
AN ABSTRACT OF THE THESIS OF 

AHMAD AKBARI for the degree of Doctor of Philosophy in 

Agricultural and Resource Economics presented on February 10, 1986. 

Titie:  RISK ANALYSIS OF ALTERNATIVE TILLAGE SYSTEMS IN NORTH CENTRAL 

OREGON DRYLAND WHEAT PRODUCTION 

Abstract approved: 

STANLEY F. MILLER 

The soil conservation systan that a farmer practices has an 

influence on the rate of soil erosion and the farmer's net returns. As 

reduced tillage systems are accepted, soil loss can be decreased 

significantly. Although society and future generations of farmers can 

benefit from soil conservation, the decision regarding what type of 

tillage system to apply is made by existing farmers. Farmers' net 

returns and their associated variation significantly impacts the 

selection of alternative tillage technologies (conventional, stubble 

mulch, and no-till). 

Comparison of production cost, yield, and net return to land and 

management were made for the alternative tillage practices under 

different scenarios (alternative seeding and plowing times) with and 

without erosion. The second generation of the Universal Soil Loss 

Equation adjusted for the Northwest was used to estimate soil erosion. 



A modified yield projection model was used to estimate the yield with 

and without soil erosion. A series of MOTAD models were employed to 

examine the impact of risk on the adoption of alternative tillage 

practices under different tillage and seeding scenarios. 

Results indicated that substantial savings in labor, and machinery 

were achieved by the application of no-tillage system. However, 

production costs of no-tillage system were higher because of higher 

herbicide costs. When the cost of erosion was included, the 

conventional tillage system had the highest production cost under all 

scenarios. 

Erosion estimates showed that the average rate of erosion under 

conventional tillage system for all scenarios exceeded the soil 

tolerance level. However, average estimates of erosion under the 

stubble mulch and no-tillage systons were less than the soil tolerance 

level. 

MOTAD models results indicated that without including erosion 

costs, the conventional tillage system was the preferred system for all 

values of farmers' risk aversion. However, when erosion costs were 

included, there was a major adjustment in resource allocation and 

associated expected net return. Risk neutral farmers preferred 

conservation tillage systons while high risk averters preferred 

conventional tillage systons. In both cases, expected net returns were 

reduced significantly. 
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RISK ANALYSIS OF ALTERNATIVE TILLAGE SYSTEMS 

IN NORTH CENTRAL OREGON DRYLAND WHEAT PRODUCTION 

CHAPTER I 

INTRODUCTION 

Although human populations are continually growing, land area and 

resources remain fixed. Increased demand for food and fiber, both 

domestic and worldwide, has generated pressure for additional 

production (USDA, 1983). This may result in intensive use of land 

which is susceptible to erosion. Serious erosion may occur if adequate 

soil conservation steps are not taken. 

Soil erosion influences the productivity of soil and environmental 

quality in several ways. First, erosion of agricultural land will 

deteriorate and decrease the level of production. Second, needed 

nutrients in order to produce the crop are lost. Third, when the level 

of soil nutrient decreases, not only crop yields are reduced (assuming 

that nutrients are not replaced by increasing applications of 

cottmercial fertilizer) , but the crops which are produced have lower 

quality. Finally, when erosion takes place, sediment is deposited, 

many times it covers flood plains, fills lakes and reservoirs and 

inflicts other damage. 

During the last 50 years, the problem of soil erosion has been 

given special attention because of the adverse effects that soil loss 

creates on the level of soil productivity and on the agricultural land 

base. However, there have been times when the level of concern has 

decreased. For example, in the 1950"s and 1960's, the importance of 



the soil erosion problem was overlooked and, hence, there was less 

concern (Salem and Badger, 1980). During the last decade soil 

erosion, once again, has been viewed as a severe problem in the United 

States. Although efforts have been made to reduce soil erosion, many 

places have annual soil losses which are greater than the natural rate 

of replenishment (Klamme, 1985). 

The form of soil conservation practice that farmers choose has a 

great influence on crop production and the rate of soil erosion. As 

reduced tillage systems are adapted, soil losses can be decreased 

significantly. Despite these potential soil savings, the conventional 

system-' is used extensively throughout the nation including 

Sherman County, Oregon. In conventional system, a mold board plow 

implement is used which causes the movement of soil downslope. As the 

slope becomes steeper this system becomes more destructive. Papendick 

and Miller (1977) suggest that application of conventional systan 

accelerates sheet-like removal of soil from the center of the field, 

normally the hilltop. In many areas, the top soil depth has been 

decreased from hilltops because of tillage erosion. This problem has 

become even more severe recently because of more powerful machinery 

(tractors). 

— Conventional system in this study refers to the use of the mold 
board plow. However, it should be noted that there is not a unanimous 
agreement among growers for this definition, and it may vary form one 
location to the next. For example, in Morrow County, and in Sherman 
County, Oregon, growers refer to minimum tillage as conventional. To 
overcome the confusion one should look at the associated cultural 
operations that are involved with each system. 



2/ 
When conservation tillage systems—/ are adapted soil losses 

can be decreased significantly. Conservation tillage technology has 

more advantages when compared to conventional systems. For example, it 

conserves moisture, requires less labor (less trips are made over the 

field), less fuel, and less machinery and equipment costs. On the 

other hand, more chemicals are used with conservation systems. The 

high cost of herbicides is one of the main reasons for slow acceptance 

of reduced tillage. Therefore, in order to compare these systons one 

needs to look at the trade-offs between higher chemical and/or 

fertilizer costs and the related lower labor and machinery costs. 

Although soil conservation can benefit society as a whole and 

farmers in particular (mainly future generations of farmers), the 

present farmer makes the decision regarding what kind of tillage system 

to use (Young, et al., 1984). Farmers' income and its associated 

variation over time have a significant impact on their selection of 

tillage technologies. Planting time plays an important factor on the 

level of soil conservation and, hence, net return. For example, when' 

planting is done early there would be more winter vegetation in the 

field which could prevent erosion. Also, time of tillage operation 

contributes to the level of soil erosion. 

2/        .   . 
—' Conservation tillage systems in this study refer to both stubble 
mulch and no-tillage technologies. 



This study examines the impacts of risk on the adoption of 

alternative tillage practices (conventional, stubble mulching, and no- 

tillage systems), under different planting time and tillage operation 

in southern Sherman County, Oregon. Risk programming model. Minimum 

Absolute Total Deviation (MOTAD) and Stochastic Etominance Criteria are 

used to determine optimal farming plans. 

Erosion Problem 

In early years of 1900 erosion was not an important public issue. 

In the Dust Bowl years of 1930's, some of the clouds of fine particles 

from dust storms in the great plains went as far as the east coast, 

which showed evidence of the need for controlling soil erosion. 

Because of the importance of controlling soil erosion. Congress 

has, in the past, developed many programs to promote soil conservation. 

For example, in April 1935 the Soil Conservation Act (SCA) was passed 

where the federal government was coitmitted to the policy of soil and 

water conservation, and provisions were made for the establishment of 

the Soil Conservation Service (SCS) in the United States Department of 

Agriculture (USDA) (English, 1981). 

In 1938 a law was passed which provided funds for drought 

emergencies and several other acts were passed in order to provide sane 

measures of soil erosion control. Federal government expenditures in 

soil conservation programs averaged $1.87 billion during 1977 and 1978. 

State and local governments added $128 million in 1978 (English, 1981). 

However, soil erosion is still a very serious problem in the highly 



productive croplands of the United States, including north central 

Oregon. 

U.S. cropland is loosing soil faster than the formation of new 

soil, under normal conditions (Black and Mams, 1984). The situation 

is especially serious in the north central states. In this area 

erosion losses of 5 tons or more per acre are common, and losses of 10 

tons or more per acre occur on 19 percent of the row cropped land 

(Black and Mams, 1984) . 

3/ 
According to STEEE^-' (Solutions to Environmental and Economic 

Problems, 1984) damage to cropland and environment in the northwest is 

steadily increasing in spite of past decades of conservation efforts by 

concerned farmers, non-farm land owners, and state and federal 

agencies. An estimated 110 million tons of soil are eroded annually, 

of which 30 million tons are carried to northwest streams, rivers, 

lakes, and harbors. Soil erosion on over 400,000 acres of dry cropland 

4/ 
in the Columbia plateau exceeds the tolerance level (USDA, 1983) .— 

5/ 

3/ 
—  STEEP stands for Solutions to Environmental and Economic 
Problens. It was established in 1974 to research in areas of tillage 
and plant management, plant design, erosion and run off prediction, 
pest management, economics of erosion control, and soil erosion 
productivity relationships, for the Pacific Northwest. 

4/ 
—' Columbia Plateau consists of five counties: Sherman County, 
Morrow County, Gilliam County, Wasco County, and Qnatilla County. 

5/ 
^  Tolerance level referred to as "T" value. It is the soil loss 
tolerance value. It is expressed in tons of soil which can be lost per 
acre per year without reducing the level of productivity. 



In Sherman County, North Central Oregon, there is a serious soil 

erosion problem, which is reducing productivity. This reduction of 

productivity can cause that land to become uneconomical to farm. The 

rate at which soil regenerates is called T, the soil loss tolerance 

level, and it varies by soil type. Values above T indicate that soil 

is eroding faster than it regenerates. Deeper soils and soils with a 

faster natural generation have higher T values than shallow, slowly 

regenerating soils. For most of the area the soil tolerance level 

varies from 2 to 5 tons per acre per year. Even though soil erodes at 

a rate higher than T, an economic problem may or may not exist. In the 

short run, if soil erosion were to reduce productivity to a point where 

revenues would not cover expenses, then soil erosion would be an 

economic problem for the grower. If revenues exceeded expenses, 

however, there would not be a short run economic problem even with high 

erosion rates. But in the long run, erosion above T would eventually 

reduce productivity to the point where farming could no longer be 

profitable (USDA, 1984). 

Objectives of the Study 

The primary objective of the study is to examine the impact of 

farmers' risk behavior on the adoption of alternative tillage practices 

in southern Sherman County, Oregon. 

To accomplish this general objective, the following procedure is 

followed: 



1. Second generation of the Universal Soil loss Equation model 

(USLE) adopted for the Oregon situation will be used to 

estimate the soil loss in terms of tons per acre for 

conventional, stubble mulching, and no-tillage systems under 

alternative seeding and plowing time based on various levels 

of rain erosivity (R factor), and residue management (C 

factor). 

2. A yield loss projection model will be developed to estimate 

the on site costs of soil loss for a specified time horizon. 

3. Comparison of surmer-fallow winter wheat yields, costs of 

production with and without considering on site erosion cost, 

and associated net returns to land and managanent for 

alternative tillage practices in the study area is made. 

4. Minimum of Absolute Total Deviation Models (MOTAD) will be 

used to examine the impact of risk on alternative tillage 

practices under different seeding and plowing times while 

ignoring the erosion problem. 

5. Impacts of risk on the tillage systems while accounting for 

regulatory soil erosion limitation will be examined using 

MOTAD models. 

6. MOTAD models will be used to determine the influence of risk 

on the soil conservation techniques, considering erosion 

variation and costs. 

7. A stochastic dominance approach (first and second degree) will 

be applied to determine efficient tillage practices. This 

analysis will be done in terms of uncertain summer-fallow 

winter wheat yields and associated uncertain net returns over 



time by graphical presentation and a micro stochastic 

programming technique. 

Assumptions 

To accomplish the above objectives, the following assumptions are 

made: 

1. The regeneration rate of soil during the study period is not 

significant. 

2. For the study period it is assumed that technology is 

constant. 

3. That farmers have the necessary financial capability to carry 

out their farm activities under the different situations. 

4. That the wheat price and input costs and prices are 

nonstochastic. 

5. That the initial depth of soil is reduced by the sheet, rill, 

and interrill erosion with no deposit on the field. 

6. That soil depth reduction is identical over the study area. 

Thesis Organization 

The remainder of the dissertation is organized into seven 

chapters. The next chapter gives an overview of the agricultural 

situation of the study area. 

In Chapter III, a review of literature dealing with decision 

theory under certain and risky situations will be presented. Selected 

studies that have investigated an optimum strategy, utilizing risk 

free linear programming model (LP), linear risk programming models 



(minimum of absolute total deviation model), quadratic risk programming 

models (QP) including E-V analysis, and selected studies of stochastic 

dominance analysis will be summarized. 

Chapter IV is a presentation of the theoretical formulation of the 

linear programming, E-V analysis, minimum of absolute deviation 

(MOTAD), and stochastic dominance (first and second degree) models. 

Chapter V is a description of the Universal Soil Loss Equation 

(USLE) and its theoretical background underlying its adoption for 

Oregon conditions. A comparison of the model as it is applied for the 

midwestern area of the United States and necessary adjustments for the 

northwestern states is presented. Finally, at the end of this chapter 

an approach to measure the on-site cost of soil erosion is described. 

Chapter VI is the subject of data specification, the representa- 

tive farm situation, and model development. 

Chapter VII consists of three parts: Yield, cost, and net return 

comparisons with and without soil loss consideration for the 

alternative tillage practices are made in part A. Results and analysis 

for risk free (LP) , and risk programming models (MOTAD) for both actual 

farmers' and experimental plots data are presented in part B and 

results of the stochastic dominance (second degree) analysis are 

presented in part C. 

Chapter VIII summarizes and reviews the study problem, objectives, 

methodology, and results of the models. Then, conclusions and 

implications of the study are discussed. Finally, study limitations 

are stated, and suggestions are made for further research. 
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CHAPTER II 

DESCRIPTION OF THE STUDY AREA 

Sherman County is in the north central part of Oregon, bordering 

the Columbia River. The John Day River forms its eastern boundary, and 

the Deschutes River, its western boundary. The total area is 827 

square miles, or 529,280 acres (USDA, 1964). Southern Sherman County 

has been selected as the study location. Figures (2-1) and (2-2) show 

Sherman County, and Oregon's 36 county maps, respectively. 

Climate 

The climate of Sherman County is fairly uniform. It is a 

semiarid, continental type, characteristic of the Intermountain Region 

of Northwestern United States (USDA, 1964). 

The average annual precipitation ranges from about 12 inches in 

the western part to about 10 inches in the eastern part—^ (see 

Table 2.1). Winds, while generally strong, are significantly stronger 

north of Wasco. Because of differences in exposure, the effects of 

climate on development of soil varies throughout the county. For 

instance, on north-facing slopes the amount of effective moisture is 

much greater than on gently sloping areas; while on gently sloping 

areas the effective moisture is much greater than on south-facing 

slopes (USDA, 1964) . About 60 percent of the precipitation occurs in 

— During the past ten years, prior to 1985, there has been more 
rain than the long term average years. See appendix A, table A-l. 
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Figure (2.1). Map of Sherman County 



Figure (2.2). Location Map of Sherman County in Oregon 

NJ 
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Table 2-1. Annual rain precipitation at Moro, Oregon 1978-1985 
(Production year; September-August) in inches. 

Year Annual Precipitation 

(inches) 

1978 15.42 
1979 9.29 
1980 15.98 
1981 12.10 
1982 14.41 
1983 17.28 
1984 12.95 
1985 8.99 
Average 13.30 

Source:    Oregon State Cliraatologists,  1985. 
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the coldest months, from November through March. The average number of 

hours of sunshine is greater in the east and along the Pacific Coast. 

Management of Soils for Crops 

7/ 
With sunmer-fallow-i-' technique of farming in Sherman County 

the most important management needs are conservation of moisture, 

erosion control, preservation of soil structure, maintaining organic 

matter content, and the supply of plant nutrient, proper tillage, 

residue managanent, and appropriate use of fertilizers and weed control 

technology. 

Obviously, different soil types require different treatments. One 

of these management needs is conserving moisture. It is very important 

to conserve and use efficiently all the moisture that is available. 

One can reduce moisture evaporation by having ground cover and reducing 

tillage. A good portion of soils in Sherman County are shallow or 

moderately deep. In most soils, the top soil depth is about 12 inches 

thick. Heavy tillage when the soil is under fallow will destroy 

organic matter and the soil aggregates. This reduces the permeability 

of the soil to water, air and roots and increases soil erosion.—' 

—  Sunmer-fallow refers to a situation where a year is allowed 
between harvested wheat. This system is widely used in the areas of 
low rainfall since it increases soil moisture for the next year. 

8/ 
—' This information is from the Soil Survey for Sherman County, 
Oregon, 1964. 
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Importance of Wheat in the Area 

Agriculture is the main enterprise in Sherman County. Wheat is 

the main crop produced and is the principal source of income. Winter 

wheat is the most important crop in the county. During the past few 

years, barley has gained in importance because the acreage taken out of 

wheat under the wheat acreage allotment program has been used to grow 

barley (Soil Survey Sherman County, Oregon, 1964). Wheat is grown 

under summer fallow as well as annual and does not use irrigation in 

9/ 
Sherman County.— 

In 1984, Oregon growers produced 69.2 million bushels of wheat. 

The estimated value for this level of production is $240 million, which 

makes wheat among the highest valued farm crops in the State. 

Production of wheat is a particularly important agricultural enterprise 

in Oregon's Columbia Plateau (Sherman, Wasco, Umatilla, Gilliam and 

Morrow Counties). In 1984, these five counties accounted for 59 

percent of all the wheat produced in Oregon (Cook, et al^., 1984). 

Wheat Varieties for Conservation Tillage 

The majority of the wheat grown in this region is soft, white, 

winter wheat and is exported for use in pastry flours and cereals. 

Sane of the wheat cultivars grown are semi-dwarfs, a trend that began 

9/ 
— Most of the information in this section are due to (Appleby, 
1984). 
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in 1961, with the introduction of "Gaines." Cultivars introduced since 

that time are mostly semi-dwarf, such as "Daws" and "Nugaines." 

Several popular cultivars, such as Stephens are taller than semi- 

dwarfs. These cultivars have been developed in order to increase yield 

potential and resistance to a variety of diseases (Appleby, 1985). 

Soft, white, winter wheat varieties that are presently used in the 

area have been developed under conventional tillage conditions. With 

the increasing adoption of no-till and minimum tillage, there is a need 

for wheat varieties that are especially adapted to these new growing 

conditions (Veseth, 1985). Therefore, it is important that new 

varieties be developed, capable of germinating and emerging under 

limited soil moisture conditions. The new varieties need to be disease 

resistant for production under no-till and minimum tillage conditions. 

Soil Conservation Practices=S^ 

A variety of tillage practices are used to produce wheat. In the 

following section these tillage practices are defined. 

Fertilization is done extensively for increasing wheat yield. 

Generally, the fertilizer is applied in fall at seeding with 

supplemental nitrogen in the the' spring. Usually, about 110 to 130 

kilograms nitrogen per hectare is applied in the fall (Appleby, 1985). 

Snail amounts of starter fertilizer is normally applied with the seed 

so that the winter wheat will be able to establish a rapid growth. 

—•' Most information in this section is due to (Appleby, 1985). 
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About 30 to 35 pounds of fertilizer per acre is applied in the spring 

as a top dressing, and sometimes in combination with a post-emergence 

herbicide (Appleby, 1985). 

Planting normally is from Septonber 10 to late October. The exact 

time of seeding wheat in the fall is controlled by the need for 

adequate soil moisture for germination and early growth. Since Sherman 

County has dry summers, early seeding of winter wheat is feasible only 

after fallow where water has been stored for adequate germination. 

Because of these problems, sometimes growers cannot seed early; 

inadequate water for germination, increased susceptibility to disease, 

and late spring frost damage to early headed wheat (Dregne and Willis, 

1983). 

According to Appleby, "Harvesting wheat is done from late July 

until late August. Harvesting is done only by direct combine. Harvest 

is usually completed as quickly as possible as there will normally be a 

rainy period in mid to late August" (Appleby, 1985). 

Tillage, water and wind erosion are the dominant forms of soil 

erosion. Climate, topography, soils, and cropping systems are the most 

important factors that influence the type and amount of erosion. This 

study emphasizes tillage and water erosion. Tillage erosion is the 

result of movement of soil downslope by mechanical implements. Erosion 

is most severe on steep slopes, especially where the moldboard plow is 

used and it can cause damages on the cropland. 
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A variety of primary and secondary tillage practices are used in 

wheat production.—'  in spite of tremendous amounts of soil 

erosion by water, moldboard plowing is still done extensively to manage 

the large amounts of crop residue for weed control (Appleby, 1985). 

Conservation tillage systems that leave crop residues on the soil 

surface can reduce surface runoff and soil erosion. Minimum or reduced 

tillage and no-till are two conservation practices that have been 

growing in the pacific northwest over the past few years. This 

interest is a result of increasing conservation awareness, concern of 

farmers, and advances in machinery and production technology (Veseth, 

1985). Papendick and Miller (1977) claim that the primary objective of 

the reduced tillage systems is increased moisture, erosion control, and 

energy conservation. 

Reduced tillage systens appear to have a potential to reduce 

labor, fuel, use of equipment, erosion and sediment, and to improve 

long term yields. In the past, concern for problems of weeds, insects, 

toxicity, disease, and soil water managonent discouraged reduced 

tillage (USDA, 1984). In the following section, discussion of the 

moldboard plowing method, minimum tillage and no-till technologies will 

be presented. 

—•'  Field cultivars and harrows usually serve as secondary tillage 
implements. 
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Conventional Tillage Systan 

The conventional tillage system, often referred to as the mold 

board plow or heavy tillage system, is used in order to invert soil and 

cover crop residues. Farmers in the county also use it to control 

weeds. It is believed by some producers that growers like to see the 

emerging seedlings in a very clean soil surface environment (Phillips 

and Phillips, 1984). Other reasons for applying conventional tillage 

technology are to prepare a good seed bed and to aid wheat plant 

disease control. 

Before improved pesticides and wheat varieties, tillage and crop 

rotations were the only practical tools a farmer had to canbat certain 

plant diseases. However, in modern grain production, tillage 

contributes much less to plant disease control (Young, 1982). In some 

special soil regions, no-tillage may offer significant help in crop 

disease reduction. In several European countries, no-tillage winter 

wheat was attacked much less by Take-all (Ophiobolus graminis) and 

Eye-spot (Cercosperilla herpotrichoides) than wheat seeded by other 

methods (Young, 1982; Phillips, 1984). 

Stubble Mulching, Soil Conserving System 

Stubble mulching is a form of crop residue management to keep a 

protective cover on the soil surface to reduce soil erosion. It is one 

of the primary soil conservation practices in the summer-fallow wheat 

growing areas of Sherman County. In some cases, stubble mulching may 

not provide enough soil protection, therefore, other kinds of 

protection should complonent this method. A chisel plow implement is 
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used in stubble mulching. If stubble mulch tillage is shallow it can 

effectively kill weeds, and provide a firm base for the first use of 

the rod weeder (USDA, 1964). An adequate amount of residue on the 

ground prevents erosion and retains the soil moisture. However, too 

much of it could cause problans. Normally about 1800 pounds of residue 

per acre after seeding should be left on the surface for this kind of 

tillage technology (personal conmunications, SCS offices, Portland and 

Moro, Oregon). Under stubble mulching usually two to three rod weeding 

operations take place. 

No-Tillage Technology System 

No-tillage is planting crops in previously unprepared soil by 

opening a narrow slot, trench or band of sufficient width and depth to 

obtain proper seed coverage. No other soil preparation is done. 

Mechanical cultivation is made unnecessary by using herbicides to 

control unwanted weeds and grasses. Therefore, chemical energy is 

substituted for much of a farmer's tractor power and expensive fuel 

(Young, 1982). 

The concept of no-tillage was first successfully practiced in the 

Untied States as early as 1944. The practice has since become very 

popular, particularly in the cornbelt region, with over 3.25 million 

hectare of cropland being managed with no-tillage systsns (Zentner and 

Lindwall, 1978). 

As indicated previously the primary purpose of tillage are weed 

control and seedbed preparation. No-till production was not feasible 

until the development of modern herbicides and no-till seeding 

equipment. Under no-till, herbicides are the only means of weed 
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control, and special seeding machines replace the need for tillage for 

seed bed preparation. No-till is a superior soil conservation practice 

and offers reductions in fuel, labor, and machinery requirements. 

No-till is also often cited as a means to conserve soil moisture. 

"Increased costs of pesticides and seeding equipment plus the greater 

potential for certain disease and insect problems are negative aspects 

of no-till" (Swenson and Johnson, 1982). 

Growers in Sherman County are hesitant to change from current 

proven production techniques (moldboard plow systan) and risk the yield 

uncertainties associated with no-till technology because of the 

12/ 
following reasons:—■' 

(1) Lack of assurance for controlling the weed; since there has 

not been a proven and consistent weed control technology in 

the area. 

(2) Personal habit and preferences. 

(3) Age; younger generations are more willing to accept new 

tillage soil conservation technologies. 

13/ 
(4) Education and perceived needs of conservation—' . 

No-till in the area has been done by a few farmers for a very 

short time. As a whole, no-till technology has not been well adapted 

by farmers in Sherman County. According to Maxwell, et al., (1983) 

12/ 
—•  Personal interview with leading growers in Sherman County, 
September, 1984. 
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there are some questions raised by farmers for which answers are 

unknown at this time. Sane of these questions are: 

(1) Are the present herbicides able to combat the weed problans 

adequately? 

(2) Will disease become more serious when practicing no-till 

technology? 

(3) Is there a need for new wheat varieties that would be more 

appropriate under no-till? 

(4) Are there management techniques that can be used to improve 

the no-till soil conservation practice? 

Dr. Floyd Bolton, an agronomist in the Crop Science Department at 

Oregon State University, has experimented the three tillage systems for 

the period of 1978-1985 in southern Sherman County. He believes that 

there are three main factors needed to be met in order for no-till 

technology to become competitive with other tillage systems. These 

three factors are: 

(1) To have a sytanatic and consistent weed control technology; 

(2) To have an appropriate fertilizer placanent; 

(3) To be able to achieve a good stand. 

However, if any of the above factors are not met satisfactorily, 

then yield will be less in no-till compared to other methods. 

Dr. Floyd Bolton suggests that consistent, timely, and vigorous stands 

have not been achieved with the current no-till machines. Some of 

13/ 
—■  Personal communication with leading farmers and county agents 
in Sherman County. 
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these machines use heavy coulters or narrow shanks for opening a slot 

in the field in order to place the seed. According to Dr. Bolton, this 

planting system may not lead to having adequate and vigorous stands 

because of the following problems: 

"1. The surface 7 to 13 centimeters (3 to 5 inches) of soil are 

often hard and dry, resulting in poor seed-soil contact and 

low moisture, which causes delayed and spotty stands. 

2. Even when moisture is adequate below the surface 8 centimeters 

(3 inches), the seed-soil contact is inadequate and the depth 

of planting too great for rapid, vigorous emergence. 

3. Under even more moderate amounts of stubble residue and 

adequate stands, the seedlings often lack vigor, probably 

because of toxic substances from previous crop residues. 

These toxic substances apparently are eliminated when standard 

or minimum tillage practices are used. 

4. Adequate seed zone moisture from previous fallow is often 

deeper than present no-till drills can reach and the seeds are 

placed in dry soil. Under these conditions, germination and 

emergence occurs only after adequate precipitation, often 

resulting in delayed emergence. 

5. When heavy residues form the previous crop or combine residues 

are left in concentrated swaths, no-till drills have openers 

that are pulled through the soil and tend to have plugging 

problems." 

Because of the problems. Dr. Bolton investigated a rotary 

strip-tillage system in order to overcome the problem of establishing 

adequate stands in no-till chemical fallow. His method uses a rotary 
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tiller that prepares narrow tilled strips of 4 to 5 inches wide, and 

spaced 16-18 inches apart. In the present situation, the tiller can 

cultivate about 7 inches deep. The main objective is to till the 

seed-zone moisture depth and place the seed on the residual moisture 

form the previous fallow. Under this system (strip tillage system) 25 

percent of the field is tilled which results in reduction of power 

14/ 
requirement—•' and certainly tranendous reduction in soil erosion. 

Fallowing 

When the rate of precipitation is low, less than 15 inches per 

year, fallowing is recomnended in order to increase the level of • 

moisture for the next year. The production of wheat is forgone in one 

year in anticipation of at least partial compensation in increased 

wheat production the next year. There are different forms of 

fallowing. Some of than will be described below. 

Chemical Fallow 

Chemical fallow is where herbicides are applied to combat weeds 

and replace some or all of tillage operations. According to Rydrych 

and Muzik (1968), chemical fallow means the use of appropriate 

chemicals to replace one or more fall or early spring tillage 

operations. In the case of chemical fallow in dryland grain fields in 

Oregon (including Sherman County) wheat grain stubble usually becanes 

14/ 
—•  This no-till planting system at the present time is not 
available to farmers. 
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infested with cheat grass (downy brome) and other weeds. Application 

of herbicides would remove the competition and make excessive tillage 

unnecessary especially when the weather is unfavorable. In the case of 

reduced tillage, chemical fallow reduces the tillage operations. 

However, in no-till technology, it eliminates tillage operations 

completely. 

Chemicals are used during the fallow year to control weedy 

grasses. Some of the weeds (broadleaves) are controlled by simple 

tillage. However, grass weeds such as downy brome, goat grass and 

annual ryegrass and volunteer cereals like wheat, barley and rye are 

more difficult to control when the weather is wet and humid. Without 

the help of chenical fallow, tillage merely transplants the grass weeds 

and volunteer vegetation. Use of chemical fallow have economic 

benefits that offset the extra cost for herbicides. Chemical fallow 

can improve moisture storage efficiency, reduce the need for mechanical 

tillage, retain more straw on the surface of soil and save fuel. 

Tillage costs in the Pacific Northwest increased 9 percent in 1978, 14 

percent in 1979, 15 percent in 1980, and 17 percent in 1981. Since 

that time, cost of tillage operations have been increasing at a faster 

rate than the cost of herbicides. Herbicide costs were relatively 

stable from 1976 to 1978 but increased from 5 to 10 percent from  1979 

to 1982 (Rydrych and Maxwell, 1983). 
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Other Forms of Fallowing 

Bare fallow refers to a situation where a mold board plow is used. 

Stubble fallow with heavy residues uses a one way offset or tandem 

disk. Stubble mulch fallow, with medium to light residues uses chisel 

and subsurface tillage implements (USDA, 1977). In all three cases 

chemicals are not used. 
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CHAPTER III 

REVIEW OF LITERATURE 

This chapter presents a brief review of selected studies which 

have examined cost and net revenue under alternative tillage practices. 

Then selected studies that have investigated optimal strategies by 

utilizing mathematical programning and stochastic dominance analysis 

are briefly summarized. 

Cost and Net Revenue Analysis 

Recently, no-tillage has been a subject of interest among several 

researchers, including Zentner and Lindwall (1978) who examined the 

economic feasibility of a wheat-fallow rotation under no-tillage 

practices in the prairie region of western Canada. They measured the 

differences in resource requirements of labor, fuel and oil, and 

machine repairs, between conventional tillage systems and no-tillage 

wheat-fallow rotations on a representative farm of 600 hectare. Their 

results indicated that moisture conservation could be improved by 

no-tillage systans. They found that savings in labor, fuel and oil and 

machine repairs can be achieved. However, their final conclusion was 

that adoption of no-tillage technology would depend on individual farm 

characteristics and whether farmers could buy chemical herbicides at 

less cost than the savings in labor and machinery services. 

Swanson, et al., (1982) analyzed the economics of no-tillage 

crop production systems in eastern North Dakota. Their primary 

objective was to compare input costs under alternative tillage 
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practices. They found that if proper management were applied the 

no-tillage system yield would be similar to that of conventional 

tillage system. They found that costs of crop under no-till were 

higher than conventional systen. The high cost of production was 

mainly due to high associated costs of chemicals. They concluded that 

the high cost of chemical fallow herbicide makes it economically 

incompatible with mechanical fallow. 

Previous studies have showed that conservation tillage systems 

decrease the level of soil erosion. However, regarding farm income 

some researchers show that net return under soil conservation systems 

increases, while others have shown decrease. For example, a study by 

Forster and Becker (1979), showed that when reduced tillage systems 

were adopted, the farmers' income increased and soil loss decreased. 

On the other hand, Bergland and Michaelson (1981), indicated that soil 

loss and the farmers' net return decreases as a result of soil 

conservation technologies. Their study showed that the annual cost of 

production increased with adoption of soil conservation practices. 

Therefore, it is impossible to generalize one situation for an 

area with different soil types, depth, and weather conditions. That 

is, the rate of soil erosion, production cost, yield, and net return of 

conservation tillage practices vary depending on the situation. 

Mathematical Programming 

Several mathematical programming models have been used by 

agricultural economists for farm planning. Linear programming has been 

widely used. Because of stochasticity of farm factors, researchers 

have also been using models that would consider risk and uncertainty. 
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Very few risk prograrrming models have been applied in the area of soil 

conservation mainly because of lack of sufficient and consistent time 

series data. 

It is important to consider risk in decisions of farm planning 

considering soil erosion. When new technology systems such as no-till 

are introduced in an area, farmers react differently to the adoption of 

the system. Normally, more risk averse farmers retain the traditional 

methods (conventional systan). As they become less risk averse, their 

tendency towards accepting newer technologies increases. 

A linear programming model for farm planning known as "Purdue Top 

Farmer Cropping Budget Model" has been presented by McCarl, et al. 

(May 1978). This model was developed for use by many farmers in 

Indiana. Their model is a computerized linear prograimiing package 

which provides a selection of maximum net income cropping patterns. 

Although risk and variability in farming play an important part in 

their farm planning, they have been ignored. The model has been used 

as an integral part of continuing education programs and it is designed 

for large commercial farms. It is a single year model that does not 

consider price, yield, and weather risk. 

Salan and Badger (1980) have used a linear programming model (LP) 

in order to determine the economic impacts of different tillage systems 

on net farm income and on soil loss. In their study they used the 

universal soil loss equation to estimate soil loss coefficients for a 

representative farm in Craig County, Oklahoma. They assumed that 

losing 5 percent of top soil would result in a yield reduction for 

wheat and other crops by one bushel per acre. They were only able to 

find data for conventional systan (moldboard plowing), therefore. 
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assumptions were made regarding yield under conservation tillage 

systems. First, they assumed that yield under conservation tillage and 

conventional tillage were the same. Second, they assumed yields of 

conventional system were three bushels per acre higher than 

conservation tillage. 

And finally they assumed yields of conventional systems were three 

bushels per acre less than yields under conservation tillage. They 

studied two systems of restricted and unrestricted soil erosion. They 

used a planning horizon of 40 years and a specified real discount rate 

(real discount rate was the prime interest rate less rate of 

inflation). They found that in all three cases, high soil loss was 

associated with the conventional tillage system in the unrestricted 

soil erosion apparatus; Soil erosion was significantly decreased when 

erosion restriction was assigned which also led to lower farm income. 

Boisvert (1976) used a risk programming model (chance 

constrained), in order to incorporate field time availability and yield 

losses from untimely production into farm planning. He applied the 

risk programming to eight typical corn-soybean farming practices in 

southern Minnesota. The results had different implications depending 

on the level of risk efficient coefficient assumed. For those farmers 

that avoided large risks, the value of additional spring field capacity 

was high as compared to the fall field capacity. He found that for 

those farmers who were willing to accept more risk in order to get 

higher incomes, the additional field time value was high as compared to 

that of spring field time. Be  finally found that any farmer who was 

willing to accept very high risk needed to allocate more of cropland 
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to soybeans production compared to a farmer who wanted to avoid 

considerable risks. 

The analysis of variance criterion (E-V analysis) has been applied 

by several economists. The earliest application was by Fraund (1956) 

where he studied a representative farm situation in North Carolina. He 

developed the E-V model based on four production activities and several 

resource constraints. He found that introduction of risk into the 

programning model reduced both the level and standard deviation of net 

revenue. 

A study was done by Lin, et al., (1974) for an anpirical test 

of utility versus profit maximization in agricultural production. In 

their study they tested the hypothesis that Bernoullian utility are 

more accurate predictors of farmer behavior than profit maximization 

(production economics literature contains many studies which assume 

that the producer's goal is to maximize profits). They selected six 

farmers in California in order to test the hypothesis. Then they 

developed E-V for each farm, then utility and profit maximizing crop 

plans were determined for each. They were able to show that 

Bernoullian utility formulations provided more accurate prediction 

regarding actual and planned crop patterns compared to the profit 

maximizing methods. 

Quadratic risk programming has been applied for evaluation of 

optimum farm situations under risky conditions in several instances. 

Weins (1976) applied a quadratic risk programming model to examine the 

influence of uncertainty associated with crop yields on peasant 

allocation of land among crops and usage of hired inputs. He used 

historical survey data on a Chinese village, in order to show that 
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optimization qualified by risk aversion to be superior to the risk 

neutral case. He showed that risk had a great role in determining 

peasant resource allocations. He concluded that policies that reduce 

risk aversion would be important to enduce change in similar rural 

economics. 

Kramer, et al., (1983) examined the effect of risk on soil 

conservation by applying a quadratic risk programming model which they 

called symmetric quadratic risk programming. They assumed that fanners 

were risk averse and their objective was to maximize expected net 

revenue. They further assumed a single-period planning horizon. 

First, they solved the model without soil loss constraints. They 

found that with no conservation practices, risk could affect the amount 

of soil erosion that a farmer allows. When they assigned higher levels 

of risk aversion coefficients, more acreage of land was assigned to 

soybeans rather than com because soybeans were less risky. 

Then the risk programming model was modified to include an erosion 

constraint. They found that the degree of risk aversion affected the 

means by which the erosion reductions were achieved. As compared to 

the riskless model, they found that the more risk averse farmers relied 

more on less profitable no-tillage system soybeans rather than 

no-tillage com system. This study reiterated the importance of the 

problans of soil erosion on the farms and illustrated that considering 

risk has an impact on the optimal solutions. 

Quadratic risk programming has been applied by many more 

economists. Among them are Heady and Candler (1958); McFarguhar (1961); 

Brainard and Cooper (1968); Barry and William (1976); Robinson and 

Brake (1979); and Musser and Stamoulis (1981). 
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The lack of sufficient and reliable quadratic risk programming 

software makes it difficult to use. Therefore, linear approximations 

of the quadratic programs have been developed by Thomas, et al., 

(1972); Hazell (1971); Chen and Baker (1974). Hazell's MOTAD has been 

adopted more than others. For example. Brink and McCarl (1978) used a 

MOTAD model based on Hazell's 1971 formulation. Their formulation is 

as follows: 

Maximize       CX - X KLD 

Subject to     AX   £ B 

DX + ID >_ o 

and X, d >_ o 

where activities are represented by X, 

resource availabilities are represented by B, 

resource users are shown by A, 

gross margins expectations by C, deviations by D, 

and risk aversion coefficient by A. 

This linear risk progranming model with explicit consideration of 

risk was applied for thirty eight crop farmers who used the Purdue Top 

Farmer Cropping model. They tested the hypothesis of whether risk 

aversion effected farm plans. That is, they attempted to determine 

whether explicit risk aversion should be included in the above 

operational farm planning model. They derived risk aversion 

coefficients for all thirty-eight farmers individually and as a group. 
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based on minimizing the difference between fanners' actual behavior and 

results of the model. Risk was measured as total negative deviation 

from the mean. Individual risk aversion coefficient was based on 

actual farmer data. Their risk aversion coefficient which was found 

for thirty-eight individual cornbelt farmers was much lower than 

previously found by Hazell (1971). They concluded that risk aversion 

has a smaller role in cornbelt crop farming compared to many other 

kinds of farming. 

Hazell and Scandizzo (1974) used a MOTAD model taking risk into 

account and a linear programming deterministic model. The purpose of 

their study was to provide a modification of the Duloy-Norton method 

where they (Hazell and Scandizzo) developed linear approximation of a 

quadratic risk program when production is risky and individual farmers 

maximize utility instead of expected profits which is provided by 

deterministic linear programming model. They found that market 

equilibrium is considerably more complicated under risk than in a 

deterministic setting. 

Application of quadratic risk programming (QP) and minimum of 

absolute total deviations (MOTAD) has been illustrated by Musser, et 

al. (1984). They evaluated several cash crop enterprises, with 

consideration of risk, for a representative farm in South Georgia. 

Input costs were assumed nonstochastic. They solved the QP and MOTAD 

models parametrically. They found identical gross margins, and risk 

efficient farm plans, for both of the models under similar conditions. 

They concluded "...applications of QP and MOTAD require numerous 

methodological assumptions, many of which affect the risk efficient 



35 

solutions. These models have been criticized for solution sensitivity, 

however, the sensitivity problem is no more severe than for other 

analytical techniques. LP solutions are also sensitive to the data 

assumptions, constraints, and other model specifications. The same is 

true for QP and MOTAD" (page 146-147). 

The MOTAD model has been used rather extensively since it was 

developed by Hazell in 1971. Other applications of MOTAD would 

include: Mapp, et al., (1983) where they used this technique to 

evaluate production and marketing strategies which were designed to 

minimize variability of net return to a farm in southern Oklahoma; 

Gangally (1980); Jabara and Thompson (1980); and Persaud and Mapp 

(1980). 

Stochastic Dcminance Analysis 

Stochastic dominance criteria provides a pair-wise comparison of 

alternative strategies (tillage technologies). This method is a more 

flexible technique than E-V and MOTAD analysis (Klenrne, 1985). Few 

restrictions are placed on the utility functions. Stochastic dominance 

analysis provides complete ordering of alternative tillage practices 

and a unique optimal decision. It determines a set of stochastically 

efficient decisions among all the strategies being studied. 

First degree stochastic dominance (FSD), assumes a monotonically 

increasing utility function, meaning that more is preferred to less. 

Application of this method eliminates few distributions due to the 

nature of its assumptions. Second degree stochastic dominance (SSD), 

assumes risk aversion (concave utility function), and is more 

discriminatory than first order stochastic dominance (FSD). 
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Stochastic dominance has been applied by many economists in 

evaluating new technologies, agricultural policies, and cultural 

practices. For example, Subaei (1984) applied stochastic dominance to 

determine and compare profit distributions associated with alternatives 

for agricultural cooperatives rules and then identified a set of rules 

which were undominated for all the decision makers for a specified 

category. 

Klenme (1985) applied stochastic dominance to compare reduced 

tillage systems in corn and soybean production under risk. His study 

examined net returns per acre for reduced tillage systems by using 

experimental plot yield data from north central Indiana during the 

period 1975-1982. He compared these returns for both risk-neutral and 

general risk averse scenarios. Rankings of alternative tillage systems 

were determined. He then determined the effects of soil losses on the 

previously indicated rankings through parameterizing soil loss values, 

and examined the effects of these values on the rankings. He found 

risk averse farmers who place low values on soil losses would select 

tillage intensive systems. When he introduced costs associated with 

annual soil losses the rankings were affected. His results indicated 

that the rankings were reversed when he assigned annual values to soil 

losses ranging up to $60 per acre. 

Other economists have also used stochastic dominance for other 

objectives. Kramer, et al., (1981), applied stochastic dominance 

to agricultural policies in order to rank alternative decision 

strategies. Zacharias and Grube, (1984) applied this technique to 

choose among different cultural practices. Schoney and McGuckin (1983) 

utilized stochastic dominance in order to evaluate new technologies. 
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Cochran, et al^, (1982) applied various stochastic dominance 

techniques to select apple scab pest management strategies under 

uncertainty in Michigan apple orchards. They demonstrated that 

conventional spray programs were consistent with the preferences of 

many growers and indicated that this risk efficiency was hindering the 

adoption of Integrated Pest Management (IPM) programs. They showed as 

yield increased the conventional programs became risk efficient for a 

larger class of farmers. 
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CHAPTER IV 

THEORETICAL CONSIDERATIONS 

Mathenatical programming has been utilized for many economic 

studies concerned with controlling soil erosion. Application of 

mathematical progranming is useful because a variety of situations can 

be analyzed easily after construction of the model (Kramer, et al., 

1983). 

It is assumed that as fanners conserve soil their level of income 

would be affected. That is, as erosion occurs the level of soil 

productivity decreases assuming constant technology which in turn 

decreases the net return. It is further assumed that fanners of the 

Sherman County are risk averse. Obviously, the farmers risk 

preferences would significantly affect the adoption of soil conserving 

tillage technology. It is hypothesized that the more risk averse 

farmers would stay with the conventional system rather than adopting 

conservation systems. As they become less risk averse they would 

practice stubble mulching systems and no-tillage methods rather than a 

conventional system. 

Obviously, resources in society are scarce, therefore choices must 

be made. The basic problem of economics is allocation of scarce 

resources among competing ends. A rational producer will attempt to 

maximize certain objectives given his resource limitations. The 

solution to such problems can be found by application of mathematical 

programming. In the present context, a grower would choose the tillage 

strategy that produces the highest net return. However, the world of 
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agriculture is faced with risk and uncertainty. Therefore, risk needs 

to be accounted for as an argument in his objective function. 

One of the major characteristics of dryland farming is the 

variation associated with yield and farm income. Variability of net 

return to farm as a result of variation in yield and rate of erosion 

has a great impact on the selection of conservation techniques. Wheat 

producers must be ready to adjust practices and farming plans for 

prevailing weather conditions. 

According to Dregene and Willis (1983), farming in dryland areas 

has several critical time periods. Among them, time of tillage 

practices, pest control, seeding time, and harvesting are important. 

These along with several other factors such as input use could affect 

farmers' income. 

Farmers live with uncertainties and they must be considered as 

decisions are made. This chapter provides the theoretical framework 

which will be applied to assist decision makers in an uncertain 

environment. 

Risk and Uncertainty 

Risk and uncertainty have been defined by many authors. Walker 

and Nelson (1977, p. 4) define uncertainty as, "A situation in which a 

number of different outcomes, irrespective of their desirability, are 

recognized as possible. The decision-maker may assign a subjective 

probability to each of these outcomes, or if he does not have any 

information regarding which event will occur, may assign each outcome 

as equal probability. He is completely 'uncertain'/ about which state 

will occur." As more information becomes available to the decision- 
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maker regarding the situation, the level of uncertainty will decrease. 

According to Carter and Dean (1960), uncertainty is a situation where 

parameters of the probability distribution of possible outcomes cannot 

be estimated empirically. 

On the other hand. Carter and Dean (1960), refer to risk as a 

situation where parameters of the probability distribution of possible 

outcomes can be empirically estimated. These parameters include mean 

and variance. Markowitz (1959) defines the risk in terms of the 

distribution. That is as variance increases, risk also increases. 

Therefore, risk is a measure of variability and is estimated in terms 

of standard deviation, variance, skewness, etc. According to Walker 

and Nelson (1977, p. 5), "...measuring risk and uncertainty depends on 

a complete specification of the distribution of outcomes that are 

possible for each alternative decision." 

Sources of Risk 

Price Risk 

Price risk is a result of variation in prices that farmers pay for 

their inputs of production and prices that they receive for their 

products. There are two kinds of variability in this regard: 

(a) predictable factors; prices variation due to predictable 

factors, such as commodity cycles, seasonal variations, and 

trends; 
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(b) unpredictable factors; these are referred to as "randan 

factors." Variation in prices occur as a result of change in 

market demand and supply. 

Farmers are more concerned about variability in output prices 

compared to input prices since input prices are known with certainty 

when they are being bought. 

Erosion Risk 

Rain precipitation varies from one year to the next. Extreme 

weather conditions (storms) could cause severe erosion problems not 

only by water run off but also by influencing the level of crop residue 

left on the farm to protect soil erosion. 

Production Risk 

Yield variability arises from uncertain weather conditions, 

disease, insect and weed problems, resource availability (such as 

labor), and technological change. 

Net Return Risk 

Net return variability arises from the interaction of product 

yield and product prices relative to costs. Variability in farmers' 

net return in Sherman County is mainly due to variation in yield since 

wheat prices have been relatively stable. This study maintains wheat 

price constant in wheat yield and rate of erosion will vary over time. 
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Technological Risk 

Mvancanent of technology creates high levels of uncertainty in 

agriculture. Current production techniques can become obsolete when 

new techniques are developed, putting the user of the obsolete 

technology at a competitive dissadvantage. 

Legal Risks 

Legal risks can arise from changing governmental policies, laws 

and regulations, and programs. For example, if herbicides used in a 

new technology cause damage to the nearby areas, farmers could be sued 

for the misuse of the chemical. 

The present study considers production risk and erosion risk 

which, in turn, affect net return risk. 

Linear Programming Model 

Linear programning is a mathematical process by which the 

maximization or minimization of a linear function subject to a set of 

linear inequality constraints can be solved (Heady and Chandler, 1958). 

It has been widely used for several decades, especially among 

agricultural economists interested in optimal farm planning. It is 

basically a set of analytical procedures utilizing mathematical 

programming techniques, although the entire set of procedures is often 

referred to as linear programming. 

For a problem to be solved by the linear programming technique, it 

must have three quantitative components: 
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(1) an objective function; 

(2) alternative methods or processes for obtaining the objective; 

(3) restrictions or resource constraints (Agrawal and Heady, 

1972). 

The objective function is the component which is being maximized 

or minimized and is normally expressed as net revenues, costs, etc. 

The second component, normally referred to as the activity section 

(alternative activities or enteprises), is composed of the different 

kinds of products which can be produced, as well as the alternative 

ways of producing the product. These activities are alternatives for 

use in maximizing or minimizing the specified objective function. The 

third component consists of the resource restriction. If for any 

reason one of these components happens to be missing, the linear 

programming procedure cannot be used to obtain a feasible or relevant 

solution. 

According to Anderson, et al_., (1977) in whole farm planning, 

alternative enterprises compete for the farmer's limited endowment of 

land, labor, and capital in the form of machinery, fertilizer, seed, 

etc. Then growers need to make decisions concerning which enterprises 

to choose, what methods of production to anploy in each enterprise, and 

what amount of resources to allocate to each enterprise. The problem 

in this study is to find a tillage practice that will maximize the net 

return (objective function), subject to the constraints of land, labor, 

rate of erosion, etc., with and without cost of soil loss. 
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Assumptions of Linear Programming 

The following assumptions are required in order to formulate an 

economic problem within a linear programming framework: 

(1) linearity of activities (proportionality); 

(2) additivity of activities; 

(3) divisibility of resources of products; 

(4) finite number of production processes and restrictions; 

(5) single value expectations (Heady and Chandler, 1958). 

Linearity implies that increasing and decreasing returns to size 

for a single activity is excluded and assumes that there is constant 

returns to resources. That is, all activities must be proportionally 

linear such that each additional unit of an activity requires the same 

quantity of the variable inputs used to predict the units. 

The additivity assumption indicates the total amount of each 

resource used by all the activities included in the optimal solution. 

Therefore, interaction of inputs is not possible and the amount of 

resources required per unit of output is constant regardless of whether 

the enterprises are produced alone or in various combinations. 

Divisibility states that inputs can be used and output produced in 

fractional units. Actually, the divisibility aspect provides for 

increased competition among factors of production because it allows 

than to be utilized in fractional amounts. 

The finiteness assumption provides that there is a definite limit 

to the number of alternative activities and to the resource 

restrictions. This is a valid assumption because the number and type 

of crop alternatives available to a particular farm is definitely 
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limited by its size, type of soil, weather, and the management ability 

of the farmer. 

Finally, the assumption of single value expectation implies 

perfect knowledge of the input-output coefficients for each activity. 

That is the quantity of resources available and the prices of factors 

and products are known with certainty. 

A linear programming model may be written in a general form as: 

Maximize Z = CX 

Subject to AX £ b 

X >_o 

where: _Z indicates the objective function; 

C is a (Ixn) vector of objective function 

coefficients; 

X is a (nxl) vector of decision variables; 

A is a (mxn) matrix of resource usage; 

b is a (mxl) vector of initial resource • 

endovments; 

n is the number of activities; and 

m is the number of constraints. 

The inequality constraints ensure that the amount of resources 

used will not exceed the amount of resources available. The last part 

of the system (X > 0) ensures non-negativity of decision variable 

values. 
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Kuhn-Tucker Conditions for Constrained LP Model 

The application of LP models is based on their correspondence with 

the theoretical economic farm behavior. This correspondence is shown 

by reviewing the conditions which are needed for optimization of the 

Lagrangian function of the linear programning problem: 

max z = ex 

subject to AX <_ b 

X _> 0 

Yields the Lagrangian function: 

L (x,x) = CX + X(b-AX) 

Where x is a vector of (mxl) shadow prices. 

Other terms described above. 

The Kuhn-Tucker Conditions are: 

C-xA < 0      (1) 

(C-XA)X = 0      (2) 

X >_ 0      (3) 

b-AX > 0      (4) 

X(b-AX) =0      (5) 

X > 0      (6) 

In order to interpret the above conditions, the simultaneous 

optimization of output levels (X) and the implicit valuation ( ) of . 

resources is involved. 

Condition (1) requires that the marginal net return to land and 

management be less than or equal to marginal cost. 
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Condition (2) in conjunction with equations (1) and (3) indicates 

that if the marginal net return is less than or equal to marginal cost, 

nothing will be produced. 

Conditions (3) and (6) require that crop and resource levels be 

non-negative. Condition (4) states that resource use cannot be more 

than what is available. Condition (5) along with conditions (4) and 

(6) require that non-scarce inputs (slacks) have zero marginal value; 

that is X = 0. 

The Kuhn-Tucker conditions are important tools in programming and 

economic analysis. "They would help to make the parallel clear between 

linear programming problems and problems that involve maximization 

under equality constraints," (McCarl, 1980). 

An extensive review of literature on the linear programming 

exists. A more detailed treatment of linear programming procedures can 

be found in Beneke and Winterboer (1973); Intrilligator (1971); Hadley 

(1964); Bradley (1977); Heady and Chandler (1958); Hillier and 

Lieberman (1980). 

Linear programming as described does not count for the risky 

situations. It is based on "riskless" neoclassical production theory 

(Heady and Dillon, 1961). Uncertainty is introduced into the 

production theory (theory of a firm) by making an assumption that the 

grower's utility is a function of the net return that he earns from 

production of a crop. 



48 

The Expected Income-Variance Analysis (E-V) 

The E-V analysis by nature constitutes a quadratic risk 

programming problem (McCarl, 1980). It has been used in agricultural 

economics for many years. The E-V model was formulated by Markowitz 

(1959). The formulation of E-V is as follows: 

maximize E = NRX - -exSX 

subject to E. Xi = 1 

X >_ 0 

In the present context the objective function is expected net 

return to land and management (NRX), minus a risk aversion coefficient 

"e-" multiplied by variance of net return to land and management (XSX). 

X indicates the resource usage. The main assumption which is made here 

is that the decision makers are willing to trade off expected net 

return for reduction in variance. This concept is called the 

efficiency frontier, figure (4.1), (McCarl, 1980). 

The space between the dashed and solid curved lines is called the 

set of feasible points. The solid line which is labeled efficient 

frontier is the locus of points along which for a given expected net 

return the variance chosen is at a minimum, and/or for any given 

variance of net return the expected net return is at a maximum. These 

points are called efficient in that any decision-maker whose preference 

among the feasible points reflects a positive preference for expected 

income, a negative preference for variance and indifference to other 

factors will prefer these points to any others (McCarl, 1980). 
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Variance (V) 

Expected Net Return (E) 

Figure (4.1): Illustration of Efficient Frontier for E-V Analysis 
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An E-V problan may be formulated as follows: 

Maximize E = NRX - jelXSX 

subject to AX <_ b 

X >_ o 

Where E indicates the objective function, 

NR is the expected income; 

0 is the risk aversion coefficient; 

X is a (nxl) vector of decision variables; 

b is a (mxl) vector of resource endowments; 

n is the number of activities; 

m is the number of constraints. 

The expected income-variance analysis (E-V) of quadratic 

programming is based on the following assumptions: 

1. A farmer holds preferences among alternative farm plans on the 

basis of their expected net returns (E) and the associated 

variance (V). This will be true if the farmer has an E-V 

utility function (Markowitz, 1959) . 

2. Another assumption of this criterion is that the iso-utility 

curves are convex (that is the farmers are risk averse). 

That is, in figure (4.2), along every iso-utility curve the decision- 

maker prefers an alternative with higher variance (V) only if his net 

3E 
return (E) were also greater (i.e., the condition "§y~ > 0 is met). 

32E 
Also "g^2" > 0 (this compensation must increase at an increasing rate 

with increases in V), (Hazell, 1971). According to Markowitz (1959), 

it is sufficient condition for the farmer's utility of income functions 

to be quadratic and convex down for this condition to hold. 
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ISO-Utiliy 
Curves 

Efficient E-V 
Boundary 

Figure(4.2): The Optimal E-V  Farm Plan 

(This Figure is due to Haze] 1971, P.54) 
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Considering the above assumptions, a decision-maker rationally 

will select the strategies with the minimum variance for a given 

expected net return. Given a set of efficient farm plans, the 

acceptance of any of the plans by a farmer is dependent upon his 

preferences among different expected net return and associated variance 

levels as described by his E-V utility function. When this function 

can be measured a unique farm plan can be rigorously identified which 

offers the farmer highest utility (Markowitz, 1959). P is the 

efficient farm plan in Figure (4.2). 

Minimization of Total Absolute Deviation Model (MOTAD) 

MOTAD model is an approximation to quadratic progranming that 

avoids the lack of access to a particular computer algorithm with the 

desired features and capacity (Anderson, 1977). MOTAD stands for 

minimization of total absolute deviation. Markowitz (1959) was the 

initiator of the MOTAD model. It was developed and proposed by Hazell 

(1971), as an alternative to quadratic risk programming. The basic 

concept of MOTAD is to minimize total absolute deviation from expected 

net return, subject to a set of constraints. The linear solution in 

MOTAD closely approximates the quadratic solutions. It saves money as 

a result of computational advantages. In Hazell's MOTAD technique, 

mean absolute deviation replaces variance as the measure of risk. 



53 

The MOTAD model is specified as follows: 
+ 

maximize z.NRX. - XT. (dk + dk) 

subject to Eai.X.        < bi for all i 

+ 
Eek.X. - dK + dK =0 

X., dk, dk       >^ 0 

Where: NR is the expected net return; 

X is the decision variable; 

X is the risk aversion coefficient; 
+ 

dk is the positive deviation from the observation; 

dk is the negative deviation form the observation; 

ek. is the deviation from the value expected (expected 

net return) for the jth variable under the kth 

observation = ckj - cj. 

Let us assume that we have a problem which has five activities, 

four constraints, for a time period of eight years. The objective is 

to maximize the objective function subject to the set of given 

constraints. The problem can be formulated as follows: 

Maximize Z = NRX, + NIO^ + NIOC + NRX. + NRX- 

+   -   +   -   +   -   +   -   + 
- ^(d1 + dj^ + d2 + d2 + d3 + d3 + d4 + d4 + d5 + 

d5 + d6 + d6 + d7 + d7 + d8 + d8) 

Subject to a X +a X +a X +a X +a X  £ b 
11 1 12 2 13 3 14 4 15 5     1 

d21Xl+a22X2"K323X3+d24X4+a25X5 - b2 
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dX4dX+dX4dX4dX     *    b., 
31 1    32 2    33 3    34 4    35 5    -      3 

aX+aX4dX+dX+aX      <b, 
41 1    42 2    43 3    44 4    45 5    -      4 

d    X-K3    X+d    X4d    X+d    X-l-fd=0 
11 1    12 2    13 3    14 4    15 5 

d21Xl4d22X2+d23X34d24X44d25X54 ^ =0 

d31Xl4d32X2-fd33X34d34X44d35X5^ ^ =0 

d41Xl4d42X24<a43X34d44X4+d45X5^ ^ =0 

d51Xl4d52X24d53X34d54X44d55X54 ^ =0 

d61XlHd62X2^63X34d64X4^65X54 ^ =0 

d71Xl4d72X24d73X3+d74X44d75X54 ^ =0 

d81Xl4d82X24d83X34d84X4+d85X5^ ^ =0 

Xj/dftjdn > 0 

VJhere:    NR   is the expected net revenue; 

Xj    is the decision variable; 

d]    is negative deviation of net return; 
+ 

di    is positive deviation of net return; 

aij    is .the resource requirement per unit of activity 

bi    is the level resource available; 

X   is the risk aversion coefficient. 

In order to determine the series of net returns, one needs to 

gather data on prices, production costs and yields.    If objective data 
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are used to specify the variabilities of net return, the data needed 

for MOTAD will be the same as quadratic programming. 

Stochastic Dominance Analysis 

Selection of alternative tillage technologies can be influenced 

greatly by the amount of uncertainty in the. production system as a 

result of variation in yields, prices, and weather which in turn will 

have impacts on net return. The amount of risk that growers are 

willing to take will affect their preferences for the different 

strategies. Rankings of tillage alternatives based on the size of the 

expected net returns may not be consistent with the actual preferences 

of the growers. Therefore, a method that would rank these strategies 

to be consistent with risk preferences is needed for an accurate 

prediction to select strategies. In Sherman County, Oregon, there are 

several soil conservation practices used. Among them are tillage 

practices to control soil erosion. Stochastic Dominance provides a 

means for comparing these alternative tillage technologies under 

different scenarios. This section will present a brief theory of first 

order stochastic dominance criteria (FSD), and second order stochastic 

dominance criteria (SSD). They will be one of the bases for comparison 

of the alternative tillage practices in this study. 

As previously noted mathsnatical programming provides a unique 

optimal solution. Based on stochastic dominance criteria one could 

identify a set of stocastically efficient decisions (tillage 

technologies). Several assumptions are made in this regard. As the 

assumptions become more restrictive the efficient set becomes smaller. 
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First-Degree Stochastic Dominance (FSD) 

FSD requires that the utility function of the farmer is 

monotonically increasing. Monotonicity in mathematical terms is 

expressed as: 

3U (NRLM)   _ 
3NRIM   > 

Where: NRLM is net return to land and management, and 

U stands for utility. 

That is, they always prefer more net returns to land and 

management. This is the only required assumption for FSD. When using 

this criterion, the number of alternatives eliminated as inefficent are 

few (Anderson, et al., 1977). 

According to first order stochastic dominance f(NRLM) dominates 

g(NRIW) if and only if F^. (A) <_ (^ (A) for all A in (a,b) with 

inequality for at least one A value. That is the expected value of 

f(NRI*l) is at least as large as that of g(NRIJM). Hence, based on the 

expected utility maximization, any grower with utility function of 

U(NRLM) will select f(NRLM) over g(NRLM). FSD criteria is transitive, 

that is, if A dominates B and B dominates C, then A must dominate C. 

Graphically, FSD states that a first order stochastically dominant 

curve must not be located to the left of a dominated curve. Conversely, 

a first order stochastic dominated curve must not lie to the right of a 
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dominant curve. Anderson, et al., (1977, p. 283) suggests that 

"..distributions that are dominated are said to be stochastically 

inefficient and, those (in general intersecting) distributions that are 

not so doninated are said to be stochastically of first degree (FSE). 

Inefficient distributions are those that would never be preferred by 

Bernoullian utility maximizers when confronted with the set of 

efficient distributions." 

Figure (4.3) shows that F is located to the right of G., which 

means f(NRLM) dominates g(NRIW) according to FSD. On the other hand, G-! 

intersects both G-, and F-,. Based on FSD, neither of F, nor G-, can be 

ranked with respect to G-I . 

Second Order Stochastic Dominance (SSD) 

The first use of second order stochastic dominance criteria was by 

Josef Hadar and Wiliam Russell in order to predict a decision maker's 

alternative among given pairs of risky alternatives without having any 

knowledge of his utility function except that it displays risk 

aversion, (Meyer, 1977 p.44). This implies that the decision maker's 

utility function is concave (its second derivative is negative). That 

is, this criterion requires that, 

(1) U'(NRLM) > 0; and 

(2) U"(NRLM) < 0. 
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1.0 

cumulative 

probability 

+■ X 

Uncertain Net Return 

Fiqure(4.3): Representation of first order stochastic dominance. 
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These conditions state that the utility function of the decision 

maker is monotically increasing and it is concave over the region of 

NRLM. According to SSD, an alternative with the cumulative 

distribution function F(NRLM), is preferred to a second alternative 

with cumulative distribution function G(NRLM) if and only if, 

mm /NRLM 

F(NRI*I) d(NRLM) <_ I  G(NRIM) d(NRDl) 

— 00 

for all the values that NRD4 have; the inequality must be strong for 

sane values of NRLM. Different alternatives are ranked according to 

the accumulated area under the cumulative distributions. In figure 

(4.4), the accumulative area under F(NREW) is less than or equal to the 

other two distributions of G(NRrW) and H(NRIM). F(NRLM) is dominant 

over the other two alternatives (or they are dominated by F(NREM)). To 

compare G(NRLM), and HfNRIi-!) based on second order stochastic dominance 

neither of the distributions dominate one another, because the 

accumulated area under G(NRU1), is less than the area under H(NRIW), 

for smaller values of NRLM and the accumulated area under G(NREM) is 

greater than the area H(NRrJI) for larger values of NREM. 

Second order stochastic dominance has been used extensively, 

because it has greater discriminatory power than first order stochastic 

dominance, and because of the plausible assumption of risk aversion 

(Barry, 1984). 
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Cumulative 

Probability 

Figure (4.4): First and second degree stochastic dominance. 
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When making pair-wise comparisons among different alternatives, if 

two alternatives cross two times, figure (4.5), then distributions can 

be ordered by inspection. For example, consider two distributions F 

(NRLM) and G (NRLM); based on stochastic dominance criteria F (NRTM) 

dominates G (NRIJVI) if the area B is smaller than area A. 
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1.0 

cumulative 

probability 

G(NRLM) F(NRLH) 

+ X 

Uncertain Quantity 

Fiqure(4.5): Representation of second order stochastic dominance. 

(SSO) 
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CHAPTER V 

THE UNIVERSAL SOIL LOSS EQUATION (USLE) 

This chapter presents an overview of the universal soil loss 

equation and the theoretical background underlying its adoption and 

application for Oregon situations. Also an approach to measure the 

cost of soil loss is presented. About 45 years of research in the area 

of soil erosion by the United States Department of Agriculture (USDA) 

in cooperation with state Agricultural Experiment Stations has 

identified the major erosion factors and determined numerical 

relationships of the factors to soil loss rates (Wischmeier et al., 

1975). The Universal Soil Loss Equation (USLE) is the basic tool used 

to estimate sheet—^ and rill—^ erosion from precipitation and 

run off—^ (USDA, 1985). 

The USLE predicts the amount of soil which is moved within the 

field by the force of rainfall striking the soil and by surface water 

runoff. Much of this soil is redeposited in grassed areas or on 

flatter ground and does not actually leave the field (Friedrich, 1976). 

The USLE is extensively used to predict erosion for farm planning. 

Based on USLE one can evalute the impact of erosion on the level of 

1=3/ 
—- Sheet erosion: is the removal of soil from the land without 
formation of defined channels. 

7 6'/ 
—'   Rill erosion: refers to a situation which numerous small 
channels are formed, usually only a few inches deep. 

• 17/ 
—■' Run off: that portion of the precipitation on a drainage 
area that is discharged from the area in stream channels. 
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productivity. The Universal Soil Loss Equation Model is: A = 

RKLSCP (Wischmeier and Snith, 1965). Where A is the estimated average 

anual soil loss in tons per acre. The other factors used in the model 

are defined as follows: 

R - is the rainfall factor; that is the rainfall and runoff 

erosivity index units in a normal year's rain. The erosion index is a 

measure of the erosive force of specific rainfalls. 

K - the soil erodibility factor; is the soil loss rate per unit 

of erosion index unit for different soils. It defines tons per acre 

soil loss from a unit plot, which is defined as 72.6 foot length of 

uniform 9 percent slope. Therefore, if all other factors were 1, K 

factor would read out as tons of soil lost per acre. 

L - the slope length factor; and is the ratio of soil loss from 

the field slope length to that from a 72.6 foot length on the same soil 

type and gradient (steepness). 

S - the slope gradient (steepness) factor; which is the ratio of 

soil loss from the field gradient to that from a 9 percent slope. 

C - the cropping management factor; this factor is unique to 

each crop or crop rotation in each area. It relates the amount of crop 

cover or residue on the soil surface at specific intervals in the 

growing season to the amount and severity of rainfall occurring during 

such periods. More crop cover, obviously, will decrease soil erosion. 

So the "C" factor is the soil loss ratio from a field with specified 

cropping and managanent practices compared to a fallow field with all 
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other factors held constant (ratio of soil loss from field with a 

specified cover over soil loss from bare field, assuming the same soil, 

slope and climate). 

P - the erosion control pactice factor; it is the ratio of soil 

loss with contouring, stripcropping, or terracing to that with straight 

row farming, up and down slope. These practices (tillages, cross-slope 

farming and contour stripcropping) are support practices that will slow 

the run off water and hence the amount of soil which it can carry. 

Soil Loss Tolerance (T Value) 

Soil loss tolerance value is expressed in tons of soil which can 

be lost per acre per year without causing any reduction in 

productivity. It is a factor which is very important in the use of the 

soil loss equation even though it does not appear in the universal soil 

loss equation itself. 

Establishment of tolerances for specific soils has been largely a 

matter of collective judgment. Soils have been rated on the basis of 

from one to five tons tolerated loss limits per acre per year. 

Normally, the higher tolerances have been assigned to the deep, 

permeable, well drained soils, but the lower loss tolerances have been 

assigned to shallower soils or soils with unfavorable subsoils. Also 

soils that previously are eroded have been assigned lower T values 

(USDA, 1985). Table (5.1) shows estimated soil tolerances to soil loss 

according to top soil depth in Columbia Plateau, Oregon. 
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Table (5.1). Estimated Soil Tolerances to Soil Loss According to 
Top Soil Depth in Columbia Plateau, Oregon. 

Nonrenewable soil- 
Soil Depth Above Rock 

Hardpan, Caliche 
Tolerance Soil Loss(T) Tolerance Soil Loss(T) Soil Depth 
Renewable Soil—^ 

Greater than 60" 

40 - 60" 

20 - 40" 

10 - 20" 

Less than 10" 

5 tons/acre/year 

4 tons/acre/year 

3 tons/acre/year 

2 tons/acre/year 

1 ton/acre/year 

5 tons/acre/year 

4 tons/acre/year 

3 tons/acre/year 

2 tons/acre/year 

1 ton/acre/year 

Where: T = the maximum average annual rate of soil erosion which 

would allow a high level of crop production to be 

sustained economically. 

Source: Soil Conservation Service (SCS) of United States Department of 

Agriculture, Portland and Moro, Oregon. 

a/ 
— Soil with favorable substrata that can be renewed by tillage, 
fertilizer, organic material, and other management practices. 

— Soils with unfavorable substrata such as rock that cannot be 
renewed by economical means. 
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Universal Soil Loss Equation Adopted for Oregon; Second Generation 

The Universal Soil Loss Equation as presented is only relevant for 

sheet and rill erosion. However, in Sherman County, Oregon, in 

addition to soil loss as a result of sheet and rill erosion, gully 

13/ erosion, concentrated flow erosion, and interrill erosion occur.— 

Data from wheat fields in Oregon, Washington, and Idaho have been 

gathered over time. Based on these data the equation has been 

modified for situations in Oregon.—^ —' 

LS Factor—^ 

The LS (McCool, 1982) factor (length and percent slope) is of the 

form: . 

re; _     x        \m    ,sin e   .n . 
LS " ( 22jJ-)       (sin 5.143d (1) 

18/ —' Gully erosion: when water accumulates in narrow channels and 
over short periods removes the soil from this narrow area to 
considerable depths ranging from one to two feet to as much as 70 feet. 

19/ —' The USLE model as presented above is appropriate for conditions 
in the midwestern part of the United States. 

20/ ... —' Personal communication with Dr. Don McCool, Agricultural 
Engineer, USDA-ARS, Pullman, Washington, 1985. 

21/ ■== LS can be defined together rather than separately. 
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Where LS = slope length-and steepness factor relative to a 

22.13 slope length of uniform 9 percent (5.143°) 

slope; 

X = horizontal slope length, m; 

e = slope steepness (degrees); 

m = exponential constant; 

n = exponential constant. 

In order to determine the effect of slope length and steepness on 

erosion one needs to know the constant values of m and n in the above 

formulation. McCool and George (1983) found the values for m and n so 

that the LS factor could be calculated. Their analysis was done based 

on Palouse, North Central Oregon, and  Southeastern Idaho data. The 

Universal Soil Loss Equation (USLE) is: A = RKLSCP (all factos have 

been defined previously). 

This equation can be written as: 

jlp  = RLS (2) 

Substituting (1) into (2) gives 

RCP " R ( 22.13 ) (sin 5.1430) ' and (3> 

in ^ = InR + mln Hj*-^ n In (if^_) (4) 

For the Palouse data the values of m and n were determined to 

be: m=.49; n=.69. 



0. 

For North Central Oregon, the values of ra=.57 and n=.66 were found 

for steeper areas. However, for flatter slopes, values of m=.33 and 

n=.45 were found with the coefficients of determination to be .57 and 

.55, respectively. 

Similarly, for the third set of data (Southeastern Idaho data) 

they found m=.48 and n=.45. 

Based on analysis of these three sets of data they concluded that 

values of in=.5 and n=.7 would be used for all slopes and for all areas 

of the dryland farming of the northwest wheat region. 

Therefore, equation (1) can be written as: 

TQ -    x      i-5 /Sin e   ..7 
^ " (    22.13 ;   (sin  5.143°' 

Where LS = slope length and steepness factor for a 22.13 m slope 

length of uniform 9 percent (5.143 ) slope; 

X = horizontal slope length, m; 

e = slope steepness (degrees). 

Given horizontal slope length and slope steepness the LS 

relationship are found to used in USLE.—^ Table (A.2) in Appendix 

A shows values of LS from the study area. 

22/ —•' This section is due to: "A second-generation adaptation of 
the Universal Soil Loss Equation for Pacific Northwest Drylands," D.K. 
McCool and G.O. George of USDA-ARS; USDA, SCS respectively, 1983. 
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R Factor 

As noted previously the universal soil loss equation used in 

midwestern area of the United States accounts only for sheet and rill 

erosion. It ignores interrill erosion, concentrated flow erosion and 

gully erosion. It also ignores infrequent summer thunderstorms and 

spring rains that damage suttmer fallow. Dr. Don McCool of USDA-ARS, 

Pullman, Washington and G.O. George of USDA-SCS, Pendleton, Oregon, 

adjusted the equation to account for interrill erosion. They assumed 

that rill erosion accounts for 90 percent of total winter erosion. By 

multiplying winter rill erosion by a factor of 1.11 they found the 

total winter erosivity. They obtained the mean annual precipitation 

from precipitation maps developed from 1930-1957 data of Pacific 

Northwest River Basin Commission, 1970. The precipitation and winter 

erosivity values (RW) for north central Oregon are given in table 

(5.2). 

They used the following formulation, 

RW = a + bp + cp 

Where: RW = equivalent winter erosivity; 

P = mean annual precipitation, and; 

a, b, c are coefficients, 

which after parameter estimation became: 

RW = -1041 + 5.871P - .004219P2. 
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Table (5.2). Winter Erosivity, (RW) Annual Erosivity, (R), and Annual 
Precipitation for North Central Oregon. 

Mean Annual   Winter Erosivity 
Precipitation   (RW) 

Annual—' 
Erosivity (R) 

Sherman County 292 

Qnatilla County 381 

Morrow County 356 

Gilliam County 381 

Wasco County 318 

366 

536 

438 

728 

424 

432 

632 

516 

857 

498 

-/ R = RW/.85 

Source: D.K. McCool of USDA-ARS, Pullman, Washington; and G.O. George 
of OSDA-SCS of Pendleton, Oregon. 
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They made additional adjustments in order to take into account for 

spring rains and also sporatic surtmer thunderstorms that damage sunmer 

fallow. They believe that 15 percent of annual erosivity is caused by 

the summer thunderstorms, from which they developed the adjusted 

relationship for the Northwest annual erosivity factor (R) : 

R = -1225 + 6.907P - .004963P2 (McCool and George, 1983) 

Where: R is annual erosivity, and; 

P is annual precipitation. 

Table (5.3) shows the annual rain erosivity factors which are 

calculated based on the above McCool's and George's equation. The 

level of rain precipitation is also given for the period 1978-1985. 
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Table (5.3). Estimation of Rain Precipitation (P) and Annual Rain 
Erosivity Factors (R) for Southern Sherman County, 
Oregon, 1978-1985. 

Year P-' y & 

1978 15.42 42.46 

1979 9.29 7.76 

1980 15.98 44.93 

1981 12.10 25.43 

1982 14.41 37.72 

1983 17.28 50.20 

1984 12.95 30.18 

1985 8.99 5.70 

—'  P indicates the level of rain precipitation in inches. 

—  R stands for annual rain erosivity factor. 
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C Factor 

C factors for Columbia Plateau winter wheat-summer fallow as seen 

in figures (5.1) and (5.2) represent the situation under normal 

conditions and are not site specific. Dr. McCool, USDA-ARS, Pullman, 

Washington has modified the C factors shown on the graphs for different 

tillage alternatives. To do so, field soil conditions must be 

determined. That is, one needs to know the percent of clod, plow pans, 

pressure pans, soil structure in the plow layer. After the soil 

conditions are known, table (5.3) can be used to calculate the modified 

C factor for specific sites. That is, first the C factor is determined 

from the graphs which is constructed for the normal conditions of the 

Columbia'Basin, Oregon and then multiplied by the appropriate site 

values from table (5.4). Since the soils in the study area have fine 

puddled or crusted surface, less than 5 percent clods, massive soil 
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. 23/ 
structure, and well defined tillage pan and/or compaction—' below 

5 inches the appropriate modified factor for conventional system is 

1.20.  For example, if C factor of conventional tillage technology 

under normal conditions for Columbia Plateau winter wheat fallow with 

15 to 20 percent winter vegetation by December 1 and primary tillage is 

done in the spring is .40 then the adjusted C factor for Sherman County 

would be .48. A similar procedure is followed to determine site 

specific C values for other tillage systems under different conditions. 

Table (A. 3) in appendix A show different values of C that are estimated 

based on the above procedure, for conventional and stubble mulching, 

and no-tillage systems. 

Constant K factors (soil erodibility) are developed for the area 

of Columbia Plateau, Oregon for the major soil types. See table (A.4) 

in appendix A. Constant P factors are also developed for Columbia 

Plateau, Oregon based on the land slope. Table (A.5) in appendix A 

shows P factors that are used for the study area. 

23 ' 
—' Well defined tillage pans and/or compaction layers restrict 
root development and water movement. 
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Well Defined " 
No Tillage Weak Tillage Till. Pan &/or " 
Fans Si/or    Pans &/or .     Compaction,       " 
Compaction   Compactiorv-'  below 5" above 5" 

Soil Site 
Condition 

Soils 2/rough 
tillage, >15% 
clods 

.80 .90 1.10 1.20 

Soils 2/semi 
rough tillage 
5 - 15% clods 

.85 .95 1.15 1.25 

Soils w/fine 
surface (puddled 
or crusted), <5% 
clods, massive 
soil structure 

.90 1.00 1.20 1.30 

Soils w/platy 
structure or 
surf, compaction 

Soils w/residue 
burned, well 
defined surface  1.10 
soil structure 

1.20 

1.20 

1.30 

1.30 

1.40 

1.40 

Soils w/residue 
burned, weak or 
no surface soil  1.20 
structure 

1.30 1.40 1.50 

Soil w/surface 
puddled/crusted, 
v. weak/no soil 
structure, pans   .85 
recently broken 
by subsoiling or 
chiseling 

Soil w/conserv. 
tillage, weak 
surface soil     .75 
structure 

1.00 

.85 1.05 1.15 
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Table (5.4) (cont'd.). Oregon Estimated Modifying Factors for "C" 

Soil Site 
Condition 

No Tillage 
Fans &/or 
Compaction 

Weak Tillage 
Pans &/or . 
Compaction^ 

Well Defined 
Till. Pah &/or 
Compaction, 
below 5" above 5" 

Soil w/conserv. 
till./or green 
manure incorp.,   .70 
moderate surf, 
soil structure 

Soil w/high res- 
idue cons. till, 
and no-till (> 
2000 #/ac) or     .60 
green manure in- 
corp., well devel. 
soil structure 

Soil w/high % 
organic in surf., 
normal intake 
rate, v. friable, .50 
eviden well 
devel. soil surf. 
structure 

.80 1.00 1.10 

.75 .95 1.05 

.70 .90 1.00 

—  Weak tillage pans and/or compaction layers slow water 
penetration or development. 
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Measuring Cost of Soil Loss—' 

When alternative tillage practices are applied soil erosion occurs 

at different rates. To determine values for the soil loss one needs to 

determine the top soil depth and yield relationships. Based on this 

relationship, one can assess the amount of.yield that is lost as a 

result of decrease in top soil depth (soil erosion) over years. Taylor 

(1982) developed and used a soil-productivity loss model to evaluate 

the impacts of soil erosion on crop yields and net farm income in the 

Palouse region of the Pacific Northwest. Taylor's model is as follows: 

Y = a + b (1-RDT"A   ) (1) 

Where: Y is the number of bushels lost in time t; 

a is the intercept term which indicates crop yield at 

zero top soil depth on subsoils; 

b is the maximum increase above subsoil yields which 

is obtained on infinitely deep top soils; 

DT is the initial soil depth; 

A is the rate of soil erosion in terms of tons per 

acre which is obtained by using Universal Soil Loss 

Equation. 

■=«  When soil erosion occurs there are on site productivity 
impacts and off site environmental effects. This study considers 
only the on site effects. 
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R is a parameter between 0 and 1, a constant ratio 

between the consecutive terms of the declining yield 

incranent. 

Walker and Young (1985) have developed a yield projection function 

for the Palouse which shows the interaction between technology and top 

soil depth. Algebrically, they express the response functions as the 

following equations: 

Y = a + b (1 - R ) ) for the base period (2) 

TYT 
Y = A + B (1 - R ) ) for T years later (3) 

Where: Y indicates the bushels of wheat yield per acre; 

a, b, A, B, R are estimated parameters; and 

DT is top soil depth in inches. 

Equations (2) and (3) are combined into one yield projection 

function by including a time variable: 

Y = (a + a'tj+fb + b't)(1 - R07) ) (4) 

Where: Y is yield in the year t; 

a, b, and R are estimated parameters, and 

DT is top soil depth in inches 

a' = (A - a)/T, and (5) 



82 

b1 = (B - b)/T (6) 

According to Walker and Young (1985) equations (5), and (6) show the 

historical pattern and rate of technological progress on the intercept 

and slope of the yield projection model. Top soil depth D is also 

defined as: 

D = D0 - At (7) 

where D is the top soil depth in the base year (t=0) and A is the rate 

of erosion obtained from USLE model in terms of tons per acre and then 

converted into inches. Substitute (7) into (4) will give: 

Yt = (A + a'tj + fb + b't) (1 - RDo"At)   ) (8) 

All the elements of the equation are defined previously. This model, 

using Walker and Young (1985), defines the impact of technological 

advances as well as rate of erosion on wheat yield. 

Based on the winter wheat yield data in Palouse for 1950-1980, 

they estimated the parameters as follows: 

Yt + (24.46 +.41t)+(31.64 + .251t)(1 - .9
15*72~At) 

The above model was adjusted to determine the wheat yield loss 

over time. Multiplying the average price of wheat for the period of 

1978-1985 by the amount of yield loss will determine cost of yield loss 

(cost of erosion) . This study will attanpt to analyze the effect of 
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such cost on a time horizon of twenty five years. That is, the present 

value of one ton soil loss will be calculated with a specified real 

rate of interest, then this cost will be multiplied by the amount of 

erosion in each year for 1978-1985, and finally, these costs will be 

included in the objective function of the models. Therefore, the 

sources of risk and uncertainty which are accounted for in the study 

are variation in yield and variation in erosion over years which, in 

turn, will result in risk and uncertainty of net farm income over time. 

The estimated average winter wheat yield to be used in this model 

is 40 bushels per acre on top soil depth average of 12 inches. The 

yield estimate for 15.72 inches of top soil using Walker and Young 

yield projection model was 51 bushels per acre. Thus their model was 

adjusted downward in order to show the southern Sherman County wheat 

yields by multiplying the first part of the model by .83.—■' The 

yield projection model used for this study is: 

Y0 = (20.48832 + .3434t) + (26.50167 + .21024t) (1 - .g)"10^ 

Where: Y = bushels of wheat yield per acre for the base 

year, when initial top soil depth is 12 inches, 

t = rate of technology change; 

TD = initial top soil depth; 

A = tons of soil loss per acre. 

24/ 
—■ It is noted that .83 is obtained by dividing 40 bushels of 
wheat which is assumed for the study area by 47 bushels which is 
obtained when inserting 12 inches of top soil in their model. 
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The initial top soil depth for this study is 12 inches (TD = 12). Based 

on recommendation of the Soil Conservation Service office in Moro, 

Oregon, one inch of top soil depth on one acre of the farm with Condon 

silt loam soil is estimated to weigh 125 tons. Therefore, cost of one 

ton soil loss was estimated by using the following formulation: 

Y = (20.48832 + .34342t)+(26.50167 + .21024t)(1 - .g12--008 

Where Y = bushels of wheat yield per acre after one year when 

the top soil depth has decreased to 11.99 inches 

(i.e., j^r = .008; 12 - .008 = 11.99). 

t = rate of technological change. Technology is assumed 

constant, hence, value of 1 has been given to t. 

The value of Yn is 40 bushels and Y. is found to be 39.88 bushels; 

therefore, their difference is .12 (40 - 39.88 = .12) bushel per acre 

wheat yield loss. Multiplying this by the average price of wheat which 

is $3.86, results in $.46 which is the cost of one ton of soil loss or 

the cost of .008 inches of soil loss. Assuming a real interest rate of 

7 percent the present value of one ton soil loss over 25 years is 

calculated to be $5.36. The initial top soil is 12 inches. It 

decreases as a result of erosion from one year to the next, but the 

change is very small. Therefore, it is assumed that the initial top 

soil and the price of one ton of soil loss remains constant at 12 

inches and $5.36, respectively, for the period 1978-1985. 
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The following tables (5.4) - (5.13) show cost of soil erosion each 

year for different residue managanent factors (C) and different rain 

factors (R) for southern Shernan County, Oregon. 
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Table (5.5). Estimated Annual Rate of Soil Erosion and Cost Under 
Conventional Tillage System When Plowing is done in the 
Fall and Seeding is Done Late (15-25 percent winter 
vegetation by December 1) in Southern Sherman County, 
Oregon. 

Year & & L££/ (£/ & £ CE 

1978 .32 42.46 1.63 .56 1 12.40 64.32 

1979 .32 7.76 1.63 .56 1 2.27 12.16 

1980 .32 44.93 1.63 .56 1 13.12 70.32 

1981 .32 25.43 1.63 .56 1 7.43 39.82 

1982 .32 37.72 1.63 .56 1 11.01 59.01 

1983 .32 50.20 1.63 .56 1 14.66 78.58 

1984 .32 30.18 1.63 .56 1 8.81 47.22 

1985 .32 5.70 1.63 .56 1 1.61 8.63 

—^ K = soil erodibility factor. 

—f    R = rainfall factor. 

c/ 
— LS = slope length and steepness. 

— C = residue management factor. 

e/ 
— P = erosion control practice factor. 

— A = tons of soil loss per acre. It is calculated based on the 
adjusted Universal Soil Loss Equation for the study area. 

— CE = the erosion cost which is obtained by multiplying A (tons 
of soil loss per acre) and the present value of one ton of soil loss. 
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Table (5.6). Estimated Annual Rate of Soil Erosion and Cost Under 
Stubble Mulching Technology When Chisel Operation is 
Done in the Fall and Late Seeding (15-25 percent winter 
vegetation by December l) in Southern Sherman County, 
Oregon. 

Year & & LS^Z & P*/ & CE 

1978 .32 42.46 1.63 .14 3.10 16.62 

1979 .32 7.76 1.63 .14 .57 3.06 

1980 .32 44.93 1.63 .14 3.28 17.58 

1981 .32 25.43 1.63 .14 1.86 9.90 

1982 .32 37.72 1.63 .14 2.75 14.74 

1983 .32 50.20 1.63 .14 3.66 19.62 

1984 .32 30.18 1.63 .14 2.20 11.79 

1985 .32 5.70 1.63 .14 .42 2.25 

— K = soil erodibility factor. 

—'    R = rainfall factor. 

c/ 
— LS = slope length and steepness. 

— C = residue management factor. 

e/ 
— P = erosion control practice factor. 

— A = tons of soil loss per acre. It is calculated based on the 
adjusted Universal Soil Loss Equation for the study area. 

— CE = the erosion cost which is obtained by multiplying A (tons 
of soil loss per acre) and the present value of one ton of soil loss. 
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Table (5.7). Estimated Annual Rate of Soil Erosion and Cost Under 
Conventional Tillage System When Plowing is Done in 
the Spring with Late Seeding (15-25 percent winter 
vegetation by December 1) in Southern Sherman County, 
Oregon. 

Year & & LS£/ & & & CE 

1978 .32 42.46 1.63 .38 8.50 45.56 

1979 .32 7.76 1.63 .38 1.56 8.36 

1980 .32 44.93 1.63 .38 8.99 48.19 

1981 .32 25.43 1.63 .38 5.09 27.28 

1982 .32 37.72 1.63 .38 7.54 40.41 

1983 .32 50.20 1.63 .38. 10.04 53.87 

1984 .32 30.18 1.63 .38 6.04 32.37 

1985 .32 5.70 1.63 .38 1.14 6.11 

—^ K = soil erodibility factor. 

—'     R = rainfall factor. 

c/ 
— LS = slope length and steepness. 

— C = residue management factor. 

e/ 
— P = erosion control practice factor. 

— A = tons of soil loss per acre. It is calculated based on the 
adjusted Universal Soil Loss Equation for the study area. 

2/ CE = the erosion cost which is obtained by multiplying A (tons 
of soil loss per acre) and the present value of one ton of soil loss, 
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Table (5.8). Estimated Annual Rate of Soil Erosion and Cost Under 
Stubble Mulching Technology When Chisel Plowing is 
Done in the Spring with Late Seeding (15-25 percent 
winter vegetation by December 1) in Southern Sherman 
County, Oregon. 

Year & & LS£/ & ^ & CE 

1978 .32 42.46 1.63 .075 1 1.66 8.90 

1979 .32 7.76 1.63 .075 1 .30 1.61 

1980 .32 44.93 1.63 .075 1 1.75 9.38 

1981 .32 25.43 1.63 .075 1 .99 5.31 

1982 .32 37.72 1.63 .075 1 1.47 7.88 

1983 .32 50.20 1.63 .075 1 1.96 10.51 

1984 .32 30.18 1.63 .075 1 1.18 6.32 

1985 .32 5.70 1.63 .075 1 .22 1.18 

a/ — K = soil erodibility factor. 

—•     R = rainfall factor. 

c/ — LS = slope length and steepness. 

— C = residue management factor. 

e/ 
— P = erosion control practice factor. 

— A = tons of soil loss per acre. It is calculated based on the 
adjusted Universal Soil Loss Equation for the study area. 

3/ CE = the erosion cost which is obtained by multiplying A (tons 
of soil loss per acre) and the present value of one ton of soil loss. 
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Table (5.9). Estimated Annual Rate of Soil Erosion and Cost Under 
No-Tillage Technology Systan Where Seeding is Done 
Late (15-25 percent winter vegetation by December 1) 
in Southern Sherman County, Oregon. 

Year & & LSS/ & & & CE 

1978 .32 42.46 1.63 .012 1 .25 1.34 

1979 .32 7.76 1.63 .012 1 .05 .27 

1980 .32 44.93 1.63 .012 1 .27 1.45 

1981 .32 25.43 1.63 .012 1 .15 .80 

1982 .32 37.72 1.63 .012 1 .23 1.23 

1983 .32 50.20 1.63 .012 1 .30 1.60 

1984 .32 30.18 1.63 .012 1 .18 .96 

1985 .32 5.70 1.63 .012 1 .03 -.16 

— K = soil erodibility factor. 

— R = rainfall factor. 

c/ —/ LS = slope length and steepness. 

— C = residue management factor. 

e/ —■     P = erosion control practice factor. 
* 

— A = tons of soil loss per acre. It is calculated based on the 
adjusted Universal Soil Loss Equation for the study area. 

— CE = the erosion cost which is obtained by multiplying A (tons 
of soil loss per acre) and the present value of one ton of soil loss. 
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Table (5.10). Estimated Annual Rate of Soil Erosion and Cost Under 
Conventional Tillage System When Plowing is Done in the 
Fall and Seeding is Done Early (50 percent winter 
vegetation by Decanber 1) in Southern Sherman County, 
Oregon. 

Year & & LS^/ & & & CE 

1978 .32 42.46 1.63 .29 6.37 34.14 

1979 .32 7.76 1.63 .29 1.16 6.22 

1980 .32 44.93 1.63 .29 6.74 36.13 

1981 .32 25.43 1.63 .29 3.81 20.40 

1982 .32 37.72 1.63 .29 5.66 30.34 

1983 .32 50.20 1.63 .29 7.53 40.36 

1984 ..32 30.18 1.63 .29 4.53 24.28 

1985 .32 5.70 1.63 .29 .86 4.61 

—'    K = soil erodibility factor. 

—f  R = rainfall factor. 

c/ —'    LS = slope length and steepness. 

— C = residue management factor. 

e/ — P = erosion control practice factor. 

—■ A = tons of soil loss per acre. It is calculated based on the 
adjusted Universal Soil Loss Equation for the study area. 

3/ CE = the erosion cost which is obtained by multiplying A (tons 
of soil loss per acre) and the present value of one ton of soil loss. 
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Table (5.11). Estimated Annual Rate of Soil Erosion and Cost Under 
Stubble Mulching Technology When Chisel Operation is 
Done in the Fall and Early Seeding (50 percent 
vegetation by December 1) in Southern Sherman County, 
Oregon. 

Year & £/ LS^/ & & A*/ CE 

1978 .32 42.46 1^63 .053 1 1.27 6.81 

1979 .32 7.76 1.63 .053 1 .23 1.23 

1980 .32 44.93 1.63 .053 1 1.35 7.24 

1981 .32 25.43 1.63 .053 1 .76 4.07 

1982 .32 37.72 1.63 .053 1 1.13 6.06 

1983 .32 50.20 1.63 .053 1 1.51 8.09 

1984 .32 30.18 1.63 .053 1 .91 4.88 

1985 .32 5.70 1.63 .053 1 .17 .91 

—'     K = soil erodibility factor. 

—'    R = rainfall factor. 

c/ 
— LS = slope length and steepness. 

— C = residue management factor. 

e/ 
— P = erosion control practice factor. 

— A = tons of soil loss per acre. It is calculated based on the 
adjusted Universal Soil Loss Equation for the study area. 

3/ CE = the erosion cost which is obtained by multiplying A (tons 
of soil loss per acre) and the present value of one ton of soil loss. 
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Table (5.12). Estimated Annual Rate of Soil Erosion and Cost Under 
Conventional Tillage System When Plowing is Done in the 
Spring and Seeding is Done Early (50 percent winter 
vegetation by December 1) in Southern Sherman County, 
Oregon. 

Year K*/ & LS£/ & & 4/ CE 

1978 .32 42.46 1.63 .22 1 5.05 27.10 

1979 .32 7.76 1.63 .22 1 .92 4.93 

1980 .32 44.93 1.63 .22 1 5.34 28.62 

1981 .32 25.43 1.63 .22 1 3.02 16.19 

1982 .32 37.72 1.63 .22 1 4.48 24.01 

1983 .32 50.20 1.63 .22 1 5.97 32.00 

1984 .32 30.18 1.63 .22 1 3.59 19.24 

1985 .32 5.70 1.63 .22 1 .68 3.64 

—' K = soil erodibility factor. 

—'    R = rainfall factor. 

c/ — LS = slope length and steepness. 

— C = residue management factor. 

e/ — P = erosion control practice factor. 

— A = tons of soil loss per acre. It is calculated based on the 
adjusted Universal Soil Loss Equation for the study area. 

SL'  CE = the erosion cost which is obtained by multiplying A (tons 
of soil loss per acre) and the present value of one ton of soil loss. 
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Table (5.13). Estimated Annual Rate of Soil Erosion and Cost Under 
Stubble Mulching Technology When Chise Operation is 
Done in the Spring and Early Seeding (50 percent 
winter vegetation by Decanber 1) in Southern Sherman 
County, Oregon. 

Year & & LS£/ & & 4/ CE 

1978 .32 42.46 1.63 .03 1 .68 3.64 

1979 .32 7.76 1.63 .03 1 .12 .64 

1980 .32 44.93 1.63 .03 1 .72 3.86 

1981 .32 25.43 1.63 .03 1 .41 2.20 

1982 .32 37.72 1.63 .03 1 .60 1.93 

1983 .32 50.20 1.63 .03 1 .80 4.30 

1984 .32 30.18 1.63 .03 1 .48 2.57 

1985 .32 5.70 1.63 .03 1 .09 .48 

—/ K = soil erodibility factor. 

—'    R = rainfall factor. 

c/ 
—/ LS = slope length and steepness. 

— C = residue management factor. 

e/ 
— P = erosion control practice factor. 

—' A = tons of soil loss per acre. It is calculated based on the 
adjusted Universal Soil Loss Equation for the study area. 

si    CE = the erosion cost which is obtained by multiplying A (tons 
of soil loss per acre) and the present value of one ton of soil loss. 
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CHAPTER VI 

DATA SPECIFICATION, REPRESENTATIVE FARM SITUATION 

AND MODEL DEVELOPMENT 

The preceding chapters identified the basis for the allocation 

of resources to produce wheat under different tillage practices. The 

objectives of this chapter are to: 

1. Specify data requirement and sources of data for the analysis. 

2. Specify the representative farm situation in terms of land, 

labor, and wheat production under alternative seeding times 

and plowing seasons. 

3. Estimate costs of production for the tillage practices. 

4. Develop mathematical programning models for the study area. 

Specification and Sources of Data 

The models of the study require a series of observations on the 

expected net return to land and management per acre and the associated 

deviations for each of the tillage systans that is applied by the 

growers of the area. Data on yields over time, prices and production 

costs, and costs of soil loss are needed. Unfortunately, a long term 

historical yield data for no-tillage technology from Sherman County 

farmers does not exist in the form necessary to evaluate this tillage 

system. Only a few growers have tried annual cropping under no-tillage 

technology. 

Average proven wheat yield data were obtained from growers for 

both conventional tillage systans and stubble mulching methods and 
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then reviewed by the ASCS office in Moro, Oregon. Wheat yield data are 

for periods of 1978-1985. 

Another set of wheat yield data was obtained from the Crop Science 

Department at Oregon State University. These data include eight years 

(1978-1985) wheat yield production for three systems of conventional 

tillage, stubble mulching, and no-tillage. These experimental data 

were developed by Dr. Floyd Bolton, Crop Science, Oregon State 

University. His objective was to compare yield productivity under the 

three systems. In his experiment he attempted to determine whether 

summer-fallow wheat yield under stubble mulching and no-tillage systons 

were comparable with those of the conventional system. The experiment 

was conducted under controlled situations. Therefore, yields are 

higher than those obtained from area farmers and yield variation over 

years are considerably less among tillage practices. Tables (B.l) and 

(B.2) in appendix B show the yield data for both farmers and 

experimental plots for period of 1978-1985. 

Average wheat yields are higher with the tillage intensive system 

(conventional tillage system), in both cases of actual farmers' 

situations and experimental plots. 

Eight years of data (1978-1985) on average annual prices for white 

wheat in Northwest were obtained from the Extension Economic 

Information office. Agricultural and Resource Economics Department, 

Oregon State University (see table (B.3)). The average price over this 

period was used in the study. 

Cost of production data including labor under conventional and 

stubble mulching and no-tillage systems were estimated based on 1985 

prices. 
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Production cost and input requirement data for no-tillage systems 

were based on : 

1. Dryland wheat production and marketing costs in Oregon's 

Columbia Plateau, 1985-1986. Oregon State Extension Service, 

November, 1985. 

2. No-till Management Systems versus Conventional tillage 

systems: A Cost Comparison; Oregon State Extension Service, 

1983. 

3. Personal cormiunications with: Stanley Miles, Agricultural 

Economist, Agricultural and Resource Economics Department, 

Oregon State University; Gordon Cook, Union County Extension 

Agent; and Don Rydrick, Oregon State University Experiment 

Station, Pendleton, Oregon. 1985. 

Rain precipitation data were obtained from Oregon State University 

climatologists, Corvallis, Oregon. 

Soil Conservation Service (SCS) of the United States Department of 

Agriculture (USDA) in Portland, and Moro, Oregon provided data 

regarding, K factor (soil erodibility), P factor (supporting 

conservation practice), and C factor (residue management) used in the 

Universal Soil Loss Equation. 

ARS of USDA in Washington State University, Pullman, Washington 

provided data regarding the modified Universal Soil Loss equation for 

Oregon. 
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Land 

Land acreage for this study was assumed to be 2500 acres, where 

half of this (1250 acres) is planted and the other half is in fallow. 

This acreage is representative of wheat farms in North Central Oregon. 

This is a "representative" farm rather than an average farm in southern 

Sherman County on the basis of location, soil type and size. 

The soils of the Sherman County consists of soils that average 

about 30 inches in depth to basalt bedrock. These soils have formed in 

Loess mixed with small amounts of volcanic ash. They are dominant on 

the uplands in the southern half of the county. In most places they 

are sloping, in some places becoming quite steep. The native 

vegetation mainly is bluebunch wheat grass, Idaho fescue, and Sandberg 

bluegrass. The surface layer, that extends to a depth of 7 to 12 

inches, is slightly hard, grayish-brown, natural Condon silt loam. 

When the soil dries, a hard crust forms on the surface and slows the 

infiltration of water. The subsoil is slightly hard, brown to 

pale-brown, natural, weak prismatic silt loam that contains more clay 

then the surface layer. 

The depth to basalt bedrock generally is from 18 to 38 inches, but 

in sane places it is as much as or even more than 60 inches. The 

southern part of Sherman County would average about 30 to 38 inches. 

Where the soil is more than 34 inches deep, the subsoil is under by 

yellowish-brown, massive, silty or sandy material, which, in places, is 

calcareous. In most places small fragments of basalt are scattered 

throughout the profile. The Condon soils hold about .21 inches of 

available moisture per inch of depth. Natural drainage is good, and 
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permability is moderate. The Condon soils are used mainly for growing 

25/ 
wheat.—'  It is assumed homogeneous soil for the study area, 

southern Sherman County. 

Labor 

The amount of labor available during each period is based on the 

amount of labor that operator could supply. Labor is not an annual 

constraint in Sherman County. There are times during winter when the 

ground is snow covered and farming activities are stopped. Unfortu- 

nately, labor in these time periods is not perfectly substitutable with 

labor available during the farming periods of the year. It appears 

that labor is constraining in April, June, July, and September. 

Table (6.1) shows the labor availability for surmner-fallow wheat 

production on 2500 acres of dryland farm in Sherman County based on the 

recommendation of area growers and county agents. 

25/ 
—' This information is from the Soil Survey for Sherman County, 
Oregon, 1964. 
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Table (6.1). Labor Availability for Surnmer-Fallow Wheat Production 
on 2,500 Acres of Dryland Farm in Sherman County, 
Oregon. 

Own Labor Hired Labor Total Own and Hired 
Available Available Labor Available 

Period (hours) (hours) (hours) 

April 216 384 600 

June 216 120 336 

July 240 280 520 

September 216 160 376 

Total 888 944 1,832 
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In the month of April, several field operations including plowing, 

cultivating, and fertilizing are done. It is assumed that in this 

month, a farmer works six days a week and nine hours per day, a total 

of 216 hours for the month (6x9=54;54x4= 216). The available 

hired labor for April is 384 hours. That is, it is assumed that he can 

•hire 2 laborers for 4 weeks, six days a week and eight hours per day (6 

x 8 = 48; 48 x 4 = 192 hours per labor; 192 x 2 = 384 hours total). 

For the month of June, the farmer can supply 216 hours of his own 

labor, as in the case of April, and is able to hire another 120 hours 

to do the operations (5 days x 8 hours per day = 40 hours per week x 3 

weeks = 120 hours). Labor in this month is not as crucial as April. 

Normally, in July, harvesting takes place. Labor in this month 

seans to be a constrained factor as well. The owner/operator works six 

days a week; 10 hours per day which brings it to a total of 240 hours 

of his own labor. On the other hand, available hired labor is 280 

hours. That is, one labor for 4 weeks of 40 hours per week, and 

another labor for 3 weeks of 40 hours per week. 

Seeding (hauling and drilling seed) normally takes place in 

September. The owner is assumed to work six days a week at nine hours 

per day in this month (6 days x 9 = 54 hours per week x 4 = 216 hours), 

that is a total of 216 hours. Mount of labor available to hire is 160 

hours (5 x 8 = 40; 40 x 4 = 160) . 
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Wheat Production 

Three tillage systems in the study area: conventional, stubble 

mulching and no-till, are used. Fanners use conventional methods the 

most in spite of soil erosion problems. 

In the case of conventional tillage systems, a moldboard plow is 

used and followed by other operations, such as cultivation, rod 

weeding, fertilizing, etc. It is assumed that all plant residue is 

covered with soil in this system. The assumed level of residue is 100 

pounds per acre.—' 

The stubble mulch system has been used in the area for several 

years. Generally, wheat yield is lower and production costs are higher 

under this system. Farmers practice this method on a lower scale as 

compared to conventional system. The residue left on the field after 

seeding is assumed to be 2000 pounds per acre under this syston. 

The no-tillage system has been used on a very small scale, mainly 

due to higher chemical costs, lower yield and associated yield risk and 

uncertainty. It is assumed that 4000 pounds of residue per acre, after 

27/ 
seeding is left on the ground under this system.—■' 

—   —' These estimates are based on reconmendations of Soil 
Conservation Service offices in Moro, and Portland, Oregon, 1985. 
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Alternative Seeding Time and Plowing Season 

Alternative seeding time and plowing seasons considered are as 

follows. 

1. Late seeding and fall plowing, scenario I. Late seeding in 

the area refers to seeding after September 30. The Soil Conservation 

Service (SCS) suggests that approximately 15-25 percent of winter 

vegetation would cover the ground by December 1. Vegetation cover has 

a great impact on the detachment, and transportation of soil. Field 

coverage by wheat plant and their residues provide protection from the 

impact of rain drops. 

Under this scenario it is assumed that land is plowed in the fall 

(mold board plowing in case of conventional, and chisel plow in case of 

stubble mulching). Based on the above conditions (seeding time, and 

plowing season) the adopted "C" factor (land coverage and management 

factor) for the study area is estimated at .56 for conventional, .14 

for stubble mulching, and .012 for no-till technology. Table (6.2) 

shows estimated alternative "C" factor values under different tillage 

practices for the study area. The estimated average soil loss per 

acre, using the USLE model, for this scenario is 8.91 tons per acre, 

2.23 tons per acre, and .18 tons per acre for conventional, stubble 

mulch, and no-tillage systems, respectively. These average estimates 

of soil loss over 1978-1985, consitute the technical coefficients of 

the soil erosion constraint. Table (6.3) shows these estimates. 
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Table (6.2). Estimated Different "C" Factor Values Under Alternative 
Tillage Practice for Experimental Plots in Southern 
Sherman County, Oregon. 

Conventional 
System 

Stubble- 
Mulching 

No-Till 
Technology 

"C" Factor "C" Factor ■C" Factor 

Seeding late and 
primary tillage 
in fall .56 .14 .012 

Seeding late and 
primary tillage 
in spring .38 .075 .012 

Seeding early and 
primary tillage 
in fall .29 .053 .006 

Seeding early and 
primary tillage 
in spring .22 .03 .006 



Table (6.3). Estimated Annual and Average Tons of Soil Loss Per 
Acre Under Alternative Tillage Practices for Scenarios 
I - IV, in Southern Sherman County, Oregon. 

~  Conyentional ~/          Stubble Mulching            No-Tillage 
Year I*'    11-/ III 9/ iv-/  I    II    III    IV    I    II    III  IV 

1978 12.40 8.50  6.37 5.05   3.10 1.66  1.27    .68   .25   .25   .12 .12 

1979 2.27 1.56  1.16 .92    .57  .30   .23    .12   .05   .05   .02 .02 

1980 13.12 8.99  6.74 5.34   3.28 1.75  1.35    .72   .27   .27   .13 .13 

1981 7.43 5.09  3.81 3.02   1.86  .99   .76    .41   .15   .15   .08 .08 

1982 11.01 7.54  5.66 4.48   2.75 1.47  1.13    .60   .23   .23   .11 .11 

1983 14.66 10.04  7.53 5.97   3.66 1.96  1.51    .80   .30   .30   .15 .15 

1984 8.81 6.04  4.53 3.59   2.20 1.18   .91    .48   .18   .18   .09 .09 

1985 1.61 1.14   .86 .68    .42  .22   .17    .09   .03   .03   .02 .02 

Ave-  8.91 6.11  4.58 3.63   2.23 1.19   .92    .48   .18   .18   .09 .09 
rage 

— Indicates scenario I; late seeding and fall plowing. 

—•  Indicates scenario II; late seeding and spring plowing. 

c/    . . — Indicates scenario III; early seeding and fall plowing. 

— Indicates scenario IV; early seeding and spring plowing. 
o 
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These technical soil loss coefficients are estimates of sheet, 

rill, and interrill erosion. Although gully and concentrated flow 

erosion seem to be a serious problem, at the present time there are no 

proven and reliable data to account for them in the Universal Soil Loss 

Equation Model. However, intensive studies and experiments are 

underway regarding this matter (McCool, 1985). 

2. Late seeding and spring plowing. The time of seeding is 

similar to scenario I, but plowing is done in the spring rather than 

fall. The estimated C factor for the study are under this scenario is 

.38 for conventional, .075 for stubble mulching, and .012 for no-till 

systems and the corresponding estimated average annual soil loss per 

acre are 6.11, 1.19, and .18 tons per acre (see table 6.3). 

3. Early seeding and fall plowing. Early seeding refers to 

September 1 to September 30. According to SCS specialists, 

approximately 50 percent of winter vegetation would cover the ground by 

December 1 with early seeding. Thus, the "C" factor has a lesser value 

of .29 for conventional and .053 for stubble mulching, and .006 for 

no-till. Estimated average rate of soil erosion under the scenario is 

also smaller, 4.58 for conventional and .92 for stubble mulching, and 

.09 for no-till. 



107 

4. Early seeding and spring plowing. Seeding time under this 

scenario is similar to that under scenario III but plowing takes place 

in the spring. This system is ideal in terms of soil loss prevention, 

since the "C" factor and the erosion rates are the smallest of all 

scenarios. An average of 3.36 tons of soil are lost under conventional 

with a "C" value of .22 and .48 tons are lost on the average under 

stubble mulching with a "C" value of .03. 

Costs of Production 

Production costs for sunmer-fallow winter wheat production are 

estimated based on the following assumptions: 

1. The owner is the manager and operator of his land. 

2. The size of the farm is 2,500 acres where 1,250 acres is 

fallowed and 1,250 acres is seeded. 

3. Costs are determined on the basis of 40 bushels of wheat yield 

per acre. 

4. October prices of 1985 are charged for inputs of fertilizer, 

chemicals, seed, etc. 

5. The cost of operator's labor is assumed $9.00 per hour; and 

hired labor of $5.50 per hour. 

6. Values of machinery are determined based on October, 1985 

costs assuming that the machine is half depreciated. 
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Tables (6.4), (6.5), and (6.6) identify the schedule of field 

operations, required labor, types of machines used, and materials that 

are applied under conventional tillage systems, stubble mulching 

tillage sytans, and no-tillage systems, respectively. The costs of 

labor, machinery and materials are identified. The estimated cost of 

one acre summer-fallow wheat production under conventional tillage 

system is 100.12 dollars; under the stubble mulching systems is 106.00 

dollars; and under no-tillage technology is 111.33 dollars. These 

costs do not account for the cost of land and management. 



109 

Table (6.4). Estimated Input and Costs Per Acre, Under Conventional 
System, Sherman County, Oregon, 1985. 

Labor Machinery Costs (a)   Other Total 
Hours Value Item Cost Cost 

($> ($) ($) 
Cultural operations 
Mold board plow, 10-16" .18 1.64 6.45 8.09 
Cultivator, 40' (1.5X) .11 1.00 4.54 5.54 
Rod weed, 48' (3X) .20 1.80 7.65 9.45 
Fertilizer (b) .07 .60 1.61 30 # N 7.20 9.42 
Drill seed, 4-8' (1.1X) .08 .76 4.63 55 # seed 5.50 10.89 
Haul seed (c) .01 .07 .22 .30 
Spray herbicide (d) chan. 

custom 
6.19 
3.00 9.19 

Harvest operations 
Combine, 20' hillside .14 1.29 16.67 17.95 
Haul grain (e) .14 .79 5.70 6.48 

Other charges 
Other labor (f) .50 3.63 3.63 
Pickup truck (c) 4.20 4.20 
Other machinery 4.35 4.35 
Conservation practices .75 .75 
Crop insurance (g) 2.25 2.25 
Operating capital int 

12% 3.64 3.64 
Miscellaneous (h) 4.60 4.60 

COST PER PLANTED ACRE 1.43 11.57 56.02 32.53 100.12 

(a) This includes machinery operating costs for repairs (parts and 
labor), maintenance, oil and lubrication and machinery ownership costs 
which include decpreciation, interest on average investment @ 12.5% and 
insurance. 

(b) Fertilizer cost includes the cost of the application. 

(c) Based on the following mileages: 250 miles on trucks hauling 
seed, 6,250 miles on trucks hauling grain and 10,000 miles on pickup. 

(d) Where morning glory control is necessary, add $4.00 for herbicide 
plus $2.50 for application. 

(e) Hired labor cost (wages and benefits) for hauling grain is based 
on 175 hours per year @ $5.50 per hour. 
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(f) Other labor includes such items as moving and servicing machinery, 
checking fields, etc. Half of this is hired @ $5.50 per hour. 

(g) Crop insurance includes hail and fire at $1.25 and Federal crop 
insurance at $1.00 per acre. 

(h) Miscellaneous expenses include general insurance, tools, shop, 
utilities, accounting fees, office supplies, etc. 

Source: Dryland Wheat Production and Marketing Costs in Oregon's 
Columbia Plateau, 1985-1986, Oregon State University Extension Service, 
November, 1985. 
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Table (6.5). Estimated Input and Costs Per Acre, Under Stubble Mulching 
System, Sherman County, Oregon, 1985. 

Labor Machinery Costs' 'a)   Other Total 
Hours Value Item Cost Cost 

($) ($) ($) 
Cultural operations 
Chisel plow, 31' (2X) .15 1.33 6.12 7.45 
Rod weed, 48' (3X) .20 1.80 ■ 8.55 10.34 
Fertilizer (b) .07 .60 1.91 30 # N 7.20 9.71 
Drill seed, 4-8' (1.1X) .08 .76 5.01 55 # seed 5.50 11.27 
Haul seed (c) .01 .07 .22 .30 
Spray herbicide (d) cham. 

custom 
13.48 
6.00 19.48 

Harvest operations 
Combine, 20' hillside .14 1.29 16.67 17.95 
Haul grain (e) .14 .79 5.70 6.48 

Other charges 
Other labor (f) .50 3.63 3.63 
Pickup truck (c) 4.20 4.20 
Other machinery 4.35 4.35 
Conservation practices .50 .50 
Crop insurance (g) 2.25 2.25 
Operating capital int 

12% 3.64 3.64 
Miscellaneous (h) 4.60 4.60 

COST PER PLANTED ACRE 1.29 10.26 52.73 43.03 ICG.00 

(a)  This includes machinery operating costs for repairs (parts and 
labor), maintenance, oil and lubrication and machinery ownership costs 
which include decpreciation, interest on average investment @ 12.5% and 
insurace. 

(b) Fertilizer cost includes the cost of the application. 

(c) Based on the following mileages: 250 miles on trucks hauling 
seed, 6,250 miles on trucks hauling grain and 10,000 miles on pickup. 

(d) Where morning glory control is necessary, add $4.00 for herbicide 
plus $2.50 for application. 

(e) Hired labor cost (wages and benefits) for hauling grain is based 
on 175 hours per year @ $5.50 per hour. 
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(f) Other labor includes such items as moving and servicing machinery, 
checking fields, etc. Half of this is hired @ $5.50 per hour. 

(g) Crop insurance includes hail and fire at $1.25 and Federal crop 
insurance at $1.00 per acre. 

(h) Miscellaneous expenses include general insurance, tools, shop, 
utilities, accounting fees, office supplies, etc. 

Source: Dryland Wheat Production and Marketing Costs in Oregon's 
Columbia Plateau, 1985-1986, Oregon State University Extension Service, 
November, 1985 
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Table (6.6). Estimated Input and Costs Per Acre, for Prodction of Dryland Surmner- 
fallow Wheat Under No-Tillage System, Sherman County, Oregon, 1985. 

Labor Machinery Costs Other Total 
Hours Value Item Cost Cost 

Herbicide-' 

Planting—^ 

£2 

f/ Spring herbicide—' 

Haul seed—'    . 
Spray herbicide^-' 

Harvest operations 
Combining . . 
Haul graini-' 

Other charge^ 
Other labor-'. 
Pickup truck- 
Other machinery 
Conservation practices 
Crop insurancel' 
Operating capital int 

121      k/ 
Miscellaneous—' 

.17 

.01 

.142 

.14 

.50 

($) 

1.53 

.07 

1.29 
.79 

3.63 

($) 

10.9& 

.25 

16.67 
5.70 

4.14 
4.77 

($) 

chem. 7.00 

SSI? 3.50 10.50 
5.50 
7.20 25.18 

chem. 8.98 
custom 4.50 13.48 

.32 
chem. 7.00 

custom 3.50 10.50 

17.96 
6.49 

3.63 
4.14 
4.77 

.75 .75 
4.75 4.75 

3.64 3.64 
4.60 4.60 

COST PER PLANTED ACRE .96   7.31 42.48 61.54  111.33 

—'  Based on recommendation of Oregon State Experiment Station, 
Pendleton, Oregon. 

—'  Planting under no-till systsn consists of two oeprations, 
seeding and fertilizing. (Recently a rotary strip tillage system is 
being investigated as a method of establishing adequate stands in 
no-till chemical fallow by Dr. Floyd Bolton, Crop Science Dept., Oregon 
State University, where it carries three operations of application of 
herbicide, seeding, and fertilization at the same time.) 

c/ 
— Based on renting seeding drill at $35 per hour and an average 
of 5.5 acres per hour and a tractor at cost of $25 per hour. 

— 55 pounds of seed at price of .10 cents per pound. 
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e/ 
— 30 pounds of solution 32 (32% Nitrogen) at .24 cents per acre. 

— Spring chemicals are applied mainly to get rid of broad leaf 
weeds. 

— September spray before seeding herbicide is used to germinate 
weed before seeding takes place. This figure is based on Dr. Don 
Rydrych, Oregon.State University Experiment Station recommendation. 

— Other labor like moving and servicing machinery, checking 
fields, etc. Half of this is hired at $5.50 per hour. 

— Based on the following mileages: 250 miles on trucks hauling 
seed, 6,250 miles on trucks hauling grain and 10,000 miles on pickup. 

■3/ Crop insurance including hail and fire at $1.75 and Federal 
crop insurance at $3.00 per acre. 

k/ 
— Miscellaneous expenses include general insurance, tools, shop, 
utilities, accounting fees, office supplies, etc. 

Sources: (1) Dryland Wheat Production and Marketing Costs in Oregon's 
Columbia Plateau, 1985-1986, Oregon State University Extension Service, 
Novanber 1985; (2) No-Till Managanent System Vs. Conventional Tillage 
Systans: A Cost Comparison, Oregon State University Extension Service, 
1983;  (3) Personal communication with agricultural economists. County 
agents, agronomists and leading growers in the area, 1985. 
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Details of cost of wheat production under conventional and 

stubble-mulching systans are shown in tables (B.4) and (B.5) in 

appendix B. Costs of machinery and associated assumptions are 

presented in detail in appendix B, tables (B.6) through (B.ll). 

Model Developnent 

This study will address the problem of tillage selection under 

perfect and imperfect knowledge of yields, soil erosion, and hence, net 

return to land and management using both experimental plot and actual 

farmers' data. A regulatory soil erosion restriction (constant) based 

on levels of soil erosion tolerance (T value) will be introduced and 

analyzed with four different values of the residue managanent factor 

(C) for each of the tillage systems. The C factors are calculated and 

inserted into the Universal Soil Loss equation (USLE) model, and tons 

of soil loss per acre determined for conventional and stubble mulching 

using actual farmers' data. A similar procedure will be followed with 

experimental plot data, with the addition of a no-till technology. Then 

the models are extended to account for variation of erosion over time. 

That is, tons of soil loss erosion per year are calculated by 

application of the Universal Soil Loss Equation (USLE), then cost of 

each ton of soil loss are determined based on reduction in wheat yield 

over time by using revised Walker and Young's (1985) yield projection 

model. 

Risk free and risk averse linear programming models (LP and MOTAD) 

for both sets of data are developed for the following four situations: 
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1. Maximization of expected net return to land and management 

and optimal selection of alternative tillage technologies, 

without erosion consideration. 

2. Maximization of expected net return to land and management 

and optimum selection of alternative tillage technologies, 

considering regulatory erosion restriction based on soil 

erosion tolerance level (T value) for the following four 

scenarios: 

a. When wheat is planted late (15-25 percent winter 

vegetation by December 1) and primary tillage for 

conventional tillage sytems and stubble mulching system is 

done in fall. 

b. When wheat is seeded late and primary tillage is done in 

spring. 

c. When wheat is seeded early (50 percent winter vegetation 

by December 1) and primary tillage is done in fall. 

d. Finally, when wheat is seeded early and primary tillage 

operation is done in spring. 

3. Maximization of expected net return to land and management and 

alternative tillage selection technologies considering erosion 

variation for the situations a through d above. 

4. Maximization of expected net return to land and management and 

optimum selection of alternative tillage technologies, 

considering both regulatory erosion restriction (tolerance 

level), and erosion variation for the four above situations 

(a-d). 
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Activities 

Risk free and risk averse models include wheat production 

activities under alternative tillage practices for the area of study. 

Constraints 

The constraints of the models include, land, labor, erosion 

deviation, and non-negativity constraints. The following is a brief 

explanation of these constraints. 

Land Constraint 

Thus, the model constraint is the amount of land which is 

available to produce wheat under alternative tillage technologies. 

Total land available is assumed 2,500 acres.  The model determines how 

much of this land will be allocated to each system. 

Labor Constraint 

Labor is constrained in April, June, July, and September. 

Plowing, cultivating, and fertilizing operations for conventional 

tillage systems; chiseling and fertilizing of stubble mulching 

technique take place in April. The first and second rod weedings of 

the conventional and stubble mulch system are done in the beginning and 

end of June. 

Combining and hauling grain for all systems take place in July. 

Finally, hauling seed, drilling seed of all systons is done in 

September. Recall, labor hours availability for April, June, July, and 
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Septanber was estimated to be 600, 336, 520, and 376, respectively. 

These figures are drawn from table (6.1). 

Erosion Constraints 

Erosion constraint (regulatory soil erosion restriction) is 

determined based on the tolerance level of the study area's soil 

characteristics. Soil conservation specialists at SCS office in Moro, 

Oregon suggest a tolerance level (T value) of 2 tons of soil loss per 

acre. Since the farm consists of 2,500 acres the T value is 5,000 tons 

for the total available land (i.e., 2,500 acres of land multiplied by T 

value = 2). 

Hon-Negativity Constraints 

Non-negativity constraints assure that the values of activities 

are never negative in the models. 

Objective Function 

The problem is allocating the resources among different tillage 

practices in order to maximize the expected net return to land and 

management (objective function). To accomplish such an objective, 

total revenue has been calculated by multiplying the average 1978-1985 

price by the yield for each year and then incorporating the budgeting 

data into the objective function (or simply deduct the costs from the 

total revenue and insert the net return in the objective function). 

Similarly, when the model is extended to account for erosion 

variation, the same procedure is followed to calculate the expected net 
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return to land and management, including cost of soil loss, and then 

include them in the objective function. Tables (C.l) through (C.18) in 

the appendix C show net return to land and management, with and without 

erosion cost under alternative tillage practices for different 

scenarios, planting time, and tillage time operations (that is under 

different residue management level). 

Model Structure 

This section will present a simplified formulation of one of the 

models. The following is an example of maximization of expected net 

return to land and management for experimental plots data considering 

wheat yield and soil erosion as sources of risk and uncertainty. This 

model includes regulatory erosion constraint based on the southern 

Sherman County soil erosion tolerance level, with primary tillage in 

the fall and late seeding (15-25 percent winter vegetation by December 

1). 

Maximize: 

NRI^lPW+NRLM2MW+NiyLM3NW+NRLM4PF+NRtW5MF+NRLM6NF - X SD 

Subject to: 

PW-PF >_ 0 

PW-PF <_ 0 

MW-MF >_ 0 

MW-MF <_ 0 

NW-NF >_ 0 

NW-NF _<  0 

PW+PF <_ total land endowment 

MW+MF < total land endowment 
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NW+NF ± total land endovment 

PW+MW+NW+PF+MF+NF ±   total land endowment 

APLPW+APLMW+APLNW+APLPF+APLMF+APLNF 1 

total labor endowment for month of April 

JELPW+JEIWW+JELNW+JELPF+JEE21F+JELNF <. 

total labor endowment for month of June 

JULPW+JULMW+JULNW+JULPF+JUU1F+JULNF <_ 

total labor endowment for month of July 

SELPW+SELMW+SENW+SELPF+SELMF+SELNF £ 

total labor endowment for month of September 

EC PW+EC PF+ES MW+ES MF+EN NW+EN NW £ 

allowable erosion, (tolerance level) 

d11PW4d21MW+d31NW - Z1 <_ 0 

d12PW4<322MW+d32NW - Z2 <_ 0 

d13PW4d23MW4d33NW - Z3 <_ 0 

d14PW+d24MW4d34NW - Z4 <_ 0 

d15PW+d25MW4d35NW - Z5 <_ 0 

d16PW4<326MW4d36NW - Zg < 0 

d17PW4d27MW4d37NW - Z7 <_ 0 

d18PW+d2gMW-td3gNW - Zg £ 0 

Z1+Z2+Z3+Z4+Z5+Z6+Z7+Z8- i > 0 

z1+z2+z3+z4+z5+z6+z7+z8- i < 0 

Where: NRIW-, = Expected net return to land and management to 

one acre of land seeded under conventional 

tillage system. 

NRLM„ = Expected net return to land and managanent to one 
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acre of land seeded under stubble mulching 

system. 

NRLMo = Expected net return to land and management to 

one acre of land seeded under no-tillage 

technology method. 

NRIM^ = Expected net return to land and management to 

one acre of land which is fallowed for 

conventional tillage system. 

NRLMc = expected net return to land and management to 

one acre of land which is summer fallowed for 

stubble mulching system. 

NRLMg = expected net return to land and management to 

one acre of land which is fallowed for no-tillage 

system. 

PW = acres of land seeded under conventional systan. 

MW = acres of land seeded under stubble mulching 

system. 

NW = acres of land seeded under no-tillage system. 

PF = acres of land summer fallowed for convention 

system. 

MF = acres of land summer fallowed for stubble- 

mulching system. 

NF = acres of land summer fallowed for no-tillage 

system. 

APLPW = needed labor in April to plant one acre of land 

under conventional tillage system. 

APLMW = needed labor in April to plant one acre of land 
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under stubble mulching system. 

APLNW = needed labor in April to plant one acre of land 

under no-tillage system. 

APLPF = needed labor in April to do operations on one 

acre of surimer-fallowed land under conventional 

system. 

APLMF = needed labor in April  to do operations on one 

acre of summer-fallowed land under stubble- 

mulching system. 

APLNF = needed labor in April to do operations on one 

acre of sunmer-fallowed land under no-tillage 

system. 

JELPW = required labor in June to seed one acre of land 

under conventional tillage system. 

JELMW = required labor in June to seed one acre of land 

under stubble mulching method. 

JELNW = required labor in June to seed one acre of land 

under no-tillage technology. 

JELPF = required labor in June to perform operations on 

one acre of summer-fallowed land under conven- 

tional system. 

JELMF = needed labor in June to perform operations on one 

acre of summer-fallowed land under stubble- 

mulching system. 

JELNF = needed labor in June to perform operations on one 

acre of summer-fallowed land under no-tillage 
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technology. 

JULPW = required in July to plant one acre of land under 

conventional system. 

JULMW = required labor in July to plant one acre of land 

under stubble mulching system. 

JULNW = required labor in July to plant one acre of land 

under no-tillage syston. 

JULPF = required labor in July to perform operations on 

one acre of summer-fallowed land under conven- 

tional system. 

JULMF = required labor in July to do operations on one 

acre of summer-fallowed land under stubble- 

mulching method. 

JULNF = required labor in July to perform operations on 

one acre of summer-fallowed land under no-tillage 

system. 

SEPPW = needed September labor per acre for conventional 

system 

SEPMW = needed September labor per acre for stubble- 

mulching system. 

SEPNW = needed September labor per acre for no-tillage 

system. 

SEPPF = required labor in September to perform opera- 

tions on one acre of sumner-fallowed land under 

conventional system. 

SEPMF = needed labor in Septonber to do operations on 

one acre of sunmer-fallowed land under stubble- 
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mulching system. 

SEPNF = required labor in September to perform opera- 

tions on one acre of summer-fallowed land under 

no-tillage technology. 

EC, = tons of soil loss obtained by applying USLE 

model, on one acre of land seeded under 

conventional method. 

EC2 = tons of soil loss on one acre of land fallowed 

for conventional method. 

ESo = tons of soil loss on one acre of land seeded 

under stubble mulching system. 

ES4 = tons of soil loss on one acre of land fallowed 

for stubble mulching method. 

ENc = tons of soil loss on one acre of land under no- 

tillage system. 

EN, = tons of soil loss on one acre of land fallowed 

for no-tillage system. 

d, ■ = negative of deviation of year j. net return to 

land and management from expected (average) net 

return to land and management for conventional 

systan i. 

d_. = negative of deviation of year i net return to 

land and management from expected net return to 

land and managanent for stubble mulching systen. 

d-.. = negative of deviation of year i net return to 

land and management from expected net return to 
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land and management for no-tillage system. 

Z Z . = absolute value of negative deviations from 

average net return to land and managonent in 

year i. 

X = risk aversion coefficient. 

SD = standard deviation of the expected net return to 

land and management. SD is estimated by: 

SD = A liZi 

Where Z Z. represent the absolute value of negative deviations from 

the expected (average) net return to land and management (NRIM) in year 

i. The deviation fran the expected net return to land and management is 

calculated by NRLM . . - NREFT- where j = 1, 2,....6, and i = 1, 

2, ,8 . Absolute negative deviations are calculated annually by: 

- L. (NRLM. - NRLM.) - Zi £ 0 

If E.(NRLM.. - NRIM.) is greater or equal to zero then Z. will be 

equal to zero. 

SD (standard deviation) of expected net return to land and management 

is calculated by applying Fisher's correction factor relation: 

A =. 
2i; 
S(S-l) 

where, S indicates the number of observations, and ir is a constant 

equal to 3.14. For this study A is' equal to .33. That is. 

A = 
\ 

2(3.14)  =<33< 
8(8-1) 

So, the standard deviation for row i would be:   - — + E Z. = 0 
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Therefore, for the present MOTAD models the standard deviation of 

expected net return to land and management is -3.03 + £ Z. = 0, where i 

= 1, 2,....8. Table (6.7) shows matrix form of the above model. 



Table  (6.7).    Summary Version of a MOTAD Model tor Experimental Plots Data 

Acre* Pl*nl«4 end 
Return  to Lend HeneQenent 

Deviations In Net Return 
to Lend  end nenaeenent 

Operation* Under   Conventional 
TilIape Eyatew 

PM 9f Ml Hf Ml 
Mn.ni MRLMZ *«a.R3 MLtM Mttrts 

Operation* Utd*>-   Stubble 
Hutchine  6yeie» 

NT 
NRLnt «▼     cpr     rpr     OPT     HPW     OSPU   CPU   MHM   MTT 

♦ I 

-I ♦! 
♦ I 

♦ I 

Operation*   Under 
No-tlllege   Syelen 

pt^       HVISU   OHSH   wnu PNM  WNU   UWNU  CNU   HNW 

Operette 
Svquenc* 

( 

♦i 
-I   ♦! 

-I   ♦! 
-I  •! 

♦ I 
-I 

♦I 
-I    ♦! 

-I 

-0 
•0 

♦ » 
-I 

♦I 
-I 

APLPM An-PT wtnu UPLW 0P1.NH AP1.IC 
JCLPU JEl-IT JtLnu JttMT JCLMt jELtr 
JULPW JUWT JULHM /ULKT JULNU JU.W 
SeLPM •ELPT GCLHU SELnr SCLNU BCLW 

CCI EC1 CCS CC4 EC3 EC* 

dllpi« dllM dJInw 
OI2p- d22Mf dJ2nv 
ai]p» d23«w d33nw 
dMpv d2«~ d34ntf 
dl3pw ■)J3~ d33nw 

dl6pu d2t~ d3b»< 
dl7pu <27>« d37nw 
dlBptf dJ8~ d3an» 

♦I    e|    *| 

-I 

♦I 

■ Total Lend Cndow«ent 
• Total   Lend   Endoiwent 
> Total   Land Cndowaent 
• Total   Land  Endouvent 

1 Tot el Labor Endowaant 
' Total Labor Endownent 
- lotaI Labor Endowwent 
> T ot at Labor Endowment 

Boll Loea Tolerance 

<-0 

-0 
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CHAPTER VII 

PRESENTATION AND INTERPRETATION OF RESULTS 

This chapter consists of three parts. Production cost, yield, and 

net return analysis are presented in part A. Results and interpreta- 

tion of the MOTAD models for actual and experimental plots data for the 

tillage practices under different situations are presented and 

described in part B. Results of the micro stochastic dominance 

programming (second degree) are presented in part C. 

Part A. Cost, Yield, and Net Return Analysis 

Estimated costs of production under alternative tillage practices 

with and without consideration of soil loss cost are compared. In the 

following sections, the first analysis of production costs without 

consideration of soil loss cost for conventional, stubble mulching, and 

no-tillage systems are presented and then followed by analysis of 

production costs with consideration of soil loss cost. Then, wheat 

yield and net return comparisons with and without consideration of soil 

loss cost under the alternative tillage practices for both actual 

farmers' and experimental plots data are made. 

Production Cost Comparison Without Consideration of Soil Loss Cost 

A summary of per acre estimated cost differences under 

conventional, stubble mulching, and no-tillage systems is shown in 

table (7.1). Per acre cost of production for dryland summer-fallow 

winter wheat under no-tillage system is higher than stubble mulching 
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and conventional systems ($111.33 is the cost of production per acre 

under no-tillage; $106.00 under stubble mulching; and $100.12 under 

conventional systan). The cost of machinery under the conventional 

system is $56.02, while that of no-tillage system is $42.48. That is, 

the machinery cost of no-tillage compared to the conventional system is 

24 percent lower. The cost of machinery when practicing stubble 

mulching system is $52.73, which exceeds that of conventional and is 

considerably higher than no-tillage system. 

Table (7.2) shows estimated costs of machinery per acre for the 

three systems in more detail. The high cost of machinery under 

conventional systan is due to the higher costs of plowing, cultivating 

and rodweeding (cost of chiseling is also high under stubble mulching). 

Planting under no-tillage system consists of three operations: 

fertilizing, seeding, and application of herbicides which reduces the 

labor requirement and other associated costs. On the other hand, 

herbicide cost is significantly higher under no-tillage system compared 

to both conventional and stubble mulching systems. Cost of herbicides 

under no-tillage system is 3.75 times greater than chemical costs under 

conventional and 1.78 times more expensive than that of stubble 

mulching (table (7.1)). Details of chemical costs and time of 

application for the alternative tillage practices are shown in table 

(7.3). 
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Table (7.1). Comparison of Costs of Production for Conventional 
Tillage Syston, Stubble Mulching System, and No-Tillage 
Technology. 

Conventional Stubble No-Tillage 
Cost Item           Tillage Mulching 

Machinery cost       56.02 52.73 42.48 

Herbicide &  Application 9.19 19.48 34.48 

Cash costs           34.91 33.79 33.37 

Cost of production   100.12 106.00 111.33 

Source: 1. Dryland wheat production and marketing costs in Oregon's 
Columbia Plateau, 1985-1986. Oregon State University Extension 
Service, November, 1985; 2. No-till Management Systems Versus 
Conventional Tillage Systems: A Cost Comparision, Oregon State 
University Extension Service, 1983; 3. Personal communication: Gordon 
Cook, Union County Extension agent, Stanley Miles, Agricultural 
Economist, Oregon State University, Don Rydrich, OSU Experiment 
Station, Pendleton, Oregon, 1985. 
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Table (7.2). Estimated Costs of Machinery Per Acre Under Conventional, 
Stubble Mulching, and No-Tillage Systems in Sherman 
County, Oregon. 

Conventional  Stubble Mulching   No-Tillage 

($) ($) ($) 

Mold board plowing 6.45 

Chisel plowing 6.12 

Cultivator 4.58 

Rod weed 7.65 

Planting 10.952/ 

Fertilizer 1.61 1.91 

Drill seed 4.63 5.01 

Haul seed .22 .22 .25 

Combine 16.67 16.67 16.67 

Haul grain 5.70 5.70 5.70 

Pick up truck 4.20 4.20 4.20 

Other machinery 4.35 4.35 4.35 

Total 56.02 52.73 42.48 

—'  Based on renting seeding drill at $35 and an average of 5.5 
acres per hour and a tractor at a cost of $25 per hour. This planting 
operation consists of fertilizing, seeding, and the application of 
herbicides at the same time. 
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Table (7.3). Estimated Cost of Chemicals Per Acre Under Conventional, 
Stubble Mulching, and No-Tillage Systems in Sherman 
County, Oregon. 

Conventional 
Chemical Custom 

Stubble Mulching   No-Tillage 
Chemical Custom  Chemical Custom 

($) ($) ($) ($) ($) ($) 

Fall herbicide 

May or June 
herbicide 

7.00    3.50 

7.00    3.50 

Spray 
herbicide 

6.19 3.00 13.48    6.00 8.98    4.50 

Total 9.19 19.48 34.48 

a/ 
—f  Fall herbicide is applied in no-tillage system right' after 
harvest. 

May or June herbicide is applied to control broad leaves. 

c/ 
—'■     September spray is applied before seeding is to get rid of 
grassy weeds. If morning glory control is necessary, add $4.00 for 
herbicide plus $2.50 for the application. 

Source: 1. Dryland wheat production and marketing costs in Oregon's 
Columbia Plateau, 1985-1986. Oregon State University Extension 
Service, November, 1985; 2. Nb-till Management Systems Versus 
Conventional Tillage Systems: A Cost Comparision, Oregon State 
University Extension Service, 1983; 3. Personal conmunication: Gordon 
Cook, Union County Extension agent, Stanley Miles, Agricultural 
Economist, Oregon State University, Don Rydrich, OSU Experiment 
Station, Pendleton, Oregon, 1985. 
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The estimated labor requirement and associated costs per acre 

under the alternative practices of tillage are shown in table (7.4). 

Labor requirements are reduced under no-tillage system as a result of 

reduced field operations. The estimated labor requirement under 

conventional system is 1.43 hours while for stubble mulching and 

no-tillage system is 1.29 and .96 hours, respectively. Therefore, the 

cost of labor under no-till is 63 percent of conventional, and 71 

percent of stubble mulching (cost of labor per acre for conventional 

system is $11.57, for stubble mulching is $10.26, and for no-tillage 

system is $7.31). 

These estimates show that no-tillage system has an economic 

advantage over the other systems in terms of savings in labor and 

machinery. However, the associated chemical costs (both materials and 

application) of no-tillage are high and more than offset the savings in 

labor and machinery. As a whole, when cost of soil loss is not 

considered, both ho-tillage and stubble mulching systems have higher 

costs of production compared to conventional tillage system (cost of 

production under conventional tillage system is 94 percent of stubble 

mulching and 90 percent of no-tillage systems). 

Cost Comparison, Considering Soil Loss Cost 

The estimated annual and average rate of soil erosion under the 

alternative tillage practices for the different scenarios (recall, 

scenario I indicates seeding late and fall plowing; scenario II 
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Table (7.4). Estimated Labor Requirement and Cost Per Acre, Under 
Conventional, Stubble Mulching, and No-Tillage Systems in 
Sherman County, Oregon. 

Conventional System 
Hours   Value 

Stubble 
Hours 

Mulching 
Value 

No-Tillage System 
Hours   Value 

($) ($) ($) 

Cultural operations 

Mold board plowing .18 1.64 

Chisel plow .15 1.33 

Cultivator .11 1.00 

Planting .17    1.53 

Rod weed .20 1.80 .20 1.80 

Fertilizer .07 .60 .07 .60 

Drill seed .08 .76 .08 .76 

Haul seed .01 .07 .01 .07 .01    .07 

Harvest operations 

Combine .14 1.29 .14 1.29 .14    1.29 

Haul grain .14 .79 .14 .79 .14     .79 

Other labor-/ .50 3.63 .50 3.63 .05    3.63 

Total 1.43 11.57 1.29 10.26 .96    7.31 

a/ 
—  Other labor includes items such as moving and serving machinery, 
checking fields, etc. Half of this is hired @ $5.50 per hour. 
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indicates seeding late and spring plowing; scenario III when seeding is 

done early with fall plowing; and scenario IV indicates when seeding is 

done early with spring plowing) for the study area are shown in table 

(7.5). The average rate of soil loss for conventional tillage system 

under scenario I is 8.91 tons per acre and that of stubble mulching and 

no-tillage systons are 2.23 and .18 tons per acre, respectively. Under 

both conventional and stubble mulching, the erosion rates exceeds the 

soil loss tolerance level, "T" value (recall "T" value for the study 

area is 2 tons per acre). Under scenario II, III, and IV, the average 

annual erosion of conventional tillage systems is also greater than the 

tolerance level. However, if farmers follow scenario II, III, and IV 

and practice stubble mulching and/or no-tillage system they can meet 

the tolerance level restriction, because in these scenarios the "T" 

value is greater than the average rate of erosion under the two systems 

(average rate of erosion for stubble mulching and no-tillage systems 

under scenario II, III, and IV are: 1.19 and .18 tons per acre; .92 

and .09 tons per acre; .48 and .09 tons per acre, respectively). 

Results of these estimates indicate that conventional tillage 

system is the most erosive, stubble mulching system reduces erosion 

significantly, and no-tillage system decreases erosion almost to none. 

Also, under all scenarios, the highest soil loss is associated with 

late seeding and fall plowing. However, when other plowing nad seeding 

times are practiced the amount of soil loss reduces. Soil loss is 

reduced the most when farmers seed early and plow in the spring. 
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Table (7.5). Annual and Average Rate of Soil Erosion Comparison Under 
Alternative Scenarios (Alternative Seeding Time and Plowing 
Season for Conventional, Stubble Mulching, and NO-Tillage 
Systems). 

Conventional 
Scenarios 

I   II   III 
(tons/acre) 

IV 

Stubble Mulching 
Scenarios 

I   II   III   IV 
(tons/acre) 

I 

No-Tillage 
Scenarios 
II   III 
(tons/acre) 

IV 

1978 12.40 8.50 6.37 5.05 3.10 1.66 1.27 .68 .25 .25 .12 .12 

1979 2.27 1.56 1.16 .92 .57 .30 .23 .12 .05 .05 .02 .02 

1980 13.12 8.99 6.74 5.34 3.28 1.75 1.35 .72 .27 .27 .13 .13 

1981 7.43 5.09 3.81 3.02 1.86 .99 .76 .41 .15 .15 .08 .08 

1982 11.01 7.54 5.66 4.48 2.75 1.47 1.13 .60 .23 .23 .11 .11 

1983 14.66 10.04 7.53 5.97 3.66 1.96 1.51 .80 .30 .30 .15 .15 

1984 8.81 6.04 4.53 3.59 2.20 1.18 .91 .48 .18 .18 .09 .09 

1985 1.61 1.14 .86 .68 .42 .22 .17 .09 .03 .03 .02 .02 

Average 8.91 6.11 4.58 3.63 2.23 1.19 .92 .48 .18 .18 .09 .09 
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When soil erosion occurs, top soil depth decreases which 

influences yield production. That is, when soil erodes, crop yield 

decreases. Crop yield reduction is actually a cost to farmers. In 

Chapter 5, the present value of one ton soil loss was estimated $5.36. 

Here, production cost per acre includes the cost of soil loss. Tables 

(7.6) through (7.9) show the estimated production costs, including cost 

of soil loss for the tillage practices under the alternative scenarios. 

When the erosion costs are accounted for, there is a major change in 

the production costs especially in scenario I and II. For example, in 

scenario I, per acre cost of production for conventional tilage system 

is $147.75 while in the absence of erosion cost was $100 (approximately 

a 48 percent increase). Per acre production cost of stubble mulching 

udner the same scenario increased to $117.95 from $106 (an increase of 

11 percent). Production cost of no-tillage increased only slightly, 

from $111.00 to $111.96 (an increase of less than 1 percent). 

When farmers follow scenario II, erosion rates decrease, 

therefore, the associated soil costs decreases compared to scenario I. 

Soil erosion cost of conventional decreases to $32.75 from $47.75, a 

reduction of 32 percent; soil erosion cost of stubble mulching 

decreases to $6.38 from $11.95, a reduction of 45 percent, rate of 

erosion under no-tillage system, and the associated cost ronain the 

same for the scenarios I, and II because no plowing is involved. 
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Table (7.6). Estimated Production Costs, Including Costs of Soil Loss 
for Alternative Tillage Practices Under Scenario I 
(seeding late and plowing in fall). 

Conventional Tillage   Stubble Mulching       Mo-Tillage 
Year  A^/ CEV PCH/ CfV  A   Clf  PC        C    A   CE   PC 

1978 12.40 64.32 100 164.32 3.10 16.62 106 122.62  .25 1.34 111 112.34 

1979 2.27 12.16 100 112.16  .57 3.06 106 109.06  .05  .27 111 111.27 

1980 13.12 70.32 100 170.32 3.28 17.58 106 123.58  .27 1.45 111 112.45 

1981 7.43 39.82 100 139.82 1.86 9.90 106 115.90  .15  .80 111 111.80 

1982 11.01 59.01 100 159.01 2.75 14.74 106 120.74  .23 1.23 111 112.23 

1983 14.66 78.58 100 178.58 3.66 19.62 106 125.62  .30 1.60 111 111.96 

1984 8.81 47.22 100 147.22 2.20 11.79 106 117.79  .18  .96 111 111.16 

1985 1.61 8.63 100 108.63  .42 2.25 106 108.25  .03  .16 111 111.16 

Mean  8.91 47.75 100 147.75 2.23 11.95 106 117.95  .18  .96 111 111.96 

— A indicates the annual tons of soil loss per acre. 

— CE indicates cost of soil loss per acre which is determined by 
multiplying $5.36 (present value of cost of one ton of soil loss over 
time horizon of 25 years) and annual tons of soil loss per acre (A). 

c/ — PC indicates production cost per acre except cost of land. 
management, and erosion. 

—  C indicates producti 
is the sum of CE and PC. 
—  C indicates production cost including cost of soil loss. It 
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Table (7.7) . Estimated Production Costs, Including Costs of Soil Loss 
for Alternative Tillage Practices Under Scenario II. 

Conventional Tillage   Stubble Mulching No-Tillage 
Year  Aa/ CEW   PC £/ c a/  A   CE   TC   C    A   CE   TC" 

1978 8.50 45.56 100 145.56 1.66 8.90 106 114.90  .25 1.34 111 112.34 

1979 1.56 8.36 100 108.36  .30 1.61 106 107.61  .05  .27 111 111.27 

1980 8.99 48.19 100 148.19 1.75 9.38 106 115.38  .27 1.45 111 112.45 

1981 5.09 27.28 100 127.28  .99 5.31 106 111.31  .15  .80 111 111.80 

1982 7.54 40.41 100 140.41 1.47 7.88 106 113.88  .23 1.23 111 112.23 

1983 10.04 53.87 100 153.87 1.96 10.51 106 126.51  .30 1.60 111 111.96 

1984 6.04 32.37 100 132.37 1.18 6.32 106 112.32  .18  .96 111 111.16 

1985 1.14 6.11 100 106.11  .22 1.18 106 107.18  .03  .16 111 111.16 

Mean  6.11 32.75 100 132.75 1.19 6.38 106 112.38  .18  .96 111 111.96 

— A indicates the annual tons of soil loss per acre. 

— CE indicates cost of soil loss per acre which is determined by 
multiplying $5.36 (present value of cost of one ton of soil loss over 
time horizon of 25 years) and annual tons of soil loss per acre (A). 

c/ — PC indicates production cost per acre except cost of land, 
management, and erosion. 

— C indicates production cost including cost of soil loss. It 
is the sum of CE and PC. 
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Table (7.8) . Estimated Production Costs, Including Costs of Soil Loss 
for Alternative Tillage Practices Under Scenario III. 

Conventional Tillage,   Stubble Mulching No-Tillage 
Year  A£/ CEW   PCH/' CfV  A   CF  TC   C    A   CE   TC" 

1978 6.37 34.14 100 134.14- 1.27 6.81 106 112.81  .12  .64 111 111.64 

1979 1.16 6.22 100 106.22  .23 1.23 106 107.23  .02  .11 111 111.11 

1980 6.74 36.13 100 136.13 1.35 7.24 106 113.24  .13  .69 111 111.69 

1981 3.81 20.40 100 120.40  .76 4.07 106 110.07  .08  .40 111 111.40 

1982 5.66 30.34 100 130.34 1.13 6.06 106 112.06  .11  .59 111 111.59 

1983 7.53 40.36 100 140.36 1.51 8.09 106 114.09  .15  .80 111 111.80 

1984 4.53 24.28 100 124.28  .91 4.88 106 110.88  .09  .48 111 111.48 

1985 .86 4.61 100 104.61  .17  .91 106 106.91  .02  .11 111 111.11 

Mean  4.58 24.55 100 124.55  .92 4.93 106 110.93  .09  .48 111 111.48 

— A indicates the annual tons of soil loss per acre. 

— . CE indicates cost of soil loss per acre which is determined by 
multiplying $5.36 (present value of cost of one ton of soil loss over 
time horizon of 25 years) and annual tons of soil loss per acre (A). 

c/ —'  PC indicates production cost per acre except cost of land, 
management, and erosion. 

—  C indicates productic 
is the sum of CE and PC. 
—  C indicates production cost including cost of soil loss. It 
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Table (7.9). Estimated Production Costs, Including Costs of Soil Loss 
for Alternative Tillage Practices Under Scenario IV. 

Conyentiopal TiJ-lage,   Stubble Mulching No-Tillage  
Year  AS' CE^ PC^ C^/   A   CE   TC   C    A   CE PC       C 

1978 5.05 27.10 100 127.10  .68 3.64 106 109.64  .12  .64 111 111.64 

1979 .92 4.93 100 104.93  .12  .64 106 106.64  .02  .11 111 111.11 

1980 5.34 28.62 100 128.62  .72 3.86 106 109.86  .13  .69 111 111.69 

1981 3.02 16.19 100 116.19  .42 2.20 106 108.20  .08  .40 111 111.40 

1982 4.48 24.01 100 124.01  .60 1.93 106 107.93  .11  .59 111 111.59 

1983 5.97 32.00 100 132.00  .80 4.30 106 110.30  .15  .80 111 111.80 

1984 3.59 19.24 100 119.24  .48 2.57 106 108.57  .09  .48 111 111.48 

1985 .68 3.64 100 103.64  .09  .48 106 106.48  .02  .11 111 111.11 

Mean  3.63 19.93 100 119.93  .48 2.57 106 108.57  .09  .48 111 111.48 

a/ — A indicates the annual tons of soil loss per acre. 

— CE indicates cost of soil loss per acre which is determined by 
multiplying $5.36 (present value of cost of one ton of soil loss over 
time horizon of 25 years) and annual tons of soil loss per acre (A) . 

c/ — PC indicates production cost per acre except cost of land, 
management, and erosion. 

—' C indicates production cost including cost of soil loss. It 
is the sum of CE and PC. 
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Therefore, the production costs per acre under scenario II are 

significantly lower than scenario I, but higher than the case without 

consideration of soil loss. 

When farmers plant and plow according to scenario III, the cost of 

erosion decreases further. Under scenario IV, the systems are least 

erosive due to higher levels of winter wheat vegetation and leaving the 

field undisturbed during winter. So the cost of soil loss decreases 

substantially (as a result of reduction in soil loss) under scenario 

IV. However, even in scenario IV, the production cost of one acre of 

land under conventional tillage systems is about 20 percent higher than 

the case when erosion is not taken into account (cost of production is 

$100 without erosion consideration, and $119.93 with erosion 

consideration). Similarly, production costs of stubble mulching is 

higher by 2 percent and that of no-tillage is higher by less than one 

percent. 

These results indicate that when costs of soil loss is considered 

the produciton cost per acre increases significantly for the 

conventional tillage system, and to lesser degrees for the stubble 

mulching and no-tillage systems. Furthermore, the cost of production, 

considering erosion cost can be reduced by plowing in the spring and 

seeding early (scenario IV). 

Wheat Yield and Net Return Comparison Without Consideration of Soil 
Loss Cost for Actual Farmers' Data 

Table (7.10) shows wheat yield and net return to land and 

management without erosion consideration under conventional and stubble 

mulching systems for actual farmers data. Average yield under 



Table (7.10). Wheat Yield, Estimated Costs of Production and Net Return to 
Land and Management, Without Erosion Consideration Under 
Conventional and Stubble Mulching Tillage Systems for Actual 
Farmers' Data.— 

Yield^/ 
(bu./ac) 

Conventional 
Revenue   Cost 

($)     ($) 

Net Revenue 

($) 

Stubble Mulching 
Yield £'  Revenue   Cost 
(bu./ac)    ($)     ($) 

Net Revenue 
($) 

1978 35 135.10 100.00 35.1 28 108.08 106.00 2.08 

1979 34 131.24 100.00 31.24 22 84.92 106.00 21.08 

1980 44 169.84 100.00 69.84 44 169.84 106.00 63.84 

1981 53 204.50 100.00 104.50 41 158.26 106.00 52.26 

1982 43 165.98 100.00 65.98 34 131.24 106.00 25.24 

1983 56 216.16 100.00 116.16 56 216.16 106.00 110.16 

1984 50 193.00 100.00 93.00 46 177.56 106.00 71.56 

1985 36 138.96 100.00 38.96 34 131.24 106.00 25.24 

Mean 44 169.35 100.00 69.35 38 141.16 106.00 41.16 

— Yield values are drawn from table (B.l) in appendix B. 

— Standard deviation of the yields under conventional tillage systan is 8.51. 

c/ 
— Standard deviation of the yield under stubble mulching system is 10.83. 
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conventional tillage systems is 44 bushels per acre with a standard 

deviation of 8.51. An average of $69.35 net revenue per acre is 

generated under this system. On the other hand, average yield under 

stubble mulching system is 38 bushels per acre with a standard 

deviation of 10.83 where an average net revenue of $41.16 per acre is 

generated. These figures indicate that stubble mulching system has a 

lower yield and a higher standard deviation compared to conventional 

tillage system. That is, average yield under stubble mulching system 

is approximately 86 percent of conventional (38 r 44 = .8636) while 

standard deviation of conventional system is 79 percent of stubble 

mulching system (8.51 ■!• 10.83 = .7859). Therefore, conventional 

tillage systan without consideration of erosion is less risky and 

generates higher return due to lower production costs and higher yield. 
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Wheat Yield and Net Return Comparison Without Consideration of Soil 

Loss Cost for Experimental Plots Data 

Table (7.11) shows wheat yield and net return to land and 

management without erosion consideration under conventional, stubble 

mulching, and no-tillage systons for experimental plots data.  An 

average yield under conventional tillage system is 51 bushels per acre 

with a standard deviation of 4.86. It produces an average of $97.88 

net revenue per acre. Stubble mulching system has an average of 49 

bushels per acre, standard deviation of 4.65 and an average net return 

of $84 per acre. NO-tillage systems produces a mean yield of 50 

bushels per acre with associated standard deviation of 5.97 and a net 

return of $83. 

The mean yield differences among the tillage practices for the 

experimental plots data is very small. Also, yield variation over time 

for the tillage systanns are not significantly different. That is, from 

a statistical point of view, mean and standard deviation under all the 

tillage systems are not different. However, in the real situation 

farmers* perception is that there is a yield penalty associated with 

no-tillage and stubble mulching systems. Moreover, stubble mulching 

and no-tillage systems are percieved as more risky (higher standard 

deviation). In the case of actual farmers' data average yields and the 

associated standard deviations under conventional and stubble mulching 

tillage systems are significantly different. 

The net return estimates indicate that with experimental plots 

data, conventional tillage systems has the highest net return per acre 



Table (7.11). Wheat Yield, Estimated Costs of Production, and Net Return to Land and 
Management, Without Erosion Consideration Under Conventional, Stubble 
Mulching, and No-Tillage Systems for Experimental Plots Data.— 

Conventional 

Year Yield^ Revenue Cost 
Net 

Revenue Yie: 
(bu./ac) (S) ($) ($) (bu.,, 

1978 50 193 100.00 93.00 46 

1979 46 178 100.00 78.00 45 

1980 51 197 100.00 97.00 47 

1981 52 201 100.00 101.00 50 

1982 52 201 100.00 101.00 60 

1983 50 193 100.00 93.00 49 

1984 62 239 100.00 139.00 48 

1985 47 181 100.00 81.00 49 

Mean 51 197.88 100.00 97.88 49 

Stubble Mulching No-Tillage 

,c/ 
Net 

Revenue Cost Revenue 
($)   (?)    ($) 

Net 
Yield— Revenue Cost Revenue 
(bu./ac.)  ($)   ($)    ($) 

.fV 

177.00 106.00 71.00 

174.00 106.00 68.00 

181.00 106.00 75.00 

193.00 106.00 87.00 

232.00 106.00 126.00 

189.00 106.00 83.00 

185.00 106.00 79.00 

189.00 106.00 83.00 

190.00 106.00 84.00 

46 178.00 111.00 67.00 

43 166.00 111.00 55.00 

51 197.00 111.00 86.00 

50 193.00 111.00 82.00 

60 232.80 111.00 121.00 

46 178.00 111.00 67.00 

58 224.00 111.00 113.00 

48 185.00 111.00 74.00 

50 194.13 111.00 83.13 

— Yield values are drawn from table (B.2) in appendix B. 

— Standard deviation of wheat yields under conventional tillage system is 4.86. 

c/ 
— Standard deviation of wheat yields under stubble mulching system is 4.65. 

— Standard deviation of wheat yields under no-tillage systems is 5.97. 

as 
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as a result of lower production costs, in the absence of cost of soil 

loss, and the slightly higher yield production. An average yield under 

stubble mulching and no-tillage systans are 96 and 98 percent of 

conventional tillage systems. Also, an average net return to land and 

management of stubble mulching is 86 percent and that of no-tillage is 

85 percent of conventional tillage system. 
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Net Return Comparison Considering Soil Loss Cost for Actual Farmers' 

Data 

The estimated net returns to land and management including cost of 

soil loss for conventional and' stubble mulching systans under 

alternative scenarios for actual farmers' data are shown in table 

(7.12). There are significant changes with the case of estimated net 

returns without soil loss cost. An average estimated net returns vary 

among alternative scenarios. They are affected by the yield levels, 

and the associated costs of production. Average of net returns for 

conventional tillage system under scenario I is $21.85 which is 32 

percent of the average of net returns for the case without inclusion of 

erosion cost ($21.85 r $69.35 = .3151). Although the net returns under 

scenarios II, III, and IV for the conventional tillage systans are 

higher compared to scenario I, they are still considerably less than 

the average of net returns when erosion cost is not accounted for 

(average net returns for scenario II is 53 percent, scenario II is 65 

percent, and scenario IV is 72 percent of the average net returns when 

cost of soil loss is not considered). 

Also, the estimated average net returns of stubble mulching system 

has decreased when erosion cost is considered. The estimated average 

of net return under scenario I is 71 percent of the case without 

erosion cost ($29.21 f $41.16 = .7096). Similarly, expected net 

returns under scenarios II, III, and IV are 85 percent, 88 percent, and 

94 percent of the case without erosion cost, respectively ($34.87 -f 

$41.16 = .8472; $36.25 T $41.16 = .8807; $38.71 T $41.16 = .9405). 
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Table (7.12). Estimated Net Return to Land and Management, Including Costs 
of Soil Loss Under Alterative Tillage Systans for Different 
Scenarios for Actual Farmers' Data. 

Stubble Mulching 
Scenarios 

I     II    III    IV 

-14.54 - 6.10 - 4.73 - 1.56 

-24.14 -22.69 -22.31 -21.72 

46.26 54.46 56.60 -59.98 

42.29 46.95 48.19 50.06 

10.50 17.36 19.18 23.31 

90.54 99.65 102.07 105.86 

59.77 65.24 66.66 68.99 

22.99 24.06 24.33 24.76 

29.21 34.87 36.25 38.71 

Conventional 
Scenarios 

I II III IV 

1978 -29.22 -10.46 .96 8.00 

1979 19.08 22.88 25.02 26.31 

1980 - .48 20.81 33.71 41.22 

1981 64.76 77.30 84.16 88.39 

1982 6.97 25.57 35.64 41.97 

1983 37.58 62.29 75.80 84.16 

1984 45.78 60.63 68.72 73.76 

1985 30.33 32.48 34.35 35.32 

Mean 21.85 36.48 44.80 49.90 
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Furthermore, recall when considering net returns of conventional 

tillage system and stubble mulching without erosion cost, expected net 

returns of stubble mulching system is 59 percent of conventional 

($41.16 7 $69.35 = .5935). However, when erosion cost is taken into 

account, the situation is changed. For example, consider scenario I 

where expected net return of conventional is $21.85 and that of stubble 

mulching is $29.21 (expected net return of conventional system is 75 

percent of stubble mulching: $21.85 -f $29.21 = .7480). This is because 

of the high rate of erosion under conventional tillage system when 

plowing in the fall and seeding late. However, under scenarios II, 

III, and IV as the erosion rate decreases, the expected net returns of 

conventional system exceeds that of stubble mulching. 

These results indicate that when cost of erosion is considered, 

conventional tillage system has a lower expected net return compared to 

stubble mulching only in scenario I. Although the associated cost of 

erosion under conventional tillage system is higher than stubble 

mulching in scenarios II, III, and IV, the higher associated yields of 

conventional systems generate higher expected net returns. 
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Net Return Comparison Considering Soil Loss Cost for Experimental 
Plots Data 

Table (7.13) shows the estimated net return to land and 

management, including costs of soil loss under alternative tillage 

systems for the scenarios for the experimental plots data. The results 

follow the same path as the farmers' data case for conventional and 

stubble mulching systems. The expected net returns are considerably 

greater due to higher yields of the experiments. 

The experimental plots include no-tillage system. It was shown 

previously that the production cost of one acre without consideration 

of soil loss under no-tillage system exceeds that of conventional and 

stubble mulching. However, when cost of erosion is accounted for, 

estimated net returns decrease slightly under no-tillage system for the 

alternative scenarios (estimated net return for scenario I is $78.15, 

and for scenarios III and IV is $78.52). On the other hand, the 

estimated net returns under conventional tillage system decreases 

substantially compared to the case withtout cost of soil loss (a 

reduction of 49 percent under scenario I; a decrease of 33 percent 

under scenario II; a reduction of 25 percent under scenario III; and a 

reduction of 20 percent under scenario IV). Reduction of estimated net 

returns under stubble mulching system is more than no-tillage system 

but less than conventional system. The estimated net returns under 

stubble mulching decreases by 14 percent, 7 percent, 5 percent, and 2 

percent for scenarios I, II, III, and IV, respectively, compared to the 

case without consideration of cost of soil loss. 



Table (7,13) . Estimated Net Return to Land and Management, Including Costs 
of Soil Loss Under Alternative Tillage Systems for Different 
Scenarios for Experimental Plots Data. 

Conventional Stubble Mulching No-Tillage 
Scenarios Scenarios Scenarios 

I    II    III IV I II    III   IV I II III IV 

1978 28.68 47.44 58.89 65.90 54.38 62.10 64.19 67.36 65.66 65.66 65.36 65.36 

1979 65.84 69.64 71.78 73.07 64.94 66.39 66.77 67.36 62.73 62.73 62.89 62.89 

1980 26.68 48.81 60.87 68.38 57.42 65.62 67.76 71.14 68.55 65.55 69.31 69.31 

1981 61.18 73.72 80.58 84.81 77.03 81.69 82.93 84.80 81.20 81.20 81.58 81.58 

1982 41.99 60.59 70.66 76.99 111.26 118.12 119.94 124.07 119.77 119.77 120.41 120.41 

1983 14.42 39.13 52.64 61.00 63.38 72.49 74.91 78.70 76.40 76.40 77.20 77.20 

1984 91.78 106.63 114.72 119.79 67.21 72.68 74.12 76.43 73.04 73.04 73.52 73.52 

1985 72.37 74.89 76.39 77.34 80.75 81.82 82.09 82.52 77.84 77.84 77.89 77.89 

Mean     50.37 65.11 73.32 78.41 72.04 77.61 79.08 81.53 78.15 78.15 78.52 78.52 

en 
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Part B. Analysis and Results of MOTAD Models 

MOTAD models are applied to examine the risk and uncertainty in 

farmers' net return as a result of variation in yield and soil erosion 

over time that influences the adoption of tillage conservations. It is 

assumed that machinery and financial capital are not constrained. The 

risk information for the models are developed based on the 

nonstochasticity assumption of input and output prices. 

Results and analysis of MOTAD models for the actual farmers' and 

experimental plots data are presented in part B. In the following, 

first results and interpretation of actual farmers data are reported 

and then followed by results of experimental plots data. 

Results of MOTAD Models for Actual Farmers' Yield Data 

Thirteen MOTAD models were run for actual farmers' yield data 

under various situations. Each model was run with alternative risk 

aversion coefficient (» ranging from 0.0 to 2.50. It should be noted 

that no effort was made to actually determine individual farmer risk 

aversion coefficient. When the risk aversion coefficient is equal to 

0.0/ the model becomes the standard linear programming model. In the 

first section, results of the models without consideration of erosion 

constraint and variation are presented. This solution, henceforth, is 

called a base model. Then, results of four MOTAD models with 

consideration of regulatory soil loss constraint for the tillage 

practices under four scenarios are given and analyzed. Next, results 

of the models are presented and analyzed with inclusion of soil erosion 

variation over time and soil loss cost without considering soil 
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erosion constraint. Finally, results of the models are presented where 

both erosion variation and cost and erosion constraint are considered. 

The Base Model Solution 

The base model solution does not take into consideration erosion in the 

objective functon. The results of this solution are summarized in 

table (7.13). When ^ is greater than 0.0 the MOTAD model considers 

variation in net return as result of variation in yield only. At first, 

the risk aversion coefficient (^\) was set equal to a 0.0 value and then 

parameterized by increments of .25. Although the values of^were 

progressively increased the optimal plan consists of only conventional 

tillage. At risk aversion coefficient of 0 to 1.75, 1250 acres of land 

are planted and 1250 acres are summer-fallowed=2/. 

The expected net return to land and management remains constant at 

$86,688 per acre. However, as risk aversion coefficient increases the 

expected utility of net return to land and management decreases. With 

the risk aversion coefficient of 2.0 the farmer ceases to produce. 

Net return of conventional systems exceeds that of stubble 

mulching by a relatively large margin (but it has a lower standard 

deviation). Expected net return per acre for conventional systan is 

$69.35 and for stubble mulching is $41.16. This results are consistent 

TO/ 
-=2-  The models are specified on the assumption of equal acreage 
for seeding and fallowing. For example, if the model chooses 1,250 
acres to be planted, equal acreage (1,250) would be summer-fallowed. 
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Table (7.14). Bnpirical Results of Risk Neutral and Averse 
Models for Actual Farmers' Data Without Considering 
Erosion Variation and Regulatory Soil Erosion 
Constraint. 

X^    EU^7  ENRIM^7   SD^7 PW ^    PF ^      MW 3/    ^ 

0 86,688 86,688 43,779 1,250 1,250 0 0 

.25 75,742 86,688 43,779 1,250 1,250 0 0 

.50 64,798 86,688 43,779 1,250 1,250 0 0 

.75 53,853 86,688 43,779 1,250 1,250 0 0 

1.0 42,909 86,688 43,779 1,250 1,250 0 0 

1.5 21,019 86,688 43,779 1,250 1,250 0 0 

2.0 0 0 0 0 0 0 0 

— X indicates risk aversion coefficient. 

— EU shows the expected utility of net return to land and 
management. 

c/ 
— ENRLM stands for expected net return to land and managanent. 

— SD indicates standard deviation. 

— PW represei 
tillage system 

— PF represei 
conventional tillage system. 

3/ MW 
system. 

*/ MF 
mulching system 

e/ 
— PW represents the planted wheat acreage under conventional 
til 

— PF represents the summer-fallowed land acreage under 
cor 

— MW indicates the planted wheat acreage under stubble mulching 
sys 

— MF identifies the summer-fallowed wheat acreage under stubble 



156 

with the actual situation observed in the study area for those farmers 

(older generations) who are not concerned with the problem of soil 

erosion. 

Therefore, based on farmers1 data the results of this model 

indicate that those farmers who ignore the consequences of soil erosion 

and are not required by any mandatory county, state, or federal 

regulations would choose to plant summer-fallow winter wheat in the 

study area using conventional tillage system (mold board plow) because 

this method has the highest net return (highest yield and lowest 

production cost) and is also less risky practice. 

The amount of soil that is eroded with this optimal plan is 

dependent on the tillage practice, seeding time, and plowing season. 

When farmers plant wheat according to scenario I, the total amount of 

soil loss is 22,275 tons on the total farm acreage (2,500 acres x 8.91 

tons per acre on the average = 22,275). If farmers follow scenario II 

the amount of soil loss is 15,275 tons (2,500 acres x 6.11 tons per 

acre = 15,275). If they plant according to scenario III the total soil 

loss would be 11,450 tons, (2,500 acres x 4.58 tons per acre = 114.50) 

and finally, if they plant based on scenario IV the total tons of soil 

loss on 2,500 acres of land would be 9,075 (2,500 x 3.63 = 9,075). 

Regardless of what scenario they choose the amount of soil loss is 

beyond the soil erosion tolerance level. 

The Effects of Regulatory Soil Loss Control 

This section analyzes the effects of controlling the amount of 

soil erosion on selection of alternative tillage practices and the net 

returns. The establishment of soil erosion restriction "T" to control 
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soil loss requires that soil erosion resulting from tillage operations 

be reduced. The farm level soil loss constraints are based on the study 

area soil tolerance level suggested by the Soil Conservation Service 

(SCS). The soil loss limit constitutes the right hand side (RHS) of 

the erosion constraint in the models, which is determined by 

multiplying the number of acres by the associated soil tolerance level. 

The number of acres are 2,500, and the suggested soil tolerance level 

is 2. Therefore, the maximum amount of soil loss that the models allow 

29/ 
is 5,000 tons on the whole acreage—' . 

The effects of soil erosion restriction for the four scenarios are 

presented in table (7.14). 

29/ 
—■'  It should be noted that the models consider the total 
allowable soil loss on the whole acreage, rather than on a per acre 
basis. That is, the total tons of soil loss on the 2,500 acres of land 
cannot exceed 5,000 tons as a whole and there is not a limit on each 
acre. 



Table (7.14). Empirical Results of Risk Neutral and Averse Models Under Alternative 
Scenarios for Actual  Farmers' Data Considering Regulatory Soil Erosion 
Constraints.—^ 

x -' 

Scenario I 

b/   ENRLM 5/ PW <*/ MW ®/ 

Scenario II 

ENREM   FW   MW 

Scenario III 

ENRLM   PW   MW 

Scenario IV 

ENREJM   PW   MW 

0.00 46,144 0 1,121 

.25 46,144 0 1,121 

.50 46,144 0 1,121 

.75 19,458 281 0 

1.00 19,458 281 0 

1.50 19,458 281 0 

2.00 0 0 0 

57,251 206 1, ,044 61,848 369 881 

57,251 206 1- ,044 61,848 369 881 

57,251 206 1, ,044 61,848 369 881 

28,376 409 0 30,355 546 0 

28,376 409 0 30,355 546 0 

28,376 409 0 30,355 546 0 

0 0 0 0 0 0 

68,453 603 647 

68,453 603 647 

68,453 603 647 

68,453 603 647 

47,763 689 0 

47,763 689 0 

0 0 0 

—■     More detailed results of the models for the alternative scenarios are shown 
in appendix D, tables (D.l) through (D.4). 

— x  indicates risk aversion coefficient. 

c/ 
— ENRLM stands for expected net return to land and management. 

— PW represents the planted wheat acreage under conventional tillage systsn 
(equal acreage is fallowed). 

e/ — MW identifies the planted wheat acreage under stubble mulching system 
(equal acreage is fallowed). 

en 
00 
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Scenario I Results 

Qnpirical results of considering the soil erosion constraint model 

for scenario I shows that for the lower values of risk aversion 

coefficient (0.0 - .50) only 1,121 acres of land is planted (equal 

acreage is summer-fallowed) under stubble mulching which produces a net 

return of $46,144. That is the land acreage allocation is reduced by 

10 percent and a total shift occurs from conventional tillage systsn to 

conservation tillage system (stubble mulching). Net return decreased 

by 47 percent when compared to the base model case (from $86,688 to 

$46,144). 

However, the amount of soil that is eroded under this scenario is 

5,000 tons on the total acreage; a reduction of 77 percent in soil loss 

(22,275 - 5,000 = 17,275; 17,275 - 22,275 = .78) is achieved. At the 

higher values of risk aversion coefficient (.75 - 1.5) farmers maintain 

the conventional systsn. Since they cannot exceed the soil loss limit, 

they only plant 281 acres of land. Their net return is reduced to 

19,458; a decrease of 78 percent (86,688 - 19,458 = 67,230 - 86,688 = 

.78). Results of this scenario indicate that moderately risk averse 

farmers would choose the stubble mulch system. On the other hand when 

the degree of risk aversion increases, they only use conventional 

tillage. In any case due to high levels of erosion which occur under 
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this scenario and the soil loss constraint, they cannot utilize the 

whole farm and, hence, the expected net return falls significantly-^. 

Scenario II Results 

Results of this scenario show that at the lower values of V(0.0 - 

.50) , 2,088 acres of land is allocated to conservation tillage (stubble 

mulching); for both plantation, and summer-fallow and 412 acres to the 

conventional system. The associated expected net return is $57,251. A 

decrease of 34 percent from the base solution (86,688 - 57,251 = 

49,437; 49,437 7 86,688 = .3396) and an increase of 24 percent (57,251 

- 46,144 = 11,107; 11,107 T 46,144 = .2407) over scenario I. For the 

higher risk aversion coefficient, the conventional system enters the 

optimal solution with 818 acres of land for both plantation and 

summer-fallow (409 acres each). Results of this scenario show that 

farmers' net return increase when farmer plow in the spring rather than 

fall, soil erosion decreases which allows for more land to be used and 

still meet the soil loss restriction. Farmers behavior regarding 

tillage selection follows the same path as of scenario I. That is less 

risk averse farmers show a tendency towards conservation tillage 

30/ 
—'     The study considers only erosion on planted and sunnier- 
fallowed acres. However, when part of the land is not used as a result 
of the soil loss restriction, it is succeptible to erosion as well. 
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practices while more risk averse farmers would prefer the conventional 

system. It is also important to note that soil loss restriction 

program can save 10,275 tons of soil per year on the farm under the 

scenario, a decrease of 67 percent from the base solution (15,275 - 

5,000 = 10,275; 10,275 7 15,275 = .6727) . 

Scenario III Results 

Results of scenario III indicate that with risk aversion 

coefficient values 0 to .5 both conventional and stubble mulching 

systems enter the optimal solution; 738 acres of land allocated to the 

conventional and 1,762 acres to stubble mulching. An expected net 

return of $61,848 is produced (an increase of 29 percent compared to 

the base model for the same range of risk aversion coefficient values). 

As farmers become more risk averse they move away from stubble mulching 

and use only conventional tillage. For the Rvalues of .75 to 1.50 

they utilize 1,092 acres of land for both planting and summer-fallow 

under the conventional tillage system. So, the amount of acreage under 

conventional system increases as compared to scenarios I and II. An 

increase of 25 and 40 percent increases in acreage allocation for 

conventional system over scenario I and II, respectively (1,092 - 818 = 

274; 274 f 1,092 = .25; 1,092 - 562 = 530; 530 r 1,092 = .49 percent) 

for the same range of risk aversion coefficient. Consequently, 

expected net return increases, due to higher allocation of land acreage 

under this scenario. Expected net return increases by 36 percent 

compared to scenario I and 6 percent compared to scenario II for risk 

aversion coefficient of the same range (30,355 - 19,458 = 10,897; 

10,897 7 30,355 = 36 percent; 30,355 - 28,376 = 1,979; 1,979 £ 30,355 = 
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6 percent). However, the expected net return under this scenario is 35 

percent of the base model for the same values of risk aversion 

coefficient. 

Therefore, as farmers become more risk averse they have a tendency 

to move towards less risky practices (conventional). Also this result 

indicates that when they are able to seed early they can improve their 

net return over scenario I, and II, but still significantly lower than 

the base model. More importantly, the level of soil loss reduction 

under this scenario when soil loss restriction is considered is 56 

percent as opposed to the situation without considering any mandatory 

program (base model). That is, under this scenario, 5,000 tons of soil 

is eroded, while for the base model when there is not any soil loss 

restriction, the soil loss is 11,450 tons (2,500 acres of land x 4.58 

tons of soil loss per acre = 11,450). 

Scenario IV Results 

Results of scenario IV, where seeding is done early and farmers 

plow in the spring show that both conventional and stubble mulching 

systems enter the optimal solution. For the lower values of (0.0 - 

.75) 1,206 acres of land is used for the conventional system and 1,294 

acres in the stubble mulching systan. The associated expected net 

return under this scenario for the same values of ^ is $68,453 which is 

78 percent of the expected net revenue under the base model, a 

significant improvement over the previous scenarios. As value of )v 

increases, 1,378 acres of conventional tillage system comes in the 

optimal solution with an expected net return of $47,763 which is 55 

percent of the expected net return for the base model for the same 
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values of risk aversion coefficient. Soil loss for the scenario IV 

under the base model without soil loss restriction is 9,075 tons while 

under present situations it is 5,000 tons (a reduction of 45 percent). 

This scenario is the least soil erosive of all scenarios and 

appears to be the one most practiced in the study area. Although at 

the present there is not any mandatory soil loss restriction in the 

area, it appears that the younger generation farmers who are also less 

risk averse are practicing a combination of conventional and stubble 

mulch system. They plow in the spring and, when weather allows, seed 

early. The summary of the above results are as follows: 

1. In the absence of any kind of regulatory soil erosion 

constraint farmers would choose to use the conventional system 

because of higher wheat yield, lower cost and the lower risk 

associated with this system. The amount of soil loss under 

conventional system depends on the time of seeding and plowing 

(scenario I - scenario IV), where seeding late and fall 

plowing (scenario I) causes the highest and early seeding and 

spring plowing (scenario IV) cause the lowest soil erosion. 

2. When regulatory soil erosion control is considered based on 

soil tolerance level, the results show that less risk averse 

farmers choose a combination of both conventional and 

conservation practices while more risk averse farmers choose 

only conventional systems. However, due to the soil loss 

restriction, they cannot utilize the whole land acreage and, 

hence, net return is reduced. 

3. Time of seeding and plowing plays a major role on the level of 

soil erosion. When farmers plow in spring and/or seed early. 
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less erosion occurs. Therefore, this scenario generates the 

highest net return for farmers for all risk aversion 

coefficients. 

4. Per acre sheet, rill, and interrill soil erosion rates are 

substantially higher than the soil tolerance level (regulatory 

soil loss constraint) recommended by the soil Conservation 

Service for the study area. Limitations of soil los results 

in net return reduction, reduced planted and fallowed land 

acreage, and a substantial adjustment in alternative tillage 

practices. 

5. The results of this section show that less risk avert farmers 

have a tendency towards application of conservation techniques 

while more risk averters prefer the less risky and the more 

generating net revenue conventional system. 

Results of Models Considering Erosion variation and Cost 

In this section results of the models are presented where they 

account for two sources of risk, yield and erosion variation over time. 

In chapter five it was shown that cost of one ton of soil loss is 46 

cents. Assuming real interest rate of 7 percent the present value of 

one ton soil loss over 25 years was calculated to be $5.36. It is 

assumed that the cost of one ton soil loss remains constant and does 

not change as soil loss occurs. The erosion variation is reflected in 

the models through inclusion of the cost of erosion where cost of per 

ton soil loss remains constant but rate of erosion varies over the 1978 

to 1985 period. The models were run for each scenario. The obtained 

results are presented in table (7.15). 



Table (7.15). Bnpirical Results of Risk Neutral and Averse Models Under Alternative 
Scenarios for Actual Farmers* Data Considering Erosion Cost and Variation-' 

a/ 

Scenario : I Scenario II Scenario III Scenario IV 

X^ ENRLM ^ ̂ PW d/ MW^/ ENRIM PW MW ENRLM PW MW ENRIM PW MW 

0 36,513 0 1, ,250 45,600 1,250 0 56,000 1,250 0 62,375 1,250 0 

.25 36,513 0 1 ,250 45,600 1,250 0 56,000 1,250 0 62,375 1,250 0 

.50 32,529 541 709 45,600 1,250 0 56,000 1,250 0 62,375 1,250 0 

.75 32,529 541 709 45,600 1,250 0 56,000 1,250 0 62,375 1,250 0 

1.00 0 0 0 45,600 1,250 0 56,000 1,250 0 62,375 1,250 0 

1.25 0 0 0 0 0 0 56,000 1,250 0 62,375 1,250 0 

1.50 0 0 0 0 0 0 0 0 0 62,375 1,250 0 

1.75 0 0 0 0 0 0 0 0 0 0 0 0 

— More detailed results of the models for the alternative scenarios are shown 
in appendix D, tables (D.5) through (D.8). 

— X indicates risk aversion coefficient. 

c/ 
— ENREM stands for expected net return to land and management. 

— PW represents the planted wheat acreage under conventional tillage system 
(equal acreage is fallowed). 

e/        . . 
— MW identifies the planted wheat acreage under stubble mulching system 
(equal acreage is fallowed). 



166 

Bnpirical results of risk neutral and averse models under scenario 

I show that for risk aversion coefficient of 0.0 to .25 only 

conservation tillage system (stubble mulching) enters the optimal 

solution. The total acreage of land (2,500 acres) are planted under 

stubble mulching where $36,513 of net return is generated. 

On the other hand, in the case of base model only conventional 

system entered the solution (1,250 acres of land are planted), which 

generates $86,688. The results indicate that when the model considers 

cost of soil loss and erosion variation, stubble mulching becomes a 

popular systan for the lower values of risk aversion coefficient. 

Furthermore, the expected net return reduces substantially compared to 

the base model. For the higher values of risk aversion coefficient 

(.50 - .75) both conventional and stubble mulching systems enter the 

solution. That is, 1,082 acres of land are used for conventional 

system and 1,418 acres for stubble mulching systan. The expected net 

return decreases to $32,529. At risk aversion coefficient of 1.0, no 

farm operations take place. 

Since there is not any soil loss restriction, the amount of soil 

loss exceeds the tolerance level. That is, 5,575 tons of soil are lost 

under this scenario for risk aversion coefficient values of 0, and .25 

(2,500 acres of land x 2.23 tons of soil loss = 5,575 tons of soil 
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loss) and 12,803 tons of soil are lost at higher values of risk 

aversion coefficient (1,082 acres of land under conventional system x 

8.91 tons of soil loss = 9,641 tons of soil loss under conventional 

systan; 1,418 acres of land under stubble mulching systan x 2.23 tons 

of soil loss = 3,162 tons). However, compared to the base model, the 

soil loss has decreased. 

The results show that when the erosion cost and variation are 

considered, the moderately risk averse farmers would practice only 

stubble mulching while high risk averters choose a combination of both 

systems. Also, the results of models under scenario II, III, and IV 

indicate that for the study period, 1978 - 1985, when accounting for 

erosion variation and cost of erosion, the conventional system seons 

the preferred practice. That is the costs of production (including 

erosion cost) are higher for stubble mulching which leads to higher net 

return to land and management under all three scenarios. Overall under 

the assumptions made (and considering short study time period) farmers 

would practice conventional system. 
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Results of the Models Considering Both Yield, Erosion Variation and 
Regulatory Soil Loss Control 

Results of the extended models which account for both erosion and 

yield variation as well as soil loss control for the four scenarios are 

presented in table (7.16). 

Scenario I 

At risk aversion coefficients of 0.0 through .50 only 2,242 acres 

of land are utilized under the stubble mulching system where $32,747 of 

net revenue is produced. The reason for not using the whole acreage is 

the constraint on the soil erosion. The expected net return decreases 

by 62 percent from the base model. Conservation tillage practice 

(stubble mulching) enters in the solution (2,242 acres) rather than 

conventional tillage system (2,500 acres) in the base model. Although 

expected net return decreases it reduces soil erosion. The soil loss 

has decreased from 22,275 tons per acre to 5,000 tons per acre. For 

higher values of risk aversion, conventional system enters the optimal 



Table (7.16). Hnpirical Results of Risk Neutral and Averse Models Under Alternative 
Scenarios for Actual Farmers' Data Considering Both Regulatory Soil Erosion 
Constraint and Erosion Cost and Variation^-'. 

Scenario I Scenario II 

NREM    PW    MW 

Scenario III 

NRLM    PW    MW 

Scenario IV 

NREW    PW    MW 

0 32,747 0 1,121 43,919 206 1,044 48,466 369 881 55,137 603 647 

.25 32,747 0 1,121 43,919 206 1,044 48,466 369 881 55,137 603 647 

.50 32,747 0 1,121 43,919 206 1,044 48,466 369 881 55,137 603 647 

.75 13,486 211 277 22,788 354 283 31,761 492 268 55,137 603 647 

1.00 0 0 0 14,926 409 0 24,454 546 0 42,920 653 266 

1.25 0 0 0 0 0 0 24,454 546 0 34,367 689 0 

1.50 0 0 0 0 0 0 0 0 0 0 0 0 

— More detailed results of the models for the alternative scenarios are shown 
in appendix D, tables (D.5) through (D.8). 

— x indicates risk aversion coefficient. 

c/ 
— ENRIM stands for expected net return to land and management. 

— EW represents the planted wheat acreage under conventional tillage system 
(equal acreage is fallowed). 

e/ 
— MW identifies the planted wheat acreage under stubble mulching system 
(equal acreage is fallowed). 
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solution. However, only 422 acres allocated to conventional and 554 

acres to stubble mulching. The net revenue has decreased to $13,486 (a 

reduction of 84 percent from the base model). At   =1.0, there is no 

farming. 

Scenario II 

Recall, under scenario II farmers seed late and plow in the 

spring. This scenario is less soil erosive compared to scenario I and 

more soil erosive compared to scenarios III, and IV. Results of the 

models are shown in table (7.16) under the stated conditions. At the 

lower values of 0 - .50 (when farmers are less risk averse) 2,088 acres 

of land is allocated to stubble mulch systan while 412 acres to 

conventional tillage system (total land is utilized). That is, both 

systans enter the optimal solution and produce a net return of $43,919. 

The amount of acreage that is utilized is the same as base model (2,500 

acres), but under scenario II both systems are utilized. The expected 

net return has a reduction of 50 percent compared to the base model. 

However, the expected net return has increased by 25 percent compared 

to the scenario I, over the same risk aversion values. 

When ^ increases to .75, more acreage of conventional tillage 

system comes in (708 acres) while stubble mulching reduces to 566 

acres. At ^ value of 1.0, only conventional system enters the optimal 

solution with an acreage of 818 acres and with an expected net revenue 

of $14,926 (a reduction of 82 percent from the base model). To compare 

scenarios I and II, more acres of land are planted for all levels of 

risk aversion and the associated expected net return also increases. 
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Scenario III 

Under scenario III (early seeding and fall plowing) where soil 

erosion decreases for both systems, at lower values of V (0.0 - .50) 

land is allocated to both conventional and stubble mulching, 738 and 

1,762 acres, respectively. When Vincreases to 1.25 (farmers become 

more risk averse) only conventional systan is practiced. However, due 

to the soil tolerance constraint only 1,092 acres of land is used under 

this practice. As V increases the expected net return decreases. The 

expected net return is increased from scenario I and III but is still 

significantly lower than the base model. For risk aversion values of 0 

to .50 the expected net return has a reduction of 44 percent from the 

base model, values of .75 has 63 percent reduction, and risk aversion 

values of 1.25 has a reduction of 72 percent. 

Scenario IV 

Qnpirical results of risk neutral and averse models under this 

scenario (early seeding and spring plowing) indicate that for risk 

aversion coefficient values of 0 - .75, farmers plant and suniner- 

fallow 1,206 acres of land under conventional and 1,294 acres under 

stubble mulching practices (total land is used). The associated 

expected net return is $55,137 (has reduced by 36 percent from the base 

model). At the higher values of ^(1.0) more land is allocated to 

conventional (1,306 acres), while the number of acreage for the stubble 

mulch systan decreases (532 acres). The total land that a farmer who 

has a risk aversion coefficient of 1 would use is 1,838 acres for both 

systems and his expected net return would be $42,920 (a reduction of 50 
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percent from the base model). He meets the soil loss restriction also. 

The main reason for not using the whole acreage is due to his degree of 

risk aversion and meeting the soil loss restriction. At the value of 

1.25, he would completely shift to conventional systan and will only 

seed and fallow a total of 1,378 acres. The associated expected net 

return is $34,367 which has reduced by 60 percent from the base model. 

At >* = 1.60, the expected net return is 0, therefore, no farming takes 

place. 

The results of the models when they consider both erosion 

variation and constraint show that compared to the base model, 

substantial changes in terms of land allocation under the alternative 

tillage practices, and the associated expected net return to land and 

management is observed. For example, under scenario I, for the 

moderately risk averse farmers, stubble mulch system enters the optimal 

solution while at higher risk aversion only conventional systan comes 

in. Under scenarios II, III, and IV, lower risk averse farmers choose 

both conventional and stubble mulching systems while higher risk 

averters prefer the conventional system. In all scenarios, soil is 

saved while expected net return is decreased. 

Compared to the regulatory soil loss constraint models, the 

resource allocation adjustments do not seem to be very significant 

under scenario II, III, and IV. But if farmers seed late and plow in 

the fall (scenario I) erosion variation and cost are very high under 

the conventional tillage system, therefore, lower risk averse farmers 

would shift totally to stubble mulching, while higher risk averse 

farmers use a combination of both systsns. 
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Experimental Plots Yield Data 

This section presents the results of thirteen models which use 

experimental plots yield data rather than farmers' data. The same 

scenarios are evaluated. Each model was run with alternative risk 

aversion coefficient values ranging from 0.0 to 2.5. All assumptions 

made are identical to the scenarios using actual farmers' data. In 

addition to conventional and stubble mulch tillage systans, no-tillage 

also is considered. 

As discussed in Chapter VI, the experiments were conducted under 

controlled situations. The main objective of the experiments was to 

compare the yield compatibility among alternative tillage practices. 

The same production and erosion assumptions and procedures that were 

used for actual farmers' data are used here. The net revenues are 

considerably higher using research data since the yields are higher 

(see tables (C.l) to (C.23) in appendix C). 

In the following, first results of the model without consideration 

of erosion (base model) are reported. Second, results of models 

including soil loss constraint under different scenarios are presented. 

Third, results of models when they consider erosion cost and variation 

are presented. 

Base Model Solution 

For the base model without considering eroison variation or 

implementing a constraint solution follows the same path as the 

farmers' data case. That is, the total acreage is allocated to the 

conventional system due to its higher expected net returns and small 
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difference in yield variation. Therefore, the amount of soil erosion 

is the same under both sets of data for the base models (22,275 tons 

under scenario I; 15,275 tons under scenarion II; 11,450 tons under 

scenario III; and 9,075 tons under scenario IV). Results of the base 

model are presented in table (7.17). The expected net return is 

$122,350 which is considerably higher than the expected net return 

under the base model for actual farmers' data. 

Results of Models Considering Regulatory Soil Loss Constraint 

Results of risk neutral and averse models for experimental plots 

considering regulatory soil erosion constraint for scenario I in table 

(7.18) shows that when ^ = 0 only no-till (1,978 acres) and 

conventional tillage systems (520 acres) enter the optimal solution. 

For ^ values of .25, 1,600 acres of no-till, 494 acres of stubble 

mulching and 406 acres of conventional and planted and fallowed. 

However, as fanners become more risk averse the acreage is 

redistributed among the systems. For example, as risk aversion 

increased to .36, the optimal plan consists of 142 acres of 

conventional, 1,814 acres of stubble mulching and 744 acres of no-till. 

With higher values of risk aversion (1.5) the optimal plan consisted of 

greater acreage of stubble mulching and less of no-tillage system. 

This change in the acreage allocation of land results from higher 

variation of yields under no-tillage.system. The standard deviation of 

wheat yields under no-tillage system is 5.97 while those Table (7.17) 
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Table (7.17). Results of Risk Neutral and Averse Models for 
Experimental Plots, Without Considering Erosion 
Variation and Regulatory Soil Erosion Constraint. 

EU ENRLM SD W PF MW MF NW NF 

0   122,350 122,350 19,554 1,250 1,250 0 0 0 0 

.25 117,461 122,350 19,554 1,250 1,250 0 0 0 0 

.5  112,573 122,350 19,554 1,250 1,250 0 0 0 0 

.75 107,684 122,350 19,554 1,250 1,250 0 0 0 0 

1.0 102,796 122,350 19,554 1,250 1,250 0 0 0 0 

1.50 93,018 122,350 19,554 1,250 1,250 0 0 0 0 

2.50 75,419 122,350 19,554 1,250 1,250 0 0 0 0 

-'    is the risk aversion coefficient. 

— EU indicates the expected utility of net return to land and 
managenent• 

c/ — OUBIM indicates the expected net return to land and management. 

-/ SD is standard deviation. 

-' PW represents the planted wheat acreage under conventional 
tillage system. 

— PF represents the svuner-fallovied land acreage under 
conventional tillage system. 

2/ M4 indicates the planted wheat acreage under stubble mulching 
systan. 

—  MF indicates the simner-falloued wheat acreage under stubble 
mulching system. 

■if  NW shows the planted wheat acreage under no-tillage technology 
system. 

■2/ NF shows the svnmer-fallowed wheat acreage under no-tillage 
technology systan. 
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Table  (7.18). Results of Risk Neutral and Averse Models for 
Experimental Plots Considering Regulatory Soil 
Erosion Constraint? Scenario I. 

EO ENRLM SD PW PF MH MF NW NF 

0 107,756 107,756 26,917 260 260 0 0 989 989 

.25 101,084 107,116 24,129 203 203 247 247 800 800 

.36 98,467 105,663 19,988 71 71 807 807 372 372 

.75 90,672 105,663 19,988 71 71 807 807 372 372 

1.25 80,678 105,663 19,988 71 71 807 807 372 372 

1.50 75,712 104,878 19,444 0 0 1. ,110 1 ,110 140 140 

2.0 65,990 104,878 19,444 0 0 1, ,110 1 ,110 140 140 

2.5 30,236 104,878 19,444 0 0 1, ,110 1 .110 140 140 

—' is the risk aversion coefficient. 

— EO indicates the expected utility of net return to land and 
managenent. 

—'    QOtLM indicates the expected net return to land and management. 

— SD is standard deviation. 
e/ 
— PW represents the planted wheat acreage under conventional 
tillage systan. 

— PF represents the suraner-fallowed land acreage under 
conventional tillage system. 

2-  MM indicates the planted wheat acreage under stubble mulching 
systan. 

— MF indicates the sunner-fallowed wheat acreage under stubble 
mulching systan. 

-i/ NW shows the planted wheat acreage under no-tillage technology 
systan. 

■2/ NF shows the sunner-fallowed wheat acreage under no-tillage 
technology systan. 
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of stubble mulching and conventional tillage systons are 4.65 and 4.86, 

respectively (see table B.2 in appendix B). Yield variance of 

no-tillage system is greater than stubble mulch and conventional 

systans which implies that no-tillage system is more risky. The 

variance associated with yield data under stubble mulch is lower than 

the conventional systan which does not correspond to the actual 

farmers' data. The reason that stubble mulching system has lower 

variance considering experimental plots data is partially due to an 

adjustment made on 1983 wheat yield (see appendix B, table (B.2), for 

an explanation). 

Compared to the base model, the expected net returns decrease 

under this scenario for all assumed values of risk aversion. For 

example, for risk aversion values of 0, .25, and .75, the expected net 

return has a reduction of 12 percent, 13 percent, and 14 percent under 

this scenario conpared to the base model. 

Under scenario II, where seeding is done late and plowing is done 

in the spring, when ^v is 0.0 (risk neutral) most of the land is 

allocated to no-tillage system (1,732 acres). When ^increases to .15, 

the acreage decreases to 1,402 (see table 7.19). For values of .22 or 

greater, no risk averse farmers uses no-tillage systsns. 

Considering Scenario III, and IV, (tables 7.20 and 7.21) at a risk 

aversion value of 0, both no-tillage and conventional tillage systems 

enter the optimal solution (1,436 acres of land used for no-tillage 

system and 1,064 acres for conventional system under scenario III; 

1,152 acres of land used for no-tillage systan and 1,348 acres for 

conventional system under scenario IV). For risk aversion values of 
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Table (7.19). Results of Risk Neutral and Averse Models for 
Experimental Plots Considering Regulatory Soil 
Erosion Constraint; Scenario II. 

ED ENRLM SD PW PF MW MF NW NF 

0 109,571 109,571 25,905 384 384 0 0 866 866 

.15 105,704 109,244 23,601 350 350 199 199 701 701 

.22 104,116 107,857 17,004 206 206 1,044 1,044 0 0 

.75 95,103 107,857 17,004 206 206 1,044 1,044 0 0 

1.25 86,601 107,857 17,004 206 206 1,044 1,044 0 0 

1.75 78,099 107,857 17,004 206 206 1,044 1,044 0 0 

2.50 65,346 107,857 17,004 206 206 1,044 1,044 0 0 

y is the risk aversion coefficient. 

man 

c/ 

—' ED indicates the expected utility of net return to land and 
managanent. 

ENRLM indicates the expected net return to land and management. 

— SD is standard deviation. 

—' tw represents the planted wheat acreage under conventional 
tillage systan. 

— PF represents the svmner-fallowed land acreage under 
conventional tillage systsn. 

2/ MW indicates the planted wheat acreage under stubble mulching 
system. 

—' MF indicates the svrmer-fallowed wheat acreage under stubble 
mulching system. 

—  NW shows the planted wheat acreage under no-tillage technology 
system. 

y   NF shows the sunmer-fallowed wheat acreage under no-tillage 
technology system. 
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Table  (7.20). Results of Risk Neutral and Averse Msdels for 
Experimental Plots Considering Regulatory Soil 
Erosion.Constraint; Scenario III. 

ED EMRLM SD W PF nt MF ' NW NF 

0 111,756 111,756 24,757 532 532 0 0 • 718 718 

.25 105,769 110,112 17,402 369 369 881 881 0 0 

.5 101,418 110,112 17,402 369 369 881 881 0 0 

.75 97,068 110,112 17,402 369 369 881 881 0 0 

1.25 88,367 110,112 17,402 369 369 881 881 0 0 

1.75 79,665 110,112 17,402 369 369 881 881 0 0 

2.00 75,315 110,112 17,402 369 369 881 881 0 0 

2.50 71,018 110,112 17,402 369 369 881 881 0 0 

—' is the risk aversion coefficient. 

— ED indicates the expected utility of net return to land and 
managenent. 
c/ — ontLM indicates the expected net return to land and managenent. 

— SD is standard deviation. 

e/ — m represents the planted wheat acreage under conventional 
tillage system. 

— PF represents the sunner-fallowed land acreage under 
conventional tillage systan. 

2/   VH  indicates the planted wheat acreage under stubble mulching 
systan. 

->  MF indicates the sanner-fallowed wheat acreage under stubble 
mulching system. 

—' NH shows the planted wheat acreage under no-tillage technology 
systan. 

i' NF shows the sumaer-fallowed wheat acreage under no-tillage 
technology system. 
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Experimental Plots Considering Regulatory Soil 
Erosion Constraint; Scenario IV. 
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ED ENRLM SD EH PF MW MF NH NF 

0 113,860 113,860 23,652 674 674 0 0 576 576 

.07 112,213 113,373 17,975 603 603 647 647 0 0 

.10 111,575 113,373 17,975 603 603 647 647 0 0 

.25 108,878 113,373 17,975 603 603 647 647 0 0 

.50 104,385 113,373 17,975 603 603 647 647 0 0 

1.0 95,397 113,373 17,975 603 603 647 647 0 0 

1.5 86,410 113,373 17,975 603 603 647 647 0 0 

2.5 68,435 113,373 17,975 603 603 647 647 0 0 

—'   is the risk aversion coefficient. 

—' ED indicates the expected utility of net return to land and 
nwnftgttaent. 

-<  EHRLM indicates the expected net return to land and roanaganent. 

—' SD is standard deviation. 

e/ — W represents the planted wheat acreage under conventional 
tillage system. 
f 
— PF represents the sumer-fallowed land acreage under 
conventional tillage system. 

2/ m indicates the planted wheat acreage under stubble mulching 
system. 

—' MF indicates the sunoer-fallowed wheat acreage under stubble 
mulching system. 

-/ NH shows the planted wheat acreage under no-tillage technology 
system. 

^ NF shows the svnmer-fallowed wheat acreage under no-tillage 
technology systan. 



181 

.07 through 2.S,  only stubble mulching and conventinal tillage sytems 

appear. Under both scenarios, the expected net returns are improved 

over scenarios I, and II, but are less than the base model. The 

expected net return under scenario III decreases to $11,756 from 

$122,350 (a reduction of 9 percent) for risk aversion value of 0, and 

for risk aversion value of .25 to 2.5 decreases to $110,112 (a 

reduction of 10 percent). Under scenario IV, the expected net return 

reduces by 7 percent for a risk aversion value of 0, and by 6 percent 

for values of greater than 0 to 2.5. 

To suirmarize, the above results show that in the absence of 

erosion all farmers prefer conventional tillage system because of 

higher associated net returns and lower risk and uncertainty. However, 

when soil loss constraint is considered the degree of risk aversion has 

a great impact on the adoption of no-tillage system. That is, as 

farmers beccsne more risk averse they have less desire to practice 

no-tillage system. Furthermore, the expected net returns decreases 

from the base model (when erosion is not taken into account) under all 

the alternative scenarios when soil loss is constrained. The reduction 

is highest in scenario I and lowest in scenario IV. 

Results of Models Considering Erosion Cost and Variation 

Results of the models for experimental plots data when erosion 

variation and cost are taken into consideration are shown in tables 

(D.13) through (D.16) in appendix D. In scenario I where there is a 

higher rate of erosion variation and cost associated with conventional 

and stubble mulching systems, the optimal plan consists of 2,500 acres 
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of land for no-tillage system for all the risk aversion coefficient 

values of 0 to 2.5. The associated expected net return under this 

syston decreases to $97,688 from $122,350 in the base model (a 

reduction of 20 percent). 

Results of the model under scenario II indicate that for risk 

aversion values of 0 to .50, only no-tillage system enters the optimal 

solution (2,500 acres) but at higher values of risk aversion (1.0 to 

2.50) 274 acres of land are allocated to stubble mulching and 2,226 

acres to no-tillage system. The expected net return compared to the 

base model, decreases by 20 percent for the risk aversion values of 0 

to .5 and by 21 percent for the risk aversion values of 1.0 to 2.5. 

Considering scenarios III, and IV, the results of the models show 

that only stubble mulching comes in the optimal solution. All acreage 

is planted and net returns of $98,850 and $101,938 are generated under 

scenarios III, and IV, respectively (a reduction of 19 percent in 

scenario III, and 16 percent in scenario IV compared to the base 

model). 

The above results indicate that when erosion cost and variation is 

considered there is a major adjustment in terms of land allocation 

compared to the case when erosion is not considered (base model). 

Furthermore, the results show that under all scenarios the expected net 

returns decrease from that of the base model. However, the amount of 

reduction is highest in scenario I (20 percent) and lowest in scenario 

IV (16 percent). 

Results of the models for experimental plots when considering both 

regulatory soil erosion constraint and erosion variation are similar to 
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the case of considering erosion variation. That is, soil loss 

31/ 
constraint is not binding—' , hence, the bases ranain the same. 

In summary, the results of the experimental plots models as a 

whole indicate that when erosion is not considered, farmers prefer 

conventional system over stubble mulching and no-tillage systems. 

Also, when regulatory erosion constraint is considered, lower risk 

averse farmers choose more of no-tillage systems while higher risk 

averters choose more of conventional tillage and stubble mulching 

systems. When erosion variation and cost is considered, under scenario 

I, they only choose no-tillage system for all values of risk aversion. 

Under scenario II, lower risk averters plant only under no-till, while 

higher risk averse farmers use a combination of both no-till and 

stubble mulching systems. Under scenarios III, and IV, they use only 

stubble mulching systems. 

Part C. Results of Stochastic Dcminance Approach 

Stochastic dominance criteria is used to compare and rank 

alternative tillage systems under different situations. An advantage 

of using mathematical programming (LP and MOTAD) over stochastic 

dcminance is that the former can be modeled to account for effects of 

policy changes like regulatory soil loss restriction. With the 

application of MOTAD, the study was able to account for different rates 

■^    When erosion variation and cost are considered. Conservation 
tillage systems become popular due to the low rate of cost and erosion 
variation. When no-tillage or stubble mulching systems enter the 
optimal solution, the amount of soil loss does not exceed 5,000 pounds. 
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of soil erosion under different residue levels and provide insight 

under each scenario. MOTAD model also provides a complete ordering of 

alternative tillage decisions associated with each value of risk 

aversion coefficient. On  the other hand, stochastic dominance analysis 

identifies the stochastically efficient or undominated tillage 

practice. In the following results of stochastic dominance criteria of 

the uncertain wheat yield and net return to land and managonent for 

actual farmers' and the experimental plots data are shown. A micro 

stochastic dominance programming (second degree) developed by 

Richardson, Rister, and Myers (1983) is used to determine the efficient 

set from the alternative tillage practices. The application of this 

programming becomes more important when more alternatives are to be 

compared. 

Tillage System Comparison; Considering Wheat Yield 

Stochastic dominance comparison of conventional and stubble 

mulching tillage systems for actual farmers' summer-fallow wheat yield 

data is made. The conventional system is dominant and is in the 

efficient set. The efficient set is determined based on the wheat 

yield mean and associated standard deviation. Actual farmers' wheat 

yields under conventional system have a mean of 43.88 bushels per acre 

and a standard deviation of 8.51 over the period of 1978 to 1985, 

whereas that of stubble mulching has a mean of 38.13 bushels per acre 

and a standard deviation of 10.83. Conventional system has a higher 

mean and lower standard deviation compared to stubble mulching (see 

table (B.l) in appendix B). 

Similar comparison is made for the experimental plots wheat yield 
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data. Conventional tillage system dominates both stubble mulching and 

no-tillage systems and when comparison is made between no-tillage and 

stubble mulching, the former dominates the latter. The mean and 

standard deviation for conventional, stubble mulching, and no-tillage 

systems are 51.25, 4.86; 49.25, 4.65; and 50.25, 5.97, respectively 

(see table (B.2) in appendix B). 

Tillage System Comparison; Considering Net Return 

Stochastic dominance comparison of uncertain net return under 

conventional and stubble mulching systems for actual farmers' data, 

when erosion variation and cost are not considered (recall, this was 

referred to as base model) are made. Conventional tillage produces a 

mean of $69.35 per acre with a standard deviation of $32.83, while 

stubble mulching system generates an average net return of $41.16 and a 

standard deviation of $41.80. Therefore, conventional tillage system 

in the absence of any form of erosion consideration simply dominates 

stubble mulching because it has a higher mean and is less risky. 

Similar conclusion is obtained when analyzing experimental plots data. 

Tables (C.l) through (C.5) in appendix C show the estimated net return 

to land and management under the alternative tillage practices for both 

sets of data for 1978 to 1985. 

When erosion cost and variation are considered, the rankings are 

changed depending on various scenarios (time of seeding and plowing). 

For example, in scenario I, (if farmers seed late and plow in the fall) 

stochastic dominance comparison of net return under conventional and 

stubble mulching for actual farmers' data show that stubble mulching 

with a mean of $29.23 net return to land and management and a standard 
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deviation of $38.38 dominates conventional tillage systan that has a 

mean of $21.85 and a standard deviation of $29.45. That is, when 

erosion cost and variation are accounted for, the ranking is reversed. 

However, for scenarios II, III, and IV, where erosion variation and 

cost decreased under conventional, this system dominates stubble 

mulching. The mean and standard deviation for conventional and stubble 

mulching under scenarios II, III, and IV are: $36.41 and $28.50, 

$34.87 and $39.76; $44.80 and $28.56, $36.25 and $40.28; $49.89 and 

$29.00, $38.71 and $40.91, respectively. The estimated net return to 

land and management considering cost of erosion for the tillage 

practices under the alternative scenarios for the actual farmers' and 

experimental plots data over 1978 to 1985 are shown in tables (C.6) 

through (C.18) ,in appendix C. 

Stochastic dominance results of alternative tillage practices for 

experimental plots data also shows that in the absence of erosion, 

conventional tillage system dominates other strategies. When erosion 

cost and variation are considered, under scenarios I and II, no-tillage 

system daninates other tillage systems because of higher net return and 

lower standard deviation. However, in scenarios III and IV, the 

situations are changed. All the results obtained under stochastic 

dominance approach are consistent with the results of the MOTAD models 

explained above. 
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First degree stochastic dominance comparison of alternative 

tillage practices for wheat yield, and net return to land and 

management with and without erosion cost and variation are shown 

graphically for the two sets of data in appendix E, figures (E.l) 

through (E.12). 
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CHAPTER VIII 

SUMMARY, CONCLUSIONS, IMPLICATIONS, LIMITATIONS 

OF THE MODELS, AND SUGGESTIONS FOR FUTURE RESEARCH 

Surmiary 

The primary objective of this study was to examine the impact of 

farmers' risk behavior on the adoption of soil conservation alternative 

tillage practices. The study attempted to determine how optimal 

combinations of production and conservation activities vary with and 

without considering risk. 

The Universal Soil Loss Equation was modified and applied to 

represent the conditions in the study area. Based on this model the 

soil loss in terms of tons per acre were estimated for alternative 

tillage practices under different residue management factor (c) for 

alternative seeding and plowing time. 

A modified yield loss projection model based on Walker and Young's 

model (1985) was used to estimate the on site costs of soil loss per 

ton. Then assuming a time horizon of 25 years, the present value of 

one ton soil loss was estimated. Costs of production per acre without 

consideration of on site erosion costs over time were estimated. The 

associated net returns to land and managanent were then estimated and 

compared. Then, costs of production including erosion costs were 

determined and the net return to land and managanent considering 

erosion cost were estimated for alternative tillage practices under 



189 

different plowing and seeding times for actual farmers' data, and 

experimental plot data. 

A series of MOTAD models were developed to examine the following 

situations for both sets of data, when: 

1. There was not concern for soil erosion by farmers in the study 

area. 

2. There was a soil loss constraint based on soil erosion 

tolerance level recommended by the Soil Conservation Service 

(SCS) in the area. This was evaluated under four scenarios: 

a. Scenario I: When farmers seed late, and plow in the fall; 

b. Scenario II: When farmers seed late and plow in the 

spring; 

c. ' Scenario III: When farmers seed early and plow in the 

fall; 

d. Scenario IV: When farmers seed early and plow in the 

spring. 

3. Erosion cost and variation were considered for alternative 

tillage practices by farmers of the area, soil loss cost were 

accounted for in the objective functions of the MOTAD models, 

and erosion variation was considered for the study period 

(1978 to 1985) and were included in the technical coefficients 

of the models. This situation also was evaluated under the 

above four scenarios. 

4. The MOTAD models were extended to consider both erosion 

restriction, erosion cost and variation over time. 
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The objective functions were expressed as net return to land and 

managanent with and without erosion consideration for an average of an 

eight year study period. Relative input and yield prices were assumed 

constant over time. 

Also, a second degree stochastic dominance programming technique 

developed by Richardson, et al^., (1983) was applied to the 

alternative tillage systems for both sets of data. 

Highlights of the results are: 

1. Estimated results of the adopted Universal Soil Loss Equation 

model (USLE) for the study area indicated that conventional 

tillage system is the most soil erosive systan under all 

scenarios, while soil loss reduces considerably under stubble 

mulching. No-tillage system is the least erosive system. On 

the average during the study period (1978 to 1985) the 

estimated rill, interrill, and sheet soil erosion for 

conventional systan under scenario I is 8.91 tons per acre, 

under scenario II is 6.11 tons per acre, under scenario III is 

4.58 tons per acre, and under scenario IV is 3.63 tons per 

acre. The estimated tons of soil loss per acre for stubble 

mulching and no-tillage systems were: 2.23 and .18; 1.19 and 

.18; .92 and .09; .48 and .09; for scenario I, II, III, and 

IV, respectively. These results support the conmonly held 

belief that the amount of soil loss varies depending on type 

of tillage practice, seeding time, and plowing season. 

2. The study results indicate that no-tillage system has an 

advantage over conventional and stubble mulching tillage 

systems through reduction of soil erosion and associated cost 
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of soil loss, lesser labor requirement, lower fuel, machinery, 

and other equipment costs. However, fanners do not practice 

no-tillage systan because of risk and uncertainty associated 

with Wheat yield over time and associated high costs of 

chanicals. Therefore, based on the results of this study, 

adoption of no-tillage systan depends on the farmers risk 

behavior and the future prices of herbicides. 

3. Results of the base MOTAD models for both sets of data showed 

that when soil erosion problan was totally ignored only 

conventional tillage system entered the optimal solution for 

all values of risk aversion coefficients. The total allocation 

of land acreage to conventional system is because of higher 

associated expected net return to land and managanent, as a 

result of higher yields and lower cost of production and the 

lower risk associated with this system. Stochastic dominance 

analysis (second degree) results also showed that conventional 

tillage system dominates other tillage sytans under similar 

situations. 

4. Considering regulatory soil erosion constraint based on soil 

loss tolerance level, the MOTAD models indicated that risk 

neutral and lower risk averse farmer would earn the highest 

net return by practicing more of conservation tillage systems 

(stubble mulching and no-tillage) and the higher risk averse 

farmers would shift to conventional system which is less 

risky. The results indicate that imposing soil loss 

restriction makes a major adjustments in tillage and 

conservation practices. Net returns are also significantly 
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affected by such soil restrictions. The amount of land 

allocated to each system under each scenario varies depending 

on the degree of risk aversion, and the expected net return. 

For example, under scenario I, the lower risk averse farmers 

maximize their expected utility by shifting to the 

conservation practices, while higher risk averters choose 

conventional system. On the other hand, under scenario IV 

where conventional system is less erosive, it becomes more 

popular for all risk classes, again due to its associated high 

net return. 

5. Including cost and erosion variation (soil loss restriction 

excluded) in the MOTAD models made a significant adjustment in 

scenarios I and II, as compared to the base models for both 

sets of data. In scenario I where the erosion cost and 

variation are higher under conventional tillage systan, lower 

risk avert farmers shift totally to the soil conservation 

tillage systems, while higher risk averters would practice 

both systems in order to maximize their expected utility. As 

the systans become less erosive under scenarios I, II, and IV, 

conventional tillage systan becomes popular, again, in terms 

of maximizing expected utility. Recall, there is not any soil 

loss restriction. Results of these models under the current 

situation (considering erosion variation, cost of soil loss 

over the study period) show that if farmers practice according 

to scenario I and II their decisions are affected in terms of 

resource allocation and their selection of tillage practice, 

depending on the degree of risk aversion. However, if they 
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seed and plow according to scenario III, and IV, erosion 

variation and cost do not have any impact on their decision, 

because of lower erosion cost and variation under these 

scenarios. 

6. VJhen the MOTAD models are extended to include both yield and 

erosion variation and cost of erosion as well as regulatory 

soil loss restriction, under scenario I and II more acreage is 

allocated to conservation tillage practices for lower risk 

averse farmers while higher risk averse people would choose 

conventional system over the others. Under scenarios III and 

IV the acreage of conventional systan increases. 

7. Results of stochastic dominance analysis were consistent with 

the results of MOTAD models. 

Conclusions and Implications 

Conclusions of this study from the above results are as follows: 

1. The cost analysis results show that substantial savings in - 

labor, and machinery is achieved by application of no-tillage 

system. However, costs of no-tillage system are higher than 

production with stubble mulching and conventional tillage 

systems in the absence of cost of soil loss. This is because 

of high herbicide costs of chemical fallow which at the 

present time make it economically uncompetitive with 

conventional systems. Furthermore, the uncertainty which is 

associated with yields over time as a result of weed control 

problan hinder its adoption in the area. A consistent and 

proven weed control method could improve these problems 
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significantly. 

2. Average amount of soil loss under conventional tillage syston 

is significantly higher than the reconmended amount based on 

soil erosion tolerance level by Soil Conservation Service 

(SCS) for the alternative seeding and plowing times considered 

in this study. 

3. For all scenarios, the highest soil losses are associated with 

late seeding and fall plowing. However, as other plowing and 

seeding times are practiced the amount of soil loss decreases. 

Soil loss can be reduced the most when farmers plow in the 

spring and seed early. 

4. For all tillage practices, conventional tillage is the most 

erosive, stubble mulching system decreases erosion 

significantly, and no-tillage system reduces erosion almost to 

none. Farmers tend to adopt only those practices which are 

economical and are less risky. 

5. This study demonstrated that farmers' risk behavior can 

influence the selection of alternative tillage practices in 

the study area. The level of adoption of soil conservation 

tillage systems by farmers depends on their degree of risk 

aversion and the associated expected utility. 

6. Any soil loss control policy would result in substantial 

reduction in net returns. Governmental support incentive 

programs are needed to improve the adoption of conservation 

tillage practices in the study area. 
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Limitations of the Study and Suggestions for Future Research 

Several improvements could be made in this study. The data used 

for the study assume homogeneity of soil, production practices for each 

of tillage systems including herbicides and fertilization application. 

The study can be extended to account for wheat production activities 

under different soil types, and input applications for conventional, 

stubble mulching and no-tillage systems. 

At the present, the main problems which hinder adoption of 

no-tillage system in the study area are the high cost of chemicals and 

the risk associated with the yield production. It might be desirable 

to examine the situations based on the assumption that price of 

chemicals decrease by alternative specified amounts, through 

sensitivity analysis. 

The study could be extended to account for stochasticity of 

resource availability. That is, MOTAD models would include uncertain 

right hand sides. For example, uncertain available labor hours could 

be accounted for through the model expansion. 

The MOTAD models could be extended to include input risk (uncertain 

technical coefficients) in order to account for variation of input 

requirements over time rather than constant assumption. This could 

have an impact on the optimal allocation of resources and optimal 

selection of tillage practices. 
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Stochastic dominance programming with respect to a function could 

be applied in order to account for decision makers represented by the 

risk preference intervals, rather than assuming risk aversion for all 

decision makers in general (second order stochastic dominance used in 

this study only assumes that decision makers are risk averse and does 

not specify the degree of aversity). 

The results of the models are more realistic when the gully and 

concentrated flow erosion, as they are a major source of soil erosion 

in the study area, are accounted for in the Universal Soil Loss 

Equation Model (USLE). At the present, this kind of data is not 

available. However, due to intensive experiments and studies underway, 

it is expected such information to become available in the near future. 

Finally, and perhaps the most crucial limitation of the study is 

the need for longer time series data within the study area. Actual 

farmers' data are particularly needed for all tillage systems over 

longer range in order to get an improved picture of the situation. 

It is emphasized that the conclusions which are drawn from the 

present study by no means are final. The author hopes that the 

weaknesses and strengths of this study will motivate interest and 

research that would reach far beyond the recommendations made for the 

study improvement. 
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Table (A.l) (cont'd.) Monthly and Annual Rain Precipitation in Southern Sherman County, Oregon for 
1940-1985. 

Year Sep Oct Nov Dec Jan Feb Mar Apr May June July Aug Total 

1972 1.36 .45 1.50 1.03 2.25 .26 1.44 .40 .45 1.70 .70 .55 11.46 
1973 .57 .43 .83 1.60 1.09 .34 .40 .21 .34 .25 0 .70 6.13 
1974 .90 .85 3.70 3.99 1.29 .97 1.30 1.18 .38 .02 .41 0 14.99 
1975 0 .37 1.02 1.39 2.01 1.47 1.25 .46 .53 .84 0 1.26 10.60 
1976 0 1.17 1.34 1.26 1.25 .93 .95 1.06 .14 .60 .79 1.06 10.01 
1977 .04 .10 .43 .20 .18 .63 .50 .80 2.70 .28 .37 .90 6.41 
1978 .88 .22 2.00 3.22 2.80 1.31 .74 1.42 .48 .44 .59 1.32 15.42 
1979 .33 .10 .79 .69 1.59 1.54 .99 1.06 .28 .10 .70 1.12 9.29 
1980 .53 2.59 2.23 .65 3.41 1.83 .94 .89 1.27 1.37 .16 .11 15.98 
1981 .42 .79 1.73 2.95 1.52 1.22 .65 .41 1.06 1.15 .20 0 12.10 
1982 .92 .82 1.99 4.73 1.10 .72 .55 1.45 .37 1.15 .21 .40 14.41 
1983 1.42 1.96 1.08 1.89 1.40 2.43 2.74 .61 1.96 .39 .80 .60 17.28 
1984 .52 .62 2.45 2.31 .17 1.07 2.34 1.32 .89 1.09 .17 0 12.95 
1985 .53 .86 3.18 .42 .27 .97 .44 .14 .63 .92 .50 .14 8.99 

Note: All the numbers are in inches. 

Source: Oregon State Climatologists, 1985. 
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Table (A.2) . LS^-' Values for Areas Influenced by Frozen Soil 
Including Sherman County, Oregon. 

Slope Length in Feet 

Percent Slope 25 50 75 100 125 150 

.5 .08 .11 .13 .16 .17 .19 
1. .13 .18 .22 .25 .28 .31 
2. .21 .29 .36 .41 .46 .50 
3. .22 .39 .47 .55 .61 .67 
4. .33 .47 .50 .67 .75 .82 
5. .39 .55 .67 .78 .87 .95 
6. .44 .63 .77 .88 .99 1.00 
7. .49 .70 .05 .90 1.10 1.21 
8. .54 .76 .43 1.08 1.21 1.32 
9. .59 .83 1.01 1.17 1.31 1.43 
10. .63 .89 1.09 1.26 1.41 1.54 
12 .71 1.01 1.24 1.43 1.60 1.75 
14. .79 1.12 1.39 1.58 1.77 1.94 
16. .87 1.23 1.50 1.73 1.94 2.12 
18. .94 1.33 1.62 1.88 2.10 2.30 
20. 1.01 1.42 1.74 2.01 2.25 2.46 
22. 1.07 1.51 1.85 2.14 2.39 2.62 
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Table (A.2) (cont'd.). LS Values for Areas Influenced by Frozen 
Soil Including Sherman County, Oregon. 

Slope Length in Feet 

Percent Slope 200 250 300 350 400 450 500 

.5 .22 .25 .27 .29 .31 .33 .35 
1. .36 .40 .44 .47 .51 .54 .57 
2. .58 .65 .71 .79 .02 .87 .92 
3. .77 .86 .94 1.02 1.09 1.16 1.22 
4. .94 1.05 1.15 1.25 1.33 1.41 1.49 
5. 1.10 1.23 1.35 1.46 1.56 1.65 1.74 
6. 1.25 1.40 1.53 1.65 1.77 1.88 1.98 
7. 1.39 1.56 1.70 1.84 1.97 2.09 2.20 
8. 1.53 1.71 1.07 2.02 2.16 2.29 2.41 
9. 1.66 1.85 2.03 2.19 2.34 2.48 2.62 
10. 1.78 1.99 2.18 2.36 2.52 2.67 2.82 
12. 2.02 2.26 2.47 2.67 2.85 3.03 3.19 
14. 2.24 2.51 2.75 2.97 3.17 3.36 3.04 
16. 2.45 2.74 3.00 3.24 3.47 3.68 3.08 
18. 2.65 2.97 3.25 3.51 3.75 3.98 4.19 
20 2.84 3.18 3.48 3.76 4.02 4.26 4.50 
22. 3.02 3.38 3.70 4.00 4.20 4.58 4.78 
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Table (A.2) (cont'd.). LS Values for Areas Influenced by Frozen 
Soil Including Sherman County, Oregon. 

Slope Length in Feet 

Percent Slope ' 550 600 700 800 1000 1200 

.5 .36 .38 .41 .44 .49 .54 
1. .59 .62 .67 .71 .80 .88 
2. .96 1.01 1.09 1.16 1.30 1.42 
3. 1.28 1.34 1.44 1.54 1.72 1.09 
4. 1.56 1.63 1.76 1.09 2.11 2.31 
5. 1.83 1.91 2.06 2.20 2.46 2.70 
6. 2.07 2.17 2.34 2.50 2.80 3.06 
7. 2.31 2.41 2.60 2.78 3.11 3.41 
8. 2.53 2.64 2.86 3.05 3.41 3.74 
9. 2.75 2.87 3.10 3.31 3.70 4.06 
10. 2.95 3.09 3.33 3.56 3.90 4.36 
12. 3.35 3.50 3.78 4.04 4.51 4.96 
14. 3.72 3.88 4.19 4.48 5.01 5.49 
16. 4.07 4.25 4.59 4.90 5.48 6.01 
18. 4.40 4.59 4.96 5.31 5.93 6.50 
20. 4.71 4.92 5.32 5.69 6.36 6.96 
22. 5.02 5.24 5.66 6.05 6.76 7.41 

Sources: (1) Water Erosion Control Guidelines for Oregon, USDA-SCS, 
Portland, Oregon, 1985. (2) A Second Generation of the Universal Soil 
Loss Equation (USLE) for the Pacific Northwest Drylands, D.K. McCool, 
and G.O. Geroge, USDA-SCS, Pendleton, Oregon, 1983. 

a/ The LS values are calculated based on: 

LS = 

Where: LS = slope length and steepness factor relative to a 
72.6 foot slope length of uniform 9 percent 
(5.143°) slope. 

= length in feet along slope, 
= slope steepness (degrees), 

m = 0.50, exponential constant, 
n = 0.70, exponential constant. 

The LS value for the study area is based on a 4 percent slope, and a 
600 foot slope length. 
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Table (A.3). Estimated Different "C" Factor Values Under Alternative 
Tillage Practice for Experimental Plots in Southern 
Sherman County, Oregon. 

Conventional 
System 

Stubble- 
Mulching 

No-Till 
Technology 

■C" Factor •C" Factor ■C" Factor 

Seeding late and 
primary tillage 
in fall .56 .14 .012 

Seeding late and 
primary tillage 
in spring .38 .075 .012 

Seeding early and 
primary tillage 
in fall .29 .053 .006 

Seeding early and 
primary tillage 
in spring .22 .03 .006 
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Table (A.4). "K" Factor Based on Soil Types for Coluitibia Plateau, 
Oregon. 

Soil Type K Factor 

2 ANDERLY SILT LOAM 
3 ANDERLY SILT LOAM COARSE SOLUM 
4 ANDERLY SILT LOAM COARSE SOLUM NORTH 
5 ANDERLY SILT LOAM COARSE SOLUM SOUTH 
6 ANDERLY SILT LOAM LOW RAINFALL 
7 ANDERLY SILT LOAM LOW RAINFALL NORTH 
8 ANDERLY SILT LOAM LOW RAINFALL SOUTH 
9 ANDERLY SILT LOAM NORTH 

10 ANDERLY SILT LOAM SOUTH 
11 ANDERLY VERY FINE SANDY LOAM SOUTH 
12 ANDERLY VERY FINE SANDY LOAM VARIANT 
13 ATHENA SILT LOAM 
29 CANTALA SILT LOAM 
30 CANTALA SILT LOAM NORTH 
34 CONDON -BAKEOVEN COMPLEX 
35 CONDON SILT LOAM^/ 
36 CONDON SILT LOAM NORTH 
37 CONDON SILT LOAM SHALLOW VARIANT ' 
38 CONDON SILT LOAM SOUTH 
39 CONDON SILT LOAM SHALLOW VARIANT NORTH 
47 DUFUR SILT LOAM 
49 ELLISFORDE SILT. LOAM 
54 ESQUATZEL SILT LOAM 
64 HERMISTON FINE SANDY LOAM 
65 HERMISTON LOAM 
66 HERMISTON SILT LOAM 
85 MAUPIN LOAM 
86 MAUPIN LOAM DEEP VARIANT 
87 MCKAY SILT LOAM 
88 MCMEEN SILT LOAM 
89 MORROW SILT LOAM 
90 MORROW SILT LOAM NORTH 
91 MORRCW SILT LOAM SHALLOW VARIANT 
92 MORROW SILT LOAM SOUTH 
96 ONYX FINE SANDY LOAM MOD DEEP 
97 ONYX FINE SANDY LOAM VARIANT 
98 ONYX SILT LOAM 
99 ONYX SILT LOAM MOD DEEP VARIANT 

102 PEDIGO SILT LOAM 
103 PILOT ROCK SILT LOAM 
104 PILOT ROCK SILT LOAM NORTH 
105 PILOT ROCK SILT LOAM SHALLOW 
106 PILOT ROCK SILT LOAM SOUTH 
119 RITZVILLE SILT LOAM 
120 RITZVILLE SILT LOAM NORTH 

0.49 
0.43 
0.43 
0.43 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.32 
0.43 
0.43 
0.24 
0.32 
0.32 
0.32 
0.32 
0.32 
0.43 
0.49 
0.43 
0.37 
0.37 
0.37 
0.37 
0.37 
0.43 
0.43 
0.37 
0.37 
0.37 
0.37 
0.43 
0.43 
0.43 
0.43 
0.37 
0.55 
0.55 
0.55 
0.55 
0.49 
0.49 
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Table (A.4) (cont'd.) "K" Factor Based on Soil Types for 
Columbia Plateau, Oregon. 

Soil Type K Factor 

121 RITZVILLE SILT LOAM SOUTH 0.49 
122 RITZVILLE VERY FINE SANDY LOAM 0.49 
127 ROLOFF -ROCKLAND COMPLEX 0.27 
128 ROLOFF SILT LOAM 0.49 
129 ROLOFF SILT LOAM NORTH 0.49 
130 ROLOFF SILT LOAM SOUTH 0.49 
148 SINAMOX SILT LOAM 0.49 
165 TUB COBBLY CLAY LOAM 0.28 
166 TUB GRAVELLY CLAY LOAM 0.28 
167 TUB VERY STONY CLAY LOAM 0.28 
168 TYGH FINE SANDY LOAM 0.20 
173 VALBY SILT LOAM 0.43 
174 VALBY SILT LOAM NORTH 0.43 
177 WAHA -GWIN COMPLEX 0.32 
179 WAHA SILT LOAM NORTH 0.32 
180 WAHA SILT LOAM SHALLOW ARIANT 0.32 
181 WAHA SILT LOAM SOUTH 0.32 
182 WALLA WALLA SILT LOAM 0.49 
183 WALLA WALLA SILT LOAM COARSE SOLUM 0.43 
184 WALLA WALLA SILT LOAM COARSE SOLUM DEEP 0.43 
185 WALLA WALLA SILT LOAM COARSE COLUM DEEP SOUTH 0.49 
186 WALLA WALLA SILT LOAM COARSE SOLUM DEEP NORTH 0.43 
187 WALLA WALLA SILT LOAM COARSE SOLUM SOUTH 0.43 
188 WALLA WALLA SILT LOAM COARSE SOLUM VERY DEEP NORTH 0.49 
189 WALLA WALLA SILT LOAM COARSE SOLUM VERY DEEP SOUTH 0.49 
190 WALLA WALLA SILT LOAM DEEP 0.49 
191 WALLA WALLA SILT LOAM DEEP NORTH 0.49 
192 WALLA WALLA SILT LOAM DEEP SOUTH 0.49 
193 WALLA WALLA SILTLOAM DEEP TO PAN 0.49 
194 WALLA WALLA SILT LOAM HIGH RAINFALL 0.49 
195 WALLA WALLA SILT LOAM HIGH RAINFALL NORTH 0.49 
196 WALLA WALLA SILT LOAM HIGH RAINFALL SOUTH 0.49 
197 WALLA WALLA SILT LOAM LOW RAINFALL DEEP 0.49 
198 WALLA WALLA SILT LOAM LOW RAINFALL DEEP NORTH 0.49 
199 WALLA WALLA SILT LOAM LCW RAINFALL DEEP SOUTH 0.49 
200 WALLA WALLA SILT LOAM LCW RAINFALL VERY DEEP 0.49 
201 WALLA WALLA SILT LOAM LOW RAINFALL VERY DEEP NORTH 0.49 
202 WALLA WALLA SILT LOAM NORTH 0.49 
203 WALLA WALLA SILT LOAM SOUTH 0.49 
204 WALLA WALLA SILT LOAM VERY DEEP 0.49 
205 WALLA WALLA SILT LOAM VERY DEEP NORTH 0.49 
206 WALLA WALLA SILT LOAM VERY DEEP SOUTH 0.49 
207 WALLA WALLA -SPOFFORD COMPLEX 0.43 
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Table (A.4) (cont'd.)' "K" Factor Based on Soil Types for 
Columbia Plateau, Oregon. 

Soil Type K Factor 

208 WALLA WALLA SILT LOAM COURSE SOLUM VERY DEEP 0.49 
210 WAMIC LOAM 0.49 
211 WAMIC LOAM NORTH 0.49 
2i2 WAMIC LOAM SOUTH 0.49 
213 WAPINITIA LOAM MOD DEEP TO BASALT VARIANT 0.37 
214 WAPINITIA SILT LOAM 0.37 
215 WARDEN SILT LOAM 0.55 
216 WARDEN SILT LOAM ERODED 0.55 
217 WARDEN VERY FINE SANDY LOAM 0.49 
222 WILLIS SILT LOAM 0.49 
223 WILLOWDALE LOAM 0.43 

a/ 
— Since the study area has soil of condon silt loam type, K factor 
is .32. 

Source: Soil Conservation Service (SCS) of the United States Depart- 
ment of Agriculture (USDA), Portland, Oregon. 
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Table (A.5). P Factor According to Different Slopes in North-Central 
Oregon^. 

Slope P Factor 

Cross slope Non cross slope 

Percent Percent 

0.0 - 3.0 0.75 1.00 
3.1 - 7.0 0.75 1.00 
7.1 - 12.0 0.80 1.00 

12.1 - 20.0 0.85 1.00 
20.1 - 30.0 0.95 1.00 
30.1 - 70.0 1.00 1.00 

a/ 
— P factor for the study area is recommended 1.0 by the SCS office 
in Moro, Oregon. 

Source: Soil Conservation Service office, Moro, Oregon. 
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APPENDIX B 
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Table (B.l). Average Actual Farmers' Winter Summer-Fallow Wheat 
Yield Data in Southern Sherman County, Oregon for 
1978-1985. 

Conventional Tillage Systan^ Stubble Mulching System-^ 
Year Yield (bu./acre) Yield (bu./acre) 

1978 35 28 

1979 34 22 

1980 44 44 

1981 53 41 

1982 43 34 

1983 56 56 

1984 50 46 

1985 36 34 

Average 43.88 38.13 

SDS/ 8.51 10.83 

— Winter wheat yield data under this sytem is the average yields 
of five representative farmers in Southern Sherman County. 

— The average of winter wheat yield under stubble mulching in 
several plots. 

c/ — SD indicates standard deviation. 

Source: 1. Southern Sherman County wheat growers; 2. Sherman County 
Extension Agency, Moro, Oregon, and; 3. ASCS-USDA office, Moro, 
Oregon. 
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Table (B.2). Average Experimental Plots Winter Summer-Fallow Wheat 
Yield Data in Southern Sherman County, Oregon for 
1978-1985.-' 

Year 

Conventional 
System 

Yield (bu./ 

Tillage 

acre) 

Stubble Mulching 
System 

Yield (bu./acre) 

No-Tillage 
System 

Yield (bu./acre) 

1978 50 46 46 

1979 46 45 43 

1980 51 47 51 

1981 52 50 50 

1982 52 60 60 

1983 50 49b/ 46 

1984 62 48 58 

1985 47 49 48 

Average 51.25 49.25 50.25 

SD 4.86 4.65 5.97 

—'  It should be noted that yields are considerably higher than the 
observed situation which is perceived by farmers. Furthermore, yield 
variation of the experiments are considerably lower than the farmers' 
case. 

—  Original yield data for 1983 shows 22 bushels per acre. On the 
other hand, for the same year rain precipitation was highest of the 
whole study time periods. It seemed reasonable to adjust the 22 
bushels per acre which was lowest of all years to 49 bushels per acres 
which is the mean of the observations. When the models run with 22 
bushels per acre for 1983, the models could not predict the observed 
activities in the study area, regarding no-tillage system and stubble 
mulching, therefore, this adjustment was made. The main objective of 
including and analyzing this data set is to see how the farmers risk 
behavior affect the adoption of no-till versus conventional and stubble 
mulching. That is, no-tillage technology is compared with other 
tillage systems, in order to determine the influence of risk on their 
selection. This should provide an insight regarding adoption of 
no-tillage technology in the area. 



225 

Table (B.3). Estimated White Wheat Prices for the Sherman Gounty 
Area of Oregon. 

Price 
Year ($/bu.) 

1978 3.67 

1979 3.85 

1980 4.04 

1981 3.99 

1982 4.19 

1983 3.77 

1984 3.49 

1985 4.04 

Average 3.86 

Source: Extension Economic Information office, Agricultural and 
Resource Economics Department, Oregon State University, 1985. 
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Table (B.4). Dryland Wheat Production Costs Per Acre for Conventional 
System, Sherman County, Oregon, 1985. 

Expense Category Unit Cost Cost/Acre 

Cash operating costs 
Fertilizer .24 $/lb 7.20 
Wheat seed . 1 $/lb 5.50 
Herbicide and application 9.19 
Diesel fuel .87 $/gal 4.55 
Gasoline 1.1 $/gal 2.24 
Lubricants 1.08 
Machinery repair 7.71 
Crop insurance 2.25 
Conservation practices .75 
Hired labor 5.50 $/hr 2.16 
Miscellaneous 4.60 
Operating capital interest 12 % 3.07 

Subtotal 51.28 

Cash ownership costs 
Machinery insurance and fees 1.04 

Subtotal 1.04 

Other ownership costs 4.35 
Interest on machinery 12.5 % 22.35 
Machinery depreciation 17.05 

Subtotal 89.40 

Operator labor and managonent 
Operator labor 9 $/hr 9.41 

Subtotal 15.21 

COST PER ACRE 100.12 

Source: Dryland Wheat Production and Marketing Costs in Oregon's 
Columbia Plateau, 1985-1986, Oregon State University Extension Service, 
November, 1985. 
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Table (B.5) . Dryland Wheat Production Costs Per Acre for Stubble 
Mulching System, Sherman County, Oregon, 1985. 

Expense Category Unit Cost Cost/Acre 

Cash operating costs 
Fertilizer .24 $/lb 7.20 • 
Wheat seed . 1 $/lb 5.50 
Herbicide and application 19.48 
Diesel fuel .87 $/gal 3.67 
Gasoline 1.1 $/gal 2.24 
Lubricants .94 
Machinery repair 7.06 
Crop insurance 2.25 
Conservation practices .50 
Hired labor 5.50 $/hr 2.16 
Miscellaneous 4.60 
Operating capital interest 12 % 3.50 

Subtotal 59.24 

Cash ownership costs 
Machinery insurance and fees .1.04 

Subtotal 1.04 

Other ownership costs 
Interest on machinery 12.5 % 21.38 
Machinery depreciation 16.39 

Subtotal 87.79 

Operator labor and management 
Operator labor 9 $/hr 8.11 

Subtotal 13.91 

COST PER ACRE 106.00 

Source: Dryland Wheat Production and Marketing Costs in Oregon's 
Columbia Plateau, 1985-1986, Oregon State University Extension Service, 
November, 1985. 
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Table (B.6). Machinery Assumptions for the 2,500 Acre Dryland Wheat 
Farm, Conventional Tillage System, Sherman County, 
Oregon. 

Current  Salvage   Remaining Annual      Fuel 
Machine       value (a)  value    life(b)    use    consumption 

($) ($) 

Crawler tractor 
90 DBHP  

64100 33100 

Mold-board plow, 
10-16"  11600 7200 

Cultivator, 40'. 8750 2800 

Rod weeder, 48;.. 8850 2700 

Grain drills, 
4-8'(c) 12850 4200 

Combine, 20' 
hillside  72600 28200 

Trucks, 2-ton(d) 19000 8000 

Pickup, 3/4 ton, 
4 x 4  9000 4000 

Other machinery(e) 16750 6000 

(yrs) 

7.5 806 hrs 

7.5 227 hrs 

7.5 139 hrs 

5 250 hrs 

7.5 106 hrs 

6 179 hrs 

5 6500 mi 

3 10000 mi 

5 1250 ac 

7 gal/hr 

5 gal/hr 

5 mi/gal 

8 mi/gal 

(a) Calculated by adding the estimated purchase cost to the salvage value 
and dividing the sum by two. 

(b) Assumes machine is at one-half its useful life. 

(c) There are two sets of drills, one deep furrow and one older disk 
type. 

(d) There are two 2-ton trucks, one relatively new and one older. 

(e) Includes items such as: trap wagon, disc, rotary hoe and harrow. 

Source: Dryland wheat production and marketing costs in Oregon's Columbia 
Plateau, 1985-1986. Oregon State University Extension Service, 
November 1985. 
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Table (B.7). Machinery Assumptions for the 2,500 Acre Dryland VJheat Farm, 
Stubble-Mulching Tillage Systan, Sherman County, Oregon. 

Current  Salvage   Ranaining Annual      Fuel 
Machine       value (a)  value    life(b)    use    consumption 

($)     ($)      ftEIj 

Crawler tractor   64100    33100       7.5    626 hrs    7 gal/hr 
90 DBHP  

Chisel plow, 
31'   10850    6700       7.5    185 hrs 

Rod weeder, 48;..  8850    2700        5    250 hrs 

Grain drills, 
4-8'(c)        12850    4200       7.5    106 hrs 

Combine, 20' 
hillside   72600    28200        6    179 hrs    5 gal/hr 

Trucks, 2-ton(d)  19000    8000        5    6500 mi .    5 mi/gal 

Pickup, 3/4 ton, 
4x4    9000    4000        3   10000 mi     8 mi/gal 

Other machinery(e) 16750    6000        5   1250 ac 

(a) Calculated by adding the estimated purchase cost to the salvage value 
and dividing the sum by two. 

(b) Assumes machine is at one-half its useful life. 

(c) There are two sets of drills, one deep furrow and one older disk 
type. 

(d) There are two 2-ton trucks, one relatively new and one older. 

(e) Includes items such as: trap wagon, disc, rotary hoe and harrow. 

Source: Dryland wheat production, and marketins costs in Oregon's Columbia 
Plateau, 1985-1986. Oregon State University Extension Service, 
November 1985. 
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Table (B.8). Machinery Ownership Costs for the 2,500 Acre Dryland Wheat 
Farm, Conventional Tillage System, Oregon Columbia Plateau 

Machine Depreciation 
Interest(b) 

Insurance 
Total Annual 

ownership costs 

($/yr) ($/yr) (yrs) 

Crawler tractor 
90 DBHP  

4133 8013 322 12468 

Mold-board plow 
10-16'  587 1450 — 2037 

Cultivator, 40'. 793 1094 — 1887 

Rod weeder, 48;. .  1230 1106 — 2336 

Grain drills, 
4-8'(c) 1153 1606 — 2760 

Combine, 20' 
hillside  •7400 9075 363 16838 

Trucks, 2-ton(d) 2200 2375 425 (c) 5000 

Pickup, 3/4 ton, 
4 x 4  1667 

2150 

1125 

2094 

184 (c) 2976 

Other machinery 4244 

TOTAL  21313 27938 1294 50545 

(a) Calculated by subtracting the salvage value from the current value 
and dividing the difference by the remaining life of the machine. 

(b) Calculated as interest on the current value. 

(c) Also includes appropriate license fees. 

Source: Dryland wheat production and marketins costs in Oregon's Columbia 
Plateau, 1985-1986. Oregon State University Extension Service, 
November 1985. 
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Table (B.9). Machinery Ownership Costs for the 2,500 Acre Dryland Wheat 
Farm, Conventional Tillage Systan, Oregon Columbia Plateau 

Machine Depreciation 
Interest(b) 

Insurance 
Total Annual 

ownership costs 

($/yr) (§/yr) (yrs) 

Crawler tractor 
90 DBHP  

4133 8013 322 12468 

Chisel plow, 31' 553 1356 — 1910 

Rod weeder, 48;.. .  1230 1106 — 2336 

Grain drills, 
4-8'(c) 1153 1606 — 2760 

Combine, 20* 
hillside  7400 9075 363 16838 

Trucks, 2-ton(d) 2200 2375 425 (c) 5000 

Pickup, 3/4 ton, 
4 x 4  1667 1125 184 (c) 2976 

Other machinery 2150 2094 — 4244 

TOTAL  20487 26750 1294 48531 

(a) Calculated by subtracting the salvage value from the current value 
and dividing the difference by the ronaining life of the machine. 

(b) Calculated as interest on the current value. 

(c) Also includes appropriate license fees. 

Source: Dryland wheat production and marketins costs in Oregon's Columbia 
Plateau, 1985-1986. Oregon State University Extension Service, 
November 1985. 
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Table (B^IO). Machinery Ownership Costs for the 2,500 Acre Dryland 
Wheat Farm, Conventional Tillage System, Oregon Columbia 
Plateau 

Machine       Repairs(a) Fuel(b) 

fflyrj       ($7y£T 

Crawler tractor 
90 DBHP  1378     4906 

Mold-board plow, 
10-16'     518 

Cultivator, 40'.    416 

Rod weeder, 48;.. 1165 

Grain drills, 
4-8'(c) 452 

Combine, 20' 
hillside  3046     777 

Trucks, 2-ton(d)    780    1430 

Pickup, 3/4 ton, 
4x4     700     1375 

Other machinery(e) 1188 

TOTAL  9642     8488 

Total Annual  Total annual 
Lube   operating costs  costs(c) 

(S/yr) 

781 

($/yr) 

7065 

($/yr) 

19533 

518 2555 

416 2303 

1165 3501 

452 3211 

173 3996 20834 

195 2405 7405 

200 2275 5251 

,_ 1188 5431 

1350 19480 70024 

(a)  Includes costs for parts and labor, both paid and unpaid. 

(b) Based on: $.87 per gallon for diesel fuel, and 
$1.10 per gallon for gas. 

(c) Calculated by adding total annual ownership costs and the total annual 
operating cost. 

Source: Dryland wheat production and marketins costs in Oregon's Columbia 
Plateau, 1985-1986. Oregon State University Extension Service, 
November 1985. 
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Table (B.ll). Machinery Operating Costs for the 2,500 Acre Dryland Wheat 
Farm, Stubble-Mulching Tillage System, Sherman County, Oregon 

Machine       Repairs(a) Fuel(b)   Lube 

($7y?j      (37yrj      ($7yF) WWT 

Crawler tractor 
90 DBHP  1070     3809      607 

Chisel plow, 31'.   422 

Rod weeder, 48;.. 1165 

Grain drills, 
4-8'(c) 452 

Combine, 20' 
hillside  3046     777 

Trucks, 2-ton(d)    780    1430 

Pickup, 3/4 ton, 
4x4     700     1375 

Other machinery(e) 1188 

TOTAL  8822     7391      1175     17389 

Total Annual  Total annual 
operating costs  costs(c) 

452 

($/yr) 

5486 17954 

422 2332 

1165 3501 

3211 

173 3996 20834 

195 2405 7405 

200 2275 5251 

_ 1188 5431 

65919 

(a)  Includes costs for parts and labor, both paid and unpaid. 

(b) Based on: $.87 per gallon for diesel fuel, and 
$1.10 per gallon for gas. 

(c) Calculated by adding total annual ownership costs and the total annual 
operating cost. 

Source: Dryland wheat production and marketins costs in Oregon's Columbia 
Plateau, 1985-1986. Oregon State University Extension Service, 
November 1985. 
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APPENDIX C 



Table (C.l). Wheat yield and Net Return to Land and Managanent, Under 
Conventional Tillage System; Actual Farmers' Data in Southern 
Sherman County, Oregon, 1978-1985. 

Yield    Priced   Revenue   Cost—'      NRIJ^w  Deviations 
Year   (bu./acre)   (dollars)  (dollars)  (dollars) (dollars) 

1978 35 3.86 135.10 100.00 35.1 +34.25 

1979 34 3.86 131.24 100.00 31.24 +38.11 

1980 44 3.86 169.84 100.00 69.84 - .49 

1981 53 3.86 204.50 100.00 104.50 -35.15 

1982 43 3.86 165.98 100.00 65.98 + 3.37 

1983 56 3.86 216.16 100.00 116.16 -46.81 

1984 50 3.86 193.00 100.00 93.00 -23.65 

1985 36 3.86 138.96 100.00 38.96 +30.39 

— Is average price of wheat per bushel for 1975-1985 wheat prices in 
Northwest Oregon. 

— Includes production costs except opportunity cost of managanent and 
land and cost of soil erosion; based on 1985 input prices and costs of 
production. 

c/ 
— NRLM stands for Net Return to Land and Management. 

en 



Table (C.2). Wheat Yield and Net Return to Land and Management, Under 
Stubble Mulching System; Actual Farmers' Data in Southern 
Sherman County, Oregon, 1978-1985. 

Yield Priced Revenue Cost^ NRI^f/ Deviations 
Year (bu ./acre) (dollars) (dollars) (dollars) (dollars) 

1978 28 3.86 108.08 106.00 2.08 -39.08 

1979 22 3.86 84.92 106.00 21.08 -62.24 

1980 44 3.86 169.84 106.00 63.84 +22.68 

1981 41 3.86 158.26 106.00 52.26 +11.10 

1982 34 3.86 131.24 106.00 25.24 -15.92 

1983 56 3.86 216.16 106.00 110.16 +69.00 

1984 46 3.86 177.56 106.00 71.56 +30.40 

1985 34 3.86 131.24 106.00 25.24 -15.92 

—■      Is average price of wheat per bushel for 1978-1985 wheat prices in 
Northwest Oregon. 

— This includes production costs except opportunity cost of 
management and land and cost of soil erosion; based on 1985 input prices 
and costs of production. 

c/ 
— NRLM indicates Net Return to Land and Managanent. 



Table (C.3). Wheat Yield and. Net Return to Land and Management, Under 
Conventional System Experimental Plots in Sherman County, 
Oregon, 1978-1985. 

Yield Priced Revenue Cost^ NRL^/ Deviations 
Year (bu./acre) (dollars) (dollars) (dollars) (dollars) 

1978 50 3.86 193 - 10Q.00 93 - 4.88 

1979 46 3.86 178 100.00 78 -19.88 

1980 51 3.86 197 100.00 97 - .88 

1981 52 3.86 201 100.00 101 3.12 

1982 52 3.86 201 100.00 101 3.12 

1983 50 3.86 193 100.00 93 - 4.88 

1984 62 3.86 239 100.00 139 41.12 

1985 47 3.86 181 100.00 81 -16.88 

—■      Is average price of wheat per bushel for 1978-1985 wheat prices in 
Northwest Oregon. 

—  This includes production costs except opportunity cost of 
management and land and cost of soil erosion; based on 1985 input prices 
and costs of production. 

c/ NRLM indicates Net Return to Land and Management. 

to 



Table (C.4).  Wheat Yield and Net Return to Land and Management, Under 
Stubble Mulching Systan; Experimental Plots in Sherman 
County, Oregon, 1978-1985. 

Yield    Priced   Revenue   Cost-/  NRL^  Deviations 
Year   (bu./acre)   (dollars)  (dollars)  (dollars) (dollars) 

1978 46 3.86 177 106.00 71 -13 

1979 45 3.86 174 106.00 68 -16 

1980 47 3.86 181 106.00 75 - 9 

1981 50 3.86 193 106.00 87 3 

1982 60 3.86 232 106.00 126 42 

1983 49 3.86 189 106.00 83 - 1 

1984 48 3.86 185 106.00 79 - 5 

1985 49 3.86 189 106.00 83 - 1 

— Is average price of wheat per bushel for 1978-1985 wheat prices in 
Northwest Oregon. 

— This includes production costs except opportunity cost of 
managanent and land and cost of soil erosion; based on 1985 input prices 
and costs of production. 

c/ 
— NRLM indicates Net Return to Land and Managanent. 

U) 
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Table (C.5).  Wheat Yield and Net Return to Land and Management, Under 
No-Tillage Technology; Experimental Plots in Sherman County, 
Oregon; 1978-1985. 

Yield    Priced    Revenue   Cost—'       NRU^  Deviations 
Year   (bu./acre)   (dollars)  (dollars)  (dollars) (dollars) 

1978 46 3.86 178 111.00 67 -16 

1979 43 3.86 166 111.00 55 -29 

1980 51 3.86 197 111.00 86 3 

1981 50 3.86 193 111.00 82 - 1 

1982 60 3.86 232 111.00 121 38 

1983 46 3.86 178 111.00 67 -16 

1984 58 3.86 224 111.00 113 30 

1985 48 3.86 185 111.00 74 - 9 

— Is average price of wheat per bushel for 1978-1985 wheat prices in 
Northwest Oregon. 

—•  This includes production costs except opportunity cost of 
management and land and cost of soil erosion; based on 1985 input prices 
and costs of production. 

c/ 
— NRLM indicates Net Return to Land and Managanent. 

ro 



Table (C.6).  Net Return to Land and Management, Considering Cost of Erosion, Under 
Conventional Tillage Based on Actual Farmers' Winter Wheat-Fallow Yield 
When Plowing is Done in the Fall with Late Seeding (15-25 percent 
Vegetation by December 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NREME 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 35 3.86 135.1 12.40 64.32 100.00 -29.22 

1979 34 3.86 131.24 2.27 12.16 100.00 19.08 

1980 44 3.86 169.84 13.12 70.32 100.00 - .48 

1981 53 3.86 204.58 7.43 39.82 100.00 64.76 

1982 43 3.86 165.98 11.01 59.01 100.00 6.97 

1983 56 3.86 216.16 14.66 78.50 100.00 37.58 

1984 50 3.86 193.0 8.81 47.22 100.00 45.78 

1985 36 3.86 138.96 1.61 8.63 100.00 30.33 

O 



Table (C.7).  Net Return to Land and Management, Considering Cost of Erosion, Under 
Conventional Tillage Based on Actual Farmers' Winter Wheat-Fallow Yield 
When Plowing is Done in the Spring and Late Seeding (15-25 percent 
Vegetation by December 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NREME 

(bu./acre) ($) (?) (tons/acre) ($) ($) ($) 

1978 35 3.86 135.10 8.50 45.56 100.00 -10.46 

1979 34 3.86 131.24 1.56 8.36 100.00 22.88 

1980 44 3.86 169.84 8.99 48.19 100.00 20.81 

1981 53 3.86 204.58 5.09 27.28 100.00 77.30 

1982 43 3.86 165.98 7.54 40.41 100.00 25.57 

1983 56 3.86 216.16 10.04 53.87 100.00 62.29 

1984 50 3.86 193.00 6.04 32.37 100.00 60.63 

1985 36 3.86 138.96 1.14 6.11 100.00 32.85 

M 
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Table. (C.8).  Net Return to Land and Managotient, Considering Cost of Erosion, Under 
Stubble Mulching Practice Based on Actual Farmers* Winter Wheat-Fallow 
Yield When Chisel Powing is Done in the Spring with Late Seeding. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NREME 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 28 3.86 108.08 1.66 8.90 106.00 - 6.10 

1979 22 3.86 84.92 .30 1.61 106.00 -22.69 

1980 44 3.86 169.84 1.75 9.38 106.00 54.46 

1981 41 3.86 158.26 .99 •  5.31 106.00 46.95 

1982 34 3.86 131.24 1.47 7.88 106.00 17.36 

1983 56 3.86 216.16 1.96 10.51 106.00 99.65 

1984 46 3.86 177.56 1.18 6.32 106.00 65.24 

1985 34 3.86 131.24 .22 1.18 106.00 24.06 

to 

to 



Table (C.9).  Net Return to Land and Management, Under Conventional Tillage System 
Based on Experimental Plots of Winter Wheat-Fallow When Primary Tillage 
is Etone in the Fall With Late Seeding (15-25 Percent Vegetation by 
December 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NRIME 

(bu./acre) <$) ($) (tons/acre) ($) ($) ($) 

1978 50 3.86 193 12.40 64.32 100.00 28.68 

1979 46 3.86 178. 2.27 12.16 100.00 65.84 

1980 51 3.86 197 13.12 70.32 100.00 26.68 

1981 52 3.86 201 7.43 39.82 100.00 61.18 

1982 52 3.86 201 11.01 59.01 100.00 41.99 

1983 50 3.86 193 14.66 78.58 100.00 14.42 

1984 62 3.86 239 8.81 47.22 100.00 91.78 

1985 47 3.86 181 1.61 8.63 100.00 72.37 

U) 



Table (CIO) . Net Return to Land and Management Considering Cost of Erosion, Under 
Conventional Tillage System Based on Experimental Plots of Winter Wheat- 
Fallow When Primary Tillage is Done in the Spring with Late Seeding 
(15-25 Percent Vegetation by December 1) in Southern Sherman 
County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NREME 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 50 3.86 193 8.50 45.56 100.00 47.44 

1979 46 3.86 178 1.56 8.36 100.00 69.64 

1980 51 3.86 197 8.99 48.19 100.00 48.81 

1981 52 3.86 201 5.09 27.28 100.00 73.72 

1982 52 3.86 201 7.54 40.41 100.00 60.59 

1983 50 3.86 193 10.04 53.87 100.00 39.13 

1984 62 3.86 239 6.04 32.37 100.00 106.63 

1985 47 3.86 181 1.14 6.11 100.00 74.89 
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Table (C.ll). Net Iteturn to Land and Managanent Considering Cost of Erosion, Under 
Conventional Tillage System Based on Experimental Plots of Winter Wheat- 
Fallow When Primary Tillage is Done in the Fall with Early Seeding 
(50 Percent Vegetation by December 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NREWE 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 50 3.86 193 6.37 34.14 100.00 58.89 

1979 46 3.86 178 1.16 6.22 100.00 71.78 

1980 51 3.86 197 6.74 36.13 100.00 60.87 

1981 52 3.86 201 3.81 20.42 100.00 80.58 

1982 52 3.86 201 5.66 30.34 100.00 70.66 

1983 50 3.86 193 7.53 40.36 100.00 52.64 

1984 62 3.86 239 4.53 24.28 100.00 114.72 

1985 47 3.86 181 .86 4.61 100.00 76.39 

to 



Table (C.12). Net Return to Land and Managonent Considering Cost of Erosion, Under 
Conventional Tillage Syston Based on Experimental Plots of Winter Wheat- 
Fallow When Primary Tillage is Done in the Spring with Early Seeding 
(50 Percent Vegetation by December 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NREME 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 50 3.86 193 5.05 27.10 100.00 65.90 

1979 46 3.86 178 .92 4.93 100.00 73.07 

1980 51 3.86 197 5.34 28.62 100.00 68.38 

1981 52 3.86 201 3.02 16.19 100.00 84.81 

1982 52 3.86 201 4.48 24.01 100.00 76.99 

1983 50 3.86 193 5.97 32.00 100.00 61.00 

1984 62 3.86 239 3.59 19.24 100.00 119.79 

1985 47 3.86 181 .68 3.64 100.00 77.34 

to 



Table (C.13). Net Return to Land and Management Considering Cost of Erosion, Under 
Stubble Mulching Practice Based on Experimental Plots of Winter Wheat- 
Fallow When Chisel Plowing is Done in the Fall with Late Seeding (15-25 
Percent Vegetation by Deceniber 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NREME 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 46 3.86 177 3.10 16.62 106.00 54.38 

1979 45 3.86 174 .57 3.06 106.00 64.94 

1980 47 3.86 181 3.28 17.58 106.00 57.42 

1981 50 3.86 193 1.86 9.97 106.00 77.03 

1982 60 3.86 232 2.75 14.74 106.00 111.26 

1983 49 3.86 189 3.66 19.62 106.00 63.38 

1984 48 3.86 185 2.20 11.79 106.00 67.21 

1985 49 3.86 189 .42 2.25 106.00 80.75 

to 



Table (C.14). Net Return to Land and Management Considering Cost of Erosion, Under 
Stubble Mulching Practice Based on Experimental Plots of Winter Wheat- 
Fallow When Chisel Plowing is Done in the Spring and Late Seeding (15-25 
Percent Vegetation by Decannber 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NRIWE 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 46 3.86 177 1.66 8.90 106.00 62.10 

1979 45 3.86 174 .30 1.61 106.00 66.39 

1980 47 3.86 181 1.75 9.38 106.00 65.62 

1981 50 3.86 193 .99 5.31 106.00 81.69 

1982 60 3.86 232 1.47 7.81 106.00 118.12 

1983 49 3.86 189 1.96 10.51 106.00 72.49 

1984 48 3.86 185 1.18 6.32 106.00 72.68 

1985 49 3.86 189 .22 1.18 106.00 81.82 

to 
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Table (C.15). Net Return to Land and Managonent Considering Cost of Erosion, Under 
Stubble Mulching Practice Based on Experimental Plots of Winter Wheat- 
Fallow When Chisel Plowing is Done in the Fall and Seeding is Done Early 
(50 Percent Vegetation by December 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NRIWE 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 46 3.86 177 1.27 6.81 106.00 64.19 

1979 45 3.86 174 .23 1.23 106.00 66.77 

1980 47 3.86 181 1.35 7.24 106.00 67.76 

1981 50 3.86 193 .76 4.07 106.00 82.93 

1982 60 3.86 232 1.13 6.06 106.00 119.94 

1983 49 3.86 189 1.51 8.09 106.00 74.91 

1984 48 3.86 185 .91 4.88 106.00 74.12 

1985 49 3.86 189 .17 .91 106.00 82.09 

to 
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Table (C.16). Net Return to Land and Management Considering Cost of Erosion, Under 
Stubble Mulching Practice Based on Experimental Plots of Winter Wheat- 
Fallow When Chisel Plowing is Done in the Spring and Seeded Early 
(50 Percent Vegetation by Decannber 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NRIWE 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 46 3.86 177 .68 3.64 106.00 67.36 

1979 45 3.86 174 .12 .64 106.00 67.36 

1980 47 3.86 181 .72 3.86 106.00 71.14 

1981 50 3.86 193 .41 2.20 106.00 84.80 

1982 60 3.86 232 .60 1.93 106.00 124.07 

1983 49 3.86 189 .80 4.30 106.00 78.70 

1984 48 3.86 185 .48 2.57 106.00 76.43 

1985 49 3.86 189 .09 .48 106.00 82.52 

o 



Table (C.17). Net Return to Land and Management Considering Cost of Erosion, Under 
No-Tillage Technology Based on Experimental Plots of Winter Wheat- 
Fallow When Seeding is Done Late (15-25 Percent Vegetation by 
December 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NRLME 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 46 3.86 178 .25 1.34 111.00 65.66 

1979 43 3.86 174 .05 .27 111.00 62.73 

1980 51 3.86 181 .27 1.45 111.00 68.55 

1981 50 3.86 193 .15 .80 111.00 81.20 

1982 60 3.86 232 .23 1.23 111.00 119.77 

1983 46 3.86 189 .30 1.60 111.00 76.40 

1984 58 3.86 185 .18 .96 111.00 73.04 

1985 48 3.86 189 .03 .16 111.00 77.84 

Ln 



Table (C.18). Net Return to Land and Management Considering Cost of Erosion, Under 
No-Tillage Technology Based on Experimental Plots of Winter Wheat- 
Fallow When Seeding is Done Early (50 Percent Vegetation by December 1) 
in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NRIWE 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 46 3.86 177 .12 .64 111.00 65.36 

1979 45 3.86 174 .02 .11 111.00 62.89 

1980 47 3.86 181 .13 .69 111.00 69.31 

1981 50 3.86 193 .08 .42 111.00 81.58 

1982 60 3.86 232 .  .11 .59 111.00 120.41 

1983 49 3.86 189 .15 .80 111.00 77.20 

1984 48 3.86 185 .09 .48 111.00 73.52 

1985 49 3.86 189 .02 .11 111.00 77.89 



Table (C.19). Net Return to Land and Management Considering Cost of Erosion, Under 
Stubble Mulching Practice Based on Actual Farmers' Winter Wheat- 
Fallow Yield When Chisel Plowing is done in the Fall with late Seeding 
(50 Percent Vegetation by December 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NREME 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 28 3.86 108.08 3.10 16.62 106.00 -14.54 

1979 22 3.86 84.92 .57 3.06 106.00 -24.14 

1980 44 3.86 169.84 3.28 17.58 106.00 46.26 

1981 41 3.86 158.26 1.86 9.97 106.00 42.29 

1982 34 3.86 131.24 2.75 14.74 106.00 10.50 

1983 56 3.86 216.16 3.66 19.62 106.00 90.54 

1984 46 3.86 177.56 2.20 11.79 106.00 59.77 

1985 34 3.86 131.24 .42 2.25 106.00 22.99 

N) 



Table (C.20). Net Return to Land and Management Considering Cost of Erosion, Under 
Conventional Tillage System Based on Actual Farmers' Winter Wheat- 
Fallow When Plowing is Done in the Spring; with Early Seeding 
(50 Percent Vegetation by December 1) in Southern Sherman County, Oregon. 

Soil Loss Production 
Year Yield Price Revenue Soil Loss Cost Cost NRIWE 

(bu./acre) ($) ($) (tons/acre) ($) ($) ($) 

1978 35 3.86 135.1 5.05 27.10 100.00 8.00 

1979 34 3.86 131.24 .92 4.93 100.00 26.31 

1980 44 3.86 169.84 5.34 28.62 100.00 41.22 

1981 53 3.86 204.58 3.02 16.19 100.00 88.39 

1982 43 3.86 165.98 4.48 24.01 100.00 41.97 

1983 56 3.86 216.16 5.97 32.00 100.00 84.16 

1984 50 3.86 193.00 3.59 19.24 100.00 73.76 

1985 36 3.86 138.96 .68 3.64 100.00 35.32 
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Table (D.l). Bnpirical Results of Risk Neutral and Risk Averse 
Models for Actual Farmers' Data Considering Regulatory 
Soil Erosion Constraints; Scenario I. 

A*/ EU^/ ENRLM^/ SD<*/ PW 1/ PF f/ MW2/ MEV 

0 46,144 46,144 49,268 0 0 1,121 1,121 

.25 33,826 46,144 49,268 0 0 1,121 1,121 

.50 21,509 46,144 49,268 0 0 1,121 1,121 

.75 12,088 19,458 9,827 281 281 0 0 

1.0 9,632 19,458 9,827 281 281 0 0 

1.5 4,718 19,458 9,827 281 281 0 0 

2. 0 0 0 0 0 0 0 

—'    X indicates risk aversion coefficient. 

— identifies expected utility of net return to land and management. 

c/ 
—■     ENRIW stands for expected net return to land and management. 

— SD indicates standard deviation. 

e/ 
—■     EW represents the planted wheat acreage under conventional 
tillage syston. 

— PF represents the summer-fallowed land acreage under 
conventional tillage system. 

2/    MW indicates the planted wheat acreage under stubble mulching 
system. 

— MF identifies the summer-fallowed wheat acreage under stubble 
mulching system. 



257 

Table (D.2). Bnpirical Results of Risk Neutral and Risk Averse 
Models for Actual Farmers' Data Considering Regulatory 
Soil Erosion Constraints; Scenario II. 

A*/ EU^ c/ so y PW £/ PF f/ MW2^ HF^ 

0 57,251 57,251 53,097 206 206 1,044 1,044 

.25 43,977 57,251 53,097 206 206 1,044 1,044 

.50 30,703 57,251 53,097 206 206 1,044 1,044 

.75 17,628 28,376 14,330 409 409 0 0 

1.0 10,463 28,376 14,330 409 409 0 0 

1.5 3,298 28,376 14,330 409 409 0 0 

2.0 0 0 0 0 0 0 0 

a/ — X indicates risk aversion coefficient. 

— identifies expected utility of net return to land and management. 

c/ — ENRLM stands for expected net return to land and management. 

d/ SD indicates standard deviation. 

e/ — PW represents the planted wheat acreage under conventional 
tillage system. 

— PF represei 
conventional tillage system. 

3/ MW 
system. 

— MF 
mulching system. 

—  PF represents the summer-fallowed land acreage under 
cor 

—■  MW indicates the planted wheat acreage under stubble mulching 
sys 

—•  MF identifies the summer-fallowed wheat acreage under stubble 
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Table (D.3). Hnpirical Results of Risk Neutral and Risk Averse 
Models for Actual Farmers' Data Considering Regulatory 
Soil Erosion Constraints; Scenario III. 

x* EU^ 
c/ 

ENRTW -' SD^ PW^/ PF f/ MW3/ ^ 

0 61,848 61,848 51,642 369 369 881 881 

.25 48,937 61,848 51,642 369 369 881 881 

.50 36,027 61,848 51,642 369 369 881 881 

.75 23,517 30,355 19,117 546 546 0 0 

1.0 21,605 30,355 19,117 546 546 0 0 

1.5 13,958 30,355 19,117 546 546 0 0 

2.0 0 0 0 0 0 0 0 

a/ —' X indicates risk aversion coefficient. 

—'     identifies expected utility of net return to land and managanent. 

c/ 
— ENREM stands for expected net return to land and management. 

—'     SD indicates standard deviation. 

e/ 
— PW represents the planted wheat acreage under conventional 
tillage system. 

— PF represen 
conventional tillage systen. 

2/ MW 
system 

mulching system. 

— PF represents the summer-fallowed land acreage under 
cor 

2.' MW indicates the planted wheat acreage under stubble mulching 
sys 

— MF identifies the suitiner-fallowed wheat acreage under stubble 
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Table (D.4). Qnpirical Results of Risk Neutral and Risk Averse 
Models for Actual Farmers' Data Considering Regulatory 
Soil Erosion Constraints; Scenario IV. 

x^ *,& 
c/ ENRLM - SD^ PW^ PF^/ MW %/ MF^/ 

0 68,453 68,453 49,551 603 603 647 647 

.25 56,066 68,453 49,551 603 603 647 647 

.50 43,678 68,453 49,551 603 603 647 647 

.75 31,290 68,453 49,551 603 603 647 647 

.82 27,983 47,763 24,121 689 689 0 0 

1.25 17,611 47,763 24,121 689 689 0 0 

1.75 5,551 47,763 24,121 689 689 0 0 

2.0 0 0 0 0 0 0 0 

— X indicates risk aversion coefficient. 

— identifies expected utility of net return to land and managonent. 

c/ —•  ENRIW stands for expected net return to land and management. 

— SD indicates standard deviation. 

e/ —■     PW represents the planted wheat acreage under conventional 
tillage system. 

— PF represen 
conventional tillage system. 

3/ MW 
systan. 

V MF 
mulching system. 

— PF represents the sutmier-fallowed land acreage under 
cor 

—• MW indicates the planted wheat acreage under stubble mulching 
sys 

—■ MF identifies the summer-fallowed wheat acreage under stubble 



260 

Table (D.5). Qnpirical Results of Risk Neutral and Averse Models for 
Actual Farmers1 Data Considering Erosion Variation; 
Scenario IV. 

xS/ EU^ ENREM-/ SD^ «& ^ MW2/ «r^ 

0 36,513 36,513 50,347 0 0 1,250 1,250 

.25 23,926 36,513 50,347 0 0 1,250 1,250 

.37 17,983 32,620 39,559 529 529 721 721 

.48 13,633 32,529 39,368 541 541 709 709 

.75 3,003 32,529 39,368 541 541 709 709 

.83 0 0 0 0 0 0 0 

—'    x indicates risk aversion coefficient. 

— identifies expected utility of net return to land and management. 

c/ 
— ENRIM stands for expected net return to land and management. 

—<     SD indicates standard deviation. 

e/ 
— PW represents the planted wheat acreage under conventional 
tillage system. 

— PF represents the sumner-fallowed land acreage under 
conventional tillage system. 

"' MW indicates the planted wheat acreage under stubble mulching 
system. 

— MF identifies the summer-fallowed wheat acreage under stubble 
mulching system. 
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Table (D.6). Qnpirical Results of Risk Neutral and Averse Models for 
Actual Farmers' Data Considering Erosion Variation; 
Scenario II. 

x* EU^ ENRLM-/ SD^ pwe/ pFf/ MW^Z MFV 

0 45,600 45,600 37,438 1,250 1,250 0 0 

.25 36,240 45,600 37,438 1,250 1,250 0 0 

.50 26,881 45,600 37,438 1,250 1,250 0 0 

.75 17,521 45,600 37,438 1,250 1,250 0 0 

1.0 8,162 45,600 37,438 1,250 1,250 0 0 

1.25 0 0 0 0 0 0 0 

—' x indicates risk aversion coefficient. 

—■     identifies expected utility of net return to land and management. 

c/ 
— ENRIW stands for expected net return to land and management. 

—■     SD indicates standard deviation. 

e/ 
— PW represents the planted wheat acreage under conventional 
tillage system. 

— PF represents the summer-fallowed land acreage under 
conventional tillage system. 

Sf  MW indicates the planted wheat acreage under stubble mulching 
system. 

— MF identifies the summer-fallowed wheat acreage under stubble 
mulching system. 
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Table (D.7). Bnpirical Results of Risk Neutral and Averse Models for 
Actual Farmers' Data Considering Erosion Variation; 
Scenario III. 

xS/ W 
EU- 

c/ 
ENRIW- SD_ 

e/ 
P^ MKT 

h/ 
MF~ 

0 56,000 56,000 38,911 1,250 1,250 0 0 

.25 46,272 56,000 38,911 1,250 1,250 0 0 

.50 36,545 56,000 38,911 1,250 1,250 0 0 

.75 26,816 56,000 38,911 1,250 1,250 0 0 

1.0 17,089 56,000 38,911 1,250 1,250 0 0 

1.25 15,922 56,000 38,911 1,250 1,250 0 0 

1.5 0 0 0 0 0 0 0 

— ^ indicates risk aversion coefficient. 

— identifies expected utility of net return to land and management. 

c/ —■     ENRIM stands for expected net return to land and managonent. 

— SD indicates standard deviation. 

e/ — EW represents the planted wheat acreage under conventional 
tillage system. 

— PF represents the summer-fallowed land acreage under 
conventional tillage systan. 

2/ MW indicates the planted wheat acreage under stubble mulching 
system. 

— MF identifies the summer-fallowed wheat acreage under stubble 
mulching system. 



263 

Table (D.8). Bnpirical Results of Risk Neutral and Averse Models for 
Actual Farmers' Data Considering Erosion Variation; 
Scenario IV. 

A^ EU^ 
c/ 

ENRLM-' SD^ PWS/ PF^/ MW2/ ME^/ 

0 62,375 62,375 39,864 1,250 1,250 0 0 

.25 52,409 62,375 39,864 1,250 1,250 0 0 

.50 42,443 62,375 39,864 1,250 1,250 0 0 

.75 32,477 62,375 39,864 1,250 1,250 0 0 

1.0 22,511 62,375 39,864 1,250 1,250 0 0 

1.25 12,545 62,375 39,864 1,250 1,250 0 0 

1.50 2,579 62,375 39,864 1,250 1,250 0 0 

1.75 0 0 0 0 0 0 0 

a/ 
—' X indicates risk aversion coefficient. 

—■     identifies expected utility of net return to land and management. 

c/ 
—  ENRLM stands for expected net return to land and management. 

a/ SD indicates standard deviation. 

e/ 
— PW represents the planted wheat acreage under conventional 
tillage system. 

— PF represents the summer-fallowed land acreage under 
conventional tillage system. 

— MW indicates the planted wheat acreage under stubble mulching 
system. 

— MF identifies the summer-fallowed wheat acreage under stubble 
mulching systan. 
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Table (D.9). Qnpirical Results of Risk Neutral and Averse Models for 
Actual Farmers' Data Considering Both Regulatory Soil 
Erosion Constraint and Erosion Variation; Scenario I. 

x^ EU^ ENREM -' SD^/ PW e/ PF f/ MW2/ MF^ 

0 32,747 32,747 45,154 0 0 1,121 1,121 

.25 21,458 32,747 45,154 0 0 1,121 1,121 

.50 10,169 32,747 45,154 0 0 1,121 1,121 

.75 1,173 13,486 15,372 211 211 277 277 

.83 0 0 0 0 0 0 0 

—/ X indicates risk aversion coefficient. 

— identifies expected utility of net return to land and management. 

c/ 
— ENRLM stands for expected net return to land and management. 

—'    SD indicates standard deviation. 

e/ ~<     EW represents the planted wheat acreage under conventional 
tillage system. 

— PF represents the suirnter-fallowed land acreage under 
conventional tillage system. 

— MW indicates the planted wheat acreage under stubble mulching 
systan. 

—■     MF identifies the sumner-fallowed wheat acreage under stubble 
mulching system. 
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Table (D.10). Bnpirical Results of Risk Neutral and Averse Models for 
Actual Farmers' Data Considering Both Regulatory Soil 
Erosion Constraint and Erosion Variation; Scenario II. 

xi/ EU^ ENRLM^ SD^ *? PF*/ MW*7 MF^ 

0 43,919 43,919 48,815 206 206 1,044 1,044 

.25 31,716 43,919 48,815 206 206 1,044 1,044 

.50 19,511 43,919 48,815 206 206 1,044 1,044 

.75 7,318 22,788 20,627 354 354 283 283 

.92 3,284 14,926 12,255 409 409 0 0 

1.25 0 0 0 0 0 0 0 

— X indicates risk aversion coefficient. 

— identifies expected utility of net return to land and managanent. 

c/ —'■     ENRIM stands for expected net return to land and management. 

— SD indicates standard deviation. 

e/ —'■     EW represents the planted wheat acreage under conventional 
tillage system. 

— PF represents the summer-fallowed land acreage under 
conventional tillage system. 

°' MW indicates the planted wheat acreage under stubble mulching 
system. 

— MF identifies the summer-fallowed wheat acreage under stubble 
mulching system. 
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Table (D.ll). Qnpirical Results of Risk Neutral and Averse Models for 
Actual Farmers' Data Considering Both Regulatory Soil 
Erosion Constraint and Erosion Variation; Scenario III. 

x^/ El£/ ENRLM-/ SD^/ PW^/ PF^/ MW3-/ MF*/ 

0 48,466 48,466 47,509 369 369 881 881 

.25 36,589 48,466 47,509 369 369 881 881 

.50 24,711 48,466 47,509 369 369 881 881 

.75 13,095 31,761 24,888 492 492 268 268 

1.0 7,462 24,454 16,992 546 546 0 0 

1.25 3,215 24,454 16,992 546 546 0 0 

1.50 0 0 0 0 0 0 0 

—^ A indicates risk aversion coefficient. 

— identifies expected utility of net return to land and management. 

c/ — ENRLM stands for expected net return to land and management. 

—■     SD indicates standard deviation. 

e/ 
— PW represents the planted wheat acreage under conventional 
tillage system. 

— PF represents the summer-fallowed land acreage under 
conventional tillage system. 

°' MW indicates the planted wheat acreage under stubble mulching 
system. 

—'    MF identifies the summer-fallowed wheat acreage under stubble 
mulching system. 
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Table (D.12). Bnpirical Results of Risk Neutral and Averse Models for 
Actual Farmers' Data Considering Both Regulatory Soil 
Erosion Constraint and Erosion Variation; Scenario IV. 

& EU^ ENRIM-/ SD^/ PW^ PF^/ MW3/ MF^ 

0 55,137 55,137 45,272 603 603 647 647 

.25 43,819 55,137 45,272 603 603 647 647 

.50 32,501 55,137 45,272 603 603 647 647 

.75 21,183 55,137 45,272 603 603 647 647 

1.0 12,517 42,920 30,403 653 653 266 266 

1.02 11,964 34,367 21,964 689 689 0 0 

1.30 5,814 34,367 21,964 689 689 0 0 

1.60 0 0 0 0 0 0 0 

a/ —' X indicates risk aversion coefficient. 

— identifies expected utility of net return to land and management. 

c/ —■     ENRIW stands for expected net return to land and management. 

—■  SD indicates standard deviation. 

e/ —■     EW represents the planted wheat acreage under conventional 
tillage system. 

— PF represents the summer-fallowed land acreage under 
conventional tillage system. 

3/ MW i 
system. 

y MF i 
mulching system. 

2/ MW indicates the planted wheat acreage under stubble mulching 
sys 

—  MF identifies the sunmer-fallowed wheat acreage under stubble 
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Table (D.13). Results of Risk Risk Neutral and Averse Models for 
Experimental Plots Considering Erosion Variation; 
Scenario I. 

,a/     b/      c/    d/    e/    f/    g/   h/   i/    j/ 
X-    EU -   ENREJ4 -   SD -   PW -   PF -   MW ^ MF -  NW"    NF1 

0 97,688 97,688 

.25 93,079 97,688 

.50 88,471 97,688 

.75 83,863 97,688 

1.0 79,255 97,688 

1.5 70,039 97,688 

2.0 60,825 97,688 

2.5 51,730 97,688 

a/ —/ X indicates risk aversion coefficient. 

— identifies expected utility of net return to land and managanent. 

c/ 
— ENRIi-! stands for expected net return to land and management. 

— SD indicates standard deviation. 

e/ 
— PW represents the planted wheat acreage under conventional tillage 
system. 

— PF represents the summer-fallowed land acreage under conventional 
tillage system. 

— MW indicates the planted wheat acreage under stubble mulching 
system. 

— MF identifies the summer-fallowed wheat acreage under stubble 
mulching system. 

0 0 0 647 647 1,250 1,250 

0 0 0 647 647 1,250 1,250 

0 0 0 647 647 1,250 1,250 

0 0 0 647 647 1,250 1,250 

0 0 0 0 0 1,250 1,250 

0 0 0 0 0 1,250 1,250 

0 0 0 0 0 1,250 1,250 

0 0 0 0 0 1,250 1,250 
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Table (D.14). Results of Risk Risk Neutral and Averse Models for 
Experimental Plots Considering Erosion Variation; 
Scenario II. 

x2/ EU^ ENRU1-/ SD^ w* PF^ MW2/ MF^ NW- NF^/ 

0 97,688 97,688 0 0 0 0 0 1,250 1,250 

.25 93,079 97,688 0 0 0 0 0 1,250 1,250 

.50 88,471 97,688 0 0 0 0 0 1,250 1,250 

1.0 79,269 97,614 0 0 0 137 137 1,113 1,113 

1.3 73,897 97,614 0 0 0 137 137 1,113 1,113 

1.55 69,665 97,614 0 0 0 137 137 1,113 1,113 

2.0 62,048 97,614 0 0 0 137 137 1,113 1,113 

2.5 53,585 97,614 0 0 0 137 137 1,113 1,113 

—'   X   indicates risk aversion coefficient. 

—'     identifies expected utility of net return to land and managanent. 

c/ — ENRLM stands for expected net return to land and management. 

— SD indicates standard deviation. 

e/ — PW represents the planted wheat acreage under conventional tillage 
system. 

— PF represents the summer-fallowed land acreage under conventional 
tillage system. 

— MW indicates the planted wheat acreage under stubble mulching 
system. 

— MF identifies the summer-fallowed wheat acreage under stubble 
mulching system. 
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Table (D.15). Results of Risk Risk Neutral and Averse Models for 
Experimental PLots Considering Erosion Variation; 
Scenario III. 

l* EU^ 
c/ 

ENRIW- SD - 
e/ 

PW- P^ MW2/ h/ 
MF - 

i/ 
NW- *? 

0 98,850 98,850 19,658 0 0 1,250 1,250 0 0 

.25 93,936 98,850 19,658 0 0 1,250 1,250 0 0 

.44 90,206 98,850 19,658 0 0 1,250 1,250 0 0 

.51 88,955 98,850 19,658 0 0 1,250 1,250 0 0 

1.0 80,750 98,850 19,658 0 0 1,250 1,250 0 0 

1.5 72,378 98,850 19,658 0 0 1,250 1,250 0 0 

2.0 64,006 98,850 19,658 0 0 1,250 1,250 0 0 

2.5 55,634 98,850 19,658 0 0 1,250 1,250 0 0 

a/ 
— X indicates risk aversion coefficient. 

— identifies expected utility of net return to land and management. 

c/ 
— ENRLM stands for expected net return to land and management. 

—•  SD indicates standard deviation. 

e/ 
— EW represents the planted wheat acreage under conventional tillage 
systan. 

— PF represents the summer-fallowed land acreage under conventional 
tillage system. 

°' MW indicates the planted wheat acreage under stubble mulching 
system. 

— MF identifies the summer-fallowed wheat acreage under stubble 
mulching system. 
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Table (D.16). Results of Risk Risk Neutral and Averse Models for 
Experimental PLots Considering Erosion Variation; 
Scenario IV. 

X^        EU^  ENRI*^  SD^  PW^7  PF &    MW ^ ^        m^        NF17 

0 101,938 101,938 19,290 

.25 97,516 101,938 19,290 

.44 94,122 101,938 19,290 

.51 92,833 101,938 19,290 

1.0 84,161 101,938 19,290 

1.5 54,489 101,938 19,290 

2.0 66,817 101,938 19,290 

2.5 58,145 101,938 19,290 

a/ 
— X indicates risk aversion coefficient. 

—'    identifies expected utility of net return to land and management. 

c/ 
—' ENRIM stands for expected net return to land and management. 

— SD indicates standard deviation. 

e/ 
— PW represents the planted wheat acreage under conventional tillage 
system. 

— PF represents the summer-fallowed land acreage under conventional 
tillage systen. 

— MW indicates the planted wheat acreage under stubble mulching 
system. 

— MF identifies the summer-fallowed wheat acreage under stubble 
mulching system. 

0 0 1,250 1,250 0 0 

0 0 1,250 1,250 0 0 

0 0 1,250 1,250 0 0 

0 0 1,250 1,250 0 0 

0 0 1,250 1,250 0 0 

0 0 1,250 1,250 0 0 

0 0 1,250 1,250 0 0 

0 0 1,250 1,250 0 0 
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First degree stochastic dominance (FSD) comparison of the 

alternative tillage practices for actual farmers' and experimental 

plots summer-fallow wheat yield data and net return to land and 

management with and without considerations of erosion cost and 

variation are made and shown graphically in figures (E.l) through 

(E.12). 

Under first order stochastic dominance (FSD), a tillage practice 

with an outcome distribution defined by cumulative distribution 

function G(y) is preferred to another alternative tillage practice with 

cumulative distribution function N(y) if G(y)  N(y) for all vaues of y 

and if the inequality sign is strict for some values of y. This means 

that the cumulative of the dominated distribution cannot lie below the 

cumulative of the dominant distribution. 

For example, figure (E.l) shows stochastic dominance comparison of 

conventional and stubble mulching tillage systans for actual farmers' 

winter wheat yield data. The curve to the right (conventional tillage 

system) dominates the curve to the left (stubble mulching system). 

Uncertain wheat yields are shown on the horizontal asix and 

associated cumulative probabilities are on the vertical axis. Every 

point on the conventional tillage system curve is referred to as 

stubble mulching. The FSD criteria cannot rank strategies that 

intersect. For example, in figure (E.2) where first degree stochastic 

dominance comparison of conventional, stubble mulching, and no-tillage 

systems for experimental plots data is made. According to FSD, 

conventional tillage system is preferred to stubble mulching. However, 

it cannot rank no-tillage system with neither conventional nor stubble 

mulching systems. Therefore, the micro second degree stochastic domi- 

nance programming was applied as an alternative to make the rankings. 
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Figure (E-1) Stochastic Doninance Comparison of Conventional and 
Stubble-Mulching Tillage Systans, Considering Actual 
Farmers' Summer-Fallow Wheat Yield Data for 1978-1985. 
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Figure (E-2) Stochastic Doninance Comparison of Conventional, Stubble- 
Mulching, and Mb Tillage Systems, Considering Summer- 
Fallow Experimental Plots for 1978-1985. 
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Figure (E-3) Stochastic Dominance Comparison of Net Return under 
Conventional and Stubble-Mulching Systens for Actual 
Farmers' Summer-Fallow Wheat Yield Data. 
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Figure (E-4) Stochastic Dominance Comparison of Net Return Under 
Conventional, Stubble-Mulching, and No-Tillage Systems 
for Experimental Plots. 
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Figure (E-5) Stochastic Dominance Gcmparison of Net Return under 
Conventional and Stubble-Mulching for Actual Farmers' 
Summer-Fallow Wheat Yield Data, Considering Erosion. 
Scenario I. 
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Figure (E-6) Stochastic Dominance Carparison of Net Return under 
Conventional and Stubble Mulching for Actual Farmers' 
Surtiner-Fallow Wheat Yield Data, Considering Erosion. 
Scenario II. 
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Figure (E-7) Stochastic Dominance Comparison of Net Return Under 
Conventional and Stubble Mulching for Actual Farmers' 
Sunmer-Fallow Wheat Yield Data, Considering Erosion. 
Scenario III. 

N) 
00 o 



Cumulative Probability 

uuu 

875 — r^^ 
750 - /^s 
625 — Jr^^ 
500 - Yf 
375 - }   J 
250 * ^^^y 
125 . ^^ ~^ 

0 1     1 1    1    1    1 ,1    1    1    1    1 1,  , 

Conventional 
Tillage Systen 

Stubble 
Mulching System 

-30 -20  -10 0   10   20  30  40   50 

Uncertain Net Return ($) 

60  70 80  90  100  110 

Figure (E-8) Stochastic Dondnance Canparison of Net Return Under 
Conventional, and Stubble-Mulching for Actual Farmers' 
Sumner-Fallow Wheat Yield Data, Considering Erosion. 
Scenario IV. 
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Figure (E-9) Stochastic Daninance Comparison of Net Return Under 
Conventional, Stubble-Mulching, and No-Tillage Systems 
For Experimental Plots, Considering Erosion. Scenario I. 
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Figure (E-10) Stochastic Dominance Comparison of Net Return Under 
Conventional, Stubble-Mulching, and No-Tillage Systems 
for Experimental Plots, Considering Erosion. Scenario II. 
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Figure (E-11) Stochastic Daninance Comparison of Net Return Under 
Conventional, Stubble-Mulching, and No-Tillage Systems 
For Experimental Plots, Considering Erosion. Scenario III. 
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Figure (E-12) Stochastic Dominance Ccmparison of Net Return Under 
Conventional, Stubble-Mulching, and No-Tillage Systems 
for Experimental Plots, Considering Erosion. Scenario IV. 
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