturing, retail,
or household sector.  These multipliers are obtained as follows.

Suppose we are interested in finding the multiplier for the manufacturing sector because
of an anticipated increase in export demand for that sector's output.  This could be
reflected in the expansion of employment in an existing firm or the arrival of a new firm.
If the manufacturing sector's exports increased by $1, the immediate and so-called direct
effect is the $1 increase in output in the manufacturing sector.  However, increasing
output by $1 in the manufacturing sector requires inputs of other sectors.  Namely, the $1
increase in manufacturing output requires 6 cents' worth of inputs from the agricultural
sector, 3 cents' worth of inputs from both the manufacturing and retail sector, and 44
cents' worth of inputs from the household sector.  These increases in output are referred
to as the first-round indirect effects.

The first-round increases in output require each of the four sectors to increase their input
purchases.  For example, the first round required agricultural production to increase by 6
cents; thus, the agricultural sector must purchase additional inputs.  The increased output
of 6 cents in the agricultural sector again required inputs of (only 3/10 of 1 cent from
agriculture and)  2 cents from the (retail) l sector, and 1 cent each from the manufacturing
and household sectors.6  Likewise, the first-round increased output of 3 cents in the
manufacturing and retail sectors and 44 cents in the household sector requires additional
inputs from the other sectors.  The inputs required to support the first round are referred
to as the second-round indirect effects and are found in Column 3 of Table 3.  That is, to
support the first-round impacts listed in Column 2 of Table 3 requires 5 cents' worth of
input from agriculture, 4 cents from manufacturing, 25 cents from the retail sector, and 4
cents from the household sector.  The round-by-round procedure continues until the
magnitudes are so small as to be negligible.  Summing all of the rounds yields the amount
that output I each of the four sectors would increase in response to the original $1

                                               

6 The interested reader is referred to William M. Miernyk, The Elements
of Input-Output Analysis for a full description of the mathematics.   Goode had an
error in this sentence.  His numbers in Table 3 are ok but this sentence had a math
error.  We’ve corrected that for ease of exposition.
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increase in manufacturing-sector exports would require increased output of
approximately 16 cents in the agricultural sector, $1.12 in the manufacturing sector (this
includes the original $1 increase in demand), 45 cents in the retail sector, and the total
income of the household sector, would increase by about 67 cents.  In total, the entire
economy will increase by $2.40 in response to the original $1 dollar increase in export
sales of the manufacturing sector.  Put another way, each dollar increase in export sales
from the manufacturing sector generates an additional $1.40 worth of business in all four
sectors in the economy.  The multipliers for all of the sectors are shown in Table 4.

Table 1: Transaction Table for an Area Economy*

Economic
Sectors

Agriculture Manufacturing Retail Household Export Total
Sales

Agriculture 5 10 10 15 60 100
Manufacturing 20 5 5 10 140 180
Retail 30 5 5 90 15 145
Household 25 80 30 10 25 170
Imports 20 80 95 45
Total Expendes 100 180 145 170

Table 2: Input Coefficients for an Area Economy.

Economic
Sectors

Agriculture Manufacturing Retail Household

Agriculture .05 .06 .07 .09
Manufacturing .20 .03 .03 .06
Retail .30 .03 .03 .53
Household .25 .44 .21 .06

Table 3: Direct and Indirect Effects Associated with a $1 increase in Manufacturing
Exports.

Economic
Sectors

Direct Indirect Rounds*

(1) (2) (3 to 13) Total
Agriculture .06 .05 .05 .16
Manufacturing 1 .03 .04 .05 1.12

Retail .03 .25 .17 .45
Household .44 .04 .19 .67

Total: 2.40

*While Goode’s article shows indirect rounds 3 and 4, the typical input-output model uses the
equivalent of 13 indirect rounds.   The total impact of these indirect rounds is shown above even
thought Goode left them blank in table 3 even though it is clear from the text that they must be
calculated.  We add them for clarity.
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Table 4: Direct and Indirect Requirements (Sector Multipliers).

Economic
Sectors

(1)
Agriculture

(2)
Manufacturing

(3)
Retail

(Ha and
Morse 1998)
Household

Agriculture 1.18 .16 .13 .19
Manufacturing .30 1.12 .09 .15
Retail .71 .45 1.28 .81
Household .61 .67 .36 1.36
Total 2.80 2.40 1.86 2.51
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