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Traditional season-long livestock grazing strategy on western riparian areas

has been identified as one of the factors affecting rangeland productivity as well

as wildlife habitat in riparian zones. As alternatives to summer season-long

grazing, summer short-duration grazing (without haying), and fall short-duration

grazing (following haying), were considered in this study to determine their effects

on ranch production and profitability. Five grazing plans for the case ranch were

evaluated. A planning period of six years (1993-98) was used for each plan.

The present values (PVs) of net returns, using a 7 percent discount rate,

were positive for all the plans. Shifting from summer season-long grazing to plans

with summer short-duration grazing reduced the PVs of net retUrns by 13 percent,

on average. Reasons for reductions in net returns included i) higher labor as well

as fencing costs, ii) downward adjustment of herd size, and iii) increased overhead

costs per animal. Shifting from summer season-long to fall short-duration grazing,

in contrast, increased the PVs of net returns by 7-9 percent. But this system of

grazing involved 1) a large haying costs, and ii) a higher management requirement.

Redacted for Privacy



Although research results showed a difference in profitability between the three

grazing strategies, the differences can be viewed as evidence for "tendency" only.

This is so because those differences were so small and so sensitive to changes in

some parameters (i.e., changes of magnitudes which are smaller than the

measurement error) that they cannot be viewed as significantly different.

Recognizing non-pecuniary goals of the ranchers, economic sustainability

was determined by the criterion that the rate of return on ranch investment, on a

long-term basis, is at least 3 percent (one-half of the opportunity cost of capital as

measured by the annual yield rate on 10-year U.S. Treasury notes). The rate of

return on ranch investment, on average, was 3 percent. Thus, the ranch operation

was found economically sustainable under all grazing systems examined. However,

if public land grazing permit was reduced by 30 percent, then returns to

investment, on average, fell to 2.5 percent, signalling that ranchers no longer were

economically sustainable (based on the aforementioned criterion).

The study results indicated that grazing strategies correlate with the

structure of the riparian habitat. Fall short-duration grazing may be most

compatible with a riparian habitat structure that is generally viewed as being

ecologically more desirable than other forms of habitat structure. However, some

plants, bird, and mammal species preferred the habitat structure correlated with

other grazing strategies. Thus, from that perspective, a mixture of grazing

strategies (provided they are determinants of vegetation structure) is, at the

landscape level, more desirable than a single uniform grazing strategy for

encouraging species diversity.
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ECONOMIC SUSTAINABILITY OF BEEF CATIIJE RANCHING WITH
ALTERNATIVE GRAZING SYSTEMS IN RIPARLAN ZONES

EASTERN OREGON

CHAPTER 1

INTRODUCTION

1.1 Statement of the Problem

Riparian areas' are wetland fringes along rivers and streams. These areas

constitute about two percent of the total rangeland in the 11 western contiguous

states. This amounts to nearly seven million acres. Fifty-two percent of this land

acreage is publicly owned (Armour et al., 1991). Over 90 percent of all public

land holdings is grazed by domestic livestock (Obermiller, 1994).

While the riparian areas comprise only a small proportion of total land

area, these areas are typically much more productive than an equivalent amount

of adjacent uplands, and consequently a substantial quantity of high nutrient

forage comes from the riparian zones. The western mountain meadows alone

annually yield 5.5 million tons of herbage and provide 4.3 million animal unit

months (AUMs)2 of grazing (Scovlin, 1984). Moreover, riparian areas are a

source of drinking water for livestock. Thus, riparian areas play an important role

'The Society for Range Management defined riparian zones or areas as "the banks
and adjacent areas of water bodies, water courses, seeps and springs whose waters
provide soil moisture sufficiently in excess of that otherwise available locally so as to
provide a more moist habitat than that of contiguous flood plains and uplands"
(Anderson, 1987).

2 An AUM is defined as the amount of feed required per month by one animal unit
(usually considered to be a 1000 lb cow or her equivalent) for maintenance and normal
growth.
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in domestic livestock grazing. Riparian zones are also critical for aquatic

(primarily fish) habitat, providing buffering shade and cover that results in cooler

summer and warmer winter water temperatures, cover for fish shelter and

protection, and habitat for a terrestrial food supply. Many wildlife species are also

dependent upon riparian habitat.

Lant et al. (1989) studied the economic value of riparian corridors in

floodplains of the agricultural Midwest, particularly Edwards River basin, Aledo,

Illinois, South Skunk River basin, Ames, Iowa, and Wapsipinicon River basin,

Anamosa, Iowa. A contingent valuation survey investigated how local residents

perceived river quality, recreational usefulness, and intrinsic values of three

drainage basins. River quality ratings, as expressed by the residents of the

respective basins, were poor-to-fair for Edwards River, slightly better than fair for

South Skunk River, and less than good for Wapsipinicon River. Respondents

expressed a substantial willingness to pay (WTP) for improving river quality. For

improvement of the quality of Edwards River to the quality level of South Skunk

River, the WTP/person was $8.85 (or total value to the population of the basin of

$216,409). Similarly, for the improvement of the quality of the South Skunk River

to the quality level of Wapsipinicon River, the WiT/person was $20.37 (or total

value to the population of the basin of $1,251,737). In another study, Crandall

(1992) estimated the economic values of riparian areas applying three economic

valuation methods (the Travel Cost Method (TCM), the Contingent Valuation

Method (CVM), and Local Economic Impact Analysis (LEI)) to the case of the
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Hassayampa River Preserve in Arizona. The estimated values of the site by TCM,

CVM, and LEI were $613,360, $528,000, and $88,840 respectively. The economic

values of riparian areas as found in these studies confer an economic status on

riparian ecosystems.

Existing literature (Skovlin, 1984; GAO, 1988; Chaney et al., 1990;

Anderson et al., 1990; Chaney et al., 1993 ; Obermiller, 1994) shows that domestic

livestock grazing in riparian areas is frequently poorly managed. Overgrazing of

domestic livestock in these areas has contributed to 1) reduced forage availability

and soil erosion, ii) stream bank damage and water quality deterioration, iii)

reduced fish population, iv) reduced bird and other wildlife population, and v)

reduced amenity values. There is a growing public awareness of the value of

riparian areas and of the costs resulting from their deteriorated condition. This

awareness is being translated into a growing body of laws, policies, and regulations

which may require changes in rangeland grazing practices necessary to protect and

enhance ecosystem diversity and water quality on rangeland watersheds. Many

livestock producers have acknowledged the need for change. They are changing or

beginning to think about how to change their grazing practices to improve

riparian/wetland conditions.

There are varied prescriptions in the literature for treatment of the

riparian grazing problem. Chaney et al. (1993) suggested three basic ways: a)

exclude livestock from the riparian area with stream corridor fencing, b) put

riparian areas in separate pastures to get tight control over the season, duration,
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and intensity of livestock use, and c) use some other grazing strategy to limit the

season, duration, and intensity of grazing on riparian areas. The exclusion method

does not seem to be one that the ranchers can afford under most circumstances

(Wightman et al., 1994a and 1994b).

Changes in grazing strategy might be effective and efficient ways of treating

the riparian grazing problem. Grazing strategies that are ecologically compatible

and economically sustainable, therefore, need to be identified, documented, and

implemented. Alternative grazing strategies may be i) management intensive -

adjusting season of grazing, timing of grazing, intensity of grazing, including

distributional control and active herding, and/or ii) capital intensive - meaning

moderate intensity grazing combined with capital improvements like cross-fencing,

riparian enclosures, reseeding, and upland water developments.

It is likely that more management and capital intensive grazing systems will

entail more costs on the part of the ranchers. Given understanding of the problem

and the technology for solving it, livestock operators who can afford to make

investments in long-term productivity are likely to do so out of self-interest.

However, cash flow and assurance of future dividends will be important

considerations in their investment strategies. The gap between paying now and

benefitting later is the biggest challenge confronting improved management of

private and public riparian areas (Chaney et aL, 1990) . Many livestock operators,

no matter how well intended, simply cannot afford to change their grazing

strategies if that change requires lost revenue or additional time or money. The
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voluntary adoption of alternative grazing systems will, therefore, depend on the

net benefits of changing to improved grazing strategy.

Information on the economic aspects of riparian zone management

strategies is scarce, however. It is important to compile empirical information on

the impact of alternative grazing strategies on the economic viability of rangeland

beef cattle operations as well as on ecological conditions. It can be expected that

changes in riparian zone management will require accommodating changes in

whole ranch management strategies. Whole-ranch analyses are, therefore, needed

if more ranches are to maintain ecologically compatible grazing systems and if the

public is to understand the relationship between grazing systems, environmental

effects, and economics. The present study was, therefore, undertaken with the

objectives stated in the following section.

1.2 Objectives of the Study

The general objective of this study is to compile empirical information on

the impact of traditional as well as more management intensive grazing systems

on whole ranch economic sustainability. The specific objectives are as follows.

Assess the costs of beef cattle production associated with alternative

livestock grazing systems in riparian zones;

Determine returns to ranchers from beef cattle ranching with alternative

livestock grazing systems in riparian zones;

Estimate the long-term effects of alternative livestock grazing systems on

ranch income;



Examine the effects of public policies on ranch income under alternative

livestock grazing systems.

1.3 Working Hypotheses

The present value of costs of production in each of the alternative grazing

systems is the same.

The present value of gross returns to investment in each of the alternative

grazing systems is the same.

The present value of net ranch income over time for each of the

alternative grazing systems is the same.

The effects of public policies on ranch income under alternative grazing

systems are the same.

1.4 Overview of the Subsequent Chapters

In chapter 2, a review of literature on agricultural sustainability, grazing

management in riparian zones, and the economic issues in riparian grazing

management is provided. In chapter 3, the required characteristics of the

theoretical framework are discussed first, and then the theoretical model is

presented. The mathematical model is specified and the variables are defined in

chapter 4. This chapter also includes a description of the procedures for empirical

estimation of the model, imputing values for non-cash inputs, discounting future

cost and returns, study sites, data sources, and computer program used in this

study. In chapter 5, the case ranch is described first, and then the results obtained

6



by applying the mathematical model to this case ranch are presented and

discussed. Finally, a summary of the results, conclusions, and future research

implications derived from this study are provided in chapter 6.

7



CHAPTER 2

REVIEW OF LITERATURE

In this chapter, the literature on the concept of agricultural sustainability is

reviewed first. Then the studies on approaches for management of riparian zones

and economic issues in grazing and riparian area management are reviewed in

section two. Lastly, studies on specialized grazing systems are reviewed in section

three. The discussion is focussed on the theoretical and methodological aspects of

the studies and highlights their major findings. The implications of this review of

literature for this thesis work are also highlighted.

2.1 Agricultural Sustainability

2.1.1 Definitions of sustainability

There is considerable debate over the meaning of the term 'sustainability'

(Batie, 1991; Ruttan, 1990; Schuh, 1990; Tisdell, 1989). Most of the definitions

that have been offered are primarily normative in nature and have very little

operational content. The most widely cited definition of sustainable development

(SD) is provided by the World Commission on Environment and Development

(WCED).

"development that meets the needs of the present without jeopardizing the
ability of the future generations to meet their needs"(WCED, p.43).

This definition provides very little assistance in actually determining whether a

given activity or a set of activities is 'sustainable'. Nor does it aid in the

8



understanding of current patterns of resource use. As a result, it is difficult to

arrive at an operational notion of sustainability (Pagiola, 1993). In an effort to

operationalize the concept of sustainability, Pearce, Barbier, and Markandya

(1990) argue that it requires 'constancy of the natural resource stock'.

More strictly, the requirement is for non-negative change in the stock of
natural resources and environmental quality. In basic terms, the
environment should not be degraded further but improvements would be
welcome.

Pearce, Barbier, and Markandya justify this approach on the grounds that natural

resource stocks are likely to already be overdepleted relative to their 'optimal'

level - where optimal is defined using the standard economic approach of

comparing costs and benefits of depletion - and that substitutes for natural

resources are often unavailable. They suggest, therefore, that development

projects should seek to maximize efficiency subject to the constraint that natural

capital not be depleted (Pearce, Barbier, and Markandya, 1990). A more explicit

definition of sustainable development is given by economist Robert Repetto.

'sustainable development is a development strategy that manages all assets,
natural resources, and human resources, as well as financial and physical
assets, for increasing long-term wealth and wellbeing. Sustainable
development as a goal rejects policies and practices that support current
living standards by depleting the productive base, including natural
resources, and that leaves future generations with poorer prospects and
greater risks than our own" (Repetto, 1986, p.15).

Rosenberg (1992) presented a definition of SD as: "sustainable development

refers to a positive rate of change in the quality of life (i.e. well-being) based on a

system which permits this positive rate of change to be maintained for an

indefinite period of time". Building on the induced innovation model developed by

9
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Hayami and Ruttan (1985), Eisgruber (1993) postulated that quality of life is

determined by the magnitudes of the natural resource endowment, the cultural

resource endowment, the technical resource endowment, and the institutional

resource endowment. The concept of sustainable development was then expressed

as follows:

QL1 = f(NRE, CRE, TCE, INE) (2.1)

subject to

QL+1 QL1 (2.2)

and NRE+1 + CRE+1 + TCE141 + INE+1 NRE + CRE + TCE + INE (2.3)

where,

QL1 = quality of life of people of generation t

NRE = natural resource endowment available to generation t

CRE = cultural resource endowment available to generation t

TCE = technology endowment available to generation t

INE = institutional endowment available to generation t

t = 1, 2, ..., indefinitely

However, the restriction that total sum of natural, cultural, technological, and

institutional resources of generation t +1 should be greater than or equal to that

of the generation t implies perfect substitutability among the resources. Pearce et

al. (1990) do not regard man-made capital as a suitable substitute for natural

capital from the point of view of attaining sustainable development. Castle et al.

(1994) described three different world views on the relationship of natural to
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man-made resources. In world view I, natural and man-made resources are

considered complements. Under this view, sustainable development is defined in

terms of constant or non-declining natural capital. In world view II, natural and

man-made resources are generally considered imperfect substitutes. With this

world view, emphasis is placed on general capacity building, with no allegiance to

particular natural resources except for certain natural resources which give rise to

public goods. Education, technical change, and economic growth would be of

much importance and perhaps of greater importance than natural resources

conservation in providing capacity to meet future needs. In world view III,

uncertainty is the dominant economic condition describing the relationship of

natural to man-made resources in the distant future. Under this view, social

capital, including human institutions, are an important part of the total capital

stock. Social capital may encourage or discourage the substitution of man-made

for natural capital and may contribute to or discourage sustainable policies and

programs. This view also recognizes that not all natural resources are likely to be

or can be preserved. An important part of sustainability policy involves decision as

to what is to be preserved and what is to be sacrificed.

The concept of safe minimum standard (SMS) in the preservation of

species as advanced by Ciriacy-Wantrup (1968) also relates to the discussion of

sustainability and reference to the SMS is made frequently in the sustainability

literature. This approach preserves natural resources at some safe minimum levels

for future generations. The SMS is defined as a level of conservation just enough
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to ensure survival of the species. In other words, it is a level of conservation

sufficiently high to reduce the probability of extinction (or irreversible loss) to a

very low level. The SMS approach of sustainability is consistent with the goal of

intergenerational equity through providing assurance of future availability of one

particular set of natural resources in certain minimum standards. This may fall

under weaker rules of equity which state that "all should be assured a minimum

standard of living, without standards of living being necessarily made equal"

(Tisdell, 1993; p.132).

2.1.2 Bio-physical and economic sustainability

Ecologists and physical scientists generally classify the practices adopted by

farmers/ranchers to be sustainable if they do not reduce the level of the resource

(such as range forage) beyond a certain level. The establishment of safe minimum

level of biomass residue is an example. Another way of expressing this

requirement is that practices be such that the system ultimately reaches an

equilibrium with a positive amount of the resource base remaining at which no

further damage is caused to the resource base. This is referred to as bio-physical

sustainability (Pagiola, 1993).

Past studies suggest that one of the ranchers' more important objective is

to maximize the return to their land, labor, capital, and management. As they

have the option of using these resources for other purposes, a production system

might be viewed as economically sustainable: from the ranchers' perspective if it

allows them to earn a rate of return at least as high as the return of these
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resources in their best alternative use. If returns from ranching are lower than the

returns ranchers could obtain from switching their assets to an alternative activity,

ranchers who seek to maximize their economic return would cease producing.

From a purely economic viewpoint, therefore, sustainability requires that profits

from agricultural production equal or exceed the possible return from the next

most profitable activity. This is referred to as economic sustainability (Pagiola,

1993). Other approaches, although not fundamentally different from the above,

have also been used. Johnson et al. (1994), for example, defined economic

sustainability of a ranch in a different way . According to them, ranch

sustainability is determined by the profitability criterion that requires a positive

net returns to family supplied resources, including equity capital.

A rancher's decision to stay in the business does not totally depend on the

opportunity cost of capital but also depends on other non-monetary factors, such

as living on the ranch, power and prestige of owning a ranch, carrying on family

business, etc. Ranchers, however, cannot ignore bio-physical sustainability. If they

exhaust their resource base, they will eventually be forced to shut down their

production system. They must, therefore, consider the requirement for bio-physical

sustainability together with their economic sustainability requirement.

The above review on agricultural sustainability reveals that the real

concerns are: i) long-term maintenance of natural resources and agricultural

productivity, ii) minimal environmental effects, and iii) adequate economic returns

to farmers/ranchers. The need, therefore, is the development of technology and
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practices that maintain and/or enhance productive resource base, and merging

environment and economics into decision-making. The specific research

implications are: i) to evaluate whether the new technologies/practices

maintain/enhance the existing natural resource base or deplete it, ii) to evaluate

whether these provide adequate positive economic returns to producers on a long-

term basis, iii) to identify policies that encourage or discourage adoption of

technologies/practices that enhance/maintain natural resources, iv) to evaluate

the effects on quality of life in terms of cultural, institutional, technological and

natural resource endowments, and v) to estimate benefits and costs of natural

resource conservation. Not all of these were addressed in this study which

focussed on the first three of the above sustainability goals.

2.2 Studies on Grazing Management in Riparian Zones

The management of livestock grazing in riparian areas is one of the most

complex issues facing the western rangeland manager today. It is a complex issue

because: i) much of the riparian acreage is privately owned, ii) riparian areas are

often the primary and sometimes the only watering place for livestock grazing arid

and semi-arid rangelands, iii) public use of riparian areas is increasing, iv) grazing

affects a number of resources on-site and sometimes off-site, and v) traditional

management practices are often inadequate and difficult to change. Diverse

approaches to riparian area management are suggested in the literature.
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2.2.1 Approaches for riparian area management

Skovlin (1984) outlined a number of management options for riparian zone

management. These were: i) do nothing, ii) improve distribution including

relatively greater upland use and reduced riparian use, iii) change the season of

use, v) rest the riparian area for five years, vi) separate by fencing the meadow

flood zone plain, vii) provide livestock access to fenced streamside corridors for

stock watering purposes, viii) combine two or more of the above, and ix)

eliminate grazing. A General Accounting Office (GAO) report concludes that

riparian restoration with continued livestock grazing won't work unless the

permittee is willing to actively manage and thereby make use of alternatives to

heavy season-long grazing. Upland water development and possibly upland

reseeding may be necessary if cross-fencing is used (GAO, 1988).

A Bureau of Land Management (BLM) report (Kinch, 1989) on riparian

area management stated that prior to developing management prescriptions for

riparian areas, the manager should have some understanding of grazing effects on

natural functions of riparian ecosystems, growth and reproduction of both woody

and herbaceous plants on the site, dependency on riparian areas by other animals

(mammals, fish, birds, and amphibians), hydrologic and geomorphic conditions

and processes, soils, and water quality. The report listed several rules for

management of grazing in riparian areas: i) the grazing management designed for

an area must be tailored to the conditions, problems, potential, objectives, public

concerns, and livestock management considerations on a site-specific basis, ii)
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grazing must be managed to leave sufficient vegetation stubble on the banks and

overflow zones to permit the natural functions of the stream to operate

successfully, iii) grazing prescriptions should take advantage of seasonal livestock

preference for uplands, and iv) rest from the livestock grazing should be employed

whenever possible and appropriate.

2.2.2 Economic issues in grazing and riparian area management

Wagstaff (1986) described economic issues involved in grazing and

management of riparian areas, particularly public land in riparian areas.

Reductions in the permitted level of grazing, development of suitable grazing

management systems, corridor fencing, active herding and distributional control,

and structural improvements etc. are different options for riparian area

enhancement and use. The paper examined the economic implications of different

management options for the ranchers as well as other public. A summary of the

implications include: i) decreased ranch income and ranch property value due to

reductions in levels of permitted grazing, ii) increased operating costs due to

additional livestock control structures - installation and maintenance, iii) increased

costs of livestock handling and management due to more complex grazing systems,

iv) reduced livestock performance due to elimination of high quality forage areas

or changed time of use, or both, v) high costs of structures for rehabilitation of

stream habitats and adjacent areas, vi) questions about who pays the

rehabilitation and higher management costs, and who receives the benefits, and

vii) issues pertaining to potential benefits in soil/water quality, fisheries, wildlife,
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grazing, and recreation. Though each of these issues is discussed this paper does

not quantify the magnitude of increase in costs and benefits. A shift in the

allocation of riparian areas from primarily grazing to other uses such as fisheries,

wildlife and watershed condition is indicated. But again, no trade-off relation

among alternative uses has been quantified.

Wightman et al. (1994) quantified private and public benefits associated

with riparian area enhancement (i.e. enclosure fencing) for a case ranch in semi-

arid eastern Oregon. Calculations were based on production data provided by the

rancher and investment data supplied by the Oregon Department of Fish and

Wildlife (ODFW). The whole-ranch analysis revealed that rancher's income was

lower due to a reduced herd size after riparian areas were fenced-off. This loss of

income was not offset by private benefits from riparian zone enhancement. The

public benefits were positive and substantial in the sense that the estimated

internal rate of return was rather high (11%). The authors, however, recognized

that there are difficulties in the precise valuation of environmental benefits. Since

enclosure fencing is expensive, they indicated that it is not likely that the rancher

will undertake the necessary investment on his own.

Bernardo et al. (1994) studied economic trade-offs between livestock

grazing and wildlife habitat on private rangelands in Oklahoma. They developed

and applied a mathematical model that incorporated habitat appraisal criteria into

a ranch level optimization model to plan production to maximize livestock income

and meet wildlife habitat constraints. In the initial solution of the model, net



returns were maximized from cattle grazing without concern for wildlife habitat.

Low to moderate deer and quail habitat were associated with this plan. Small

reductions in income from livestock production were required to attain initial

improvements in quail and deer habitat ratings; however, further improvements

translated into more significant income reduction. The study indicated that

detailed information on the effects of various management practices on forage

production and fish and wildlife habitat is required to develop efficient multiple-

use management strategies.

The literature reviewed in this section indicates that the management of

riparian areas for multiple uses may involve trade-offs between livestock grazing

and other uses (i.e., fisheries, wildlife).

2.3 Studies on Specialized Grazing Systems

Whitson et al. (1982) studied the impact of grazing systems on the

magnitude and stability of ranch income in the Rolling plains of Texas. They

analyzed data on five alternative grazing systems for the period 1961-1974. The

grazing systems included moderate and heavy yearlong continuous grazing (with

and without supplemental winter feeding) and a moderately stocked four pasture

deferred rotation system with supplemental feeding. A cow-calf operation was

used for all systems with weaned calves being sold in the fall. A linear

programming risk analysis model was utilized to select optimum combinations of

grazing systems.

18
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Greatest annual net incomes were obtained from heavier stocked

continuously grazed system that received winter feed. For the 1961-1974 period,

annual net income stability was not increased by a combination of grazing systems.

However, when only the last five years were included in the analysis, the stability

of annual net income was improved by selecting a combination of grazing systems.

Supplemental winter feeding did not have a significant effect on annual net

incomes. However, under heavier stocking rate the standard deviation of annual

net income was almost doubled when cows did not receive supplemental winter

feed. Annual income and income variability was determined to have increased

during the last 5 years of the study, relative to the entire study period. A portion

of this increased variability at the heavier rates of stocking is the result of changes

in the composition of vegetation.

Wilson et al. (1987) developed a conceptual economic model for

determining optimal stocking rate and profitability of cell grazing practices. In

their conceptual model, production (lbs of beef produced) was specified as a

function of the management effectiveness parameter and the stocking rate. The

production function satisfied the standard assumptions of concavity and twice

differentiability. Two grazing technologies, traditional and intensive grazing were

compared. The difference between returns above variable costs per cow for

intensive grazing as compared to conventional grazing was considered as a proxy

for a management effectiveness parameter. The net revenue (Re) for adopting

intensive grazing technology was R = R1X1 - ROtXQt, where (R0, X) and (R1,
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X1) are returns above variable costs and stocking rate pairs under traditional and

intensive grazing technology, respectively.

Empirical results yielded an internal rate of return of 11-40% on an after

tax basis for a $10,000 grazing cell assuming cow herd productivity was maintained

at, or increased above, preadoption levels. As cell costs increased and stocking

rates increased, ranch profitability declined and increased respectively in almost

all cases. The principal determinant of long-run profits was found to be livestock

productivity, since this factor has greater impact on profitability than stocking rate

levels or cell investment costs. It was concluded that the economic viability of

intensive grazing management will depend on the degree of improvement and

sustainability of range improvement and the rancher's ability to maintain or

increase animal performance. It was also concluded that intensive grazing

technology does not insure increased profits unless concurrent improvement in

range, livestock, and business management practices are adopted.

Rozell, Ching, and Hancock (1973) analyzed fourteen allotments managed

with rest rotation systems in Nevada. They projected an expected increase in

forage production and grazing fees over the fifteen-year planning period of the

allotments. They compared the costs to the BLM for implementing the grazing

systems with the returns that the agency received in terms of increased grazing

fees for additional AUMs produced. The mean internal rate of return was 1

percent. Workman and Nazir (1975) calculated similar results in analyzing twenty-
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four BLM rotation grazing systems throughout the western states. They found that

for these areas, the internal rate of return was 2.37 percent.

Eisgruber (1994) compared financial results for cow-calf-yearling operation

under three alternative grazing systems in the riparian areas, eastern Oregon. The

three grazing systems were summer season-long grazing without riparian fencing,

summer season-long grazing with fencing-off both sides of the stream, and fall

short-duration grazing. Residual returns to labor, management, land, and capital

in each of the system were positive but low. Moreover, shifting from summer

season-long grazing to grazing with fencing-off and fall short-duration grazing

reduced residual returns by 1.4 and 4.8 percent, respectively. Since residual

returns were already low, he viewed such reductions in returns to be significant. It

was concluded that fencing is expensive and not cost-effective from the rancher's

(private) perspective. So, if there are indeed significant public benefits from

fencing-off riparian corridor, then a public policy that provides funds for riparian

enhancement is appropriate.

Kremp (1981) reported that there is a great deal of disparity in the

literature concerning the effects of rotation grazing on livestock. In a review of

twenty-nine studies, eight studies reported greater weight gains for specialized

grazing systems, twelve reported greater gains for Continuous grazing systems, and

nine showed no appreciable differences. He mentioned that these specialized

grazing systems are somewhat complex and require ranchers to spend more time

herding livestock and maintaining fences. The ranchers will benefit economically
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from BLM implementation of intensive grazing system provided that the BLM will

pay for the capital costs offence construction and water development that are

necessary to implement the grazing system.

The review in this section indicates that: i) specialized grazing systems

require more inputs and management, and profitability of these systems depends

on the rancher's ability to maintain livestock performance and long-term

maintenance of ranch improvements, ii) there is a need for public cost sharing in

the implementation of specialized grazing systems, iii) whether ranch income is

more stable under a single grazing system or a combination of grazing systems is

not conclusive, iv) weight gains or losses of cattle as a response to specialized

grazing systems are ambiguous, and v) there are public benefits (non-market

output) of alternative grazing systems in the riparian areas. The implications of all

of these for this thesis research are: i) economic analysis of alternative

ecologically preferable grazing systems in the riparian zone should take into

account the high input and management need of the specialized grazing systems,

ii) an assumption of constant weight gain of beef cattle may be made for

comparative economic analysis of alternative grazing systems, iii) economic

analysis can be done for each individual grazing system or by combinations of

grazing systems, iv) non-market outputs of riparian grazing management should be

considered along with economic profitability of alternative grazing systems, and v)

economic profitability of the alternative grazing system needs to be evaluated on a

long-term basis. All of these issues were addressed in this thesis research; but
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some were addressed partially. For example, economic analysis was performed for

each individual grazing system instead of combinations of grazing systems. Also,

the differences in the management complexity of the alternative grazing systems

were not incorporated in the analysis.



CHAPTER 3

THEORETICAL FRAMEWORK

To account adequately for the situation to be studied, the theoretical

framework must explicitly show certain characteristics. These are discussed in the

generic sense in the first section of this chapter. Then the issues that are yet to be

resolved but related to the theoretical model, i.e., the length of planning horizon,

and discount rate, are described in section two. Finally, the theoretical model is

presented in section three.

3.1 Required Characteristics

3.1.1 Multiperiod planning horizon

In the case of rangeland improvement practices, such as a change in

grazing management practices, a rancher deals with a multiperiod planning

horizon. One reason for this is that the effects of any range improvement practice

on range productivity are spread over a number of years. This is due to the fact

that range forage is a renewable natural resource that has the capability of

contributing to the production and/or habitat of livestock and wildlife. Like other

renewable resources, it has a typical time rate of growth curve that depends,

among other things, on the stock of forage biomass in the field at each point in

time. Let S denote the stock of forage biomass and g(S) represent its growth rate.

Then the typical growth curve of forage can be depicted as in Figure 1.
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Figure 1: A growth curve for a biological resource such as range forage

The horizontal axis measures forage biomass stock and the vertical axis its growth

rate. It shows that the growth rate of forage initially increases with the increase in

stock of forage, reaches a maximum at the stock level of Sm, and then declines.

The lower forage growth at low stock of forage biomass may be explained by soil

erosion by water and wind due to bare soil, growth of unwanted plants etc.

Similarly, competition for nutrients, air, temperature, and defoliation may explain

the low forage growth at the high stock forage biomass. At s level of forage stock,

which is the ecosystems carrying capacity, forage growth is zero. Similarly, is the

minimum level of forage stock that needs to be maintained in order for forage to

grow and to prevent extinction of forage species.
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In order to capture the full effects of range improvement practices on

range forage and their consequent effects on livestock production, a rancher,

therefore, needs to evaluate the improvement practice for a multiperiod planning

horizon. Moreover, costs of range improvements that may be incurred over a

number of years require the multiperiod analysis of range improvement.

3.1.2 Production under resource constraints

At the beginning of a planning period, a rancher usually possesses certain

factors of production that are in fixed supply. He wants to make use of his fixed

factors by purchasing the variable factors from markets. His problem is essentially

to devise a production program that will utilize the fixed factors to best

advantage, that is, secure the greatest possible profit from their use. To a rancher,

one controlling fixed factor is land of given characteristics. Others include

operator labor and management, machinery and equipment, buildings and

improvements. Given these fixed factors, the rancher needs to decide what to

produce, how to produce, and how much to produce in order to maximize his

profit from ranching.

3.1.3 Private and public outputs

Ranching in riparian areas generates both private and public outputs.

Private outputs include livestock, hay and sometimes crops that are marketable

commodities. In the absence of price controls and similar market distortions, the

prices of these commodities are determined in the market by the interactions of
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demand and supply of these commodities. Thus, private outputs can be valued at

their market prices. Public outputs from improved riparian areas include both

market and non-market outputs. The most important public outputs include

enhanced or restored wildlife, improved water quality, stream flow, and visual

appearance. Most of these outputs have non-market amenity values. Estimation of

non-market values requires the application of special techniques, and is outside

the scope of this study.

Although ranching in riparian areas generates public or social output,

ranchers cannot capture the social values associated with improved riparian zones

on their private property. The recreational users of public outputs are free riders.

From a strictly economic perspective, ranchers, therefore, have no incentive to

take into account the effect of livestock grazing on wildlife habitat and

populations. In modeling the profit maximizing behavior of ranchers, only the

private outputs can thus be included. Public outputs generated from private

actions in the riparian zones, however, need to be examined.

3.1.4 Alternative grazing strategies

Government and its management and regulatory agencies, on behalf of

society, may intervene in private management and use decisions when it serves the

public interest to do so. This will occur if a management or use practice on

privately-owned riparian areas generates effects that are viewed by society as

public costs or benefits.
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There are various ways in which government may intervene in the private

management of riparian acreage. Methods to rehabilitate riparian zones and

maintain their ecological sustainability include complete livestock exclusion,

rotation grazing systems, changes in the types or class of livestock, and improved

livestock distribution methods. Skovlin (1984) has shown that riparian zone

improvement is possible without livestock exclusion. Rest rotation in conjunction

with moderate stocking rates seems to be the most effective way of improving

riparian zone vegetation and physical characteristics (Pieper and

Heitschmidt, 1988). Thus, a change in grazing strategies may be one way to

improve the riparian zones. Grazing strategies may be management intensive

and/or capital intensive. The management intensive strategies are based on

combinations of grazing timing, grazing intensity, and distributional control

practices. Similarly, the capital intensive grazing strategies are based on

combinations of improvements (cross fencing, water development, reseeding,

riparian enclosures, etc.).

Thus, the ranchers' profit maximizing model, based on private output,

needs to be evaluated under alternative grazing strategies in order to find their

effects on the economic sustainability of the ranching operation.

3.1.5 Policy approaches

Policy approaches to sustainable ranching operation may include i) the

advisory approach, and ii) economic incentives, regulation, and institutional

strengthening (Young, 1991).
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3.1.5.1 Advisory approach: Through moral suasion and/or the use of education

and advisory services, an attempt can be made to change the orientation of

ranchers and rural households. It is hoped that by making ranchers aware of the

social consequences of their actions, their behavior, particularly their use of inputs

and adoption of grazing practices, can be modified. The Extension Service, for

example, can be reoriented to provide consistent advice on environmental

management practices to be given along with technical advice on production

methods. However, persuasion and encouragement to modify grazing practices

may be insufficient to achieve the goal of sustainable agricultural development.

There may have to be other approaches as well.

3.1.5.2 Economic incentives, regulation, and institutional strengthening: Under this

approach, policies for adoption of sustainable range management practices may

include increasing output price, reducing taxation on ranch production,

establishing property rights, providing subsidies and assistance for conservation

practices, and direct regulation in the form of standards or prohibitions. For

improvement of private land riparian zones, for example, if switching from

traditional to alternative sustainable management practices involves transition

costs (such as purchase cost of new equipments, acquisition costs of new

information, knowledge, necessary management skills, etc.), transition incentives,

e.g., cost-sharing or investment tax credits for equipment purchase, might be

required in order to induce ranchers to implement sustainable whole ranch

systems. In areas where landscape amenity, wildlife habitat and species diversity is
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considered important, the provision and redirection of specific financial assistance,

in the form of direct payments, to encourage sustainable agricultural practices

may be necessary.

Policies for enhancement of public land riparian zones may be i) to award

the permittee a larger overall forage allocation, a higher quality forage allocation

or both, or ii) to provide monetary incentives for better and more intensive

livestock management (Obermiller, 1994). Establishment of property rights may

also be a policy option. If a structure is initiated so that grazing privileges take on

the nature of property rights without subsidies, then livestock operators will have

incentives to manage their allotments efficiently.

Direct regulation can also be used as a policy to restrict the availability of

environmentally hazardous inputs, to prohibit the use of environmentally

damaging production practices, and to require the adoption of ecologically

sustainable practices.

3.2 Issues to Resolve

Having discussed some characteristics to be considered in the theoretical

model and empirical work in the previous section, this section deals with the

issues of the length of planning horizon, and the discount rate that are relevant to

this study. These issues are yet to be resolved in the sense that the existing

literature is not conclusive as to how to deal with them. These issues are discussed

here and the directions taken in this study are indicated.
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3.2.1 Length of planning horizon

The effects of changes to alternative grazing systems on rangeland

vegetation, fish and wildlife, and livestock production and performance are spread

over many years. It takes time to change degraded rangeland conditions and

associated fish and wildlife habitats. Costs may be incurred several years before

full benefits are realized. Thus, it is appropriate to calculate ranch income over

time. The length of time period depends on the type of alternative management

practice, the types of commodities involved, and ranchers' attitude and judgement.

The Oregon Department of Fish and Wildlife (ODFW) considers 15 years as

adequate project life (Wightman et al., 1993) for the stabilization of riparian

ecosystem following an intervention. But it can be more or less depending on the

type of intervention. In this study, it was postulated that since riparian pastures

are mostly irrigated, the response of range vegetation to management intensive

grazing in riparian zones is quick. Hence, a relatively short period will be

adequate to capture the full effects of management interventions in the riparian

areas. Accordingly, a six-year period was chosen as the length of planning horizon

for the ranch operation.

3.2.2 Choice of discount rate

Most investments in range improvements and management practices have a

life expectancy in excess of one year. A cost stream in this case consists of current

investment expenditure as well as future costs such as costs of maintenance of

improvements. The benefits stream may consist of expected increased forage and
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livestock production over a span of several years. These various amounts of costs

and benefits cannot be directly compared. Instead all future changes in costs and

returns must be converted to a common point in time. Discounting is a technique

used for conversion (Workman, 1986). The percentage amount by which we

reduce the value of a flow of income between two time periods is referred to as

the discount rate" (Pearce et al., 1990; p.24). By applying a discount factor to the

difference between costs and benefits in each of the years one obtains a single

value of the net benefits of the improvement project referred to as the net present

value (NPV).

The rationale for the use of the discounting process on efficiency grounds

is clear. Pearce et al. (1990) point out that the practice of discounting future gains

and losses in project appraisal rests on two logical premises: time preference and

the opportunity cost of capital. It is a fact of human nature that people prefer the

present to the future. Individuals as consumers value $1 worth of consumption

today more than the same $1 consumption at some future date. Therefore, the

discount rate may be viewed as the price of postponing consumption to some

future date. The second reason for discounting is that capital is productive. Money

invested today in productive enterprises has the potential to yield a net return in

the future.

Alternative views expressed by economists on the choice of the discount

rate are discussed below.
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3.2.2.1 Conventional discounting: When using the conventional discounting

procedure, the discount rate is chosen on the basis of the opportunity cost of

capital. That is, it is the rate of return that could be earned by the resources in

their best alternative use. For example, if a ranch owner or a ranch manager

borrows range improvement funds at a specific interest rate, then the interest rate

paid to the lender can be considered as the relevant discount rate for this

particular operation. But if he invests owned capital in a range improvement, then

the opportunity cost of capital is the rate of interest that it could earn in its best

alternative investment opportunity. In case of an investment that displaces the

consumption of goods and services, the consumption rate of interest (a proxy for

the social rate of time preference) would be used as the discount rate. If it

displaces both private investment and consumption, a weighted average of the

marginal rate of return on capital and the consumption rate of interest, where the

weights reflect the relative share of resources being displaced, is used as a

discount rate (Koib et al., 1990).

Some economists regard the conventional discount rate as too high for

environmental and intergenerational equity issues (Lind, 1982; Pearce, 1990).

When applied to investments with large benefits and costs well into the future,

this rate significantly affects their present values. Thus, conventional discounting

favors short-term projects over long-lived projects and discriminates against future

generations.
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3.2.2.2 Shadow price of capital approach to discounting: The shadow price of

capital (SPC) approach to discounting attempts to evaluate government actions in

terms of their net effects on future consumption. Once the benefits and costs of a

government action are expressed in terms of future streams of consumption

gained and foregone, they are discounted at the social rate of time preference

(Lind, 1982). To convert benefits and costs into their consumption equivalents, it

is necessary to account for the extent to which the government action displaces

private consumption and private investment. When a dollar's worth of private

consumption is diverted to a public project, the opportunity cost is one dollar. But

when private investment is diverted, the opportunity cost is greater than one dollar-

it is the stream of consumption that would have resulted from such an

investment. The SPC is defined as the present value of the future consumption

stream yielded by a dollar's worth of investment today in productive capital.

Recent work (Lind, 1986) suggests that the SPC is about 2.5. This implies that a

reduction (or increase) of one dollar in the stock of private capital should be

valued at two and a half dollar of lost (gained) future consumption Lind's

formula for the SPC is given as:

SPC = Ax(1- z)/(1-Axz) (3.2)

where,

A = the annual payment,

x = the present value of an annuity of $1 for N years, and

z = the fraction of the annual payment that is reinvested in each year.
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The costs of a government action, thus, may be converted to their consumption

equivalents by multiplying the amount of private capital displaced by the SPC and

adding the result to the amount of private consumption displaced. The benefit

stream may also be adjusted this way. This alternative approach to discounting

corrects for biases against long-term investments . But it has not yet met with

broad acceptance in federal agencies, partly because it is more difficult to explain

and implement than conventional discounting, and partly because of a perceived

bias created against federal actions by the procedure used to convert capital costs

into their consumption equivalents (Koib et al., 1990).

3.2.2.3 Sustainability and the discount rate: A positive discount rate that

represents the social rate of time preference or opportunity cost is appropriate

when considering questions of economic efficiency. Some environmentalists,

however, argue that a positive discount rate systematically biases resource

allocation against the environment and against future generations. So, they are

opposed to the economists' practice of discounting future gains and losses in

project appraisal and other cases (Arndt, 1993).

The choice of the discount rate determines the rate of exploitation of

natural resources. A higher discount rate means placing a lower value on future

consumption relative to present consumption. Thus, the higher the discount rate,

the faster will be the depletion of non-renewable resources. In case of renewable

resources, the higher the discount rate, the more intensive the harvesting effort

will be. This may lead to a smaller stock of the resource in the future. If the
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discount rate exceeds the maximum biological growth rate of the resource stock,

then the resource will be depleted such that it may be exhausted.

Although it may appear from this discussion that lower discount rates lead

to reduced resource exploitation, this is not necessarily the case. Norgaard and

Howarth (1990, p.88) explain:

Though high discount rates discourage the long term management of slow
growing resources (forests) and the protection of long-term environmental
assets (biodiversity), high interest rates also discourage investment in
projects which transform environments (dams) and in projects which are
necessary to extract resources (oil wells). Thus the relationship between
interest rates and conservation (protecting the interests of the future
generations), and sustainable development is ambiguous.

The ambiguity of the effect of discount rate on the overall profile of natural

resources and the environment has also been discussed by Pearce et al. (1990).

The complex relationship between sustainability and the discount rate and

the issue of intergenerational equity has been addressed by economists in different

approaches that are described below:

Constrained optimization approach: Pearce et al. (1990) point out that the

use of a lower discount rate is not sufficient to achieve sustainable resource

management. They argue that, where natural resources are involved, some

sustainability criterion, weak or strong, needs to be imposed as a side constraint in

the benefit-cost analysis (BCA). Under the weak sustainability criterion, the

discounted present value of the sum of environmental damage across a set of

projects making up a program would be required to equal zero or be negative on

the basis that it would not be feasible for such a constraint to be applied to each
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project. For the strong sustainability criterion, enviromnental damage is

constrained to be non-positive for each project and for each period of time. The

BCA formula which might then be applied to a portfolio of i projects would

become:

EEI(BI - CI - E1j.(1+r)t 0 (3.3)

s.t. EJPV(A) PV(E1) for E1 < 0 (3.4)

in the case of the weak sustainability constraint;

or EJA].t E1E1 for all t (3.5)

in the case of strong sustainability constraint.

Where, B1 is the benefit of the ith project in time period t; is the cost of the

ith project in time t; E1 is the environmental cost or benefit of the ith project in

time t (Ei <0 are environmentally depleting projects); and is the value of the

jth environmentally compensating project.

The requirement in the above formula in the weak case is that if the net

benefits of a program of projects are positive and some of the projects in the

program cause environmental damage, then compensation would be required in

the form of environmentally enhancing projects.

Zero discount rate approach: Given that a positive discount rate

discriminates against future generations the question arises whether a zero

discount rate is the appropriate rate to use in BCA. Mishan (1976; p.209) says

whenever inter-generation comparisons are involved, as they may be in

determining the rate of depletion or destruction of a non-renewable asset, it is as
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well to recognize that there is no satisfactory way of determining social worth at

different points in time. In such cases zero rate of time preference, though

arbitrary, is probably more acceptable than the use today of existing individuals

rate of time preference or of a rate of interest that would arise in a market solely

for consumption loans." Though the idea of zero discount rate appears to achieve

intergenerational equity, this is not necessarily so since productivity growth may

result from technological progress. If the discount rate is set equal to the rate of

productivity growth, then the optimal growth of consumption through time will be

equal (Page, 1977).

Sum of discounted consumption flows approach: This approach applies a

modified discounting procedure to the stream of costs and benefits over the life of

the project. The idea behind the modified discounting technique is that individuals

who enjoy benefits of the projects will not discount benefits before they are born.

This means that different discount factors (1/(1 + r)t) will apply to new individuals

being added to the population over time, compared with individuals living at the

beginning of the project. The computational steps are: i) relevant individuals in

the population are grouped by age (the year of birth) and a weighted average

discount factor computed for each year, ii) population composition in the future

years are projected using life expectancy data, iii) the weighted average discount

factor for each year is then used for discounting expected net benefits for that

year, and iv) finally the discounted net benefits for each year are summed

together. The social discount rate used reflects the social rate of time preference
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(Young,1993). Since each generation is treated equally, the sum of discounted

consumption flows (SDCF) approach appears to correct the discrimination against

future generations. A problem with the SDCF approach is the heavy data

requirement for identifying those members of society who will benefit from a

project, and how the group's composition will change over the life of the project.

Moreover, age is not the only factor that should enter the equity calculus. Other

factors such as income and wealth and the identification of gainers and losers are

also important.

Safe minimum standard approach: Biological resources (the mix of

organisms, plants, and animals) provide ecological services of value to humanity.

They provide life-support functions that enable human societies to exist. But

implementation of past development projects contributed to the extinction of

biological species and more species will be lost in the future unless steps are

taken to save them. The concept of safe minimum standard (SMS) was developed

to analyze the problems of endangered species, massive uncertainty and/or

irreversibility. The SMS is a level of conservation sufficiently high to reduce the

probability of extinction (or irreversible loss) to a very low level (Randall, 1987;

p.4 13). The goal of SMS strategy is to increase the welfare of future generations

by preserving some species that will be useful and valuable in the future.

The conventional BCA suggests that we preserve only those species for

which the expected net benefits are positive. The SMS approach goes beyond the

routine BCA. It says that the extinction of species should be prevented unless the
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costs of doing so is intolerably high. The SMS approach may be viewed as in

accord with the desire of individuals to leave a minimum legacy for their offspring

and would be equivalent to applying a constraint on the goal of efficient resource

allocation.

In summary, the conventional method of discounting, which evaluates

investment projects using a discount rate equal to the opportunity cost of capital

or the social rate of time preference, is appropriate from an efficiency point of

view. But this method may be inappropriate for projects that have costs and

benefits in the distant future. The shadow price of capital approach to

discounting is appropriate for long-lived investments in which benefits and costs

continue to accrue many years into the future. This method converts costs and

benefits streams into consumption equivalents and then these are discounted at

the social rate of time preference. But this approach is more difficult to explain

and implement than the conventional method of discounting. The constrained

optimization approach to benefit-cost analysis proposed by Pearce et al. (1990),

where constraints are the sustainability criteria, seems to be consistent with both

equity and efficiency goals. But it is unlikely at the present time that the data

demands and requirements will easily be met in an optimization framework. The

zero discount rate approach, though it appears to be acceptable on

intergenerational equity grounds, is not appropriate when positive productivity

growth benefits future generations. As an alternative, an appropriately adjusted

discount rate as in SDCF may have potential for examining equity issues because
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discrimination against future generations can be reduced. The option of adopting

a safe minimum standard addresses the concerns of preservation cases and

situations of irreversibility. Essentially, the SMS approach can be viewed as a

constrained BCA approach applied to preservation issues, subject to the constraint

that the SMS level be maintained.

The above discussion indicates that the choice of discount rate remains an

unresolved issue. Using a lower than conventional, but positive, discount rate may

be a simple approach to handle the issue of sustainability and was followed in this

study.

3.3 The Theoretical Model

In this study, a rancher is taken to be a rational decision-maker at the

beginning of a production planning period. He has certain fixed factors of

production at his disposal and has access to markets in which he can procure the

variable factors of production to make use of his fixed factors. His problem is

essentially to make a production plan which will utilize the fixed factors to best

advantage, that is, secure the maximum profit from their use.3 In order to

Traditionally, empirical analyses on livestock production systems are carried out on
the assumption that producers maximize profits (Schnitky et al., 1993; Wilson et al.,
1987; Whitson et al., 1982). But given the evidence that the rates of returns on ranch
investment in recent years have commonly been in the neighborhood of 2 percent
(Workman, 1986) and the ranchers are still continuing the ranch business, one may
wonder whether ranchers are profit maximizers. One explanation for this apparent
phenomenon is asset appreciation. When real estate appreciation is included in the
annual return calculations, the percent return on ranch investment has typically been a
much more competitive 10-15 percent (Workman, 1986). Other explanations for
continuing in the ranch business include non-pecuniary goals of the ranchers such as
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characterize the situation more precisely, it is postulated that the rancher

produces output y using n inputs, namely, x1, x2, ...,x. The production function for

y at time t may, therefore, be expressed as

Yt = f(x1, x2, .. (3.5)

where, y is the quantity of output at time t and x1, ..., x1 are the quantities of

inputs used at time t. For every combination of inputs, there is one particular

maximum level of output.

The rancher's profit can be defined as

= - iit' = l,...,n (3.6)

= p/(x1, . . . ,x) - (3.7)

where, Pt 1s the price per unit of output y and cI is the price per unit of input Xj at

time t. For a multiperiod production process, the rancher's objective is to

maximize the sum of discounted annual profits from livestock over the planning

horizon. When the x's are constrained (i.e., the rancher can use only certain

values of x's), he is dealing with a constrained profit maximization problem. His

problem is to maximize profit subject to the constraint that

g(x1, x2, ..., x) = 0 (3.8)

One method for solving constrained maximization problems is the Lagrangian

multiplier method. The Lagrangian function for the multiperiod constrained profit

maximization problem may be written as

living on the ranch, and carrying on the family business.
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where, is an additional variable that is called the Lagrangian multiplier. By

taking the partial derivatives of L with respect to x's and the first-order

conditions for the constrained profit maximization are:

SL - q + = 0

= - + = 0

(3.10)

SL
= - q + = 0

SL
= 0

Equations (3.10) can be solved simultaneously to find the values of x1's that will

obey the constraint and also will make profit as large as possible. The variable

has an important economic interpretation. The first n equations can be

rewritten as

"it '12t 11nt
=

(3.11)
g1 g2

where, = - ci1 72t = - q2, ..., and = -
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(3.9)

sxlt

6x2t



Equation (3.11) means that, at the optimal choices for the x's, the ratio of the

marginal profit to the marginal cost of increasing x's should be the same for

every x. The Lagrangian multiplier also provides a measure of how an overall

relaxation of the constraint would affect the level of profit. A high indicates

that profit could be increased substantially by relaxing the constraint. A low

value on the other hand, indicates that there is not much to be gained by

relaxing the constraint. If the constraint is not effective at all, will have a

value of 0, indicating that the constraint is not restricting the value of profit.

The general theoretical formulation above of the ranch economic

sustainability problem forms the basis for the construction of a case-specific

mathematical and empirical models in the following two chapters.
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CHAPTER 4

METHODS AND PROCEDURES

In the first section of this chapter, the mathematical representation of the

empirical model developed consistent with the theoretical model described in

chapter 3 is provided. This is followed by a description of the key terms in the

model in section 2. The third section describes the procedures for empirical

estimation of the model, imputation of the value for non-cash inputs, discounting

future cost and benefits, and policy variables. Finally, the study site and sources of

data are described in sections 4 and 5, respectively.

4.1 The Empirical Model

Let's consider a "typical ranch" that has private range, public range,

irrigated meadow, and native meadows for grazing cattle. A stream passes through

the irrigated meadow and, hence, this meadow represents a riparian zone. The

rancher manages a cow-yearling operation. Currently he implements a summer

season-long grazing system strategy in the riparian meadow. There are two other

grazing systems that may be ecologically preferable to the current grazing system.

These are called summer short-duration and fall short-duration grazing systems.4

The rancher can introduce these alternative grazing systems to the riparian zone

by making changes in his current ranch plan subject to limited resources of land,

public land grazing permit, machinery, equipments, and buildings.
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Using the theoretical model in Equation (3.9) as a guide, the "typical

ranch" may be mathematically represented as follows.

Max NPV = [Present Value (PV) of Gross returns - Present Value (PV) of Costs]

= E + 2t''2jt + 3t3jt + P4Y4 + P5Ys + PHHSJ + OIjt)( 1+ r)t

- E(WHL. + GFFEDAUMJ + PHHBJ + OVCC + FC3)(1+r)t (4.1)

such that

= f1(B(C1), BCR) (4.2)

= f2(C, CCR) (4.3)

= f3(RH(C, RR), HCR) (4.4)

= f4(C, CRC, BR, WR, HC) (4.5)

''5jt = f5(C, CR, BR, WR, HC) (4.6)

HS = f6(CJt, HPJ) (4.7)

HL = f7(C, W1) (4.8)

HB = f8(C, HPJ) (4.9)

OVCC = f9(C3 (4.10)

FC = f10(DC(C), DME1, INSM, TAXP) (4.11)

subject to the constraints

land constraint (4.12)

d1C - f1G forage balance constraint (4.13)

where,

NPV present value of net returns over time t representing returns to

operator/family labor, land, capital, and management

= number of cull bulls sold in the jth grazing plan in year t
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P1 = market price of cull bulls ($/lb) in year t

= number of cull cows sold in the jth grazing plan in year t

= market price of cull cow ($/lb) in year t

Y3 = number of open heifers sold in the jth grazing plan in year t

= market price of open heifer ($/lb) in year t

= number of yearling heifers sold in the jth grazing plan in year t

= market price of yearling heifer ($/lb) in year t

= number of yearling steers sold in the jth grazing plan in year t

= market price of yearling steer ($/lb) in year t

HS = hay sold (tons) in the jth grazing plan in year t

PH = the price of hay ($/ton) in year t

OI = other income (i.e. value of home consumed livestock) in the jth

grazing plan in year t

HL Hired labor (hours) used in the jth grazing plan in year t

W = Wage rate ($/hour) for hired labor in year t

FEDAUMJ = number of AUMs of forage from federal land in the jth

grazing plan in year t

GF = grazing fee ($/AUM) on federal land in year t

HB1 hay bought (tons) in the jth grazing plan in year t

OVCC = other variable cash costs ($) in the jth grazing plan in year t

FC1 fixed costs ($) in the jth grazing plan in year t

r= the discount rate



48

= number of bulls in the jth grazing plan in year t

= number of cows in the jth grazing plan in year t

BCR = culling rate of bull in year t

CCR = culling rate of cows in year t

RH = replacement heifers in the jth grazing plan in year t

RR = replacement rate of cows in year t

HCR = culling rate of replacement heifers in year t

CR = conception rate of cows in year t

BR = birth rate of calves in year t

WR = weaning rate of calves in year t

HC = number of yearlings consumed at home in year t

HP3 = hay production (tons) in the jth grazing plan in year t

DC depreciation ($) of cows in the jth grazing plan in year t

DME = depreciation ($) of machinery and equipments in year t

INSM = insurance payments on machinery and equipments in year t

TAXP = property taxes paid in year t

b1 = acres of land available for the jth grazing plan in year t

a1 = acres of land required per cow in the jth grazing plan in year t

= AUMs of forage consumed per cow in the jth grazing plan in year t

= forage production (AUMs) in the jth grazing plan in year t

= an integer variable indicating a value of 1 for the jth grazing plan in

year t



4.2. Description of Key Terms in the Model

4.2.1 Gross returns

These are the total returns received. Gross returns are calculated based on

number of head sold by class, weight per head, and expected or contracted price.

For a cow-yearling ranch operation, outputs generally include cull bulls, cull cows,

open heifers, yearling heifers, and yearling steers. Other income may include the

revenue from hay sold, and the value of home consumed livestock.

4.2.2 Total costs

Total costs include variable costs and fixed costs. Variable costs are costs

that usually vary in direct proportion to output, which in the case of this study is

essentially a function of the number of animal units on the ranch. Variable costs

can be categorized into variable cash costs and variable non-cash costs, where the

former include inputs for which ranchers make out-of-pocket expenses and the

latter include ranch supplied inputs for which no explicit cash costs are incurred.

A list of cash and non-cash costs is given in Table 1.

Fixed costs represent the costs incurred regardless of whether ranchers

produce a calf crop or not once the land, machinery, equipment, and breeding

stock necessary for production have been obtained. In other words, these are costs

ranchers must pay regardless of the size of their cow herds or calf crop. Fixed

costs are often referred to as ownership costs, since they are based on the costs of
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owning assets used in production. Depreciation, interest, insurance, and taxes are

the major categories of fixed costs.

Table 1: Cash and non-cash variable and fixed costs.

Cash costs

Bull purchase

Brand inspection

Hired labor

Fence materials

Repairs and maintenance

Fuel and lube

Public land grazing

Private land leases

Hay purchase

Ivomec

Salt and minerals

Veterinary and medicine

Supplies

Utilities

Accounting and legal

Miscellaneous

Interest on operating capital

Non-cash costs

Operator and family labor

Cash costs

Insurance: machinery & equipment

Property taxes

Non-cash costs

Interest & depreciation

Livestock

Machinery & equipment

Buildings

Interest on land

Fixed costs can also be categorized into fixed cash costs and fixed non-cash

costs. Depreciation and interest charges are non-cash costs. Depreciation of

machinery, equipment, buildings and improvements, and purchased breeding stock

is included as a fixed non-cash cost to reflect the fact that over the long-run

VARIABLE COSTS FIXED COSTS
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ranchers must pay for replacement of these assets. Depreciation provides a means

of spreading replacement costs over the useful life of these assets. Insurance and

taxes are considered as fixed cash costs. These costs are fairly easy to obtain.

Annual property tax assessments and insurance premiums for land, buildings,

machinery and equipment, and breeding stocks can be used to calculate property

taxes and insurance costs.

In this study, all the costs except interest on value of fixed inputs (i.e., land,

livestock, machinery, equipment and building) and the value of operator/family

labor and management were included in total costs of livestock production. This

total cost was then deducted from gross returns to obtain net returns to the

rancher's land, capital, labor and management.

4.2.3 Grazing systems

The three alternative grazing systems considered in this study are defined

as follows.

4.2.3.1 Summer season-long (SSL): Cattle are turned out into the meadows

around May 15 and grazing continues until September/October. Usually, no rest

is given to the meadow during this grazing period. For this reason it is called

sunm-ier season-long grazing. No haying is done in the meadow in this system of

grazing.

4.2.3.2 Summer short duration rotation (SSD): Cattle are turned out in the

meadow on May 15 and graze there for about three weeks and then are taken off



52

for two to three weeks in June. During this meadow rest period, cattle graze in

another meadow. Cattle are turned back in the first meadow on July 1. The same

rotation continues until September/October. Usually, there is no hay cutting in

the meadow in this system of grazing.

4.2.3.3 Fall short duration (FSD): Hay cutting in the meadow followed by

aftermath grazing for a short-duration in the fall characterize this system of

grazing. Meadows are hayed in July or August. Then there is a rest period for a

month or so to allow vegetation to regrow after hay cutting. Cows are turned out

into the meadows in October and graze there for 3-4 weeks.

The SSL method is the traditional livestock grazing system on western

rangelands and was considered as the control system. The other two grazing

systems are designed for assessing economic sustainability ranching associated

with alternative grazing systems.

4.3 Procedures

4.3.1 Estimation procedure for the empirical model

The mathematical model of Equations (4.1 - 4.13) deals with the

maximization of total net returns from a ranch livestock operation subject to

certain resource constraints. The theoretical foundation for this problem rests in

the theory of the firm under constrained optimization. This theory was presented

in Equations 3.5 - 3.11. In order to demonstrate the equivalence of the theory of

the firm, the mathematical model of the empirical problem (Equations 4.1 - 4.13)



and the empirical estimation of the model in the next chapter, the concept of

productive processes has first to be introduced. A productive process may be

defined as a productive event that utilizes factors of production in a certain fixed

ratio to produce a product. Any other productive event that uses the same factors

of production, but in a different ratio, to produce the same product is termed as a

different productive process (see, e.g., Dorfman, 1951).

The procedure for finding the profit maximizing production plan is

demonstrated here for a ranch with two fixed factors and three productive

processes among which to choose. The alternative processes open to such a ranch

are shown in Figure 2.

Factor 2

3
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all bi Factor 1

Figure 2: Alternative productive processes: a two-factor case
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The rays from the origin represent the productive processes. Points P1, P2, and P3

lie on the productive processes 1, 2, and 3, respectively. Each of these points

represents a process at a certain unit level of net returns. For example, if Process

1 is followed to the extent that a net return of $R1 is obtained, it will require a11

units of Factor I and a21 units of Factor 2. This is represented by point P1 in the

figure. Similarly, the co-ordinates of points P2, and P3 on the processes 2, and 3,

respectively, represent the quantities of the two fixed factors which are required in

order to obtain a net return of $R1.

A process can be carried out, by purchasing different quantities of the

variable factors, to any level so long as it does not require more than the total

available supply of either of the fixed factors. For example, if Process 1 is used to

produce larger and larger quantities of output, it will consume the two fixed

factors in the ratio of a11 units of Factor 1 and a2 units of Factor 2; no matter

what the level of the process is. Thus, the ray representing this process shows all

possible quantities of the two fixed factors which will be required if Process 1 is

employed to a greater or lesser extent. Each point on the ray represents a

different net return; since net returns are proportional to the consumption of fixed

factors. The rays representing the other processes describe in a similar manner the

way in which the quantities consumed of the two fixed factors depend on the level

at which each process is used.

In Figure 2, the line connecting points P1, P2, and P3 is an isoquant, for the

net returns from all the processes which lie on it are the same, $R1. Similar
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isoquants for other levels of net returns, for example, $R2, $R3, $R4, $R5, and $R6

can be drawn that will be geometrically strictly similar to the isoquant for $R1. In

order to maximize its total net returns, the rancher tries to get on the highest

isoquant, given the quantities of the fixed factors. The rancher will, therefore,

choose the plan that will allow him to reach the highest isoquant of net returns.

In order to show how to reach the profit maximizing isoquant of net

returns, let b1 and b2 represent the total supply of factors 1 and 2, respectively.

Given these fixed resources, the rancher can reach the isoquant showing $R6 of

net returns at point L by a production plan combining processes 1 and 2. If,

because of the empirical nature of the problem, the rancher must choose one or

the other of the two processes, then he will be economically better-off in

producing at point B using Process 2; since it gives a higher net returns ($R5) than

producing at point A using Process 1 which yields a net returns of $R3. At point

B, Factor 1 is utilized fully and is the limiting resource. Output cannot be

increased beyond this point although there is some unutilized quantity of Factor 1

at point B. Similarly, Factor 2 is the limiting resource at point A. The rancher can

also choose Point C on Process 3. But it yields a much lower net return, given the

fixed resources. Thus, it is most profitable for the rancher to produce at point B

using Process 2. The problem of profit maximization with two fixed factors and

three productive processes may also be mathematically represented as follows:5

This formulation is equivalent to those of 3.5-3.11 and 4.1-4.13 but is more
amenable to empirical analysis.



where,

it = total net returns

c1 = no. of cows in Process 1

= net returns per cow in Process 1

c2 = no. of cows in Process 2

it2 = net returns per cow in Process 2

= no. of cows in Process 3

it3 = net returns per cow in Process 3

a11 = units of Factor 1 used per cow in Process 1

a12 = units of Factor 1 used per cow in Process 2

a13 = units of Factor 1 used per cow in Process 3

= units of Factor 2 used per cow in Process 1

a22 = units of Factor 2 used per cow in Process 2

a23 = units of Factor 2 used per cow in Process 3

b1 = total supply of Factor 1

b2 = total supply of Factor 2

In the empirical case dealt with in the next chapter, the productive processes are

taken to be mutually exclusive, i.e., the rancher can choose any one of the
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Max it = + ir1c7 + ir3c3

subject to:

(4.14)

a12c1 + a12c2 + a13c3 b1 (4.15)

a21c1 + a22c2 + a23c3 (4.16)
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productive processes but not a combination of two or more of the processes. In

terms of the empirical problem, the rancher can choose grazing strategy 1, 2, or 3,

but not any combination of them. Thus, given the fixed resources, b1 and b2, and

the ratios in which these are used in different processes ( a1:a in c1, a12:a22 in c2,

and a13:a23 in c3), the rancher can vary the number of units of output in each

process (c1, i = 1,2,3). The greater the number of units of output, the higher the

net returns under each process, since net returns are a linear function of the units

of output. Referring back to Figure 2, the rancher will maximize net revenue (of

$R5), using grazing strategy 2, with a level of output B.

In the empirical case to be analyzed, output consists of the joint products

including yearlings, cull cows, cull bulls, open heifers, and cull horses.6 The

proportion of the joint products remains fixed over the entire range of possible

output levels. Furthermore, the level of output of each of the joint products is a

linear function of the number of brood cows. Therefore, by defining brood cows

as the unit of output of the production process, the problem reduces to one of

maximizing the number of brood cows, given mutually exclusive production

processes, subject to stated constraints.

The problem formulated immediately above is equivalent to that stated in

Equations 4.14 - 4.16 which, of course, represent a classical formulation of a

linear programming model. For the empirical problem at hand, this classical

formulation must, however, be modified into a binary integer programming model.

6Under some specific and unusual circumstances, hay may also be sold.
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That is to say, to model the empirical problem appropriately, when c1 (brood cows

raised under grazing strategy 1) is positive, c2 and c3 must be zero; and so on for

c2 and c3.

Utilizing the special structure of the empirical problem and following the

principle of parsimony in research7, a straightforward budgeting technique can be

used to find the maximum net revenue (by estimating the maximum number of

brood cows that can be produced with given constraints) for each grazing strategy

and then selecting that grazing strategy with the highest net revenue as the one

yielding the optimal solution consistent with the theory of the firm (Equations 3.5 -

3.11) and the mathematical model (Equations 4.1 - 4.13).

From the number of variables and the number of relations in the

mathematical model (equations 4.1 - 4.13) it is evident that empirical evaluation

of the model is not trivial, even if the aforementioned simplifications due to the

specific structure of the empirical problem are implemented. Therefore, the

empirical model was formulated as a set of linked spreadsheets.8 The computer

program QUA! IRO PRO was used to estimate optimal (and near optimal)

solutions and to conduct sensitivity analyses.

7The principle of parsimony in research postulates that the simplest technique
available to achieve stated research objectives should be used.

8Spreadsheets, if properly formulated, are mathematically equivalent to a
mathematical programming formulation (equations 4.14 - 4.16) of the theory of the firm
under constraints. Indeed, the "Solver" included in more recent versions of QUA11R0
PRO joins constrained optimization problems formulated as spreadsheet with
mathematical programming solution algorithms.



4.3.2 Imputing values for non-cash inputs

4.3.2.1 Family labor: At least two approaches are possible for calculating the cash

value of family labor. One is to determine its marginal contribution to ranch net

revenues. The second approach is to use the average cost of hired labor as an

estimate for the value of the family labor. The latter approach was used to impute

the value of the family labor. By applying the same per day value to a day of work

provided by a family member, the implicit assumption made was that the value of

family labor was at least as great as that of hired labor. When using this approach,

no value was assigned to the management function provided by the family

members.

4.3.2.2 Interest on operating capital: Operating capital is the amount of capital or

current assets available for use in operating the business. It includes money spent

for all cash variable inputs. Operating expenses are not incurred all at the

beginning of the year, rather these are made throughout the year. Thus it will not

be appropriate to charge interest on all operating capital for the whole year. One

way to calculate interest costs of operating capital is to compute the annual

interest by multiplying half of the annual operating expenses by the appropriate

interest rate. This approach was used in this study.

4.3.2.3 Depreciation: Several methods of calculating depreciation are currently in

widespread use, particularly for real estate appraisal and federal income tax

59



60

purposes. For the purpose of calculating ranch income, the simple straight-line

method is sufficiently accurate. This method was followed in this study. It

consisted of subtracting estimated salvage value of a machine or building from

original cost (or current value) and dividing by expected useful life. The result was

the portion of original cost or value of the asset that was exhausted during the

average year of its productive life.

4.3.3 Discounting future costs and returns

In practice, the market interest rate is used as a proxy for the discount

rate, though it may be distorted due to various market imperfections (for a

detailed discussion on the discount rate, see pages 31-41). But economists and

government decision-makers generally apply a range of discount rates to a

particular problem. As of this writing, in the public sector, most of the federal

agencies use a discount rate of 7 percent set by the federal Office of Management

and Budget (0MB). The 0MB established this rate using the principle of

opportunity cost of capital, the foregone rate of return on investment in the

private sector (Loomis, 1993). For comparability with the other studies that used

the 0MB rate, a 7 percent discount rate was used in this study. This rate is

viewed to be high by environmentalists who argue that a lower discount rate is

appropriate for long-term investment analysis. Two other discount rates, 0 and 4

percent were, therefore, applied in the calculation of NPV to examine the

sensitivity of results to different discount rates.



4.3.4 Policy variables

4.3.4.1 Grazing fee: In the system of permitted livestock grazing on public lands,

ranchers (called permittees or sometimes lessees) pay a grazing fee. There is an

ongoing debate over the appropriateness of the current grazing fee level. The

recently proposed grazing fee on public land was $3.96 per AUM as opposed to

the 1995 grazing fee of $1.61 per AUM. Effects of the proposed grazing fee on

ranchers' income were examined for alternative grazing plans.

4.3.4.2 Public land grazing privilege: Under the influence of the Federal Land

Policy and Management Act of 1976 that emphasized multiple-use of the federal

lands, other environmental legislation, and pressure from environmentalists, public

land grazing privileges are being curtailed. The effects of such reductions in the

authorized use of public land AUMs of forage at two different levels, 15 and 30

percent, on ranch income were evaluated for the current and two of the

alternative grazing management plans in the riparian zones.

4.4 Study Site

The study area is in Bear Valley which covers 22,800 ha in south central

Grant County, Eastern Oregon. Bear Valley extends 28.8 km east to west and 20.8

km north to south. A mosaic of private family-owned livestock ranch operations

cover the valley floor bordered by the surrounding Maiheur National Forest. The

Silvies River flows from northwest to southeast separating Bear Valley into two

near equal halves before continuing down the Malheur Lake drainage basin. Bear
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Valley is also divided by Scotty Creek flowing from the west and Bear Creek

flowing from the east, which join the Silvies River near the south central portion

of the valley. Shrubby stringers of willow line the majority of Scotty and Bear

creeks. Grasses, sedges, and forbs dominate the landscape extending

approximately 150 m on each side of the waterways before giving way to drier,

gently upsloping, grass, and sagebrush. Bear Valley ranges in elevation from 1,400

m (4,800 feet) to 1,440 m (4,670 feet). Weather is characterized by cold winters,

moderate summers, and low precipitation. In Burns, Oregon, 60 km south, the

July average temperature is 19° C, the average January temperature is 30 C, and

annual precipitation is 300 mm.

4.5 Data Sources

This study required a large volume of data, covering biological and

economic information on the ranch. Four cooperating ranches of the "Sustainable

Grazing Systems" project conducted in Grant County, Eastern Oregon, were the

source of a key subset of the data required for this study. Other sources of

information included published sources and expert opinion. Some biological data

were from actual observations on the ranches; others were from experiments

conducted in the fields of the participating ranches. These data were collected by

biological scientists associated with the project. Economic data were collected by

directly interviewing the ranchers with a questionnaire that covered the following.

i) Ranch characteristics: cow herd size, total land acreage, riparian acreage,

hayland acreage, open range acreage, leased acreage (BLM, USFS,
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private), leased out acreage, carrying capacity of the range, physical

facilities (buildings, equipments, and machinery), and range improvements

(water developments, cattle guards, corrals etc.).

Production data: cull cows, cull bulls, heifer calves, steer calves, yearlings

and their weights at sale.

Animal performance data: conception rate birth rate, weaning rate, and

death rate.

Input data: deeded forage AUMs, federal AUMs, hay purchased, hired

labor, and other cash and non-cash inputs.

Price data: market prices of animals by class, the prices of inputs, value of

fixed assets.

Credit data: amount and sources of loan, interest rate, loan period,

repayment schedule.

Taxes and insurance data.



CHAP'I'ER 5

RESULTS AND DISCUSSIONS

This chapter is divided into seven sections. The development of the case

ranch and its characteristics are discussed in section one. The second section

contains a discussion of alternative ranch plans, their selection procedure, and

grazing and haying in each plan. The economic assessment of alternative grazing

plans is described in section three. The effects of public policies on the financial

position of the case ranch are described in section four. The economic

sustainability of the case ranch is described in section five. Some considerations

on the ecological effects of alternative grazing plans are provided in section six.

Finally, the economic and ecological effects of alternative plans are brought

together and discussed in section seven.

5.1 Development of the Case Ranch

5.1.1 Why a case ranch

The case ranch is a model ranch that does not actually exist but captures

the essential characteristics of ranches in the area. The case ranch approach was

chosen for the following reasons:

It protects the confidentiality of cooperating ranchers.

It avoids circumstances that are unique to a particular ranch or unique

to a particular year.

64



65

iii. It allows examination of the effects of management changes on cattle

production and ranch profitability without confounding by other

variables.

5.1.2 Information base for the case ranch

The development of a case ranch was based on information gathered from

four participating ranches in the OSU "Sustainable Grazing Systems" project in

Grant County, county statistics on farms/ranches published by the U.S.

Department of Commerce, enterprise budgets in selected eastern Oregon counties

published by the OSU Extension Service, and the Wightman et al. (1994) study

published by the OSU Department of Agricultural and Resource Economics.

These data are described below.

5.1.2.1 Participating ranches in Grant County: Four ranches, located in Bear and

Silvies valley of Grant County, were participating in the OSU "Sustainable

Grazing Systems "project. Information on the selected characteristics of those

ranches is provided below.

Land: The average land acreage of the participating ranches was 18,029 acres.

Private rangeland and irrigated pasture were the two major land categories. These

constituted 68 and 13 percent of total land acres, respectively. The rest were

native meadow, native hay land, and timbered range. Native hayland was the least

common land category. All of the participating ranches were in the largest land

size category of Grant County.
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623, 64, and 19, respectively. The cow-bull ratio, on average, was 16:1 (i.e., 16

cows per bull). With respect to brood cow ownership, three of the four ranches

were in the largest brood cows category of Grant County, whereas the remaining

one was in the second largest category of brood cows.

Type of operation: Three of the four participating ranches were characterized by a

cow-yearling operation, while the remaining one was a cow-calf-yearling operation.

The calving season was mid-March through April. Calves weaned around

October/November and yearlings were usually sold the following September.

Cattle performance: The calving and weaning rates were similar among the four

participating ranches. The average calving rate reported was 95 percent and

weaning rate was 94 percent. The culling rates for cows, replacement heifers,

bulls, and horses were also similar among the ranches. The culling rate averaged 9

percent for cows, 9 percent for replacement heifers, 25 percent for bulls, and 14

percent for horses.

Feeding: Feeding alfalfa hay and native hay was common among the ranches. No

feed supplements were usually given to the cattle. Hay feeding rates ranged from

20-35 lbs/day per cow and 15-20 lbs/day per yearling, depending on their age.

The hay feeding period was usually from mid-November through mid-April. Cattle

grazed on private range, pastures, and native meadows as well as on public range

during the rest of the year. Public land grazing averaged 2972 AUMs per year.

Public range was grazed during the summer months. Renting/leasing private

grazing land was not a common practice. Hay purchase was common to all
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participating ranches ranging from 100 to 700 tons a year and varied from year to

year, depending upon weather and consequent hay yield.

Labor: Annual labor requirement, on average, for the participating ranches was

1,340 man-days. On average, 45 percent of total labor was provided by the

operator and family member. The average labor provided by the operator/family

members was 577 days a year.

5.1.2.2 Grant County farms/ranches: Selected statistics on farms/ranches in Grant

county are provided below.

Farm size: There were 394 farms and 1,154,399 acres of land in farms in Grant

County. The average farm size was 2,930 acres (Table 2). Half of the farms were

in the category of 499 or less land acres and owned only two percent of land in

farms in the county. Forty-one percent of the farms were 1000 or more deeded

acres in size. But these 41 percent of the farmers owned 96 percent of land in

farms. The average land acreage of these farms was 6,750 acres.

Table 2: Farms, land in farms, and average farm size in Grant County, Eastern
Oregon, 1992.

Source: U.S. Dept. of Commerce. 1992. 1992 Census of Agriculture, Geographic Area Series,
Oregon State and County Data. AC92-A-37; Vol. 1, Part 37.

Farm Size
(acres)

No. of
farms

% of total Land in farms
(acres)

% of
total

Average farm
size (acres)

Up to 259 165 42 12,197 1 74

260 - 499 30 8 10,274 1 342
500 - 999 35 9 24,843 2 710
1000 - 1999 42 10 60,648 5 1,444

2000 or more 122 31 1,046,437 91 8,577

Total 394 100 1,154,399 100 2,930
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Land use: Ninety two percent of farm acres were pastureland (all types) of which

pastureland and rangeland other than cropland and woodland pasture was 78

percent (Table 3). There were 185 farms that had cropland used only for pasture

and grazing and the average of this land for these farms was 139 acres. There

were 125 farms that had woodland pasture and the average of these farms was

1,148 acres of woodland pasture. There were 245 farms having pastureland and

rangeland other than cropland and woodland pasture; the average of this land for

these farms was 3,659 acres. The average acres per farm for all types of

pastureland was 2,969 acres.

Table 3: Land in farms according to use, Grant County, Eastern Oregon, 1992.

Source: U.S. Dept. of Commerce. 1992. 1992 Census of Agriculture, Geographic Area Series,
Oregon State and County Data. AC92-A-37; Vol. 1, Part 37.

Brood Cows: There were 262 farms having brood cows with an average number of

119 cows per farm (Table 4). Sixty seven percent of these farms owned up to 99

cows; the average number of cows being 31 cows per farm. Only eighteen percent

Land use No. of
farms

Acres in
farms

Acres!
farm

Total cropland 300 80,405 268

Cropland used only for pasture and grazing 185 25,783 139

Total woodland 146 168,234 1,152

Woodland pastured 125 143,449 1,148

Other land 303 905,760 2,989

Pastureland and rangeland other than cropland and 245 896,529 3,659
woodland

Pastureland, all types 359 1,065,761 2,969
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of the farms were in the categories of 200 or more cows per farm. But these farms

owned 65% of the total number of brood cows in the county. The average number

of cows per farm for these farms was 422 cows.

Table 4: Farms, brood cows on farms, and brood cows per farm, Grant County,
Eastern Oregon, 1992.

Source: U.S. Dept. of Commerce. 1992. 1992 Census of Agriculture, Geographic Area Series,
Oregon State and County Data. AC92-A-37; Vol. 1, Part 37.

5.1.2.3 Neighboring County farms/ranches: County statistics for three neighboring

counties of Grant County showed that the percentage of farms falling in 1000 or

more deeded acres in size were 26 percent in Baker, 44 percent in Harney, and 47

percent in Morrow (US Department of Commerce, 1992; pp. 194-204). But these

farms comprised 90, 95, and 96 percent, respectively, of county farm land. The

average size of these farms in the three counties was 6,215 acres.

The number of farms with 200 or more brood cows were 20 percent in Baker,

27 percent in Harney, and 16 percent in Morrow. These farms owned 65-76

percent of the total brood cows in each of these three counties. The average

number of brood cows for these farms were 393 for Baker, 531 for Harney, and

Brood cows No. of farms % of total Brood cows
on farms

% of total Brood
cows/farm

Up to 99 175 67 5,371 17 31

100 - 199 39 15 5,651 18 145

200 - 499 38 14 11,110 36 292

500 or more 10 4 9,160 29 916

Total 262 100 31,292 100 119
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460 for Morrow. The average for three counties was 466 brood cows per farm.

Land use in neighboring Baker and Harney Counties indicated that about 90

percent of farm acres was pastureland (all types) which was close to that of Grant

County. Morrow county had only 59 percent of total farm acres under pastureland

(all types). The remaining farm land was mainly cropland. Thus, the ranch

characteristics in neighboring counties were similar to Grant County.

5.1.2.4 Previous studies: In recent years, enterprise budgets on cow-calf and cow-

yearling operation in selected Eastern Oregon counties were constructed jointly by

OSU Extension economists and Extension agents with the assistance provided by

area producers (EM 8335, 1987; EM 8337, 1987; EM 8470, 1991). The enterprise

budgets estimated the typical costs and returns of producing calves/yearlings in

those counties. A detailed study of a case ranch, located in the John Day river

basin in east-central Oregon, was conducted recently by Wightman et al. (1994).

This case study provided quantitative information pertaining to private and public

benefits and costs associated with riparian area enhancement by means of fencing

off the riparian area.

5.1.2.5 Federal Grazing: One hundred fourteen farms (30 percent of all farms) in

Grant County had grazing permits from the Forest Service and/or BLM including

a few having permits from other sources (U.S. Department of Commerce, 1992; p.

335). A similar percentage of farms in the neighboring county (approximately 25

percent) also had grazing permits. The case ranch in the Wightman et al. study



had an U.S. Forest Service allotment providing 500 AUMs of summer forage.

Enterprise budgets published by the Oregon State Extension Service in selected

Eastern Oregon Counties (EM 8335, EM 8337, EM 8470) showed 725 to 1245

AUMs of federal grazing; the average being 985 AUMs per ranch. The

participating ranches in Grant County had 2972 AUMs of federal grazing on

average.

5.1.2.6 Comparison of key descriptors: Information on cow herd size, conception

rate, calving rate, culling rate, and death rate of cattle gathered from the

participating ranches were compared with those from enterprise budgets and

Wightman et al. study (Table 5.).

Although the average herd size was larger for the participating ranches, other

characteristics were close to those of enterprise budgets and the Wightman et al.

study.

5.1.3 Description of the case ranch

Information provided in the preceding subsection was used as input for

designing a case ranch representative of the ranches in the study area. The

characteristics of the case ranch are described below.

5.1.3.1 Type of operation: The case ranch was characterized with a cow-yearling

operation as indicated by the type of operation of the participating ranches in

Grant County. The ranch sold its yearling steers, non-replacement yearling heifers,

cull cows, cull heifers, cull bulls, cull horses, and in some cases hay.
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Table 5: Average herd size and selected performance indicators of cattle in
some eastern Oregon Counties.

aosu Extension Service EM 8335, EM 8337, and EM 8470. bWightman et al., 1994.
C expressed as the percentage of the number of pregnant cows.

5.1.3.2 Size of cow herd: The number of brood cows per ranch/farm for the two

largest size groups was 422 in Grant county and 466 in the three other

neighboring counties. The number of brood cows in the case ranch was, therefore,

set at 450 cows. The total herd consists of 450 cows, 23 bulls, 67 replacement

heifers, and 320 yearlings.
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Indicators Cooperating
ranches

Enterprise budgets a Total ranch case
studyb

Herd size (no.) 917 300-350 350

Conception rate (%) 90 92 93

Calving rate (%) C 95 95 96

Weaning rate (%) 94 92 95

Cuffing rate (%)

Bulls 25 17 22

Cows 9 10 14

Heifers 20 28 30

Heifer replacement (%) 13 15 27

Death rate (%)

Bulls 1 1

Cows 1.5 2 1

Calves 1 3 1

Yearlings .5 .75 0

Federal grazing (AUM) 2972 725-1245 500
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5.1.3.3 Size of ranch (acres and AUMs): Information from the participating

ranches indicated that private grazing land requirement per cow was about 19

acres with about a half ton of purchased bay and three AUMs of federal grazing

per cow. To keep the case ranch representative, this suggested 8550 acres of

grazing land and 1350 AUMs of federal grazing for the case ranch. As indicated

earlier, the average land acreage for the two major land owning categories of

ranches in Grant County was about 7000 acres, which was somewhat less but close

to the suggested acreage for the case ranch. Enterprise budgets showed an

average of about 1000 AUMs of federal grazing which was also slightly less than

that suggested for the case ranch. Thus, it was estimated that the case ranch had

8000 acres of land and 1350 AUMs of federal grazing permits.

Land use information in Grant County indicated that more than 90 percent of

total land was grazing land. For the participating ranches, almost all land was

grazing land with a small portion of timbered range. Land categories were

primarily private rangeland, irrigated pasture, and native meadow. Thus, total land

acreage for the case ranch (8000 acres) was categorized, based on information

from the participating ranches, into 6321 acres of private rangeland including

timbered range, 779 acres of improved meadow, and 900 acres of unimproved

(native) meadow.

5.1.3.4 Investment: Amounts of investment by category on a per cow basis and for

a typical 450 cow ranch are shown in Table 6. The largest investment was in land,



Table 6: Total and per cow investment for a typical 450 cow ranch, Grant
County, Eastern Oregon, 1993.

Category of investment
(

Land

Buildings and improvements

Machinery and equipment

Livestock

Cattle

Horses

Total
a bSource: Field survey, 1994. Per cow investment x 450.

followed by livestock, buildings and improvements, and machinery, respectively.

Required total investment was about 1.4 million dollars for the case ranch or

three thousand dollars per cow.

5.1.3.5 Livestock performance and care: Livestock performance indicators varied

among participating ranches, enterprise budgets, and the Wightman et al. study.

Whether these variations were due to differences in grazing systems were not

known and therefore, a middle course of action was taken for the case ranch. The

conception rate and calving rate were set at 92 percent and 95 percent,

respectively. Death losses were 1.5 percent for cows and 1 percent for calves, and

1 percent for bulls. The culling rate was 10 percent for cows, 22 percent for bulls,

and 25 percent for replacement heifers. As per survey information gathered from

the participating ranches, calves were born in mid-March/April and were worked

in May, including branding and vaccination. Cows were vaccinated in May and
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Per cow investment a Total investmentb

1,955 880,000

390 175,500

206 92,700

632 284,250

625 281,250

7 3,000

3,183 1,432,450



A management unit (MU) is an area of land that has distinct boundaries, usually
fenced, so that it may be managed separately from other units. Management units are
commonly called fields or pastures.
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treated for external parasites. Cows and replacement heifers were pregnancy

tested in the fall. The yearlings were also vaccinated and treated for external

parasites in the fall. All replacement heifers were bred at about 14 months of age,

giving birth to their first calf at an average age of 23 months.

5.1.3.6 Feed: Based on information provided by the participating ranchers and

enterprise budgets, feed was supplied in the forms of native and alfalfa hay, native

meadow, irrigated pasture, private range, and public range. Native and alfalfa hay

was fed for 150 days to cows, at a rate of 28 pounds per cow per day. Yearlings

received 18 pounds of native hay per head per day for 150 days. Salt and minerals

were fed at a rate of 24 pounds per cow and 18 pounds per yearling annually.

Hay made on the ranch and AUMs grazed on the ranch were insufficient to

feed the cow herd and its complements, i.e, bulls, and yearlings. Therefore, the

rancher currently purchased 404 tons of hay from the market.

5.1.3.7 Labor: Based on survey information, the labor requirement for the case

ranch was estimated to be 650 man-days a year, about 45 percent of which was

provided by operator and family labor.

5.1.3.8 Grazing management: The case ranch had 9 management units9 (7 private

and 2 public management units) and five herds (Table 7). The management units
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were numbered MU1 through MU9. MU1 was the riparian meadow designated as

improved meadow. MU2 and MU3 were unimproved (native) meadows. All three

of these units are irrigated to varying degrees or have sub-terreneal water sources

to make them suitable for both haying and grazing. MU4 through MU7 were

upland pastures usually called private range. Finally, MU8 and MU9 were public

grazing land allotments of the case ranch. The land configuration of the case

ranch may be depicted as in figure 3. The size (acreage), grazing period and

AUMs grazed, haying time and hay yield (tons/acre) in each MU are shown in

Table 7.

Haying was done in only two management units'° (MU2 & MU3) which were

also used for aftermath grazing for one month. The rest of the management units

were only grazed. The grazing season started April 16 and ended November 15,

i.e., a 7-month grazing season.1' The cattle were fed hay the remaining 5

months of the year. Total forage utilization by grazing was 3586 AUMs from

private deeded land and 1350 AUMs from public land. Total hay harvest from

private land was 1125 tons or equivalently 2812 AUMs of feed (converted @ 2.5

AUMs/ton of hay). The grand total forage utilization for the case ranch was 7748

AUMs of which 17.4 percent were from public land.

10 This is true for the "base case", but not for subsequent different grazing strategies.

"The grazing period on public land was April 15 through July 15. This time
schedule was applicable for some of the public lands in the area. For other public lands,
this schedule will be one month's later. But this will not affect the results.
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Table 7: Current grazing management of the case ranch, 1993.

Improved meadow (779
acres)

Umimproved (native)
meadows (900 acres)

Private range (6321

acres)

MU4
Size: 3595 acres

Grazing: July 16 - Nov
AUMs Grazed: 1253
Haying: none

Yield(t/acre): na

.15

Herd #1
Cows (300)
Bulls (15)

Herds
Public range (acres

unknown)

MU8
Size: unknown
Grazing:Apr. 16 - July 15
AUMs Grazed: 959
Haying: none
Yield(t/acre): na

(Continued)

MU1 MU2 MU4
Herd #2 Size: 779 acres Size: 600 acres Size: 3595 acres
Cows (150) Grazing: May 16 - Oct. 15 Grazing: Oct.16 - Nov. 15 Grazing:Apr. 16 - May 15
Bulls (8) AUMs Grazed: 802 AUMs Grazed: 160 AUMs grazed: 160

Haying: none Haying: August Haying: none
Yicld(t/acrc): na Yicld(t/acre): 1.25 Yield(t/acre): na

Herd# 3 MU3 MU5
Replacement Size: 300 acres Size: 659 acres
heifers (67) Grazing: Oct. 1 - Nov. 15 Grazing:Apr. 16 - Sep. 30

AUMs Grazed: 75 AUMs Grazed: 276
Haying: August Haying: none
Yield(t/acre): 1.25 Yield(t/acre): na



Table 7: Current grazing management of the case ranch, 1993. Continued)

Improved meadow (779
acres)

Umimproved (native)
meadows (900 acres)

Private range (6321
acres)

MU6
Size: 732 acres

Grazing: July 1 - Sep. 15
AUMs Grazed: 391
Haying: none
Yield(t/acre): na

MU7
Size: 1335 acres
Grazing:April 15 - Sep.15
AUMs Grazed: 469
Haying: none
Yield(t/acre): na

Herds

Herd #4
Yearling steers (195)

Herd #5
Yearling heifers (125)

Public range (acres
unknown)

MU9
Size: unknown

Grazing:Apr.15 - June 30
AUMs Grazed: 366
Haying: none
Yield(t/acre): na

Total grazing (AUMs) 802 235 2549 1350Total hay harvest(t) 0 1125 0 0



Under current management, MU1 (i.e., the riparian meadow) was grazed

season-long. In order to demonstrate the economic (and to some extent

ecological) effects of alternative grazing systems, management of this unit was

subsequently changed along with necessary management changes in another

meadow. This is discussed in the next section.

5.2 Alternative Grazing Plans for the Case Ranch

5.2.1 Selection of the alternative grazing plans

As alternatives to season-long grazing, two alternative grazing systems (i.e.,

summer short-duration rotation, and fall short-duration grazing) were considered

in OSU project entitled "Sustainable Grazing Systems in the Semi-Arid West". In

the case of summer short-duration rotation grazing in the riparian meadow, cattle

were grazed in another meadow or pasture during the rest period in the riparian

meadow. In the case of fall short-duration grazing in the riparian meadow, cattle

were grazed or fed somewhere else on the ranch during summer months. Thus,

the implementation of the alternative grazing systems in the riparian areas

required management changes in other parts of the ranch.

In consultation with range experts in the Department of Rangeland

Resources, OSU, personnel with the Resource Conservation Service (RCS),

United States Department of Agriculture (USDA), Portland, Oregon, and

observation of physical and institutional conditions at the research site, the

possible management options for implementing summer short-duration rotation
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summer short-duration grazing, two possible management options were: i) summer

short-duration rotation grazing in the riparian meadow in rotation with another

upland meadow, and ii) dividing the riparian meadow into two sub-meadows by

building a fence and then short-duration rotation grazing between two sub-

meadows within the riparian meadow. For fall short-duration grazing, four

possible management options were: i) fall short-duration rotation grazing in the

riparian meadow in conjunction with summer grazing in a native meadow

(hayland) elsewhere on the ranch, ii) fall short-duration grazing in the riparian

meadow with summer grazing on public land, iii) fall short-duration grazing in the

riparian meadow and leasing/buying extra land to graze cattle during summer

months, and iv) fall short-duration grazing in the riparian meadow with feeding

hay during summer months. For fall short-duration grazing, given the current

institutional complexities with grazing on public land, option (ii) was considered

as an infeasible management option for the ranchers. Since leasing/buying more

land was not a common practice in the area, option (iii) was also considered as an

infeasible management option, thus leaving two options (i & iv) to be analyzed.

For the case ranch, therefore, the alternative management strategies

examined were: a) summer short-duration rotation grazing in MU1 in conjunction

with MU2, b) summer short-duration rotation grazing in MU1 by cross fencing

within the unit, c) haying followed by fall short-duration grazing in MU1 and

grazing the herd in MU2 during the summer months, and d) haying followed by

fall short-duration grazing in MU1 and feeding hay to the herd during summer



months. Each of these alternative grazing strategies and their consequences on

grazing and haying are further explained in the next section.

5.2.2 Description of the alternative grazing plans

Five grazing management plans (current and four alternative plans) were

considered for the case ranch. As indicated in the previous section, alternative

plans involved changes in the grazing system for only two management units

(MUs) of the case ranch, MU1 (the riparian meadow) and MU2 (the unimproved

native meadow). The grazing management strategy for the other units remained

the same as under the current plan.

A planning period of six years (1993-1998) was considered for each plan.

The management change in the riparian meadow was implemented in the second

year (1994) of the planning period. A 2-year period was considered necessary as

the adjustment period for vegetation to stabilize under the new management

system. Thus, the full potential of new vegetation management was realized in

1996 and was considered stable for the remaining two years of the planning

period.

The five grazing plans analyzed for the case ranch are described next.

These plans were named according to the grazing system followed in the riparian

meadow'2.
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12 See Annex Table 2: Biomass utilization, hay harvest and haying costs under
different grazing systems followed in the riparian meadow.
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5.2.2.1 Plan 1: Summer season-long (SSL) grazing: This was the current grazing

plan of the case ranch . The rancher grazed a herd of 150 cows and 8 bulls in the

riparian meadow (MU1) for 5 months from May 16 to October 15 (Table 7). This

herd also grazed on private range (MU4) for 1 month (April 16 - May 15) and on

native meadow for another month (October 16 - November 15). The other herds

did not graze the riparian meadow.

Under this plan, a total of 802 AUMs of forage (1.03 AUM/acre) was

grazed in MU1 in each year of the plan period (Table 8). There was no haying in

this unit. MU2 was mainly used for haying, and a total of 750 tons of hay (1.25

tons /acre) was harvested. There were also 162 AUMs of aftermath grazing (0.27

AUM/acre) in this unit. The total hay harvest from MU1 & MU2 was 750 tons in

each year.

5.2.2.2 Plan 2: Summer short-duration (SSD) rotation grazing -option A: In this

plan, the rancher switched from SSL grazing to SSD rotation grazing in MU1 in

conjunction with MU2. Instead of haying in MU2, it was now grazed in three-

week rotation with MU1. The potential forage utilization under this system was

0.88 AUM/acre in the riparian meadow (MU1) as compared to 1.03 AUM/acre

under SSL grazing. Since MU2 was less productive than MU1, the forage

utilization in it was estimated to be 0.8 AUM/acre. In the initial years of

management change, forage utilization was estimated to be lower, 0.75 AUM/acre

in MU1 and 0.7 AUM/acre in MU2. Accordingly, there were 420 AUMs of



Table 8: Haying and grazing in the riparian and its adjacent management units
under alternative grazing plans, the case ranch, Eastern Oregon, 1993-1998.
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Plan 1: Summer season-long grazing

Year MU1 MU2 Hay
harvest
(MU1+

MU2
(tons)

Haying Grazing Haying Grazing

acres harvest
(tons) acres

AUMs acres harvest

(tons)

acres AUMs

1993 0 0 779 802 600 750 600 162 750
1994 0 0 779 802 600 750 600 162 750
1995 0 0 779 802 600 750 600 162 750
1996 0 0 779 802 600 750 600 162 750
1997 0 0 779 802 600 750 600 162 750
1998 0 0 779 802 600 750 600 162 750

Plan 2: Summer short-duration rotation grazing- option A
1993 0 0 779 802 600 750 600 162 750
1994 219 329 560 420 0 0 600 420 329
1995 219 329 560 420 0 0 600 420 329
1996 232 348 547 481 0 0 600 480 348
1997 232 348 547 481 0 0 600 480 348
1998 232 348 547 481 0 0 600 480 348

Plan 3: Summer short-duration rotation grazing- option B
1993 0 0 779 802 600 750 600 162 750
1994 0 0 779 623 600 750 600 162 750
1995 0 0 779 623 600 750 600 162 750
1996 0 0 779 686 600 750 600 162 750
1997 0 0 779 686 600 750 600 162 750
1998 0 0 779 686 600 750 600 162 750

Plan 4: Fall short-duration grazing- option A
1993 0 0 779 802 600 750 600 162 750
1994 779 1013 779 234 0 0 600 540 1013
1995 779 1013 779 234 0 0 600 540 1013
1996 779 1169 779 234 0 0 600 540 1169
1997 779 1169 779 234 0 0 600 540 1169
1998 779 1169 779 234 0 0 600 540 1169

Plan 5: Fall short-duration grazing- option B
1993 0 0 779 802 600 750 600 162 750
1994 779 1013 779 234 600 750 600 162 1763
1995 779 1013 779 234 600 750 600 162 1763
1996 779 1169 779 234 600 750 600 162 1919
1997 779 1169 779 234 600 750 600 162 1919
1998 779 1169 779 234 600 750 600 162 1919
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grazing in MU2 in 1994 and 1995 and a higher amount, 480 AUMs, during the

next 3 years of the plan period (Table 8). This availability of grazing forage in

MU2 required an adjustment of the cow herd grazing the riparian meadow down

to 133 cows and 7 bulls in years 1994 and 1995. But the herd size was 150 cows,

the same as before the management change, in 1996 and onward. The adjusted

smaller cow herd did not require the grazing use of the whole MU1. Only 560

acres of it was required to graze the herd in 1994 and 1995 and 547 acres in the

rest of the plan years. Thus, the rancher was able to hay a part of acreage in MU1

and the amount hayed was 329 tons (1.5 tons/acre) each year in 1994 and 1995

and 348 tons in each of the next three years. This plan resulted in a) loss of hay

harvest in the MU2, b) reduced AUMs/acre in both MU1 and MU2 due to fewer

grazing days, and c) gain in hay harvest in MU1. Thus, the total hay harvest from

MU1 and MU2 was lower in this plan compared to that in Plan 1 and therefore,

resulted in a reduction in haying costs.

5.2.2.3 Plan 3: Summer short-duration (SSD) rotation grazing- option B: In this

plan, the riparian meadow (MU1) was divided into two sub-units (MU1a and

MU1b) by a cross fence. The cows were then grazed in these sub-units in 3-week

rotation. This was, therefore, rotation grazing within the same riparian unit

instead of rotation grazing between two MUs as in Plan 2. Similar to Plan 1, there

was no haying in MU1. But since this unit was now under rotation grazing, forage

utilization reduced to 623 AUMs (0.8 AUM/acre) in 1994 and 1995 and reached

the potential level of utilization, i.e., 686 AUMs (0.88 AUMs/acre) in 1996 and
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onward (Table 8). This required a reduction in herd size from current levels by 30

cows in 1994 and 1995 and by 20 cows during each of the next three years. There

was no change in MU2 in terms of haying and grazing compared to Plan 1. The

total hay harvest from MU1 and MU2 was the same as in Plan 1, i.e., 750 tons of

hay. Since there was no loss of hay harvest in this plan and the hay requirement

went down due to reduced cow herd size, the rancher bought less hay compared

to Plan 1. While there were cost savings due to reduced hay purchase, this plan

involved increased costs for building a fence and for its maintenance over the

years.

5.2.2.4 Plan 4: Fall short-duration (FSD) grazing- option A: In this plan, the

rancher hayed MUI instead of grazing it in the summer and grazed for 1 month

in the fall. He grazed his cows in MU2 during summer and there was no haying in

MU2. Since this unit was less productive and smaller in size compared to MU1,

the rancher could not graze the same cow herd in MU2. He needed to adjust his

cow herd size to the forage availability in MU2. Starting in 1994, available forage

in MU2 was 540 AUMs @ 0.9 AUM per acre (Table 8). Thus, the rancher was

able to graze a herd of 100 cows and its complements (i.e., bulls) for 5 months in

this unit. This means a reduction in cow herd size by 50 cows.

In MU 1, there was now a substantial amount of hay harvested. The rancher

obtained a total of 1013 tons of hay (1.3 tons/acre) in 1994 and 1995 and 1169

tons of hay (1.5 tons/acre) in the following years. This plan, therefore, resulted in

a) a loss of hay harvest in MU2, b) a gain of hay harvest in MU1, more than
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offsetting the loss of hay harvested in MU2, and c) a smaller number of cows. The

rancher did not buy hay in this plan as he did in Plan 1. Rather he was able to

sell hay. He, however, incurred extra haying cost for additional hay harvest from

MU 1 compared to MU2.

5.2.2.5 Plan 5: Fall short-duration (FSD) grazing- option B: This plan was similar

to Plan 1 except that MU1 was now hayed instead of grazed during the summer

months, and the cow herd was fed hay during that period. MU1 was grazed for a

short period in the fall. In MU1, hay harvest was the same as in Plan 4 (Table 8).

In MU2, hay harvest was the same as in Plan 1. The total hay harvest from MU1

and MU2 were 1763 tons of hay in 1994 and also in 1995 and 1919 tons in each

year afterwards. In this plan, the rancher was able to manage the same number of

cows as in Plan 1. He was able to sell hay after meeting the increased hay

requirement for the cow herd. This plan, however, involved: a) increased costs of

labor, salt and minerals required for hay feeding during summer months

(Appendix Table 11)', b) increased haying costs for additional hay harvest, and

iii) control of cows within the fence or confinement for hay feeding during the

grazing season. For these reasons, this plan, although theoretically conceivable,

may be practically difficult to implement.

The above discussion reveals that alternative grazing plans resulted in

significant changes in hay harvest and hay requirement at the ranch level. A

13 Hay feeding (instead of grazing) 150 cows in summer months requires 1.5 extra
hours per day, i.e., 225 hrs for 5-month.
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discussion of hay harvest, hay requirements, and buying/selling of hay is,

therefore, provided below.

Total hay harvest at the ranch level for alternative grazing plans was

calculated by adding hay harvest in MU3 to that of MU1 and MU2. There was no

haying in any other management unit of the case ranch regardless of what the

grazing strategies were. The total hay requirement was calculated for the cow

herd and its complements (bulls and yearlings) for five months at the rate of 28

lbs of hay per cow per day and 18 lbs of hay per yearling per day. For example,

1,529 tons of hay in Plan 1 was the total amount of hay fed to 450 cows, 23 bulls,

and 387 yearlings for 5 months. The hay requirement for the adjusted cow herd in

the alternative grazing plans was calculated in a similar manner.

The rancher used to buy 404 tons of alfalfa hay ($80/ton) every year in

Plan 1 which would cost him $32,320 (Table 9). In Plan 2, hay harvest was less

than that in Plan 1 and the rancher needed to buy more hay than in Plan 1. The

hay purchase requirement almost doubled starting with the first year of

management change. In Plan 3, hay harvest was similar to Plan 1. Since the cow

herd was adjusted downward, the hay requirement was reduced and the amount of

hay purchase was lower than Plan 1. In Plan 4, hay harvest was much higher than

Plan 1. The cow herd was adjusted downward and required a lesser amount of

hay. Consequently, the rancher needed no hay purchase and rather sold native hay

($60/ton) starting 1994. The dollar amount of native hay sold each year ranged



Table 9: Total hay harvest, hay feeding, and buying and selling of hay under
alternative grazing plans, the case ranch, Eastern Oregon, 19934998.

a The buying price of alfalfa hay is $80/ton including transportation cost; while the selling price of
native hay is $60/ton excluding transportation cost.
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Year Cows Hay feeding Hay harvest Hay buy (-) Hay price Hay buy (-)

(no.) (tons) (tons) /sell (+) ($/ton) a /sell( +) ($)
(tons)

Plan 1: Summer season-long gra7ing
1993 450 1529 1125 -404 80 -32320

1994 450 1529 1125 404 80 -32320

1995 450 1529 1125 -404 80 -32320

1996 450 1529 1125 -404 80 -32320

1997 450 1529 1125 -404 80 -32320

1998 450 1529 1125 -404 80 -32320

Plan 2: Summer short-duration rotation grazing- option A
1993 450 1529 1125 -404 80 -32320

1994 433 1471 704 -767 80 -61360

1995 433 1471 704 -767 80 -61360

1996 450 1529 723 -806 80 -64480

1997 450 1529 723 -806 80 -64480

1998 450 1529 723 -806 80 -64480

Plan 3: Summer short-duration rotation grazing- option B
1993 450 1529 1125 -404 80 -32320

1994 420 1427 1125 -302 80 -24160

1995 420 1427 1125 -302 80 -24160

1996 430 1461 1125 -336 80 -26880

1997 430 1461 1125 -336 80 -26880

1998 430 1461 1125 -336 80 -26880

Plan 4: Fall short-duration grazing- option A
1993 450 1529 1125 -404 80 -32320

1994 400 1359 1387 28 60 1680

1995 400 1359 1387 28 60 1680

1996 400 1359 1543 184 60 11040

1997 400 1359 1543 184 60 11040

1998 400 1359 1543 184 60 11040

Plan 5: Fall short-duration grazing- option B
1993 450 1529 1125 -404 80 -32320

1994 450 1850 2138 288 60 17280

1995 450 1850 2138 288 60 17280

1996 450 1850 2294 444 60 26640

1997 450 1850 2294 444 60 26640

1998 450 1850 2294 444 60 26640
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from $1,680 to $11,040. In Plan 5, hay requirement was more than in Plan 1. But

hay harvest levels were even higher than in Plan 1. Consequently, the rancher was

able to sell a large amount of native hay starting in 1994. The dollar amount of

hay sold ranged from $17,280 to $ 26,640 in each year.

The results in this section indicate that alternative grazing management

plans resulted in changes in cow herd size, hay harvest levels, and hay

purchase/sale. These changes along with other changes in inputs due to

management changes were taken into account in budgeting costs and returns for

the alternative grazing plans, which are the subject of the next section.

5.3 Economic Assessment of the Alternative Grazing Plans

5.3.1 Costs of alternative grazing plans

Annual costs (total and per cow) for alternative grazing plans are

presented in Table 10.14 In Plan 1, total annual costs of cattle production were

$175,808 of which $111,075 were variable costs. Since cow herd size and input use

were assumed constant over the plan period, these costs were the same in each

year of the plan period. Annual costs per cow were $391. In Plan 2, annual costs

of cattle production were higher than Plan 1 starting from the year of

14 In calculating costs of alternative grazing plans, only relevant variable costs were
changed. Costs of supplies (small mails, ropes, paper, pencils, etc.), utilities, accounting
and legal, and miscellaneous costs were assumed constant over the years in each plan.
Fixed costs remained the same in each plan except for depreciation on brood cows. The
effect of inflation on costs was not counted. Such avoidance of inflation effects will not
affect the comparative costs among the plans.



Table 10: Costs of beef cattle production under alternative grazing plans, the
case ranch, Eastern Oregon, 1993-1998.

a represents (W i-IL it + GFEDAUM it + PH Bj + OVCC it + FC , in equation (4.1) for year t.
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management change (i.e., 1994). They ranged from $175,808 to $192,889 of which

$111,075 to $128,157 were variable costs. The higher costs were mainly due to

higher variable costs. For example, dollars spent on hay purchase from 1994

onward were almost 1.5 times of that in Plan 1. The other cost items that

accounted for higher costs in Plan 2 were hired labor, fence maintenance, and fuel

and lube. Since summer short-duration rotation was a more management intensive

grazing system, it required more labor and fence maintenance costs. The

magnitude of cost difference was clearly reflected in cost per cow figures.

In Plan 3, total annual costs were lower compared to Plan 1 due to fewer

cows and a decrease in hay purchase. Costs per cow in dollars were almost the

same as in Plan 1. In Plan 4, annual costs were even lower than in Plan 1. Besides

Year Planl Plan2 Plan3 Plan4 Plan 5

Total costs (5) a

1993 175,808 175,808 175,808 175,808 175,808

1994 175,808 186,636 163,658 145,652 213,131

1995 175,808 186,636 163,658 145,652 186,424

1996 175,808 192,889 167,750 152,141 192,914

1997 175,808 192,889 167,750 152,141 192,914

1998 175,808 192,889 167,750 152,141 192,914

Costs (s/cow)
1993 391 391 391 391 391

1994 391 431 390 364 474

1995 391 431 390 364 414

1996 391 429 390 380 429

1997 391 429 390 380 429

1998 391 429 390 380 429
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fewer cows, cost savings due to reduced purchase of hay explained the lower costs

in Plan 4. Although extra haying cost was involved, reduced costs as mentioned

above outweighed added haying costs. This was reflected in lower costs per cow in

Plan 4 compared to Plan 1. In Plan 5, annual costs were higher than that of Plan

1. The reasons were: a) haying costs for additional hay harvest, and b) increased

costs of labor, salt and minerals incurred for feeding hay during summer months.

Costs per cow were also higher in this plan compared to Plan 1 as well as other

plans. Much higher costs in year 1994 were due to hay purchase in that year.

Thus, the requirement for operating capital was significantly higher in Plan 5. The

details of total and per cow costs are provided in Annex Tables 7-11.

5.3.2 Gross returns for alternative grazing plans15

Annual gross returns for cattle production in Plan 1 were $238,768 (Table

11). Since the herd size and output sold were the same over the plan period, and

the prices of outputs were assumed constant, gross returns were constant for the

entire planning period. Annual variation in gross returns in other plans compared

to Plan 1 was due to a) reduced herd size and consequent reduction in output

(i.e., cull cows, cull bulls, and yearlings), and/or variation in hay sale.

15 Gross returns were composed of livestock cash sales, the value of raised livestock
consumed at home, and hay sale, if any. Returns from livestock sales were computed for
each year by multiplying the number of animals culled and yearlings sold by their
average weights and prices. In addition to returns from livestock sale, income was also
derived from hay sale, particularly in Plan 4 and Plan 5. Three steers were consumed
annually on the ranch and their value was also included as non-cash income.



Table 11: Gross returns of beef cattle production under alternative grazing
plans, the case ranch, Eastern Oregon, 1993-1998.

Year Plan 1 I Plan 2
(

Plan 3 I Plan 4 Plan 5

Gross returns ($) a
1993 238,768 238,768 238,768 238,768 238,768

1994 238,768 229,697 222,801 213,871 255,995

1995 238,768 229,467 223,378 214,099 256,279

1996 238,768 238,715 228,106 223,231 265,355

1997 238,768 238,999 228,069 223,459 265,639

1998 238,768 238,715 228,106 223,231 284,615

Gross returns (S/cow)
1993 531 531 531 531 531

1994 531 530 530 535 569

1995 531 530 532 535 570

1996 531 530 530 558 590

1997 531 531 530 559 590

1998 531 530 530 558 632
arepresents (P1'1 2'2jt P3tY3jt P4'4jt s'sjt-- PH!-IS+ 01? in equation (4.1) for
year t.
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For example, in Plan 2, gross returns were lower in 1994 and 1995 due to a

reduced herd size. In Plan 5, however, the herd size and the consequent livestock

output were the same as in Plan 1. But the higher gross returns were due to

additional return from hay sale. For example, gross returns in 1997 in Plan 5 were

$26,640 higher than that in Plan 1 which was actually the income from

hay sale. The details of gross returns for alternative plans are provided in

Appendix Tables 12-16.

Gross returns per cow in Plan 1 were $531. On an annual basis, gross

returns per cow were the same (except the rounding error) in Plan 2 and Plan 3.

This was due to assumed constant cattle performance rates under different plans.

Returns per cow in Plan 4 and Plan 5, especially in later years, were higher



compared to other plans. This was again due to added return from hay sale in

these plans.

5.3.3 Net returns for alternative grazing plans16

Annual net returns for the case ranch in Plan 1 were $62,961 (Table 12). In

Plan 2, net returns were much lower than Plan 1 due to reduced output and

Table 12: Net returns for beef cattle production under alternative grazing plans,
the case ranch, Eastern Oregon, 1993-1998.

arepresents (P1Y13+ P2tY2Jt+ P3tY3Jt+ P4'4+ PY+ PH-IS+ OI - (W-IL3+
GFEDAUMJ + PH1B3 + OVCC + FCJ in equation (4.1) for year t. It shows returns to
operator/family labor, management, land, and capital.

Gross returns less total costs constituted net returns to the rancher's land, capital,
labor, and management. The calculation of total costs excluded the imputed value of
operator and family labor, and interest on intermediate and long-term assets such as
breeding livestock, land, buildings and improvements. Net returns were defined as
returns to land, capital, family labor and management and, therefore, were not the
economic rent as customarily defined in economics.
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Year Plani Plan2 Plan3 Plan4 Plan 5

Net returns ($) a
1993 62,961 62,961 62,961 62,961 62,961

1994 62,961 43,061 59,143 68,219 42,864

1995 62,961 42,831 59,720 68,447 69,854

1996 62,961 45,826 60,356 71,090 72,442

1997 62,961 46,110 60,319 71,318 72,725

1998 62,961 45,826 60,356 71,090 91,702

Net returns (s/cow)
1993 140 140 140 140 140

1994 140 99 141 171 95

1995 140 99 142 171 155

1996 140 102 140 178 161

1997 140 102 140 178 162

1998 140 102 140 178 204



17 Ranch investment was constituted of investment in land, buildings and
improvements, machinery and equipments, and breeding livestock. In order to calculate
the rate of returns to ranch investment, the imputed value of family labor (valued at the
wage rate given to the hired labor) was subtracted from net returns, and returns to
management were assumed to be zero for simplicity. The rate of returns on ranch
investment was then calculated by dividing the adjusted net returns by ranch investment.
The case ranch had a capital investment of $1,432,450.
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increased cost. In Plan 3, net returns were close to Plan 1, ranging from $59,143

to $62,961 annually. In Plan 4 and Plan 5, net returns were higher than all other

plans. Higher net returns were again attributable to returns from hay sale. The

highest annual net returns were $91,702 in Plan 5 in year 1998. Annual net

returns per cow were $140 in Plan 1. Per cow net returns in alternative plans

followed the same pattern as total net returns. Plan 4 and plan 5 yielded higher

net returns per cow than others; the average net return per cow being the highest

in Plan 4.

In Plan 1, the rate of returns on ranch investment17 was 3.3 percent, on

average (Table 13). Shifting from Plan 1 to Plan 2 resulted in a lower rate of

return (about 2 percent). In Plan 3, the rate of returns was similar to Plan 1.

Table 13: Rates of return on ranch investment for alternative grazing plans, the
case ranch, Eastern Oregon, 1993-98.

Year Plan 1 Plan 2 Plan 3 Plan 4 Plan 5

1993 3.3 3.3 3.3 3.3 3.3

1994 3.3 1.9 3.0 3.7 1.8

1995 3.3 1.9 3.1 3.7 3.7

1996 3.3 2.1 3.1 3.9 3.9

1997 3.3 2.1 3.1 3.9 3.9

1998 3.3 2.1 3.1 3.9 5.3

Average 3.3 2.2 3.1 3.7 3.7



18 Madsen et al. (1982) found that earnings on investment for case study ranches in
Colorado averaged 3.9 percent. A similar earning rates on productive assets were
reported by Kiemme and Schoney (1984) and Row et al. (1981).
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However, Plan 4 and Plan 5 yielded higher rate of returns on ranch investment

(3.7 percent in each plan) compared to other. plans. Thus, the rate of returns on

ranch investment for alternative grazing plans ranged from 2-4 percent'8. While

the rates of returns were positive in all the plans, these were low relative to the

opportunity cost of capital. If the rancher's returns to management were

subtracted from net returns, then the rates of returns would be even lower.

The above discussion of costs, gross returns, and net returns was useful in

terms of determining cash inflow and outflow for the case ranch in alternative

plans over the planning period. Although the net present value of returns is the

criterion for making long-run decision on which plan to adopt, the nature of cash

inflow and outflow play an important role in the survival of the ranch operation

over the years. For example, if there are long initial runs of negative cash flows

(although that was not the case here) the rancher will not survive long enough in

business to receive the high net present value of returns that may ultimately

ensue. In the long-run, however, the rancher's objective is to maximize net present

value of returns. In the subsection below, the present values of costs, gross

returns, and net returns for alternative plans at selected discount rates are

presented.



a represents the second part of the right hand side of equation (4.1).
brepresents the first part of the right side of equation (4.1)
c represents equation (4.1).

19 The federal Office of Management and Budget (0MB) currently uses a discount
rate of 7 percent for discounting future costs and benefits (Personal communication over
telephone with Bob Anderson, Assistant Director for Budgets, 0MB, Washington, D.C.).
Until October, 1992, the discount rate used by most of the federal agencies was 10
percent.
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5.3.4 Present values of costs and returns for alternative grazing plans

At 7 percent discount rate19, the present value (PV) of costs associated

with Plan 1 was $837,994 (Table 14). Having the same herd size as in Plan 1, the

Table 14: Present values of costs, gross returns, and net returns at selected
discount rates for alternative grazing plans, the case ranch, Eastern Oregon.

PV of costs in Plan 5 at the same discount rate was $915,905; $77,911 higher than

Plan 1. Thus, Plan 5 was costlier than Plan 1. The PVs of costs were lower in Plan

3 and Plan 4 but not comparable with Plan 1 and Plan 5 due to different herd

size. Nonetheless, these figures indicated the relative costs incurred in other plans.

Discount

rate (%)
Plan 1 Plan 2 Plan 3 Plan 4 Plan 5

PV of Total costs ($) a
0 1,054,846 1,127,747 1,006,373 923,535 1,154,103
4 921,608 983,386 879,695 808,533 1,007,754
7 837,994 892,883 800,203 736,340 915,905

PV of Gross returns ($)b

0 1,432,610 1,414,362 1,369,227 1,336,660 1,566,652
4 1,251,656 1,235,103 1,196,876 1,168,563 1,364,196
7 1,138,099 1,122,671 1,088,721 1,063,094 1,237,430

PV of Net returns ($) C
0 377,764 286,615 362,854 413,125 412,548
4 330,049 251,717 317,181 360,031 356,442
7 300,105 229,788 288,518 326,754 321,526
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The present value of gross returns in Plan 1 was $1.13 million at 7 percent

discount rate. With the same herd size, it was $1.23 million in Plan 5. Thus, Plan

5 yielded a higher gross return than Plan 1. The other plans had lower gross

returns at the same discount rate.

The present value of net returns (at 7 percent discount rate) was $300,105

in Plan 1. At the same discount rate, the PVs of net returns were lower in Plan 2

and Plan 3 ($229,788 and $288,518, respectively) and higher in Plan 4 and Plan 5

($326,754 and $321,526, respectively) compared to Plan 1. Thus, Plan 4 had the

highest PV of net returns.

The PVs of costs, gross returns, and net returns were also calculated at the

discount rates lower than 7 percent for addressing the issue of sustainability. It

may be that due to their concerns for the future generations and intergenerational

equity issue, the ranchers were possibly discounting future costs and returns at a

rate lower than the conventional discount rate. If indeed, that was the case, then

the PV of net returns increased substantially. For example, if the discount rate

was 4 percent instead of 7 percent, the PV of net returns in Plan 1 increased to

$330,049 (10 percent higher than that when discounted at 7 percent). The PVs of

net returns in other plans increased similarly in response to lower discount rates.

The magnitudes of changes in the present values of costs, gross returns,

and net returns resulting from a change from the base plan (Plan 1) to other

plans are shown in Table 15. Shifting from Plan 1 to Plan 2 or Plan 3 resulted in

a negative change in PV of net returns. For example, the rancher incurred a



Table 15: Change in present values of costs, gross returns, and net returnsa at
selected discount rates for alternative grazing plans, the case ranch, Eastern
Oregon.

a Calculated from Table 14.
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reduction of $70,316 in PV of net returns in Plan 2 and $11,587 in Plan 3 at the 7

percent discount rate compared to Plan 1. If there were environmental benefits of

these plans, then the rancher would need to be compensated for the monetary

losses he will incur if these plans are implemented. Otherwise, it is unlikely that

the rancher will voluntarily shift to these plans.

In Plan 2, the change in PV of costs was positive but that in gross returns

was negative resulting in a decrease in the present value of net returns. In Plan 3,

changes in both the present values of costs and gross returns were negative (i.e.,

decreased ). But the absolute decrease in gross returns was higher than the

absolute decrease in costs resulting in a decreased present value of net returns

compared to Plan 1. The reasons for reduction of PV of net returns in Plan 2 or

Discount
rate (%)

Plan 1 to Plan 2 Plan 1 to Plan 3 Plan 1 to Plan 4 Plan 1 to Plan 5

Change in PV of Total costs ($)
0 72,901 -48,472 -131,311 99,258
4 61,779 -41,913 -113,075 86,147

7 54,889 -37,791 -101,654 77,911

Change in PV of Gross returns ($)
o -18,248 -63,383 -95,950 134,042
4 -16,553 -54,780 -83,093 112,540
7 -15,427 -49,378 -75,005 99,332

Change in PV of Net returns ($)
0 -91,149 -14,910 35,361 34,784
4 -78,332 12,868 29,982 26,393

7 -70,316 -11,587 26,649 21,421
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Plan 3 were: i) both plans were more labor and management intensive; labor as

well as hauling costs per animal unit increased in these plans, ii) herd size was

adjusted downwards in both plans and consequently there were reduced gross

returns, iii) since fixed costs remained the same, per animal overhead costs

increased due to downward herd adjustment contributing to reduced net returns in

these plans, and iv) hay production in Plan 2 was greatly reduced due to grazing

the meadow that was hayed under the previous management plan. This resulted in

a large quantity of hay purchase in this plan and consequent increased costs of

cattle production.

Plan 2 was not the plan existing in the area. Since this plan used a

previously hayland for grazing cattle, it is not a plan that ranchers can afford.

Therefore, Plan 2 may not be a practicable plan. Plan 3, however, is a practicable

plan; although it is less profitable compared to Plan 1. The economic or social

consequences of these plans are a decline in ranch income and a reduction in

beef cattle production. If these plans are required by laws to be implemented,

then this reduction in income and production may result in a lower income tax

proceeds and reduced employment in the local economy.

Shifting from Plan 1 to Plan 4 or 5, in contrast, resulted in increases in the

PV of net returns. These changes were $26,649 in Plan 4, and $21,421 in Plan 5.

The change in PV gross returns was negative in Plan 4. But the change in PV of

costs in this plan was also negative and higher, and thus the change in PV of net

returns was positive. In Plan 5, changes in PV of costs and PV of returns were
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both positive. But the increase in PV of gross returns was higher than that of PV

of costs and consequently, the change in PV of net returns was positive. It is,

therefore, profitable for the rancher to shift to Plan 4 or Plan 5. The most

profitable alternative is Plan 4. The ranchers may, however, consider some other

factors in deciding the adoption of these apparently more profitable plans. Thus,

the profitability and practicability of Plan 4 and Plan 5 need to be examined

further.

Shifting to Plan 4 required some adjustments of the ranch operation that

may concern ranchers. For example, it required i) a change in grazing schedule

from riparian meadow to non-riparian, lower quality pasture - meaning probable

changes in conception and calving rates and possibly animal weights at time of

sale, and ii) a reduction in cow herd size. Due to these factors, initially it may not

be encouraging to the ranchers to shift to this plan. But the evidence that the

higher hay harvest in the riparian meadow yielded a return net of haying costs

that outweighed the reduction in net returns from cows supported the shifting to

Plan 4, and the ranchers appeared to be economically better-off as a result.

However, range improvement measures for higher forage quantity and quality in

non-riparian pastures may be needed to facilitate the adoption of Plan 4 and for

maintaining the livestock performance rates.

Like Plan 4, while Plan 5 is economically more profitable than Plan 1, the

decision to switch to this plan will depend on the following considerations: i) since

this plan involved large additional haying costs, there was a need for more
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operating capital, which may or may not be manageable for the rancher, ii) hay

feeding was more management intensive than grazing the meadow, and the higher

management intensity may be a constraint for some ranches with respect to

adopting this ranch plan, iii) since cows prefer green grasses, it may be difficult to

contain them within the fence or confinement for feeding hay during the grazing

season, and iv) hay feeding during summer months instead of grazing green

grasses may reduce livestock performance such as weight gains and result in lower

returns from cattle sales.

Like Plan 2, Plan 5 was not the plan existing in the area. Although it was a

theoretically conceivable plan, the difficulties and complexities to be faced in its

implementation under most ranch conditions may make this plan an impracticable

one. Plan 4, however, is a practicable plan.

The results in this section indicated that the present values of costs, gross

returns, and net returns for alternative grazing plans were not the same. Thus the

working hypotheses of this study that the present values of costs, gross returns,

and net returns are the same for all the grazing plans did not hold true.

Consequently, the results are meaningful in a number of ways.

First, they provide information to ranchers who may be thinking of shifting

from summer season-long to fall short-duration grazing in the riparian areas that

when possible such shifts may be economically profitable. Second, the results

provide information to policy-makers and land managers that ranchers may be

encouraged to adopt fall short-duration grazing in riparian areas by providing
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them with increased grazing privileges on public land during summer months, or

by providing necessary assistance for improvement of private upland pastures so

as to enable them to graze cows elsewhere on the ranch during summer. Third,

the results identify summer short-duration grazing as a system that reduces returns

to ranch investment relative to summer season-long grazing. The voluntary

adoption of this system is unlikely on the ranch unless a policy of compensation

for losses is undertaken by the government. Fourth, the results provide

information to researchers, encouraging them to further investigate the suitability

of fall short-duration grazing and its economic profitability in other locations.

Finally, these results may be of interest to both private and public land grazing

managers who wish to improve the condition of riparian areas.

5.3.5 Sensitivity of the present values of net returns for alternative grazing plans

As mentioned in the preceding section, only Plan 3 and Plan 4 are

practicable plans. Therefore, the sensitivity of the PVs of net returns to logical

changes in some of the biological parameters (e.g., AUMs of forage per acre and

hay yield per acre) were examined only for these plans. The differences in the

PVs of net returns for Plan 3 and Plan 4 from Plan 1 were of such magnitudes

that small changes in some of those biological parameters, based on which the net

returns were obtained, turned those differences in net returns small. For example,



if AUMs of forage per acre in the riparian meadow in Plan 320 is increased by

15 percent, then the difference in PV of net returns is reduced to -$6,854 (Table

16). Thus, it may be said that there was only a tendency of lower profitability

Table 16: Sensitivity of the present values of net returns at selected discount
rates for alternative grazing plans, the case ranch, Eastern Oregon.

Plan 1 to Plan 3

Increase in AUMs of forage a

Plan 1 tDiscount rate
(%)

a Relates to Plan 3 Relates to Plan 4

Plan 4

Decrease in hay yield b

under SSD grazing than SSL grazing. This may, however, be offset by an

improvement in management which any intensive grazing system requires.

103

20 AUMs of forage utilization per acre under SSD was lower than that of SSL
grazing. But one can reasonably argue that AUMs of forage production per acre of land
under SSD grazing caimot be lower than that of SSL grazing. The reason behind this
position may be that forage grows better under rest rotation grazing than continuous
grazing system. However, the observed lower AUMs of forage per acre under SSD
grazing might be due to a) difference in the quality of land on which different grazing
systems were implemented, b) difference in cattle management, and c) response errors in
survey. To address this issue, sensitivity of net returns was examined at two different
levels of increase in AUMs of forage per acre, 10 and 15 percent.

10% 15% 10% 15%

Change in PV of Net returns ($)

0 -10,559 -8,363 21,937 14,991

4 -9,289 -7,447 18,350 12,322

7 -8,479 -6,854 16,145 10,696
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The importance of management is clearly stated in Wilson et al. (1987) study

which states that improved management is an essential input in making intensive

grazing management a more profitable activity.

In Plan 4, the key factor that made it a more profitable plan than Plan 1

was higher hay yield in the riparian meadow. A downward adjustment in hay yield

by 15 percent turned the difference in PV of net returns (using 7 percent discount

rate) from $21,421 to $10,696; though it is positive, but small in magnitude.

Moreover, there was a substantial quantity of hay harvest in this plan and so, if

there is any decrease in the market price of hay, then the difference in

profitability will be even smaller. It may, therefore, be said that FSD grazing

showed only a tendency of higher profitability. There was no strong evidence that

FSD grazing was more profitable than SSL grazing.

The above results of sensitivity analysis, therefore, suggest that economic

sustainability of Plan 3 and Plan 4 (involving SSD and FSD grazing, respectively)

needs to be further investigated under different ranch conditions in order to

determine whether there are real differences in the PV of net returns for these

plans from that of Plan 1 (SSL grazing).



5.4 Effects of Public Policies on the Case Ranch

5.4.1 Effects of change in the grazing fee on the present values of costs and
returns.

The case rancher had a federal grazing allotment. In the preceding

analysis, the grazing fee on federal land was $1.96 per AUM. The rancher had

access to 1350 AUMs of federal grazing and continued to have the same

authorization over the planning period in each plan. A proposed new fee currently

under discussion for grazing federal land is $3.96 per AUM. The likely effects of

the proposed grazing fee on costs and returns are discussed here. Estimates of

changes in costs, gross returns, and net returns were made as if the new fee had

been introduced in 1994.

With the proposed grazing fee of $3.96/AUM, the present value of costs in

Plan 1, at 7 percent discount rate, was $851,378, i.e., about $13,384 higher than

the costs prior to the grazing fee change (Table 17). It was about $14,720 higher

at 4 percent, and $16,848 higher at zero percent discount rate. This was true in

each of the alternative plans.

Since gross returns were the same and only costs changed, the effect of a

change in the grazing fees resulted in a decrease in the present value of net

returns. For example, the present value of net returns, at 7 percent discount rate,

in Plan 1 decreased from $300,105 to $286,720, i.e., a decrease of about $13,385

dollars. The absolute decrease in the PV of net returns was the same in each

plan.
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Table 17: Effects of a change in the grazing fees on present values of costs,
gross returns, and net returns at selected discount rates for alternative grazing
plans, the case ranch, Eastern Oregon.

Rate of return (%)
3.0 2.0 2.9 3.5 3.5

a represents the second part of the right hand side of equation (4.1).
b represents the first part of the right hand side of equation (4.1)
C represents equation (4.1).

106

The extent of decrease in PV of net returns depends on the degree of

dependence of the ranch on public land. The dependence of the case ranch on

public land was 17.4 percent of the total AUMs utilized on the ranch. Before the

proposed increase in grazing fees, the payment of fees for grazing on public land

was 2.5 percent of total variable costs and 1.5 percent of total costs of the case

ranch. These were 3.0 and 5.0 percent, respectively, after the proposed increase in

grazing fees. Tanaka (1994) reported that public fees amounted to 2.1 percent of

total operating costs and 1.4 percent of total costs in Idaho cow-calf budgets. One

ranch that was highly dependent on public land grazing showed fees being 10.6

Discount
rate (%)

Plan 1 Plan 2 Plan 3 Plan 4 Plan 5

PV of Total costs ($) a

o 1,071,694 1,144,595 1,023,221 940,383 1,170,535
4 936,328 998,106 894,415 823,252 1,022,090

7 851,378 906,268 813,587 749,724 928,926

PV of Gross returns ($)b

0 1,432,610 1,414,362 1,369,227 1,336,660 1,566,652

4 1,251,656 1,235,103 1,196,876 1,168,563 1,364,196

7 1,138,099 1,122,671 1,088,721 1,063,094 1,237,430

PV of Net returns ($) C

0 360,916 269,767 346,006 396,277 396,116

4 315,329 236,997 302,461 345,311 342,106

7 286,720 216,404 275,133 313,369 308,505
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percent of variable costs and 6.1 percent of total costs. The conclusion is,

therefore, that the more dependent a ranch is on public lands for grazing, the

higher the percentage of fees relative to costs will be.

As a result of the proposed change in the grazing fee, the rates of returns

decreased in all the plans. In Plan 1, the rate of return was just 3 percent, which is

the cut-off rate of return for ranch sustainability, as will be mentioned later. For

Plan 3 and Plan 4, the rates of returns were also similar in the sense that these

will not be really different as indicated by the sensitivity analysis in the previous

section. These results suggest that if the proposed increase in grazing fees is

implemented, then the ranching business will be barely sustainable. From the

ranchers' perspective, therefore, it may not be desirable to increase the grazing

fee to the extent it is proposed; although it may be increased to a lesser extent.

It may be that the government wants to raise the grazing fees to obtain more

revenues for the U.S. treasury. The revenues earned this way may then be used

for providing subsidies to the ranchers for range conservation practices. In the

near term, however, public pressure by environmental groups is a more likely

government perspective than the desire to raise money for ranchers to implement

conservation.

There is evidence that there has been no noticeable change in the demand

for public land grazing in response to increases in grazing fees in recent years

(Tanaka, 1994). But if the grazing fees reach some threshold level at which it

becomes uneconomical for the rancher to graze on public land, then the ranchers
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may gradually reduce the dependence on public land by reorganizing their ranch

operations based on owned land resources.

5.4.2 Effects of reduction in public land grazing permit on the present values of
costs and returns.

As indicated in the preceding subsection, the case ranch had a public land

grazing permit of 1350 AUMs of forage per year over the planning period. There

are some interest groups that contend that for the purpose of multiple-use or

long-term sustainability of public land forage and associated wildlife, the

government should reduce AUMs of public land forage available to permittees.

The responses of the ranchers to this kind of reduction in forage availability are

likely to be: i) reduction in herd size, ii) change in the type of operation from a

cow-yearling to cow-calf, keeping the cow herd size constant, iii) grazing on

private native hayland by sacrificing hay harvest and buying hay from outside

sources, and iv) an increase in private carrying capacity of the ranch by

undertaking range improvement, if possible.

The magnitude of the effects of reduction in the authorized use of public

land forage on ranch income depends on i) the extent to which public land forage

use is reduced, and ii) the types of responses the rancher makes. In the following

analysis, it has been postulated that if public land forage use were reduced by 15

percent, then the rancher would respond by keeping the herd size the same and

grazing his cows (taken off public land) on his native meadow (MU3) instead of

haying it, and buying hay for winter feeding. It has also been postulated that if the
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authorized use of public land forage was reduced to a greater extent (say, by 30

percent), then the rancher, in addition to grazing on native meadow as above, sold

calves instead of raising them as yearlings for sale. The effects of these changes

on the case ranch were evaluated for Plan 1 (the current plan), and Plan 3 and

Plan 4 (alternative plans). The implications for the other plans are likely to be

similar.

In Plan 1, a 15 percent reduction in public land grazing AUMs (i.e., 203

AUMs) required the rancher to take 63 cows off public land (MU8) and to graze

them in MU3 (cf. Table 7) for the specified period. This reduced hay production

by 375 tons. This movement of the cow herd resulted, first, in an extra costs of

buying 375 tons of hay. Second, cost reductions occurred due to i) lower haying

costs (375 tons of native hay @ $40 per ton), ii) lower payment of grazing fees

(203 AUMs of forage @$1.96/AUM), and iii) lower grazing costs (other than

grazing fees) on public land ($7.8/AUM21 for 203 AUMs).

As a result of 15 percent reduction in public land forage, the PV of total

costs, at a 7 percent discount rate, increased to $889,897; an increase of $51,903

over that with the existing grazing privilege of 1350 AUMs (i.e., zero percent

reduction) (Table 18). Since gross returns were constant due to the fixed herd

size, the PV of net returns decreased to the extent that the PV of total costs

increased (i.e., $51,903). A 30 percent reduction in public land grazing permit

21 This is the excess grazing costs on public land over that in private land
(Obermiller, 1992; p.13).



Table 18: Effects of reduction in authorized use of public land forage on ranch income, the case ranch, Eastern
Oregon.

Discount rate
(%)

Plan 1
I Plan3

I

Reduction in authorized use of ?ublic land forage
30% f 0% 15% 30%

PV of Total costs ($)

Plan 4

30%

897,705

787,816

718,709

1,232,620

1,080,441

984,827

334,915

292,625

266,119

2.8

0 1,054,846 1,122,543 1,081,897
4 921,608 979,565 944,711
7 837,994 889,897 858,638

0 1,432,610 1,432,610 1,365,050
4 1,251,656 1,251,656 1,193,817
7 1,138,099 1,138,099 1,086,321

0 377,764 310,067 283,152
4 330,049 272,091 249,106
7 300,105 248,202 227,683

3.3 2.5 2.2

1,006,373 1,074,071 1,030,123 923,535 931,401
879,695 937,652 900,027 800,533 816,664
800,203 852,086 818,404 736,340 744,533

PV of Gross returns ($)
1,369,227 1,369,227 1,301,667 1,336,660 1,300,180
1,196,876 1,196,876 1,139,036 1,168,563 1,138,280
1,088,721 1,088,721 1,036,943 1,063,094 1,036,605

PV of Net returns ($)
362,854 295,156 271,544 413,125 368,779
317,181 259,224 239,009 360,031 321,616
288,518 236,635 218,539 326,754 292,072

Rate of return (%)
3.1 2.3 2.0 3.7 3.2

0% I 15%
0% 15%
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(i.e., 405 AUMs) required the rancher to take 106 cows off public land (MU8).

He managed 63 cows in the same way as he did in the case of 15 percent

reduction in public land forage. Consequently, hay production on the ranch was

reduced by 375 tons and the rancher needed to buy an equivalent amount of hay

from the market. Of course, this saved haying costs for 375 tons. In order to make

forage available for the remaining 63 cows, the rancher chose to sell 60 calves

instead of raising them to yearlings. This saved costs of bay feeding to calves to

raise them to yearlings. But there was also a reduction of gross returns due to

selling calves which were previously sold as yearlings. Other costs savings included

1) lower payment of grazing fees (405 AUMs @ $1.96/AUM), and ii) savings of

grazing costs other than grazing fees on public land.

The analysis. showed that as a result of 30 percent reduction in public land

forage use, the PV of costs in Plan 1 (at 7 percent discount rate) increased to

$858,638 which was $20,644 higher than that with no reduction in public land

forage. Since the PV of gross returns decreased, the PV of net returns decreased

to $227,683, i.e., a decrease of $72,422. The rate of returns on ranch investment

decreased from 3.3 percent to 2.5 and 2.2 percent, respectively, for 15 and 30

percent reduction in public land forage. In Plan 3, similar analyses for 15 and 30

percent reduction in public land forage use showed that i) the PVs of costs

increased by $51,883 and $18,201, respectively, and ii) the PVs of gross returns

remained the same for 15 percent reduction of public land forage; but it

decreased by $51,778 for 30 percent reduction of the same. As a result, the PVs of
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net returns decreased by $51,883 and $69,979, respectively. The rate of returns on

ranch investment decreased from 3.1 percent to 2.3 and 2.0 percent, respectively.

In Plan 4, the PV of net returns decreased by $34,682 for a 15 percent

reduction in public land forage and it decreased by $60,635 for a 30 percent

reduction of the same. The rate of returns on ranch investment went down from

3.7 percent to 3.2 and 2.8, respectively.

The above results indicate that the PV of net returns decreased

substantially in current as well as alternative plans as a result of, for example, 30

percent reduction in the authorized use of public land grazing. This suggests that

in order to avoid such a loss in ranch income, the ranchers may be willing to pay

a higher grazing fee if government does not reduce public land grazing permit.

However, they may be willing to pay, as indicated in the previous subsection, less

than two additional dollars per AUM. Any increase in grazing fee greater than

that may reduce the rate of return on ranch investment to less than 3 percent- the

rate required for ranch sustainability.

Given the above discussion, the conclusions, therefore, are that i) the

public land grazing privilege is very important for the economic viability of ranch

operations22, ii) if public land grazing is restricted, then ranchers, in order to

compensate for income loss as indicated above, might shift to grazing strategies

22 Kremp (1981; p.130): 'the public lands are often crucial to individual operations,
supplementing the feed of private lands by supplying seasonal grazing. Without the
privilege of grazing public lands, many ranches would cease to exist as economic units, or
would be forced out of business due to the high cost of substituting other sources of
feed."
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which put more pressure on riparian zones, and iii) since substitute feed sources

are very costly, ranchers may reduce their herd size; but by doing so they may lose

the benefits of economies of size in the ranching operation.

The policy implication, therefore, is that government should not decrease

public land forage availability to a permittee if a change in grazing management is

desired for the sake of riparian zone enhancement. Public land grazing privileges

may be used as an incentive for a change in riparian grazing management.

5.5 Economic Sustainability of the Case Ranch

From a strictly economic perspective, a sustainable ranch operation

requires that the rate of returns from ranching equal or exceed the opportunity

costs (e.g., bank rate of interest) of capital investment on the ranch. In reality,

however, the continuation of a ranching operation is not totally dependent on the

above measure of sustainability. Rather, ranch sustainability over the years also

depends on some non-pecuniary goals like the desire to live on the ranch or farm,

carrying on one's family business, and reservation price for being a rancher rather

than having some other occupation. This suggests a willingness of a rancher to

continue in the ranching business even if the rate of return on ranch investment is

not equal to the opportunity cost of ranch investment as long as there is some

reasonable positive rate of return to the rancher's resources on a long-term basis.

Since the rancher has non-pecuniary goals associated with ranch business, it may

be logical to state that in order for a ranch to be economically sustainable, the

rate of returns on ranch investment must be at least equal to one-half of the
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opportunity cost of ranch investment.23 In this study, the yield rate on 10-year

U.S.Treasury notes (5.87 percent per year in 1993) was taken as "benchmark

opportunity cost" of ranch capital investment. Because of non-pecuniary returns to

the ranchers, the "operational opportunity cost" is judged to be one-half of the

"benchmark opportunity cost". Thus, a ranch operation was defined to be

economically sustainable if the rate of return on ranch investment was greater

than or equal to 3 percent on a long-term basis. Johnson et al. (1994) defined

ranch sustainability by the criterion that there be some positive net return to the

owner's resources on a long-term basis; so, it is similar to the definition of

economic sustainability adopted in this study.

The case ranch had positive net present value of returns to operator's

labor, management, land, and capital in all the plans. The rates of returns on

ranch investment, assuming no returns for rancher's management function, were

greater than 3 percent but less than 4 percent in all plans except Plan 2 in which

the rate of return was 2.2 percent. Thus, the case ranch was found to be

economically sustainable in current plan (Plan 1) as well as in alternative plans

(Plan 3, Plan 4, and Plan 5). This finding is consistent with Johnson et al. (1994)

23 Alternative investment opportunities for a rancher may include: savings deposits,
interest-bearing time deposits, certificates of deposits, high-graded municipal bonds, and
U.S. Treasury notes. In 1993, the yield rate on investment in high-graded municipal
bonds was 5.63 percent and that on 10-year U.S. Treasury notes was 5.87 percent. In the
same year, the interest rates on other investment opportunities mentioned above were
relatively lower: savings deposit 2.46 percent, interest-bearing time deposits (2½ or more
years) 4.29 percent, and certificates of time deposits (5-year) 4.88 percent (Statistical
Abstract of the United States, 1994).
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and Eisgruber (1994). The economic sustainability of the case ranch, however,

needs to be examined further.

First, the rates of return on ranch investment were such that they only

marginally met the rate of return set for a ranch to be economically sustainable.

Second, shifting to fall short-duration grazing tended to improve the economic

performance of the ranch. But shifting to summer short-duration grazing resulted

in a decrease in residual returns to rancher's resources. However, the differences

in net returns for these grazing strategies from summer season-long grazing were

so small and were so sensitive to minor changes in some of the biological

parameters that it was not possible to state that economic sustainability of beef

cattle ranching was really a function of alternative grazing systems.

Third, the financial analyses in this study imply a debt-free ranch without

interest and principal payments on long-term loans. To the extent that such long-

term debt exists, net cash flow and profitability of the ranch will be reduced.

Fourth, other factors, such as asset appreciation, play a role in assessing

the economic sustainability of the ranch.

Fifth, an increase in the grazing fee on public land raises operating costs

and reduces net returns. For an individual ranch, the higher the dependency of

the operation on public land grazing, the greater the impact of increased grazing

fee. Thus to the extent that grazing fee is increased, the economic profitability and

hence sustainability will be affected.
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Finally, public land grazing permits play an important role in ranch

sustainability. The analysis showed that the present value of net returns decreased

substantially as a result of a reduction in public land forage availability to the case

ranch. For example, a 30 percent reduction in the authorized use of public land

forage, the rates of returns on ranch investment in Plan 1, Plan 3, and Plan 4 went

below 3 percent. Thus, if the authorized use of public grazing land is reduced, the

economic sustainability of the ranch will be significantly affected, and in fact, the

ranch business may become unsustainable.

The analysis of economic sustainability based on the case ranch approach

has some limitations. Like any case study, this study has limitations with respect to

the extent to which the results can be generalized and extended to other

situations. The following considerations are relevant: i) a ranch with a different

combination of land categories and land ownership will be affected differently

than the case ranch by various changes in management practices and the policy

variables, and ii) the specific results of this analysis are applicable only to the

study site.

5.6 Ecological Effects of Alternative Grazing Plans

While this study primarily investigated the economic sustainability of beef

cattle ranching associated with alternative grazing systems in riparian zones, the

potential effects of these grazing systems on riparian habitat structure and their

subsequent effects on the diversity of wildlife are worth discussing here. The

discussion draws on the experimental results found in the "Sustainable Grazing
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Systems" project of OSU. Before discussing the results, a few words about the

experiments are provided as background information.

Researchers, particularly the wildlife scientists, involved in the

aforementioned OSU project conducted experiments in the pastures of the

participating ranchers to investigate bird community response to riparian habitat

structure. Treatments were classified by riparian habitat structure: herbaceous,

discontinuous shrub, and continuous shrub, and were grazed under summer

season-long, summer short-duration, and fall short-duration grazing strategies,

respectively. Bird and vegetation data were collected along 4 replicate transects

within each treatment. Comparisons were made among treatments for diurnal

breeding bird abundance, individual species abundance, richness, diversity,

evenness, and vegetation composition and structure.

A cause-effect relationship between riparian habitat structure and livestock

grazing strategies has not yet been fully established by the OSU project. Although

the experiments were not designed to test such cause-effect relationship, the study

shows a high correlation between riparian vegetation structure and grazing

strategies. Because of this, and because discussion in this thesis has so far been in

terms of grazing strategies, the results of some of the biological experiments are

discussed below by livestock grazing strategy.

5.6.1 Structure and composition of riparian vegetation

Vegetation structure and composition differed among summer season-long

(Plan 1), summer short-duration (Plan 2 and Plan 3) and fall short-duration
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grazing (Plan 4 and Plan 5). Fall short-duration transects had a greater percentage

cover of shrubs (29.95%) compared to that of summer short-duration (8.6%) and

summer season-long (0.9 1%) transects (Table 19). Summer short-duration

transects had a greater percentage cover of herbs (75.80%) compared to fall

short-duration (61.31%). There was no significant difference in herb cover

between summer season-long and summer short-duration transects. The

percentage cover of grasses was the highest in summer season-long transects

(41.95%). Percent forb cover was greater along summer short-duration transects

and percent rush cover was uniform among treatments.

The density of combined shrub species did not differ among grazing

strategies. But fall short-duration transects had significantly greater density of

willows than summer grazed transects. Additionally, willows formed significantly

wider shrub corridors along fall short-duration transects.

5.6.2 Wildlife

In total, 63 species of diurnal breeding birds were detected in the

experimental pastures. Total bird abundance and species richness were greater

along fall short-duration transects than summer season-long and summer short-

duration transects (Table 20). Fall short-duration transects had 2 times as many

individual birds detected relative to summer season-long and 2.25 times that of

summer short-duration. Species diversity was greater along fall and summer short-

duration transects than summer season-long transects.



Table 19: Vegetation and other physical characteristics of riparian habitats
under three alternative grazing systems, Grant County, Eastern Oregon, 1993-
94.

a treatment difference was tested with least significant difference test. Letters follow SSL, SSD,
and FSD treatments, respectively. Different letters within rows represent significantly different
means.

Source: Annual Report (1994), Sustainable Grazing Systems project, Oregon State University.

Of 63 bird species detected, 23 species had greater than or equal to 20

detections. Ten species exhibited significant association with either fall short

duration or summer season-long grazing strategies; 6 species (red-winged

blackbird yellow warbler, song sparrow, willow flycatcher, American robin, and

common snipe) were more abundant along fall short-duration transects and
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Habitat variables SSL SSD FSD Treatment difference a

Vegetation Cover (%)
Shrubs 0.91 8.60 29.95 aab
Artemisia 0.66 0.05 0.00
Chrysothainnus 0.25 0.40 0.00
Ribes 0.00 0.54 0.21

Salix (i.e. willows) 0.00 7.61 29.74

Herbs 72.52 75.80 61.31 aab
Grasses 41.95 33.04 22.80

Forbs 25.59 33.05 22.45

Rushes 2.52 2.16 0.36
Sedges 2.46 7.55 15.70

Other 25.67 15.60 8.74 aab
Bare soil 15.90 10.75 3.84 abc
Litter, woody debris 10.67 4.85 4.90

Density (#/ha)
Shrubs 325.27 330.25 204.91

Salix 0.00 131.30 199.94

Willow 0.00 416.67 2812.50

regeneration(#/ha)
Riparian shrub (m) 0.00 47.21 68.19 xab



a treatment difference was tested with least significant difference test. Letters follow SSL, SSD, and
FSD treatment, respectively. Different letters within rows represent significantly different treatment
means.

Source: Annual Report(1994), Sustainable Grazing Systems project, Oregon State University.

4 species (savannah sparrow, cinnamon teal, black tern, and American wigeon)

were more abundant along summer season-long transects.

In addition to birds, four small mammal species (deer mice, montane vole,

western jumping mice, and vagrant shrew) were captured in the experimental

pastures. Montane vole numbers were high in summer season long grazing areas

dominated by sedgebrush-grass and grass communities. Western jumping mice
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Table 20: Total bird abundance, richness, diversity, and evenness of diurnal
breeding birds in riparian habitats under three alternative grazing systems, Grant
county, Eastern Oregon, 1993-94.

24 These are the measures of the nature of a community. Bird abundance refers to
total biomass in the community. Richness refers to the total number of species in the
community. Evenness (equitability) means the relative proportions of different species in
the community; if the proportion of each species in the community is the same, then it is
a completely evenly distributed community.

Diversity index is a value that depends on both the species richness and evenness
with which individuals are distributed among the species in a community. Thus, for a
given richness, diversity increases with equitability, and for a given equitability, diversity
increases with richness.

Bird community
measures

SSL SSD FSD Treatment
differencea

Total detections 130.0 118.7 264.9 aab

Richness 14.6 17.0 20.5 aab

Diversity 1.92 2.27 2.24 abb

Evenness 0.71 0.81 0.75 aba



It may be mentioned here that considerable information on hydrology (e.g., water
table depth, stream flow level, width-depth ratio, etc.), and forage quality (e.g., percent
crude protein, in vitro digestibility, and acid detergent fiber, etc.) was collected in the
OSU project. However, results on those aspects were not available at the time of this
thesis research.
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were captured only in fall short-duration pastures in close proximity to willows.

Deer mice was the dominant species in summer short-duration pasture.

The above results indicate that vegetation composition and structure of

riparian habitats, response of bird communities and small mammals were different

under alternative grazing strategies. Thus, it would be worthwhile to bring

together the ecologic and economic effects of alternative grazing plans to see

whether there exists a competitive or complementary relationships between them.

The next section deals with this issue.

5.7 Economic Versus Ecologic Effects of Alternative Grazing Plans

The economic effects of alternative grazing plans were discussed in section

5.3. Since the ecologic effects discussed in the preceding section were in physical

terms,we can examine the magnitude of ecological effects corresponding to net

returns for alternative grazing plans, as in Table 21.

In the summer short-duration grazing (for example, Plan 3), the PV of net

returns were lower by $11,587 than that of summer season-long grazing (Plan 1).

But most of the physical characteristics of riparian habitat were improved under

summer short-duration grazing compared to summer season-long grazing. For

example, the percentage cover of shrubs and herbs were higher by 7.69 and



Table 21. Change in economic and ecological performance characteristics
from alternative grazing plans, the case ranch, Eastern Oregon, 1993-94.
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3.28, respectively, under summer short-duration grazing than those under summer

season-long grazing. Also, the percent bare soil in the former was lower by 5.15

than the latter. Moreover, the width of riparian shrub corridor was greater by

47.21 m and the number of willows generated per hectare was higher by 416.67 in

the former than the latter. But bird detections were lower under summer short-

duration grazing.

As a consequence of the structure of the riparian habitat associated with

summer short-duration grazing, the indices of bird species richness, evenness, and

26 Represents the difference in PV of net returns in six years. Annual net return can,
therefore, not be considered significantly different from one plan to the next.

Characteristics Change in characteristics from

Plan 1 to Plan 3 Plan 1 to Plan 4

PV of net returns ($) 26 -11,587 26,649

Bird detections (no.) -11.3 134.9

Bird species richness (no.) 2.4 5.9

Bird species evenness (index) 0.1 0.04

Bird diversity (index) 0.35 0.32

Shrub cover (%) 7.69 29.04

Herb cover (%) 3.28 -11.21

Bare soil (%) -5.15 -12.06

Willow generation (#/ha) 416.67 2812.50

Riparian shrub (m) 47.21 68.19
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diversity were higher by 2.4, 0.10, and 0.35 under this system of grazing. From an

ecological, but not from an economic perspective, therefore, one would select

summer short-duration grazing over summer season-long grazing provided a

change in grazing strategy will also bring about a change in vegetation structure,

something which has not yet been established. If the economic value of a

differently structured riparian habitat and the associated higher diversity of birds

to the society could be determined, then an economic trade-off between this

livestock grazing system and wildlife could be discovered. But due to a lack of

existing wildlife valuation studies in the study area, this could not be done. A

direct non-market valuation of wildlife was outside the scope of this study.

Nonetheless, the increased diversity of birds indicated that society may benefit by

this system of grazing at the expense of a possible decline in private net returns

(i.e., competitive relationship). Thus, the ranchers may voluntarily adopt this

system of grazing if some form of monetary incentives are provided to the

ranchers from the public.

For the fall short-duration grazing system (for example, Plan 4), the PV of

net returns were higher by $30,009 than summer season-long grazing (Plan 1).

Under this system of grazing, there was also a riparian habitat which was more

conducive to larger bird communities. For example, the percentage shrub cover

was higher by 29.04 and the percentage of bare soil was lower by 12.06 under fall

short-duration grazing compared to summer season-long grazing. Moreover, the

number of willows generated per hectare and the width of riparian shrub corridor
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were greater by 2812.50 and 68.19, respectively, in the former compared to the

latter. Like summer short-duration grazing, the structure of the riparian habitat

associated with fall short-duration grazing in this study contributed to higher bird

species richness, evenness, and diversity compared to suiumer season-long grazing.

Thus, it appears from the above that both private and public benefits are likely to

be greater in fall short-duration grazing, indicating a complementary relationship

between this system of livestock grazing and wildlife diversity.

A comparative look at Table 20 reveals that one would choose fall short-

duration grazing over summer short duration grazing from an economic

perspective and generally also from an ecological perspective. However, with

respect to some ecological perspective such as bird species evenness and herb

cover, summer short-duration grazing strategy is more desirable than fall short-

duration grazing.

The above findings, however, are not conclusive. The economic effects of

the alternative grazing systems are based on the results from a particular location.

Moreover, the differences in the PV of net returns for the different grazing

strategies can at best be viewed as providing evidence for "tendency". These

differences from one strategy to the next are so small and so sensitive to some

parameters that they cannot be viewed as significantly different. The bottom line

conclusion, therefore, is that based on this study there is no strong evidence that

the grazing strategies analyzed differ with respect to economic sustainability.
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Therefore, similar economic evaluation of the alternative grazing systems needs to

be done in other locations.

The ecologic effects discussed here were the results of only two years of

field experiments in a particular site. Although the cause-effect relationship

between alternative grazing systems and riparian habitat characteristics has not yet

been clearly established in this study, grazing strategies correlate with the

structure of the riparian habitat. However, it was found that not all species

preferred the same environment. While, based on many measures, the riparian

habitat structure associated with the fall short-duration grazing strategy in this

study would be the preferred riparian habitat structure, some plants, bird, and

mammal species were found to be associated with other grazing strategies. Thus,

from that perspective it can be postulated that a variety (or mixture) of grazing

strategies (provided they are determinants of vegetation structure) is, at the

landscape level, more desirable than a single uniform grazing strategy from the

point of view of encouraging species diversity. Future research is, therefore,

needed in order to ascertain the causal relationships between alternative grazing

systems and riparian vegetation and wildlife habitats in different locations.



CHAPTER 6

SUMMARY AND CONCLUSIONS

6.1 Summary

Riparian zones or areas - land adjacent to streams - constitute 2-3 percent

of the total rangeland in the 11 western contiguous states. This amounts to nearly

seven million acres (Armour et al., 1991). These areas are typically more

productive than an equivalent amount of adjacent upland. A substantial quantity

of high nutrient forage comes from the riparian areas. Moreover, these areas are

a source of drinking water for livestock. Thus, riparian areas play an important

role in domestic livestock grazing. These areas are also critical for aquatic

(primarily fish) habitat. Moreover, many wildlife species are dependent upon

riparian habitat.

Existing literature (Skovlin, 1984; Platts, 1990; Anderson et al., 1990; Platts,

1993; Obermiller, 1994) shows that domestic livestock grazing in riparian areas is

frequently poorly managed. Overgrazing of domestic livestock in these areas has

contributed to loss of livestock forage, reduced number and diversity of fish and

wildlife, degraded water quality, and reduced property value. Due to these adverse

consequences, livestock grazing in the riparian areas is a special concern and a

change in grazing strategies is warranted. Grazing strategies that are ecologically

compatible and economically sustainable need to be identified, documented, and

implemented. Alternative grazing strategies may be i) management intensive-

adjusting season of grazing, timing of grazing and intensity of grazing, and/or ii)

126
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capital intensive- meaning moderate grazing combined with capital improvements

like cross fencing and upland water development. It is likely that more

management and capital intensive grazing systems may require an investment of

more money and/or time. If a change in the grazing strategy results in lost

revenue or additional time or money, many livestock operators cannot afford to

change their grazing strategies. Moreover, cash flow and assurance of future

dividends are important considerations in their investment strategies. Information

on economic aspects of riparian zone enhancement is scarce, however. It is,

therefore, important to compile economic information on the impact of

alternative grazing systems on the economic viability of rangeland beef cattle

operations. Since the changes in the riparian zone management may require

accommodating changes in the whole ranch management strategies, whole ranch

economic analyses are needed in order to determine the impact of alternative

grazing systems on ranch productivity and profitability.

The present study was undertaken to compile empirical information on the

impact of traditional as well as more intensive grazing systems on ecological and

whole ranch economic sustainability. A theoretical framework consistent with this

objective was developed based on multiperiod economic theory of production

under resource constraints. Using the theoretical model as a guide, an empirical

model was formulated to estimate the present value (PV) of net returns over a

time period for alternative grazing plans. Four participating ranches in the OSU

"Sustainable Grazing Strategies in the Semi-arid West" project conducted in Grant
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County, Eastern Oregon, were the source of a key subset of the data used in this

study. Primary economic data on ranch characteristics, cattle production and

performance, input use, prices, credit, taxes and insurance were collected by

interviewing the participating ranchers with a questionnaire. Biological data were

obtained from actual observations on the ranches. Other sources of information

include county statistics on farms/ranches for Grant, Harney, Baker, and Morrow

counties, published enterprise budgets for the area, and expert opinion. The

empirical model was formulated as a spreadsheet. The computer program

QUA'l1'RO PRO was used for analysis of the data.

Based on information from participating ranches, county statistics on

farms/ranches, and previous budget studies in the area, a case ranch that is

representative of the area was developed. The reasons for choosing the case ranch

approach are: 1) to protect the confidentiality of the ranchers in the area, and ii)

to avoid circumstances which are unique to a particular ranch or unique to a

particular year. The case ranch has 8,000 acres of land and is characterized by a

cow-yearling operation. The total cow herd consists of 450 cows, 23 bulls, 67

replacement heifers, and 320 yearlings. It has 9 management units (i.e., pastures)

for grazing its cattle or for haying. Two of the management units are public land

grazing allotments, providing 1350 AUMs of forage annually. One of the

remaining 7 private management units represents the riparian zone and it is

currently grazed season-long.
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As alternatives to season-long grazing, two alternative grazing systems (i.e.,

summer short-duration rotation, and fall short-duration grazing) were considered

in the aforementioned OSU project. In the summer short-duration rotation

grazing system, cattle graze the riparian meadow in 3-week rotation with another

meadow providing periodic rest to the meadows. Usually, there is no hay cutting

in the rotation pastures in this system of grazing. In the fall short-duration grazing

system, cattle are not grazed in the riparian meadow during summer months; they

are fed hay or grazed elsewhere on the ranch. The meadow is hayed first in late

summer (usually one cutting) and then there is a forage regrowth which is grazed

for a short-duration in the fall. Thus, the implementation of these grazing systems

in the riparian areas requires changes in the whole ranch management strategies.

In consultation with range experts at the Department of Rangeland

Resources, OSU, and personnel with the Resource Conservation Service (RCS),

United States Department of Agriculture (USDA), Portland, Oregon, and

observations of physical and institutional conditions at the research site two

feasible management plans for implementing each of the alternative systems (i.e.,

summer short-duration rotation, and fall short-duration grazing systems) were

selected. Including the current season-long grazing system, there were, therefore, 5

grazing plans for the case ranch: 1) summer season-long grazing in the riparian

meadow (Plan 1; treated as control plan), ii) summer short-duration grazing in the

riparian meadow in rotation with another native meadow (Plan 2), iii) dividing the

riparian meadow into two sub-meadows by constructing a fence and then summer



130

short-duration rotation grazing between two sub-meadows within the riparian

meadow (Plan 3), iv) fall short-duration rotation grazing in the riparian meadow

in conjunction with summer grazing in native meadow (hayland) elsewhere on the

ranch (Plan 4), and v) fall short-duration grazing in the riparian meadow with hay

feeding during summer months (Plan 5).

A planning period of six years (1993-98) was used for each ranch plan to

allow adjustment time for vegetation response to grazing management change and

to allow a reasonable period of stable ranch operation. The implementation of the

alternative ranch plan was assumed in the year 1994. A whole ranch budgeting

approach was applied for evaluating economic sustainability of each of the ranch

plans.

Each of the alternative ranch plans was compared with the control ranch

plan (Plan 1). In Plan 1, the PV of costs at 7 percent discount rate was $837,994.

In Plan 5, having the same cow herd size, it was $915,905 (i.e., $77,911 higher

costs than Plan 1). The PVs of costs in Plan 3 and Plan 4 were lower but not

directly comparable with Plan 1 and Plan 5 due to different herd size. Costs per

cow, however, indicated that Plan 5 was costlier than any other plan. While costs

per cow for Plan 3 were similar to that in Plan 1, it was somewhat lower in Plan 4

compared to Plan 1. The PV of gross returns at 7 percent discount rate was

$1,138,099 in Plan 1. In Plan 5, it was $1,237,430 ($99,331 higher than Plan 1).

Having the same herd size, this was due to increased hay sale in this plan. The

PVs of gross returns in other plans were lower due to a reduced herd size. Per
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cow gross returns showed that Plan 5 yielded the highest gross returns followed by

Plan 4. The other plans had similar per cow gross returns but lower than Plan 4

or Plan 5.

The PV of net returns were positive in all the plans. Shifting from Plan 1

to Plan 2 or Plan 3 brought about a negative change in the PV of net returns. The

rancher incurred a reduction of $70,316 in PV of net returns in Plan 2 and

$11,587 in Plan 3 at 7 percent discount rate compared to Plan 1. The reasons for

these reductions were: i) both plans are more labor and management intensive;

labor as well as fencing costs per animal unit increased in these plans, ii) herd

size was adjusted downwards in both plans and consequently there were reduced

gross returns, iii) since fixed costs remained the same, per animal overhead costs

were increased due to downward herd adjustment contributing to a reduced net

returns in these plans, and iv) hay production in Plan 2 was substantially lower

due to grazing the meadow which was bayed under the previous management

plan. This resulted in a large quantity of hay purchase in this plan and consequent

increased costs of cattle production.

Shifting from Plan 1 to Plan 4 or Plan 5 resulted in increases in PV of net

returns. These increases were $26,649 in Plan 4, and $21,421 in Plan 5 at 7

percent discount rate. It was, therefore, profitable for the rancher to shift to these

plans. The most profitable alternative was Plan 4. The ranchers may, however,

consider some other factors in deciding on the adoption of these more profitable

plans. Since Plan 4 required a change in grazing schedule from riparian meadow
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to non-riparian lower quality pasture, the rancher may be concerned about

possible changes in conception and calving rates and possibly animal weights at

time of sale. Similarly, the decision to switch to Plan 5 depends on the following

considerations: 1) since this plan involved large haying costs, there was a need for

more operating capital which may or may not be manageable for the rancher, ii)

hay feeding was more management intensive than grazing the meadow; the higher

management need may be a constraint to some ranches to adopt this ranch plan,

iii) since cows prefer green grasses, it may be difficult to contain them within the

fence or confinement for feeding hay during the grazing season, iv) hay feeding in

summer months may result in a lower weight gain of cattle and reduce gross

returns from livestock sale resulting in lower net returns.

Two public policies that directly influence the economic profitability of a

ranch operation include grazing fees and public land grazing permits provided to

the rancher. The analyses showed that a change in the grazing fee level of

$1.96/AUM to a new proposed fee level of $3.96/AUM reduced the present

value of net returns, at 7 percent discount rate, in Plan 1 by $13,385. This

reduction was for the case ranch with 17.4 percent dependence for forage on

public land. The extent of decrease in the PV of net returns will be higher, the

greater the dependence of the ranch on public grazing will be. The analysis also

showed that the effects of a reduction in public land grazing privilege on ranch

profitability were more pronounced than the increase in the grazing fee. For

example, the PV of net returns, at 7 percent discount rate, decreased by $51,903
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in Plan 1, $51,883 in Plan 3, and $34,682 in Plan 4 for a 15 percent reduction in

public land forage. Thus, the reduction in the authorized use of public land

grazing permit decreased ranch income significantly. This finding is consistent with

(Torell and Doll, 1991) and Kremp (1981).

A ranch operation was defined to be economically sustainable if the rate of

returns on ranch investment was greater than or equal to 3 percent (one-half of

the opportunity cost of capital as measured by the 10-year Treasury bills) on a

long-term basis. The minimum 3 percent rate was set to recognize the fact that, in

reality, ranch sustainability does not solely depend on economic profitability.

Other non-pecuniary factors, such as the desire to live on the ranch, carrying on

family business, reservation price for being a rancher rather than any other

professional, etc. play an important role in ranch sustainability.

The case rancher earned positive net present value of returns to operator's

labor, management, land, and capital in all the plans. The rates of returns on

ranch investment were greater than 3 percent but less than 4 percent in all plans

except Plan 2 in which the rate of return was 2.2 percent. This finding was

consistent with Kiemme et al. (1984), Madsen et al. (1982), and Row et al. (1981).

By the above definition of sustainability, beef cattle ranching was, therefore, found

to be economically sustainable except in Plan 2. This finding is consistent with

Johnson et al. (1994) and Eisgruber (1994). However, it should be emphasized

here that the rates of return on ranch investment were such that they only

marginally met the rate of returns set for a ranch to be economically sustainable.
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While the PVs of net returns were not the same for alternative grazing

plans, the differences in net returns for these strategies were so small that they

can at best be viewed as providing evidence for "tendency". Moreover, these

differences were so sensitive to minor changes in some of the biological

parameters that it was not possible to state that economic sustainability of beef

cattle ranching was really a function of alternative grazing systems.

The ecological effects of alternative grazing systems in relation to their

economic effects were briefly examined in this study. Although summer short-

duration grazing (Plan 2 and Plan 3) had lower net returns than summer season-

long grazing, most of the physical characteristics of wildlife habitat in riparian

zones were more favorable to biological diversity in the former than the latter

(e.g., higher percentage of shrub cover, wider riparian shrub corridor, lower

percentage of bare soil, greater bird density, species richness, evenness, and

diversity). The diversity index of birds was 2.27 under summer short-duration

grazing compared to 1.92 under summer season-long grazing. Thus, society

appears to benefit by this system of grazing at the expense of a possible decline in

private net returns (i.e., competitive relationship between livestock production and

wildlife). Under fall short-duration grazing system (Plan 4 and Plan 5), net returns

tended to be higher than both summer season-long and summer short-duration

grazing. Moreover, there was an improved riparian habitat and as a consequence,

there was similar bird diversity but higher bird density and species richness, and

lower evenness compared to summer short-duration grazing. Thus, both private
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and public benefits are likely to be greater in fall short-duration grazing indicating

a complementary relationship between this system of livestock grazing and wildlife

diversity. One would, therefore, choose fall short-duration grazing over summer

short-duration grazing from an economic perspective and generally also from an

ecological perspective. However, it was found that some plants, bird and mammal

species preferred the riparian habitat structure associated with other grazing

strategies. This suggests that, from the standpoint of biological diversity, it is more

desirable to have a mixture of grazing strategies than a single uniform grazing

strategy.

The above results of this study based on the case ranch approach have

limitations, like any case study, with respect to the extent to which these results

can be generalized and extended to other situations. A ranch with a different

combination of land categories and land ownership will be affected differently

than the case ranch by various changes in management practices and the policy

variables. The specific results of this study, therefore, apply only to the study site.

6.2 Conclusions

Based on the economic and ecological effects of alternative grazing plans

analyzed in this study, the following conclusions may be drawn.

i) Fall short-duration grazing was found to be an economically more and

summer short-duration rotation grazing was found to be an economically less

preferable alternative grazing system. But the magnitudes of differences in their

profitability from that of summer season-long grazing were such that small
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changes in some of the biological parameters cause those differences to disappear.

Therefore, there was no strong evidence that grazing strategies analyzed in this

study differ significantly with respect to economic profitability.

By the sustainability criterion that there must exist a reasonable positive

rate of returns on ranch investment (3 percent) on a long-term basis, beef cattle

ranching with any of the alternative grazing systems analyzed was economically

sustainable. But the rates of returns (2-4 percent) were such that they only

marginally met the sustainability criterion.

Reduction in the authorized use of public land forage (grazing

permits)significantly decreased ranch income under all alternative systems of

grazing. None of the systems was found economically sustainable in the case of a

30 percent or larger reduction in public land grazing permit. Further, if public

land grazing permit is reduced significantly, then it may discourage, on the one

hand, the adoption of alternative ecologically preferable grazing system and, on

the other hand, it may put extra grazing pressure on the riparian zone. Thus, the

public land grazing permit is very important for ranch sustainability as well as for

riparian zone enhancement.

Although fall short-duration grazing may be most compatible with the

desirable riparian habitat structure, some plants, bird, and mammal species

preferred a habitat structure associated with other grazing strategies. Thus, from

that perspective, a mixture of grazing strategies is, at the landscape level, more

desirable than a single uniform grazing system.
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6.3 Future Research Implications

Multiple-use management of land resources for domestic livestock and

wildlife is gaining importance in private and public land use policies. While some

grazing systems may contribute positively to both livestock and wildlife in certain

circumstances, they may be competing enterprises under other circumstances. In

this study, economic sustainability of alternative ranch plans was evaluated

without directly incorporating ecological effects (e.g., effect on wildlife) into the

empirical model. In future research, an economic optimization model, such as

linear programming, that incorporates ecological relationships into the model can

be applied to assess the comparative economic and ecological efficiency of

alternative ranch plans.

The analysis in this study did not consider the influence of risk on decision-

making. But ranch managers face the uncertainty and risk that the future holds.

Adverse weather, diseases, wide swings in product prices, high interest rates, and

changes in government laws and regulations etc. are some of the sources of risk in

the management of the ranch business. The choice among alternative actions, the

outcomes of which depend on events which are beyond ranch managers control, is

thus complex. Constructing a payoff matrix showing potential actions, events, and

payoffs can help a ranch manager to explicitly consider risk in the decision-making

process. By combining the probability or the chance of an event occurring with the

payoff matrix, the risk associated with the decision alternatives can be evaluated.

Budgeting in this framework involves preparing budgets for each action and event
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combination. Risk analysis does not eliminate risk, but it can help one select a

strategy to minimize risk.

In this study, economic sustainability of the case ranch operation was

analyzed at the conventional as well as lower than conventional, but positive,

discount rates for sustainability reasons. For more rigorous analysis of ranch

sustainability under alternative grazing strategies, other approaches to discounting

such as the shadow price of capital approach to discounting are more appropriate.

Moreover, economic sustainability associated with alternative grazing strategies

may also be analyzed subject to safe minimum standard of natural resources

preservation in the riparian zones. These approaches need to be considered in

future evaluation of alternative grazing strategies in the riparian zones.

Public land grazing permits play a vital role in economic viability of the

ranch operation. The effect of reduction in the grazing permit on ranch income

can be analyzed either by a decrease in the size of the cow herd or by substitution

of other resources for public grazing. Since only the latter analysis was done in

this study, future research can focus on the effects of a decrease in size of the cow

herd on the economic viability of the ranch operation. The effects of other public

policies such as, regulations (e.g., no grazing within 100 feet of streambank) can

also be evaluated in future research endeavor.

Livestock grazing strategies and riparian fish and wildlife habitat conditions

are viewed to be interrelated. The relationship between alternative grazing

systems and riparian habitat is, however, not yet clearly established in the OSU
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project. Thus, although non-market output in different riparian habitats grazed

under alternative grazing systems (e.g., increase in bird population and diversity)

was documented, associated changes cannot be attributed to alternative grazing

plans with certainty. Future research is needed to determine the effects of

alternative grazing management practices in riparian zones on forage production

and wildlife habitat.
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Appendix A: Statistical Information

Appendix Table 1: Biomass utilization, haying and grazing costs in alternative
grazing systems, Grant County, Eastern Oregon, 1993.
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SSL SSDI FSDI Mean

Biomass utilization
Gra7ing forage (AUM/acre) 1.04 0.88 0.30 0.74

Hay harvest (ton/acre) 0.00 0.00 1.50 0.50

Hay harvest (AUM/acre) 0.00 0.00 3.75 1.25

Haying cost ($/ton)1 0.00 0.00 35.00 35.00

Grazing costs
Labor ($/AUM) 0.12 0.53 0.04 0.23

Fence and ditch maintenance ($/AUM) 0.14 0.31 0.08 0.14

haying cost per ton in the study area.



Appendix Table 2: Herd size and composition in Plan 1 (summer season-long
grazing system), the case ranch, Eastern Oregon, 1993-1998.

Steers

Note: Cattle performance rates- conception 92 percent, calf birth 95 percent, cow cull
10 percent, bull cull 22 percent, heifer cull 25 percent, cow death 1.5 percent, calf
death 1 percent, and heifer replacement 15 percent. In addition, the cow-bull ratio was
20:1. These rates were taken as constant for all years and all plans.
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1993 1994 1995 1996 1997 1998

Cows

Begin 450 450 450 450 450 450

Conceived 414 414 414 414 414 414

Calved 393 393 393 393 393 393

Survived 443 443 443 443 443 443

Kept 399 399 399 399 399 399

Culled 44 44 44 44 44 44

End 450 450 450 450 450 450

Bulls

Number 23 23 23 23 23 23

Culled/bought 5 5 5 5 5 5

Heifers

Calves born 197 197 197 197 197 197

Calves survived 195 195 195 195 195 195

Yearlings sold 127 127 127 127 127 127

Potential replacement 68 68 68 68 68 68

Actual replacement 51 51 51 51 51 51

Culled 17 17 17 17 17 17

Calves born 196 196 196 196 196 196

Calves survived 195 195 195 195 195 195

Yearlings sold 192 192 192 192 192 192
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Appendix Table 3: Herd size and composition in Plan 2 (summer short-
duration grazing system: Option A), the case ranch, Eastern Oregon, 1993-1998.

1993 1994 1995 1996 1997 1998

Cows

Begin 450 433 433 450 450 450

Conceived 414 398 398 414 414 414

Calved 393 378 378 393 393 393

Survived 443 427 426 443 443 443

Kept 399 384 384 399 399 399

Culled 44 43 43 44 44 44

End 450 433 433 450 450 450

Bulls

Number 23 22 22 23 23 23

Culled/bought 5 5 5 5 5 5

Heifers

Calves born 197 189 189 197 197 197

Calves survived 195 187 187 195 195 195

Yearlings sold 127 122 122 127 127 127

Potential replacement 68 65 65 68 68 68

Actual replacement 51 49 49 51 51 51

Culled 17 16 16 17 17 17

Steers

Calves born 196 189 189 196 196 196

Calves survived 195 187 187 195 195 195

Yearlings sold 192 184 184 192 192 192
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Appendix Table 4: Herd size and composition in Plan 3 (summer short-
duration grazing system: Option B), the case ranch, Eastern Oregon, 1993-1998.

1993 1994 1995 1996 1997 1998

Cows

Begin 450 420 420 430 430 430

Conceived 414 386 386 396 395 396

Calved 393 367 367 376 375 376

Survived 443 414 413 424 423 424

Kept 399 372 372 381 381 381

Culled 44 41 41 42 42 42

End 450 420 420 430 430 430

Bulls

Number 23 21 21 22 22 22

Culled/bought 5 5 5 5 5 5

Heifers

Calves born 197 184 184 188 188 188

Calves survived 195 182 182 186 186 186

Yearlings sold 127 119 119 122 121 122

Potential replacement 68 63 63 65 65 65

Actual replacement 51 47 47 48 49 48

Culled 17 16 16 16 16 16

Steers

Calves born 196 184 183 188 187 188

Calves survived 195 182 182 186 186 186

Yearlings sold 192 179 179 183 183 183
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Annex Table 5: Herd size and composition in Plan 4 (fall short-duration grazing
system: option A), the case ranch, Eastern Oregon, 1993-1998.

1993 1994 1995 1996 1997 1998

Cows

Begin 450 400 400 400 400 400

Conceived 414 368 368 368 368 368

Calved 393 350 349 350 349 350

Survived 443 394 394 394 394 394

Kept 399 355 355 355 355 355

Culled 44 39 39 39 39 39

End 450 400 400 400 400 400

Bulls

Number 23 20 20 20 20 20

Culled/bought 5 4 4 4 4 4

Heifers

Calves born 197 175 175 175 175 175

Calves survived 195 173 173 173 173 173

Yearlings sold 127 113 113 113 113 113

Potential replacement 68 60 60 60 60 60

Actual replacement 51 45 45 45 45 45

Culled 17 15 15 15 15 15

Steers

Calves born 196 174 174 174 174 174

Calves survived 195 173 173 173 173 173

Yearlings sold 192 170 170 170 170 170



Appendix Table 6: Herd size and composition in Plan 5 (fall short-duration
grazing system: Option B), the case ranch, Eastern Oregon, 1993-1998.
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1993 1994 1995 1996 1997 1998

Cows

Begin 450 450 450 450 450 450

Conceived 414 414 414 414 414 414

Calved 393 393 393 393 393 393

Survived 443 443 443 443 443 443

Kept 399 399 399 399 399 399

Culled 44 44 44 44 44 44

End 450 450 450 450 450 450

Bulls

Number 23 23 23 23 23 23

Culled/bought 5 5 5 5 5 5

Heifers

Calves born 197 197 197 197 197 197

Calves survived 195 195 195 195 195 195

Yearlings sold 127 127 127 127 127 127

Potential replacement 68 68 68 68 68 68

Actual replacement 51 51 51 51 51 51

Culled 17 17 17 17 17 17

Steers

Calves born 196 196 196 196 196 196

Calves survived 195 195 195 195 195 195

Yearlings sold 192 192 192 192 192 192



Appendix Table 7: Total variable and fixed costs of beef cattle production in
Plan 1 (summer season-long grazing system), the case ranch, Eastern Oregon,
1993-1998.
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1993 1994 1995 1996 1997 1998

Variable costs

Bull purchase 8991 8991 8991 8991 8991 8991

Brand inspection 635 635 635 635 635 635

Hired labor 19769 19769 19769 19769 19769 19769

Fence material 752 752 752 752 752 752

Repairs and maintenance 6714 6714 6714 6714 6714 6714

Fuel and lube 9441 9441 9441 9441 9441 9441

Public land grazing 2646 2646 2646 2646 2646 2646

Hay purchase 32319 32319 32319 32319 32319 32319

Implants 126 126 126 126 126 126

Ivomec 4010 4010 4010 4010 4010 4010

Salt and minerals 1296 1296 1296 1296 1296 12%

Veterinary and medicine 7020 7020 7020 7020 7020 7020

Supplies 6908 6908 6908 6908 6908 6908

Utilities 3843 3843 3843 3843 3843 3843

Accounting and legal 2102 2102 2102 2102 2102 2102

Miscellaneous 234 234 234 234 234 234

Total operating capital 106803 106803 106803 106803 106803 106803

mt. on operating capital 4272 4272 4272 4272 4272 4272

Total variable costs 111075 111075 111075 111075 111075 111075

Fixed costs

Insurance: mach. & equip. 9009 9009 9009 9009 9009 9009

Property taxes 11849 11849 11849 11849 11849 11849

Depreciation: livestock 22689 22689 22689 22689 22689 22689

Depreciation:mach, & equip. 21186 21186 21186 21186 21186 21186

Total fixed costs 64733 64733 64733 64733 64733 64733

Total all costs 175808 175808 175808 175808 175808 175808



Appendix Table 8: Total variable and fixed costs of beef cattle production in
Plan 2 (summer short-duration grazing system: Option A), the case ranch,
Eastern Oregon, 1993-1998.
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1993 1994 1995 1996 1997 1998

Variable costs

Bull purchase 8991 8991 8991 8991 8991 8991

Brand inspection 635 611 611 635 635 635

Hired labor 19769 19172 19172 19938 19938 19938

Fence maintenance 752 872 872 920 920 920

Repairs and maintenance 6714 6714 6714 6714 6714 6714

Fuel and lube 9441 9446 9446 9447 9447 9447

Public land grazing 2646 2646 2646 2646 2646 2646

Hay purchase 32319 44520 44520 48400 48400 48400

Implants 126 121 121 126 126 126

Ivomec 4010 3858 3858 4010 4010 4010

Salt and minerals 1296 1247 1247 1296 1296 1296

Veterinary and medicine 7020 6755 6755 7020 7020 7020

Supplies 6908 6908 6908 6908 6908 6908

Utilities 3843 3843 3843 3843 3843 3843

Accounting and legal 2102 2102 2102 2102 2102 2102

Miscellaneous 234 234 234 234 234 234

Total operating capital 106803 118039 118039 123228 123228 123228

tnt. on operating capital 4272 4722 4722 4929 4929 4929

Total variable costs 111075 122761 122761 128157 128157 128157

Fixed costs

Insurance: mach. & equip. 9009 9009 9009 9009 9009 9009

Property taxes 11849 11849 11849 11849 11849 11849

Depreciation: livestock 22689 21832 21832 22689 22689 22689

Depreciation:mach. & equip. 21186 21186 21186 21186 21186 21186

Total fixed costs 64733 63875 63875 64733 64733 64733

Total all costs 175808 186636 186636 192889 192889 192889



Appendix Table 9: Total variable and fixed costs of beef cattle production in
Plan 3 (summer short-duration grazing system: option B), the case ranch,
Eastern Oregon, 1993-1998.
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1993 1994 1995 1996 1997 1998

Variable costs

Bull purchase 8991 8991 8991 8991 8991 8991

Brand inspection 635 592 592 606 606 606

Hired labor 19769 18451 18451 18890 18890 18890

Fence maintenance 752 777 777 777 777 777

Repairs and maintenance 6714 6714 6714 6714 6714 6714

Fuel and lube 9441 9441 9441 9441 9441 9441

Public land grazing 2646 2646 2646 2646 2646 2646

Hay purchase 32319 24160 24160 26880 26880 26880

Implants 126 118 118 120 120 120

Ivomec 4010 3742 3742 3831 3831 3831

Salt and minerals 1296 1210 1210 1238 1238 1238

Veterinary and medicine 7020 6552 6552 6708 6708 6708

Supplies 6908 6908 6908 6908 6908 6908

Utilities 3843 3843 3843 3843 3843 3843

Accounting and legal 2102 2102 2102 2102 2102 2102

Miscellaneous 234 234 234 234 234 234

Total operating capital 106803 96479 96479 99929 99929 99929

mt. on operating capital 4272 3859 3859 3997 3997 3997

Total variable costs 111075 100338 100338 103926 103926 103926

Fixed costs

Insurance: mach. & equip. 9009 9009 9009 9009 9009 9009

Property taxes 11849 11849 11849 11849 11849 11849

Depreciation: livestock 22689 21176 21176 21681 21681 21681

Depreciation: mach. & 21186 21286 21286 21286 21286 21286

Total fixed costs 64733 63320 63320 63824 63824 63824

Total all costs 175808 163658 163658 167750 167750 167750



Appendix Table 10: Total variable and fixed costs of beef cattle production in
Plan 4 (fall short-duration grazing system: option A), the case ranch, Eastern
Oregon, 1993-1998.
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1993 1994 1995 1996 1997 1998

Variable costs

Bull purchase 8991 7992 7992 7992 7992 7992

Brand inspection 635 564 564 564 564 564

Hired labor 19769 17572 17572 17572 17572 17572

Fence maintenance 752 668 668 668 668 668

Repairs and maintenance 6714 6714 6714 6714 6714 6714

Fuel and lube 9441 9441 9441 9441 9441 9441

Public land grazing 2646 2646 2646 2646 2646 2646

Hay purchase 32319 0 0 0 0 0

Haying cost 0 10480 10480 16720 16720 16720

implants 126 112 112 112 112 112

Ivomec 4010 3564 3564 3564 3564 3564

Salts and minerals 1296 1152 1152 1152 1152 1152

Veterinary and medicine 7020 6240 6240 6240 6240 6240

Supplies 6908 6908 6908 6908 6908 6908

Utilities 3843 3843 3843 3843 3843 3843

Accounting and legal 2102 2102 2102 2102 2102 2102

Miscellaneous 234 234 234 234 234 234

Total operating capital 106803 80231 80231 86471 86471 86471

mt. on operating capital 4272 3209 3209 3459 3459 3459

Total variable costs 111075 83440 83440 89930 89930 89930

Fixed costs

Insurance: mach. & equip. 9009 9009 9009 9009 9009 9009

Property taxes 11849 11849 11849 11849 11849 11849

Depreciation: livestock 22689 20168 20168 20168 20168 20168

Depreciation: mach. & 21186 21186 21186 21186 21186 21186

Total fixed costs 64733 62212 62212 62212 62212 62212

Total all costs 175808 145652 145652 152141 152141 152141



Appendix Table 11: Total variable and fixed costs of beef cattle production
in Plan 5 (fall short-duration grazing system: option B, the case ranch,
Eastern Oregon, 1993-1998.
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1993 1994 1995 1996 1997 1998

Variable costs

Bull purchase 8991 8991 8991 8991 8991 8991

Brand inspection 635 635 635 635 635 635

Hired labor 19769 21344 21344 21344 21344 21344

Fence material 752 752 752 752 752 752

Repairs and maintenance 6714 6714 6714 6714 6714 6714

Fuel and lube 9441 9441 9441 9441 9441 9441

Public land grazing 2646 2646 2646 2646 2646 2646

Hay purchase 32319 25680 0 0 0 0

Haying cost 0 40520 40520 46760 46760 46760

implants 126 126 126 126 126 126

Ivomec 4010 4010 4010 4010 4010 4010

Salt and minerals 1296 1728 1728 1728 1728 1728

Veterinary and medicine 7020 7020 7020 7020 7020 7020

Supplies 6908 6908 6908 6908 6908 6908

Utilities 3843 3843 3843 3843 3843 3843

Accounting and legal 2102 2102 2102 2102 2102 2102

Miscellaneous 234 234 234 234 234 234

Total operating capital 106803 142691 117011 123251 123251 123251

mt. on operating capital 4272 5708 4680 4930 4930 4930

Total variable costs 111075 148399 121691 128181 128181 128181

Fixed costs

Insurance: mach. & equip. 9009 9009 9009 9009 9009 9009

Property tares 11849 11849 11849 11849 11849 11849

Depreciation: livestock 22689 22689 22689 22689 22689 22689

Depreciation: mach. & equip. 21186 21186 21186 21186 21186 21186

Total fixed costs 64733 64733 64733 64733 64733 64733

Total all costs 175808 213131 186424 192914 192914 192914



Appendix Table 12: Livestock sales27 in Plan 1 (summer season-long grazing
system), the case ranch, Eastern Oregon, 1993-98.
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27 Livestock sale prices: Cull bull $55/cwt, cull cow $46/cwt, open heifer $71/cwt,
yearling heifer $76/cwt, and yearling steer $81/cwt. These prices were the average of the
prices of output the participating ranches received for livestock output in 1993. Livestock
weights: Cull bull 16.7 cwt, cull cow 10.7 cwt, open heifer 7.7 cwt, yearling heifer 7.8 cwt,
and yearling steer 8.1 cwt.

1991 1994 1995 199.c 1997

No. of head

Cull bulls 5 5 5 5 5 5

Cull cows 44 44 44 44 44 44

Open heifers 17 17 17 17 17 17

Yearling heifers 127 127 127 127 127 127

Yearling steers 192 192 192 192 192 192

Home consumption 3 3 3 3 3 3

$/head

Cull bulls 919 919 919 919 919 919

Cull cows 492 492 492 492 492 492

Open heifers 547 547 547 547 547 547

Yearling heifers 593 593 593 593 593 593

Yearling steers 656 656 656 656 656 656

Cash income ($)

Cull bulls 4593 4593 4593 4593 4593 4593

Cull cows 21657 21657 21657 21657 21657 21657

Open heifers 9294 9294 9294 9294 9294 9294

Yearling heifers 75286 75286 75286 75286 75286 75286

Yearling steers 125971 125971 125971 125971 125971 125971

Total 236800 236800 236800 236800 236800 236800

Non-cash income ($)

Home consumption 1968 1968 1968 1968 1968 1968

Total 1968 1968 1968 1968 1968 1968

Total income ($)

Cash and non-cash 238768 238768 238768 238768 238768 238768



Appendix Table 13: Livestock sales in Plan 2 (summer short-duration grazing
system: option A), the case ranch, Eastern Oregon, 1993-1998.
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1991 1994 i99 1996 1997 199R

No. of head

Cull bulls 5 5 5 5 5 5

Cull cows 44 43 43 44 44 44

Open heifers 17 16 16 17 17 17

Yearling heifers 127 122 122 127 127 127

Yearling steers 192 184 184 192 192 192

Home consumption 3 3 3 3 3 3

$/head

Cull bulls 919 919 919 919 919 919

Cull cows 492 492 492 492 492 492

Open heifers 547 547 547 547 547 547

Yearling heifers 593 593 593 593 593 593

Yearling steers 656 656 656 656 656 656

Cash income ($)

Cull bulls 4593 4375 4370 4547 4648 4547

Cull cows 21657 20993 20972 21817 21795 21817

Open heifers 9294 8877 8868 9226 9294 9226

Yearling heifers 75286 72546 72474 75394 75303 75394

Yearling steers 125971 120938 120815 125764 125991 125764

Total 236800 227729 227499 236747 237031 236747

Non-cash income ($)

Home consumption 1968 1968 1968 1968 1968 1968

Other

Total 1968 1968 1968 1968 1968 1968

Total income ($)

Cash and non-cash 238768 229697 229467 238715 238999 238715



Appendix Table 14: Livestock sales in Plan 3 (summer short-duration grazing
system: option B), the case ranch, Eastern Oregon, 1993-1998.
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1993 1994 1995 1996 1997 1998

No. of head

Cull bulls 5 5 5 5 5 5

Cull cows 44 41 41 42 42 42

Open heifers 17 16 16 16 16 16

Yearling heifers 127 119 119 122 121 122

Yearling steers 192 179 179 183 183 183

Home consumption 3 3 3 3 3 3

$/head

Cull bulls 919 919 919 919 919 919

Cull cows 492 492 492 492 492 492

Open heifers 547 547 547 547 547 547

Yearling heifers 593 593 593 593 593 593

Yearling steers 656 656 656 656 656 656

Cash income ($)

Cull bulls 4593 4243 4243 4345 4446 4345

Cull cows 21657 20362 20342 20847 20826 20847

Open heifers 9294 8611 8602 8816 8884 8816

Yearling heifers 75286 70368 70675 72044 71800 72044

Yearling steers 125971 117248 117547 120087 120145 120087

Total 236800 220832 221410 226137 226101 226137

Non-cash income ($)

Home consumption 1968 1968 1968 1968 1968 1968

Other

Total 1968 1968 1968 1968 1968 1968

Total income ($)

Cash and non-cash 238768 222801 223378 228106 228069 228106



Appendix Table 15: Livestock sales in Plan 4 (fall short-duration grazing:
option A), the case ranch, Eastern Oregon, 1993-1998.
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1993 1994 1995 1996 1997 1998

No. of head

Cullbulls 5 4 4 4 4 4

Cull cows 44 39 39 39 39 39

Open heifers 17 15 15 15 15 15

Yearling heifers 127 113 113 113 113 113

Yearling steers 192 170 170 170 170 170

Home consumption 3 3 3 3 3 3

$/head

Cull bulls 919 919 919 919 919 919

Cull cows 492 492 492 492 492 492

Open heifers 547 547 547 547 547 547

Yearling heifers 593 593 593 593 593 593

Yearling steers 656 656 656 656 656 656

Cash income ($)

Cull bulls 4593 4041 4041 4041 4041 4041

Cull cows 21657 19393 19373 19393 19373 19393

Open heifers 9294 8201 8201 8201 8201 8201

Yearling heifers 75286 67017 67135 67017 67135 67017

Yearling steers 125971 111571 111701 111571 111701 111571

Hay sale 0 1680 1680 11040 11040 11040

Total 236800 211903 212131 221263 221491 221263

Non-cash income ($)

Home consumption 1968 1968 1968 1968 1968 1968

Other

Total 1968 1968 1968 1968 1968 1968

Total income ($)

Cash and non-cash 238768 213871 214099 223231 223459 223231



Appendix Table 16: Livestock sales in Plan 5 (fall short-duration grazing
system: Option B), the case ranch, Eastern Oregon, 1993-98.
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1993 1994 1995 1996 1997 1998

No. of head

Cuilbulls 5 5 5 5 5 5

Cullcows 44 44 44 44 44 44

Open heifers 17 17 17 17 17 17

Yearling heifers 127 127 127 127 127 127

Yearling steers 192 192 192 192 192 192

Home consumption 3 3 3 3 3 3

$/head

Cull bulls 919 919 919 919 919 919

Cull cows 492 492 492 492 492 492

Open heifers 547 547 547 547 547 547

Yearling heifers 593 593 593 593 593 593

Yearling steers 656 656 656 656 656 656

Cash income ($)

Cull bulls 4593 4547 4648 4547 4648 4547

Cull cows 21657 21817 21795 21817 21795 21817

Open heifers 9294 9226 9294 9226 9294 9226

Yearling heifers 75286 75394 75303 75394 75303 75394

Yearling steers 125971 125764 125991 125764 125991 125764

Hay sale 0 17280 17280 26640 26640 45900

Total 236800 254027 254311 263387 263671 282647

Non-cash income ($)

Home consumption 1968 1968 1968 1968 1968 1968

Other

Total 1968 1968 1968 1968 1968 1968

Total income ($)

Cash and non-cash 238768 255995 256279 265355 265639 284615



Appendix B: Survey Questionnaire

ID
Bio-Economic Sustainability Associated with Alternative

Grazing Systems in Riparian Zones,
Eastern Oregon

The purpose of this survey is to measure the relative costs and returns for alternative riparian zone
grazing systems. The results of this survey will provide ranchers, agency personnel, and University
specialists with a source of information on the costs and returns to grazing system alternatives for
protection and enhancement of riparian zones and their resources. The intent is to discover which, if
any, grazing systems are consistent with the economic sustainability of the ranch unit and the
ecologic sustainability of the riparian zones in semiarid regions of Eastern Oregon. Please be assured
that any information you give will be strictly confidential.

Part I: Information on Grazing on the Experimental Pastures

A. Experimental Unit Code: Treatment:

1. About how large is this pasture? acres.

Who owns this pasture? Private ; Forest service Other (specify)

What was the grazing schedule in this pasture?

Number of animals lost through death or disappearance in this pasture in 1993.

a. Cows d. Yearling Steers
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Grazing periods Head grazed

From
(month/day)

To

(month/day)
Cows Bulls Yearling

1-leifers

Yearling
Steers

Calves

on cows
Horse

s



Bulls e. Calves on cows

Yearling heifers f. Horses

5. Average weight gains for cattle grazing in this pasture:

lbs/yearling heifer; lbs/yearling steer; lbs/calf.

6. What amounts of cash expenditures were incurred during the grazing on this pasture for:

Salt $

Feed/supplements $

Veterinary/medicine $

Other (specify) $

7. How much of the following resources were used in herding/pasture moves?

Labor

Types of labor

Owner/operator

Number of people

Family labor

Regular hired labor

_Daw lhnr

Total amount of time (hrs)

Number of horses used:

- c. Vehicles
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Vehicle type

5

Number of vehicles used Estimated total miles driven



How many acres of this pasture were hayed? acres.

How many tons of hay per acre did you get? tons/acre.

Were there any preharvest operations in this hay field? If yes, what are the amounts of the
following resources used in preharvest operations?

1Family labor (FL), regular hired labor (HL), and day labor (DL).
2Tractor, & harrow, etc.

may include miscellaneous materials for ditch maintenance, fertilizer etc.

How much of the following resources were used in hay harvest operations?
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labor (FL), regular hired labor (HL), and day labor (DL).
2Tractor, swather, bale accumulator, baler, farmhand loader, hay wagon, and side delivery rake
3Materials may include bailing twine etc.

Preharvest operations Labor Machinery Material3

Kind1 Hrs Type2 Hrs Amount Cost

Ditch maintenance

Spring harrowing

Fertilizing

Harvest operations Labor Machinery Materials3

Kind1 Hrs Type2 Hrs Amount Costs

Cut hay

Rake hay

Bale hay

Accumulate Bales

Haul hay
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Do you have other similar pastures? Yes _; No -. If yes, what are those pastures and their

acreages?

Pasture name: Acreage:

Do you estimate costs and returns to be about the same as in the pasture with the experimental

plots? Yes _____; No _____. If not, what are the differences?



Part H: General Ranch Information

Which of the following best describes your livestock operation?

cow-calf

cow-yearling (normally sell yearlings)

cow-calf/yearling (both calves and yearlings)

feeder or stocker

Other (please describe)

Please estimate privately owned land acres (deeded lands you own and other privately owned

lands you rent) of each of the following types used in your livestock operation in 1993.

Deeded: open range; grazed native meadow; grazed irrigated pasture.

Rented: open range; grazed native meadow; grazed irrigated pasture.

How many head of livestock of the following kinds were in your herd inventory on January 1993?

brood cows; replacement heifers; bulls; weaned steer calves;

yearling steers; weaned heifer calves; yearling non-replacement heifers;

horses

Average prices for cattle: Cow $/hd; Replacement heifer $/hd; Bull $/hd;

4. Please estimate the following for your herd.

Cows-bull ratio ; Calving rate ; Birth weight Steer calve

Heifer calve ; Weaning rate ; Heifer weaning weight

Steer weaning weight

5a. How many horses did you purchase in 1993 for use on the ranch?

Sb. How many of your horses died or sold in 1993?

6. How often do you replace your breeding bulls (years).
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Please estimate how many of the following types of your livestock, if any, died in 1993.

Bulls

Cows

Yearling steers

Yearling heifers (otherwise to have been replacements)

Yearling heifers (otherwise to have been sold)

Weaned steer calves

Weaned heifer calves (not intended as replacements)

Nursing steer calves

Nursing heifer calves

How many livestock of each of the following kinds did you sell in 1993?
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Total Livestock Sold in 1993

Type of Livestock Number
Average

Selling Weight (Ibs)
Price (sub)

Weaner steer calves

Weaner heifer calves

Yearling steers

Yearling heifers

Cull cows

Cull bulls

Other (specify)

Value of livestock consumed at home in 1993: $

How many acres (or AUMs) of your deeded property were rented out .IQ someone else who

grazed livestock on your property in 1993? acres or AUMs. How much did you charge (per

AUM or other unit of measure)? $ per



Other ranch income: Custom Hauling

Operating costs incurred in 1993.

a. Material inputs used
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$/year; Other (specify)

Note: Figures in the parentheses indicate dollar amounts spent in the respective activity found in
other studies in south central Oregon.

Cost items Unit Quantity $/Unit Total cost Cost/cow

Fence materials (1.43)

Repairs (11.00)

Fuel and Lube (14.66)

Forest Grazing aum

Private land Leases awn

Hay Purchase tons

Hay Pasture awn

Implants head (0.90)

Pour-on head (0.68)

Salts and Minerals lbs (1.92)

Vaccine Calves head (3.00)

Veterinary & Preg. Test head (3.50)

Vaccine - Bulls head (4.00)

Vibrio, trich, & semen test head (20.00)

Supplies (2.50)

Utilities (5.00)

Accounting and Legal (3.00)

Miscellaneous (0.50) (0.50)



a. Labor
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c. Fixed Capital

Machinery and Equipment Insurance: $; Livestock insurance: $;

Property Taxes: $.

13. Did you borrow money to run your livestock operation in 1993? Yes , No . If yes, complete the

following table.

Types of labor Number of people Total amount of

time

Wage rate per unit of

time

Owner/operator

Family labor

Regular hired labor

Day labor

Sources Amount

borrowed ($)

Purpose used Interest

rate (%)

Repayment Schedule

1.

2.

3.
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14. Machinery, equipment, and buildings

Please provide the information requested for the machinery and equipments that have been used

on your ranch during 1993.

Items Size List price Year Annual use

Loader Tractor

Hay Wagon

Branding Iron

Corrals

Horse Trailer

Pick-up

Post Hole Auger

3-Wheeler

Squeeze Chute

Hay Bunks

Swather

Bale Accumulator

Baler

Farmhand Loader

Harrow

Side Delivery Rake

Buildings

Other (specify)




