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In recent years, the impact of agricultural production on biodiversity and water 

quality has come forward. The Midwest has been particularly singled out due to its 

highly productive farmland and extensive agricultural production. The environmental 

degradation in the Midwest stems primarily from non-point source pollution such as 

soil erosion and agricultural chemical runoff and leaching. Another source of 

pollutants is from the runoff of fecal matter from confinement livestock operations. 

To address these pollution problems, a team of landscape architects created 

three alternative landscape designs for the Walnut Creek Watershed in Iowa. The 

three alternatives represent landscapes that might be seen in the year 2025, as a result 

of different pohcy choices. The three future scenarios differ in the priority given to 

commodity production, water quahty improvements, and restoration of biodiversity. 

In scenario 1, priority is given to commodity production. The number of farmsteads 

decreases, field sizes increase, and conservation tillage methods are widely adopted as 

a best management practice. In scenario 2, the enhancement of water quality takes 

priority, resulting in establishment of riparian buffers, changes in crop rotations, a 

decrease in land area in com and soybeans and an increase in pastures, alfalfa and 



grass hay. In scenario 3, priority is given to restoration of native biodiversity as well 

as improvement of water quality, with integration of strip intercropping with native 

prairie grasses, establishment of biodiversity reserves, wider riparian buffer zones, and 

use of conservation tillage methods. 

This study examines the economic and environmental implications of the three 

alternative landscape designs for the watershed. The economic and environmental 

effects of these designed scenarios are evaluated by comparing farm income and 

environmental indicators under each scenario against the baseline (current farming 

practices). The impact of conservation practices on crop yields and environmental 

indicators (NO3 runoff and leaching and wind and water erosion) is evaluated using a 

computer simulation model known as the Interactive Environmental PoUcy Integrated 

Climate (formerly the Erosion Productivity Impact Calculator). The yield impact will 

be combined with data on output prices and production costs to determine the farm net 

income under each scenario. 

This study shows that the production scenario (scenario 1) results in the 

highest total profit of $191,527 and an average profit per acre of $17 among the four 

landscapes (the current landscape plus the three alternatives). This scenario also 

results in the highest returns to land. The increase in total profits is due to an increase 

in total acres and a reduction in production costs. Production costs are decreased 

because of the change from convention tillage to no-till. The biodiversity scenario 

(scenario 3) results in the second greatest total and per acre profits ($55,796 and $6 

respectively). Production of native prairie grass seed increases profits overall. In 

addition, low-quality land was diverted from crop production to biodiversity reserves. 



The water quality scenario (scenario 2) produces a net loss of $339,297. This is the 

result of a change in cropping systems from a com/soybean rotation to a six year 

rotation of com/soybean/com/soybean/oats/alfalfa, which result in a net loss during 

the years when oats and alfalfa are planted. Cattle are also introduced in this scenario, 

resulting in substantial losses to producers from extensive grazing operations. 

Nitrate (NO3) runoff NO3 leaching, soil water erosion, and soil wind erosion 

from agricultural production were also estimated for each landscape. Of the four 

landscapes, the water quality scenario has the lowest total and average per acre NO3 

runoff (17,412.2 pounds and 2.2 pounds per acre respectively). This reduction can be 

attributed to both the use of conservation tillage and the use of perennial crops. 

Perennial crops such as grass hay and alfalfa provide better ground cover, which holds 

the soil and slows the movement of water across the surface. The biodiversity scenario 

results in lower NO3 runoff and water and wind erosion than the current landscape, but 

results in higher total (131,613.2 pounds) and per acre rate of NO3 leaching (14 

pounds per acre) than any other scenario. The increase in NO3 leaching is due to the 

move from conventional tillage to no-till. The current landscape dominates in total 

tons and the average tons per acre of soil loss due to both water and wind erosion. It 

also results in the highest total per acre NO3 runoff (52,556.5 pounds) among the four 

scenarios. 

A move to either the production scenario or the biodiversity scenario would 

increase profits (both total and per acre) and decrease non-point source pollution 

except for NO3 leaching. In the production scenario however, there is a loss of habitat 

for forest species and grassland species, which leads to further declines in native 



biodiversity, even relative to the already dismal status of natural biodiversity in the 

Walnut Creek watershed. Other losses in the production and the biodiversity scenarios 

are in the form of reduced numbers of farmsteads. The results truly suggest that there 

is a tradeoff between the profits and the externalities. 

The result of this study provides insights into the design of policy instruments 

for achieving alternative landscape designs. Since the production and biodiversity 

scenarios produce higher profits than the current landscape, no economic incentives 

would be needed to encourage producers to adopt some of the conservation practices 

suggested in these scenarios. However, to encourage producers to divert land from 

crop production, as proposed in the biodiversity scenario, a land retirement program 

such as the Conservation Reserve Program may be needed. Additional incentives may 

be needed to encourage producers to adopt other ecologically sound practices (for 

example riparian zones). The amount of incentive needed can be determined using the 

results presented in this study. 
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Economic and Environmental Implications of Alternative Landscape Designs in 
the Walnut Creek Watershed of Iowa 

Chapter 1: Introduction 

In recent years, the environmental impact of agricultural production on 

biodiversity and water quality has come into the spothght. The Midwest has been a 

region of concern due to its extensive agricultural production and high potential for 

non-point source pollution. Environmental degradation in the Midwest stems 

primarily from soil erosion, agricultural chemical runoff and leaching, and losses of 

biodiversity. Pollution and soil erosion are not the only problems caused by 

conventional tillage methods. Forest cutting, drainage of wetlands, and prairie tillage 

have caused the loss of native biodiversity. With the loss of native plant and animal 

diversity, valuable genetic resources for the future are lost. 

In order to explore innovative ways in which improved water quality and 

restoration of biodiversity might be achieved, a case study of the Walnut Creek 

Watershed of Iowa was initiated. The Walnut Creek Watershed (See Figure 1) is 

located in Boone and Story counties approximately 12 miles southwest of Ames, 

Iowa It has an average elevation of 300 feet above sea level. Rainfall for this area 

averages approximately 32 inches per year. 

The soil texture for this watershed ranges from silt loams to clay loams. These 

soils are mainly Mollisols formed on glacial tills. Glacial tills are the part of the 

glacial drift deposited directly by the ice with little or no transportation by water 

(USDA, 1993). The soils in this watershed are predominately silt loams. Silt loams 



Figure 1. The Walnut Creek Watershed of Iowa »o 



are some of the best soils in which to grow crops, because they are easily worked. It is 

this factor that makes the land highly erodible and susceptible to chemical leaching. 

The topography of the watershed tends to be fairly flat with slopes ranging from zero 

to nine percent. Within the Walnut Creek Watershed several different types of 

farming methods are being used. These methods range from conventional tillage 

methods to conservation tillage to strip intercropping. Agriculture is the primary 

source of income in this watershed. This is reflected in the percentage of current land 

cover in row crops in this 12,696 acre watershed (See Table 1). The distribution of the 

agricultural land within the watershed is shown in Figure 2. 

Table 1. Current Landscape Vegetative Cover 

Land Cover % of All Land 
Corn-Soybeans 81.24 

Oat-Alfalfa 1.75 
Grass Hay 0.86 

Forest 3.65 
Other 12.50 

Agricultural chemical use, fecal matter runofiffrom confined livestock 

operations, and soil erosion are non-point source pollution problems within this 

watershed. In addition, with the expansion of agriculture into virgin lands through 

timber cutting, wetland drainage, and the plowing under of prairie, native plants and 

animals have lost over 80% of their former habitat. 

In order to explore solutions to these problems, a group of landscape 

architects biologist and other researchers designed three alternative future landscape 

scenarios, differing in the priority given to commodity production, water quality 
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improvements, and restoration of biodiversity (See detailed description in chapter 2). 

In Scenario 1, (hereafter referred to as the Production Scenario) highest priority is 

given to commodity production. The number of farmsteads decreases, field sizes 

increase, and conservation tillage methods are widely adopted as a best management 

practice. In Scenario 2, (hereafter referred to as the Water Quality Scenario), 

enhancement of water quahty takes priority, resulting in establishment of riparian 

buffers, changes in crop rotations, a decrease in the land area in com and soybeans and 

an increase in pasture and alfalfa/grass hay. In Scenario 3, (hereafter referred to as the 

Biodiversity Scenario) priority is given to the restoration of native biodiversity as well 

as enhancing water quality. In this scenario, innovative agricultural practices are 

introduced, such as integration of strip intercropping native prairie grasses. It is the 

establishment of biodiversity reserves and the planting of timber cultures in this 

scenario that are intended to help improve natural biodiversity. Other efforts to 

enhance water quality include wider riparian buffer zones, and use of conservation 

tillage methods. 

1.1 Objectives 

The overall objective of this study is to analyze the economic and 

environmental impact of implementing and maintaining these alternative landscape 

scenarios. Specific Objectives are: 

• A. Develop a conceptual framework to evaluate the economic impact 
of alternative landscape designs. 

B. Estimate the effect of alternative landscape designs on production 
costs and farm net returns in the Walnut Creek Watershed. 



C. Estimate the effect of alternative landscape designs on soil erosion 
and NO3 runoff and leaching levels. 

D. Determine the tradeoff or complements between farm income and 
water quality under alternative design scenarios and crop 
management practices. 

1.2 Value of this Study 

This study assesses the economic effect of various landscapes designed to 

achieve specific environmental goals, which include reduced soil erosion and chemical 

losses in runoff and leaching, improved water quality, and increased natural 

biodiversity. This information maybe useful to several groups including producers, 

lawmakers, and agriculture and environmental educators. For example, the 

information may help lawmakers design the next farm bill. Producers may take this 

information and evaluate their own operations and practices. In conjunction with the 

knowledge of NO3 runoff rates, NO3 leaching rates and the losses of soil from water 

and wind, producers will be able to create better management practices. Agricultural 

and environmental educators can use this information to help reduce the friction 

between society and producers. 

13 Organization of this Study 

This thesis is organized into seven chapters. Included in chapter one is an 

introduction to the topic and information on the alternative landscapes. Chapter two 

presents the descriptions of the alternative future scenarios. Current literature on the 

economic and environmental findings of production management decisions and of 

current and potential policies is discussed in chapter 3. The conceptual framework. 



methods of evaluation and the data are described in chapters four, five, and six. In 

addition to the economic results, the tradeoffs between economics and the 

environment are discussed in chapter seven. Chapter eight presents a summary of 

results, and recommendations for policy implications, and for further research. 



Chapter 2: Description of Alternative Future Scenarios 

Three alternative future scenarios have been designed for the watershed. The 

purpose of these scenarios is to help evaluate and portray the land cover in the year 

2025 that might result from pohcy choices enacted in the future (Nassauer, 1999). 

Each of the three scenarios assumes a different primary focus for agricultural policy. 

Scenario 1 focuses on agriculture production. Scenario 2 on water quality 

improvement, and Scenario 3 on restoration of biodiversity as well as water quality 

improvement. The scenarios were also created following five assumptions: 

1. The landscape will embody profitable agricultural production by private 
landowners. 

2. The landscape will embody public concerns for biodiversity. 
3. The landscape will embody public concerns for water quahty. 
4. The landscape will be afifected by global markets. 
5. The landscape will be affected by international and national agricultural 

pohcy as well as national, state, and local environmental policy. 
6. Agricultural and environmental pohcy will reflect societal perceptions, 

values, and concerns (Nassauer, 1999). 

2.1 Scenario One: Production Priority 

This first scenario focuses on profitable agricultural production (See Figure 3). 

No-till farming will have been widely adapted. Woodlands will continue to be cleared 

for cultivation. Due to the high demand for grain crops by world food markets, it is 

believed that industrial agriculture will continue to develop and expand. This will 

involve uses of fossil fuel, increased chemical and technological inputs. Public 

regulation of agriculture and subsidies for stewardship are at a level that maintains the 

stewardship and best management practices existing in 1994. The production scenario 

also assumes that public trust in the quality of food produced by industrial agriculture 
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is high, landscapes resulting from industrial agriculture are perceived to be 

environmentally acceptable, and that the fossil fiiel necessary to industrial agriculture 

remains economical or that alternative fuels emerge. This scenario also assumes that 

the public will remain willing to subsidize industrial agriculture (through research 

direct payments to farmer, crop insurance, etc.) at levels similar to the 1990's. Farm 

and field size will increase. Overall watershed population, however, will decrease by 

50% relative to that in 1994. This scenario is considered by many producers and 

pohcy makers to be the landscape most likely to result from perpetuation of current 

trends (Nassauer and Corry, Submitted 1999). 

2.2 Scenario Two: Water Quality Priority 

This scenario (See Figure 4) assumes a federal pohcy that has enforced clear, 

measurable water quality performance standards for non-point source pollution of 

surfece and ground water, 'on a farm by farm basis. Landcover patterns and 

agricultural enterprises have changed to the degree necessary for farmers to achieve 

reductions in surfece and groundwater pollution in the most efficient way. Under this 

scenario, public environmental perception and concerns are assumed to be focused on 

drinkable water and fishable, swimmable streams. Public subsidies to agriculture are 

targeted to practices that efficiently reduce soil erosion, reduce sediment dehvery to 

streams, prevent the movement of excess nutrients to streams, reduce the energy and 

flashiness of storm events downstream, and improve aquatic habitat. 

Profits from world markets for beef and pork are fueling com belt interest in 

livestock enterprises, and extensive animal grazing has been widely adopted as a 
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means of meeting water quality performance standards on rolling or erodible land. 

Farmers are more frequently using crop rotations to meet water quality standards. 

Woodlands have been widely maintained as grazed woodlands, but they have not been 

extended or replanted. Public investment to change landcover or take land out of 

production is far more limited than under the water quality scenario, but public 

concern for long term environmental benefits are greater than under the production 

scenario. Farm size increases slightly over 1994, but more fermers stay on the land 

because of the management required for profitable extensive livestock operations. 

About 75% of the farms present in 1994 remain in 2025. The public appreciates the 

pastoral appearance of agricultural landscapes. Farm vacations and countryside 

second homes bring urban people into the rural landscape in a regular but temporary 

way. 

2.3 Scenario Three: Biodiversity and Water Quality Priority 

Landcover patterns (See Figure 5) have been dramatically changed by policy 

interventions to increase indigenous biodiversity. Public investments are used to 

maintain and restore native flora and fauna within an agricultural landscape matrix 

that continues to support profitable agricultural production. Agriculture continues as 

the dominant land use, but public ecological perceptions and concerns drive public 

investment. Some strategically located farmland is taken out of production in order to 

maintain biodiversity. Subsidies to agriculture are targeted to ecological results and 

the achievement of long-term agricultural economic return. 
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Under this scenario, the world grain market is robust but continues to produce 

a comfortable surplus. Public perceptions and environmental concerns globally, 

including the US, have affected global dietary choices. The Asian market for beef and 

pork has not dramatically increased as predicted in 1998 (Woridwatch Institute, 1998), 

meat consumption has dropped somewhat in Europe and the Americas, and 

consequently world markets for grain are similar to 1994. Livestock enterprises have 

continued to trend toward confinement feeding operation. 

Public environmental perceptions and concerns have substantially influenced 

United States agricultural pohcy. Federal land purchase programs, funded by federal 

sales tax on agrochemicals and value-added agricultural products, have established at 

least one indigenous ecosystem core reserve of at least 640 acres in the watershed. 

Federal subsidies for innovative, ecologically sound farming practices (e.g., perennial 

strip, intercropping and agroforestry) have been targeted to landscapes that connect and 

buffer the'new reserves and riparian corridors. Long-term economic returns and 

stewardship in agriculture, and biodiversity within the agricultural landscape are aims 

of agricultural policy. 

While the number of farms decrease to about 50% of the number present in 

1994, all of the farmsteads present in 1994 remain inhabited, some by non-farmers 

who enjoy the amenity value of biodiversity in the rural landscape. The substantial 

public investment in core habitat reserves and habitat corridors allows public 

involvement in and enjoyment of the rural landscape. Trail systems connect the 

watershed corridor system and visitor education sites are located at the periphery of 

each reserve. 
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Chapter 3: Literature Review 

3.1 The History of Conservation 

Prior to settlement by the pioneers, savanna, prairie wetlands, and forests 

covered this area. It is said that in some places, the prairie grass stood as high as eight 

feet tall. Settlement in Iowa began in the early 1840's, and was mostly limited to the 

timberland. It was not until the late 1840's early 1850's that the prairie land began to 

be settled, when the invention of the moldboard plow made it easier to break the 

prairie sod. The first major crop to be grown in this area was wheat. By the 1880's 

Iowa farmers were switching from wheat and the region became the number one 

producer of com in the United States. It was at this time that farm sizes began to 

expand. Smaller, poorer, less fortunate or less efficient farms were purchased by more 

successful farmers. Much of this was due to a poor economy after the Civil War 

(Phillips and Phillips, 1982). 

By the early 1900ls com prices had gone up and farmers were prospering. 

Then in the 1920's and ^SO's came the Great Depression and the dust bowl era. It is 

generally accepted that conventional tillage methods along with the severe drought, 

were the primary causes of the dust bowl. Conventional tillage allowed vast stretches 

of land to be exposed to the dry weather and blowing winds, causing the loss of 

thousands of tons of top soil all over the Midwest. 

It is a general misconception that conservation practices began during this era. 

In fact, the concept of conservation tillage dates back to the middle of the eighteenth 

century. Jared Eliot, a Connecticut minister, physician, and part time farmer pointed 
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out the dangers of "soil washing" and urged the application of manure and the use of 

clover and grasses, all in an effort to reduce soil erosion (Phillips and Phillips, 1982). 

One of the first formers bulletins published by the USD A, Washed Soils: How to 

Prevent and Reclaim Them of 1894, pointed out that thousands of acres of valuable 

but eroded crop land were abandoned each year.   In 1910 the USD A published the 

bulletins 406 Soil Conservation and 414 Corn Cultivation in which fanners were told 

that they must stop soil erosion if they were to maintain production (Phillips and 

Phillips, 1982). However, agricultural practices did not change in response to these 

bulletins. The blame for this was place on economic pressures that often made it 

virtually impossible for the individual to protect his land for the future. 

From this time forward, nearly all of the policies aimed at agriculture have 

tried to encourage some form of conservation tillage. In 1928 Hugh Hammond 

Bennett came to the fore front, pointing out that the problem of erosion was not just 

the problem of individual farmers but that of the whole nation. That same year 

Bennett prodded Congressman James P. Buchanan of Texas, to attach an amendment 

to the Agricultural Appropriation Act for 1930 providing $160,000 to study the cause 

of soil erosion and methods for its control. Bennett was placed as the head of Bureau 

of Chemistry and Soils, which was responsible for overseeing the 10 regional soil 

erosion experiment stations. This program was the beginning of a major move toward 

soil and water conservation research (Phillips and Phillips, 1982). 

During an appearance before the Senate Public Land Committee, Bennett was 

testifying in regards to his data in soil erosion when the sky suddenly became dark 

with dust from the drought stricken west. On April 27, 1935 Congress passed the Soil 
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Conservation Act. This act declared soil erosion a national menace, placing the soil 

conservation program on a permanent rather than temporary basis, thus changing the 

name of the Soil Erosion Service to the Soil Conservation Service (now known as the 

Natural Resource Conservation Service). This was the start of years of assistance to 

American formers in an effort to control soil erosion. As of 1983, on-farm economic 

damages from soil erosion in the United States were estimated to be nearly $500 

million, whereas off-ferm damages of soil erosion were approximately $1.2 billion 

(Colacicco, Osbom, and Alt, 1989). 

In order to help reduce soil erosion, farm bills were initiated. These form bills 

estabUshed the Conservation Reserve Program (CRP), commodity specific price 

supports, and conservation tillage incentives. To help producers create their own 

conservation plans the USDA published Conservation Tillage: Things to Consider 

(King and Holcomb, 1985). Conservation tillage incorporates several factors, such as 

crop residue management, crop rotation, and alternative tillage methods. 

3.2 Crop Residue Management 

Crop residue management is the process of leaving vegetative material in the 

field after harvest. The minimal amount of residue to be left on the surface of a field 

is 30% in order to meet federal guidelines (USDA, 1996). The humus helps to hold 

nutrients, chemicals, and water, concentrating them in the upper layers of the soil, 

allowing young seedlings easy access. However, this residue also provides good 

habitat for pests and weeds, which can lead to increased need for pesticide and 

herbicide applications. 
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There tends to be some controversy over crop residue management and its 

benefits. A four-year study on the use of conservation methods in Iowa and 

surrounding states came up with some very impressive results (Walters, 1995). In 

fields that had crop residues of more than 30%, the profits for com and soybeans was 

approximately $15 dollars per acre more then those fields that had less then 30% 

residue coverage. However, in fields with high levels of residue and in which 

nutrients are surface-applied, runoff rates are higher (Baker and Laflen, 1983). 

3.3 Crop Rotation and Tillage 

Rotation of crops is a very beneficial conservation practice. Normally, a 

rotation consists of a monocotyledon and a dicotyledon crop. An example of this is 

the rotation of com and soybeans. Com is from the grass family (Poaceae) and 

soybeans are from the legume femily (Leguminosae). There are several advantages to 

such a rotation. The first is that soybeans have the ability to fix nitrogen in the soil, 

thus reducing the need for synthetic fertilizers. Secondly, by having two different 

famihes of crops different chemicals may be used. For example, a grass herbicide can 

be used in soybeans and a broadleaf herbicide in com. By using this method of 

rotation, chemical usage can decrease, and it reduces the chances of having chemical 

resistant weeds, which may require more or stronger chemicals. Crop rotation can 

also disrupt the life cycle of insect or fungal pests. In conjunction with today's plant 

breeding techniques, many of the new crop cultivars are becoming either resistant or 

tolerant of many pests. Combining this increased resistance with rotation cropping 

allows for reductions in chemical usage. 



19 

Conservation also includes alternative tillage and planting practices. These 

practices consist of ridge tillage, contour tillage, reduced tillage, no-till, and strip 

intercropping. 

Reduced tillage and no-till are fairly easy to implement. In reduced tillage, 

about half of the conventional equipment passes over a field are performed. This 

allows the soil to be worked, while minimizing compaction and erosion. It creates 

better aeration and leaves large clods of soil that will not be easily washed away. This 

method also helps incorporate crop residue and amendments into the soil. These are 

placed just below the soil surface, within the seedling's root zone. Some of the 

problems with this are that it also increases the drainage out of the field, allowing 

nutrients to be leached readily. 

The only working of the soil in no-till is that done by a special grain drill 

which places the seeds below the soil surfece. Some reports estimate that no-till can 

reduce soil erosion by as much as 94% (Natural Research Council, 1989). Such a 

large decrease in soil erosion is because the only disruption of the soil comes from a 

special grain drill which places the seeds below the soil surface. In addition, no-till 

increases good soil microbial activity. Some disadvantages of this method are natural 

compaction, soil crusting, and diseases. All of these can make it very difficult to get 

nutrients to the seedlings and decreases their emergence. 

Strip intercropping is the method of planting two or more different crops in 

narrow strips across the contour of the land. Within this system, conservation tillage 

methods can also be used. Strip intercropping is done in rotation and utilizes contour 

tillage where necessary. Contour tillage is a matter of tilling across a hillside, rather 
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than up and down the slope. Doing so slows the movement of the water and soiL The 

advantage of this system is that producers can diversify, rather then have all of their 

money and assets stuck in one operation. 

In parts of Nebraska, strip intercropping has been know to reduce costs by as 

much as 45% (Carusi and Kleimschmit, 1996). Many producers experience an 

increase in yield around the edge of the strips. This increase in yield is known as the 

edge effect. Purdue University (1992) found similar results with corn, with yield 

increases of 20 to 40 bushels per acre. However, when com is intercropped with 

soybeans, there can be as much as a 5.9 bu/acre decrease in the soybean yields (West 

and Griffith, 1992). This decrease was associated with the shadow effect from the 

com. Even with this decrease, strip intercropping of com and soybeans was found to 

increase profits by $3.58/acre (West and Griffith, 1992). 

3.4 Conservation Costs and Adoptions 

In Tillage for the Times the three main reasons producers give for not moving 

to conservation tillage are inadequate weed control, herbicide costs, and lack of proper 

equipment (Agrichemical Age, 1983). For these reasons, producers have continued to 

use conventional methods, because they know what the results are going to be. It was 

not until those who were willing to take a risk tried some of these alternative methods 

that they began to be adopted by more and more producers. 

Conservation tillage adoption rates are something of an enigma. It is generally 

agreed that the larger the farm, the fester the move to conservation tillage (Korsching 

et al. 1983; Rahm and Huffman, 1984; and Lee and Stewart, 1983 and 1985). The 
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reason is that machinery costs and the education necessary to convert drive the 

adoption rate. For smaller ferms, this equates to a larger cost per acre: This higher 

cost is comes from the producers having to buy the same type of equipment in order to 

perform conservation tillage operations. The larger farms can spread this cost of 

buying equipment over a greater number of acres. In studying the Com Belt region, 

however Heimlich (1985) found that the adoption rate was virtually the same across 

farm sizes. This was attributed to the different cropping systems and the associated 

costs of herbicides and education (Epplin and Tice. 1985). 

Yet there tends to be a discrepancy between actual conservation use and 

perceived conservation use. In general, perceived conservation use is three times 

higher then actual use (Dickey, et al. 1987). Wells, Borich and Frus (1983) found that 

61% of producers surveyed claimed to be using conservation tillage, but over half of 

these same producers were actually performing moldboard plow operations in 1980. 

While producers are concerned with the environment, their main objective is to 

make a living. By moving to conservation tillage and implementing the associated 

BMP, producers can obtain both (Setia and Magleby, 1987; Jacobs and Timmons, 

1974). To help further reduce risk to the producer's government subsidies can help 

with the costs associated in a move to conservation tillage. 

In cost comparisons (Marten et al. 1991; Taylor and Young, 1985), no-till is 

economically cheaper then conventional tillage. Wiersink et al. (1992) found no-till 

has a higher variable cost per land unit, while conventional tillage has a higher fixed 

cost per land unit. The increased variable costs are associated with the increase in 

herbicide required for weed control in no-till (Marten et al. 1991). The ability to select 
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from a variety of agricultural fertilizers and chemicals allows producers to further 

reduce costs while maximizing efficiency (Koskinen and McWhorter, 1986). 

3.5 Nutrient Runoff and Policy Impacts 

With the move, to conservation tillage, there has been some concern over the 

fate of nutrients in the soil and their possible effects on water quality and soil erosion. 

Nitrogen tends to leach more rapidly under no-till than conventional tillage. This 

higher leaching rate is due to the increase in soil porosity created by microbial activity. 

(Jacobs and Timmons, 1974; Thomas et al. 1981; Blevins, et al. 1977 and 1983; 

McMahon and Thomas, 1976; Kitur, Smith, Blevins, and Fry, 1984). 

Timmons et al. (1973) showed that nutrient concentrations in runoff are related 

to the degree of fertilizer incorporation. Higher fertilizer losses occur soon after 

planting and before the crop begins to remove the nutrients (Thomas et al. 1981). The 

rate at which nutrients are transported through a soil can be affected through 

application timing and rates (Kitur, Smith, Blevins, and Fry, 1984). 

To better control unwanted pollution from conservation methods, several 

policy options have been examined. These included taxes on fertilizer use, incentives 

for conservation tillage, acreage reduction, and several others. To better understand 

the effects of these policies, researchers began looking for new methods of measuring 

their success. This included the use of simulation models in which site specific 

information could be obtained (Ellis et al. 1991; Wossink et al. 1992). One of the 

most widely used simulation models is the EPIC (Sharpley and Williams, 1990) 

model. EPIC allows policy analysts to study the potential impacts of a policy before 
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they are implemented (Wu et al. 1997; Wu et al. 1995, Wu, Mapp, and Bernardo, 

1996). The advantage of EPIC is that it can be used in conjunction with other 

simulation programs, to increase the accuracy of the analysis (Gassman et al. 1998). 

Researchers have continued to use these simulation models to reflect the 

impacts of policies on certain environmental features. Wu, Mapp, and Bernardo 

(1996) examined how changes in target prices and acreage reduction programs would 

effect the crop mix and pollution in the High Plains. They found that price supports 

and acreage reduction programs do affect nitrogen losses, although results varied 

widely across the study area. By analyzing altemative ferming pohcies on nitrate 

water pollution, it was discovered that no-till and reduced till fields exhibited a 

decrease in nitrogen runoff and an increase in nitrogen leaching (Wu and Babcock, 

1999). 

Several other studies have looked at broad policy versus target pohces and 

their effects on water quality (e.g. Mapp et al. 1994). Broad policies include taxes on 

nitrogen use, restriction on the total quantity of nitrogen appUed or restrictions on 

nitrogen apphcation per land unit. These pohcies can significantly reduce nitrogen 

runoff and leaching, but have a large impact on producers. Target pohcies involve 

taxes or restrictions on nitrogen use on certain soils or a restriction or tax on nitrogen 

use on certain productions. Target pohcies are extremely hard to monitor and may not 

produce the desired reduction in nitrogen losses, but they do not have as severe an 

impact on producers. 

A major finding of these studies is that one uniform poUcy may not work for a 

large region. In order to be effective, policy must be more specific to soils, farm type 
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or geographic location (Walker and Timmons, 1980). Taylor, Adams, and Miller 

(1992) evaluated farm level responses to policies designed to control nitrogen, 

phosphorous, and soil sediment losses, where the results varied from location to 

location. 

A second significant finding is the elucidation of the tradeoffs between 

economics and the environment (Sabbagh et al. 1992; Bernardo et al. 1993). 

Compromises and careful consideration of all those effected by these tradeoffs could 

lead to more sustainable agriculture and a cleaner environment (Lakshminarayan et al. 

1995). 

My research attempts to add the component of economic evaluation to the 

existing evaluation of the alternative futures for environmental improvements such as 

restoration of biodiversity and enhancement of water quality. My goal is to estimate 

both economic and environmental impacts of alternative landscape designs in the 

Walnut Creek Watershed. 
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Chapter 4: Conceptual Framework 

One of the largest problems with getting producers to convert to alternative 

farming methods is that they tend to be risk-averse. They need a reward to take a risk. 

It is not until those willing to undertake the risks of a new practice that some 

alternative methods grow in popularity. Once a practice is established, and risk-taking 

producers show the advantages and benefits of using alternative methods, other 

producers may follow. In addition, government pohcy can be very influential in 

pushing conservation methods. This can be achieved through cost sharing, tax breaks, 

and subsidies, which reduce the risk producers face in implementing conservation 

practices. 

When analyzing the cost and benefits of ahemative farming methods, both the 

social and private views must be examined. Different views can result in very 

different adoption decisions. Corresponding to these views are the concepts of total 

private costs (TCp), total social costs (TCs), total private benefits (TBp), and total 

social benefits (TBs). TCp is defined as the costs that a producer incurs in raising a 

crop, and TB? is defined as the revenues from the sale of the crop. When farming 

practices cause a negative externality, the total social cost TCs will be above the total 

private cost TC?. TCs is defined as the total private cost plus the externality cost (EC). 

The negative externalities may come in the form of non-point source pollution through 

soil erosion and chemical leaching into water sources. It is hoped that by adopting 

some form of alternative farming methods, the negative externalities will be 

decreased. 
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The focus is on producers' decision making and the environmental 

consequences. Suppose producers maximize their profit from production. This is 

achieved when Marginal Private Costs (MCp) and Marginal Private Benefits (MBp) 

are equal, or when the Marginal Private Net Benefit (MNBp) equals zero: 

MNBP = MBp-MCp = 0 

In figure 6, the profit maximizing production level is QM- 

Quantity 

Figure 6. The Profit Maximizing Production Level 

Let MECs be the Marginal Externality Cost to Society. 

MECs = 5EC/5Q. 

The socially optimal level of production occurs when: 

MNBp = MECs 

Quantity 

Figure 7. The Efficient Level of Production with the Externality 
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However, as long as farmers do not take extemaUties into account in their decisions, 

the production process will be inefficient from a social standpoint. 

Since the designed scenario changes both input use and cropping patterns, both 

an intensive-margin effect and an extensive-margin effect analyses can be performed. 

The intensive effect analysis is on a per-acre basis. The extensive effect, on the other 

hand, analyzes the total acreage. 

(a) Intensive-Margin Effect 

"MECSCAQ) 

Quantity 
/Acre 

M+N 

M-L 

(b) Extensive-Margin Effect 

Acreage in 
Production 

MNBof 
increasing 
crop acreage 

Figure 8. Interaction between the Intensive and the Extensive-Margin Effect 
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Graph (8a) shows that the optimal level of production per acre is at Q* where 

MNBp = MECs   In order to maximize their profits per acre the producer produces at 

QM- QM, however, is inefficient because the externality is no considered. Drawing a 

line straight up from QM to the MECs line, the area L is formed which shows the dead 

weight loss to society because of the over production. 

In graph (8a), at production level QM, the entire area below the MNBp curve 

denotes total benefits to the producers per acre prior to taking into account the 

externalities while the net benefit to society equals (M - L). For the entire watershed it 

is assumed that there is a given level of production (acreage) that can occur without 

any damage from externalities. In graph (8b) this acreage is shown as AL. The total 

net benefit from farming AL acres equals the pink rectangle area. Once the level of 

production increases past this point however, externalities begin to appear in the 

watershed. The shallow slope of the curve indicates that the impacts of the 

externalities are minor at first, yet as more and more acreage is added, effects begin to 

accumulate and the slope gets steeper. Thus, the marginal net benefits to the society 

decrease with each added acre. As the number of acres changes so does the position 

of the MECs curve. If the total acres in production increase, the MECs curve will shift 

up to the left. Increasing area L and decreasing area M represents a decrease in the 

marginal net benefit of increasing acreage. With a decrease in acres, the MECs curve 

will shift down to the right. In doing this, area M increases and area L decreases. 

Graph (8b) presents the extensive-margin effect. The MNB of increasing crop 

acreage remains constant up to AL and then begins to decrease. This can be explained 

because there is a certain number of acres in agricultural production, which does not 
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cause environmental damages. However, as the number of acres in production 

increases, the externalities occur, and the MNB of increasing acreage decreases. The 

optimal level of agricultural production for the watershed is where the MNB line 

crosses the horizontal axis in graph (8b). 

4.1 Two Possible Changes in the Watershed 

In order to show the applications of this framework, we analyze two changes in 

the watershed. Graphs (9a) and (9b) represent the first, which show a move from 

current tillage methods to conservation tillage. For simplicity, we assume that the 

conservation tillage only affects the externality costs. 

(a) Intensive-M. irgin Effect 

V MECS1 

\^ d ^''MECsl 

^ 

P L 

\ MNB. 
Q* r \          Quantity 

/Acre 

(b) Extensive-Margin Effect 

Acreage in 
Production 

A* 
MNB1 MNB2 of 

of increasing      increasing 
acres acres 

Figure 9. The Intensive and Extensive-Margin Effect of Conservation Tillage 
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In graph (9a) before there is a move to conservation tillage, the optimal level of 

production per acre is at Q*. After the move to conservation tillage the new optimal 

level is at Q*'. This occurs because in conservation tillage there is a reduction in the 

MECs from MECsl to MECs2 for a given total acreage. The green area shows the 

reduction in dead weight social loss under the conservation practice 

Graph (9b) examines the effects of moving from the current tillage practices to 

conservation tillage on the entire watershed. Because there is a decline in the marginal 

environmental costs, the optimal acreage increase from A* to A*'. This can be seen 

by the slide of the MNB curve from MNBl to MNB2, which causes the optimal level 

of acres moves from A* to A*'. A*' may be larger or smaller then Ao, which 

represents the total original acres in agricultural production. 

The second change is a reduction in total farmland acres due, for example, to a 

farm policy such as the Conservation Reserve Program (CRP). For simplicity, we 

assume the production practices and input levels are not affected by the reduction in 

total acreage. 

$       (a) Intensive-Margin Effect 

MECS1 

MECs 2 

Q*   Q*'    QMX Quantity 
/Acre 
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(b) Extensive-Margm Effect 

Acreage in 
Production 

A*       MNBof 
increasing 
crop acreage 

Figure 10. The Intensive and Extensive-Margin Effect of Reduced Acres 

Suppose acreage is reduced from Ao to Ai as shown in the extensive-margin 

effect, graph (10b). This reduction in acreage reduces the total net benefit to the 

watershed by the blue area. 

On the intensive-margin effects, graph (10a), the reduction in acreage causes a 

shift in the MECs curve from MECsl to MECs2. The reduction in deadweight loss 

per acre due to the change in acreage, the green shaded area. While at the same time, 

the shift in the MECs curve brings about a new optimal level of production Q*'. 

4.2 Four Possible Outcomes 

In this section, we discuss four possible outcomes. These possibilities may be 

due to changes in management practices, changes in technology, or a combination of 

both. Let NBp = TBp - TCp be the Net Private Benefit of Production. Suppose a new 

production practice is adopted, and A NBp is the change in NBp under the new 

production practice, and A ECs is the change in EC under the new production practice. 

The four possibilities are listed below: 
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If A NBp>0 and A ECs<0, society wins and producers win 

If A NBp<0 and A ECs>0, society loses and producers lose 

If A NBp>0 and A ECs>0, society loses and producers win 

If A NBp<0 and A ECs<0, society wins and producers lose 

Very rarely is there a case in which yields are not affected by a change in 

ferming practices. For example, strip intercropping is one form of conservation tillage 

in which yields tend to increase for some crops. 

(a) Intensive-Margin Effect 

fs^Sw MNBP2 s 
MEQl 

ySMECs! 

^   1 
^       1 

r   i 

Q*    Q *' Quantity 
/Acre 

(b) Extensive-Margin Effect 

MNB1 of 
increasing 
crop acreage 

Acreage in 
Production 

MNB2of 
increasing 
crop acreage 

Figure 11. A Win-Win Situation 
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In the case of a win-win situation, several things are happening, not only on a 

per acre basis but on the watershed level. Examine the intensive-margin effect, graph 

(11a), of the move to an altemative crop management practice. Both the MNBp curve 

and the MECs curve shift to the right. In this case, the yellow shaded area represents 

the reduction in the total environmental. At the same time, the total private net 

benefits have increased by the orange stripped area and the optimal level of production 

per acre have increased from Q* to Q*'. 

Two things happen in the extensive-margin effect, graph (lib). The first is the 

outward slide of the MNB1 curve. An outward slide is due to the reduction in the 

environmental damage to the watershed. This reduction causes an increase in the 

marginal net benefits to the watershed. The second thing is the actual shift up of the 

MNB curve to MNB2. This shift is a result of the increase in the total net benefits to 

the producers in the watershed. One result of this shift and slide is the setting of a new 

optimal level of acreage for production, as seen by the move from A* to A*'. This 

new optimal level may actually be greater then the current. In either case both the 

producers and society may gain from a move like this. 

It can be deduced from these figures that producers would not need any 

economic incentives to move from the current practice to the altemative practice. 

That is because the producers have a greater benefit per acre than in the current. 

Producers are profit driven, therefore they will automatically move if a greater profit 

can be made. The greater the marginal benefits the faster the producers will move to 

the altemative. It should be noted that in the case of shift from conventional tillage to 
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no-till with conservation tillage the environmental cost under consideration is only the 

cost of non-point source pollution, not loss of habitat, plant and animal biodiversity. 

A win-loss situation may also occur in practice. For Example, in the no-till 

practices, yields tend to decline leading to a reduction in private marginal net benefits. 

This decline is usually attributed to competition with weeds for water and nutrients. 

Weeds are not the only problem; pests can be another factor in declining yields. One 

of the great advantages of tillage is that it can disrupt the pest's life cycles. Yet with 

proper management, crop damage from weeds and other pests can be held to a 

minimum. 

(a) Intensive-Margin Effect 

JVECgl 

'MECs2 

Q*'    Q* Quantity 
/Acre 

(b) Extensive-Margin Effect 

A*' 

A* 

Acreage in 
Production 

Figure 12. A Private Loss and a Societal Win 
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In this case, some very interesting things are happening. Let us start with the 

intensive-margin effect, graph (12a). With the move to no-till, the MECs per acre 

decreases from MECsl to MECs2. In addition, the MNBP also decreases from 

MNBpl to MNBp2. From these two shifts the optimal level of production per acre 

falls from Q* to Q*'. 

On the extensive-margin effect, graph (12b), there is an outward slide and a 

downward shift. The outward slide is the result of a reduction in externalities to the 

watershed. In conjunction with this outward shde a reduction in benefits to the private 

individual causes the downward shift of the MNB curve. As a result of both these 

movements the optimal level of acreage in production is actually greater than the in 

the current situation, point A*'. 

In this case, some economic incentive would be required to get the producers 

to move to the alternative practice, assuming that the producers would not voluntarily 

shift a practice that reduces their profits. The minimum subsidy required would be the 

difference between the current profits per acre and the profit per acre under the 

alternative practice. 

Now imagine a move in which the producers experience a gain in net benefits, 

while society suffers from an increase in the externalities. This can be caused by some 

technology such as a new chemical for controlling weeds and pests. Consider the case 

where a new chemical allows producers to increase their yields, some very harmful 

side effects. 
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(a) Intensive-Margin Effect 
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(b) Extensive-Margin Effect 
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Figure 13. A Private Win and a Societal Loss 

For the intensive-margin effect, graph (13a), the MNB? curve shifts to the right 

from MNBpl to MNBp2 due to the yield increase. At the same time the MEC curve 

shift to the left from MECsl to MECS2 due to the increase in the extemahties. The 

move to this technology also creates a new optimal level (Q*') of production that is 

actually higher then the original. 

In the extensive-margin effect (13b), the optimal level of acreage decreases 

from A* to A*'. This is due to the shift and slide of the MNB curve. With the 

additional externalities per acre there is an overall increase in the externalities (cost to 

society) across the watershed. It is this increase in externalities that causes the MNB 
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curve to slide inward. Yet with the gain in benefits to the producers, the MNB curve 

to shift upward to MNB2. The greater the total damage from the externality, the lower 

the optimal level of acreage in production will be. 

There may also be a situation in which both the producers and society suffer 

loss. Consider the case in which there is a pressure for producers to move to an 

alternative in which yields decrease in order to decrease externalities. However, to 

control pests, more chemicals must be used. The added chemicals increase 

externalities. 

(a) Intensive-Margin Effect 

M<Bp2 
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Figure 14. Both Producers and Society Lose 
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In the intensive-margin effect graph (14a), production drops back from Q* to 

Q*'. The marginal externality costs and the marginal private net benefits, both shift to 

the left, in the extensive-margin effect figure (14b), the optimal level of acreage in 

production decreases from A* to A*1. This is due to the inward slide of the MNBl 

curve. This inward slide is brought about by the extra externality caused from the 

additional use of chemicals resulting in an decrease in the marginal net benefit. In 

addition to this inward slide of the marginal net benefit curve, there is also a 

downward shift of the curve to MNB2. The downward shift is the result of the decline 

in crop yields across the watershed. 
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Chapter 5: Research Methods 

This section describes the methods used to evaluate the alternative scenarios 

presented in chapter 2. To estimate the economic and environmental effect of the 

alternative landscape scenarios, the following data were generated in this study: crop 

yields, cattle stocking rates, timber production, and native prairie grass seed 

production. This chapter discusses the methods used to generate these data. 

5.1: Method for Estimating Crop Yields 

The effect of alternative management practices on crop yields is evaluated 

through the use of the Environmental Policy Integrated Climate (EPIC) program. 

EPIC was developed through the cooperation of the USD A-Agricultural Research 

Service (ARS), the Natural Resource Conservation Service (NRCS), and the 

Economic Research Service (ERS). 

In recent years new developments have improved the efficiency of the 

program. One such development was the move to an interactive EPIC (I_EPIC). 

Todd Campbell, a computer programmer for the Center for Agricultural and Rural 

Development (CARD) at Iowa State University, created the interactive windows. The 

interactive window version allows for hundreds of thousands of records to be run at a 

time. The original DOS based program required a large amount of time to program 

one single run. With the interactive program much of the information can be copied 

and pasted into and within the Microsoft Access database. 
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I_EPIC has the ability to take information on climate, soils, crops, and 

production practices to simulate crop yields and a number of environmental indicators 

such as NO3 leaching, NO3 runoff, wind and water erosion, and pesticide fates. Such 

outputs can be generated for up to 4000 years. 

In the original version of EPIC, supplemental files with information on 

weather stations, soils, crops, fertilizers, pesticides, and operations are supplied. 

These are very general databases, which include the most commonly used fertilizers, 

pesticides, and operation. At the outset of this project, the new lEPIC version 

supphed only the supplemental files for crops, fertilizers, pesticides, and operations. 

The other necessary supplemental files had to be created. Details of how this was 

accomplished are discussed in the next section titled Data 

With all of the supplemental databases completed, the lEPIC runs could then 

be built. The first thing needed was a control record for each polygon. Within this 

file, records are referenced with a description. In this study, the polygon number was 

the description used to reference the records. The output files could then be linked 

with ArcView to create spatial maps of profits, erosion rates, and chemical losses. 

There are 86 variables in the control record, however, not all of them require 

data. Of these 86 variables. Description, Hydrologic Group, Hydrologic Unit Code, 

Major Land Resource Area, Rotation Duration, Conservation Practice, Acreage, Soil 

ID, Weather Station Name, Simulation Length, Output Conversion Code, Slope, and 

Erosion Equation were the only ones that required input of data. The remaining 

variables were either choices on the output format (such as monthly or annual data) or 
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variables for more advanced operations of lEPIC in which a default number is used if 

the value of the variable is unknown. 

Once the control records were completed, field operation had to be specified. 

In this file, the user has to properly date and specify the operations that occur from 

preharvest to post harvest for the crops being grown. The basis for these operations 

comes from enterprise budgets, which supply information on the amount of pesticides 

and fertilizers applied for each crop. Supplemental information provided included the 

types of operations and the dates on which each occurred. (Details on the sources of 

this information are described in the next chapter.) It should be noted that a constant 

nitrogen application rate was used for this simulation. This rate for com was 140 

pounds per acre in the conventional com and soybeans and 120 pounds per acre in the 

no-till fields. Typically a producers would adjust their apphcation rates according to 

the soils need. 

The I_EPIC program automatically references the supplemental files for the 

needed information when a certain operation or crop is specified. These supplemental 

files are not limited to what is supplied with the program. The user can add new 

operations and chemicals as needed. It should be noted however, that in order to add 

to some of these files,, large amounts of data on the product are needed. In this study 

supplemental files for one new fertilizer blend and one new crop had to be added. 

Additional advantages in the use of lEPIC come in its ability to run advanced 

appUcations. These advanced apphcations pertain to irrigation, fertilizer, pesticide, 

weather, and a few others (Sharpley and Williams, 1990). For example, the program 

enables the user to enter daily weather data rather than using the data supplied with 
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EPIC. In doing so, the user can study the effects of climate conditions on crop yields 

as well as the other outputs. As with the weather, the advanced features for fertilizer 

and pesticide applications allow the operator to input very specific information. From 

this information the researchers can study the effects of varying apphcation on the 

outputs. 

EPIC can be used for several different purposes. One is to analyze the effects 

of management changes on crop yields.   EPIC can also be used to estimate the 

impacts of crop management practices on soil erosion and chemical loss due to runoff 

and leaching. 

Some of the best known users of EPIC include the NRCS, ARS, and state 

research and extension agencies. This program is also used by researchers at several 

universities including Iowa State, Texas A&M, Washington State, and Oregon State 

(Sharpley and Williams, 1990). 

Several studies have been conducted using EPIC. One such example of this 

was done on two watersheds in Southwest Iowa. This study examined the impacts of 

conventional tillage versus ridge till in continuously cropped com (Chung et aL 1999). 

Another study, conducted by researchers at Oklahoma State University, used EPIC to 

simulate the effects of agricultural management practices on crop yields and pesticide 

fates (Sabbagh et al. 1992). The study of three alternative policies and their economic 

and environmental impacts on water quality (Bernardo et al. 1993) is yet another 

example of the use of EPIC. 
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o Corn ^—Linear (Corn) 

Figure 15. The Actual Com Yields versus the Predicted Yields. 

SSi 

o   Soybean      -^^ Linear (Soybean) 

Figure 16. The Actual Soybean Yields versus the Predicted Yields. 
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Many users of EPIC have found some need to cahbrate the program to better 

fit the observed data. In an evaluation of EPIC, Chung et al. (1997) found that the 

program was underestimating annual tile drainage flow. To correct this problem, 

Chung et aL (1997) adjusted the runoff curve numbers of each soil type. This resulted 

in improved predictions of peak and annual flow rates. In addition, adjusting the 

initial nitrate concentration improved the model's prediction of NO3 runoff and 

leaching. 

To better reflect crop yields for soil types in the Walnut Creek watershed, 

lEPIC had to be calibrated. Calibration consisted of adjusting one set of parameters 

until the predicted yields closely equaled the average yields. Figure 15, demonstrates 

the accuracy of the calibration for corn yields. The calibration was less accurate for 

soybean yields Figure 16. Because the two crops were used in a two year rotation, the 

parameters were adjusted to best suit the combined crops. 

Cahbration of the alfalfa crop was not as successful as that of the com and 

soybean. lEPIC typically predicted yields of about 1.33 tons over that of the Boone 

County average (National Agricultural Statistics Service). However, for grass hay the 

uncalibrated model predicted yields that closely equaled the county average. 

5.2: Method for Estimating Profits from Raising Cattle 

One major obstacle in producing accurate estimates for costs and revenues of 

the future scenarios came from the cattle operations within Scenario 2. Calculating 

cattle stocking rates can be difficult. Dr. Jim Cornelius, of Oregon State University, 
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assisted in the estimation of stocking rates and the associated costs per acre for the 

rotational grazed and savanna shrub pastureland. 

Several general assumptions had to be made in order to produce these 

estimates. The first assumption was that all the cattle would be feeders and finishers 

for market. No brood cows would be raised. All the cattle would be purchased at 

about 600 pounds and sold at 1100 pounds. Cattle would be grazed in a pasture for 

the initial 250 pounds and then would be fed grain for the final 250 pounds. With this 

type of system, producers could treat the cattle as an annual crop. Opting to forgo 

raising cattle in those years that prices are low. 

The following is an example of how the total number of cattle grazed was 

figured, as well as the Total Revenues (TR) and Total Costs (TC). The Animal Unit 

Equivalent (AUE) is a numerical value used to express the forage requirements of an 

animal. The product of multiplying the AUE and the Minimal Acres needed per 

Animal (MAPA) is the maximum Stocking Rate per Acre (SRPA). By dividing the 

Total Acres of Pasture (TA) by the SRPA, the Maximum Number of Head grazed per 

Year (MNHPY) is obtained. The Total Revenue per Animal (TRA) is obtained by 

multiplying the market price per pound of finished beef (f) by the finish weight of 

each animal (FW). Total Revenue for the entire cattle operation was calculated by 

multiplying the TRA by the MNHPY. 

AUE • MAPA = SRPA (1) 

TA/ SRPA = MNHPY (2) 

f»FW = TRA (3) 

TRA • MNHPY = TR (4) 
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Calculating the Total Costs (TC) requires more information than calculating 

the TR. The Initial Feeder Costs (IFC) are calculated by multiplying the Price of the 

Feeder (p) by the Weight of the Feeder (FeW) at purchase. Secondly, the Land Costs 

(LC) are multiplied by the SRPA in order to get the Total Grazing Costs (TGC). The 

price of grain (g) is multiplied by the Total Amount of Grain Consumed (TGrC) to get 

the Total Cost of Finishing on Head of cattle (TFC). The Total Cost Per Animal 

(TCP A) is obtained by adding all of these products together (TAG, TGC, and the 

TFC) plus the Fixed Costs (FC) and the Variable Costs (VC). The TC of raising cattle 

was then calculated using the MNHPY. The Break Even price (BE) is the product of 

dividing the TCPA by the FW. 

p«FeW = IFC (5) 

SRPA • LC =TGC (6) 

g • TGrC - TFC (7) 

TAG + TGC + TFC+ FC + VC = TCPA (8) 

TCPA* MNHPY = TC (9) 

TCPA/FW = BE (10) 

5.3: Method for Estimating the Profit from Timber Production 

In order to calculate the total revenues and costs for the timber crop several 

things are needed. This included total boardfeet (bf) harvested per acre, planting 

costs, thinning costs, and harvesting costs, as well as final sale price. One large fector 

in calculating the revenues and costs is that it takes at least 80 years for the crop to 

mature. With this in mind, all the revenues and some of the costs had to be discounted 

into 1998 dollars. In order to perform a discounting operation a discount rate must be 
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chosen. In this thesis, a discount rate of 5 percent was used. While this is higher than 

the current rate of economic growth it is still lower than the 7 percent rate used by the 

federal government. 

The following equation was used in discounting, where r is the discount rate 

and t is time in years. 

TR»(l+r)-' (11) 

In figuring timber Revenues (R) per acre the Total Boardfeet Per Acre (Tbf) is 

multiplied by the Market Price (p) and the then it is discounted. Total Revenue (TR) 

is then calculated by multiplying the R by the Total Acreage (TA). 

R = (Tbfp)(I+r)-t (12) 

TR=R»TA (13) 

The Total Costs of planting, thinning, and harvesting a timber crop involve 

more information than that of the revenues. Total Thinning Costs (THC) are 

calculated by taking the thinning costs (t) and discounting them as in equation number 

(11).  HCbf is the Harvest Costs per Boardfoot, which includes Falling, Skidding, and 

Hauling Costs. This cost is then discounted, leaving the total Harvest Costs (HC) for 

the timber culture. Total Costs (TC) are obtained by adding the Planting and 

Establishment Costs (PE) to the THC and the HC (equations 14 to 17). 

THC = (t)*(l+r)-t (14) 

HCbf = (Falling Costs + Skidding Costs + Hauling Costs) (15) 

HC = (HCbf* Total bf)m (1+r) "' (16) 

TC = PE+THC + HC (17) 
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5.4: Method of Estimating the Profit from Native Prairie Grass Seed 

Estimating profits for native prairie grass seed is similar to estimation profit for 

timber cultures. There are a few differences, however. The first is that it takes 

between 8 and 10 years to reach full production. Full production is achieved when 

there is maximum biodiversity of approximately 45 or more different species of plants. 

It is at this maximum biodiversity that a premium price per pound can be charged. 

Prior to maximum biodiversity, the price per pound will vary. In order to reflect these 

changes in biodiversity, each year's yields were multiplied by the price (P) and then 

discounted. Once discounted, all the TR's are averaged. It is this average that is used 

to calculate the Total Revenue by multiplying it and the Total Acres. The following 

equations demonstrate how this was accomplished; 

TR 1 = no revenue (18) 

TR2=yield»P*(l+r)'2 (19) 

TR 3 = yield • P • (1 +r) '3 (20) 

TR 4 = yield •P»(l+r)^ (21) 

TR5= yield • P • (1 +r) '5 (22) 

TR6=yield»P*(l+r)^ (23) 

TR7 = yield* P»(l+r)'7 (24) 

TR 8 = yield •P»(l+r)'8 (25) 

TR/Acre = (TR 2 + TR 3 + TR 4 + TR 5 + TR 6 + TR 7 + TR 8)/8 (26) 

TR = TR/Acre • Total Acres (27) 
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Chapter 6: Data 

Several types of data were needed for this study. Such data included current 

and future landcover for each scenario, farm management practices, production costs, 

and market prices. This section describes the data and how they were obtained. 

6.1 Spatial Data: Landcover and Soils 

The spatial data sets for this study were the soils and landcover data for the 

current landscape and each alternative future scenario. An integrated database, which 

combined GIS coverages for landcover and soils, the Iowa Soil Properties, and 

Interpretation Database (ISPAID) provided this information '. 

The GIS databases in which soil type and landcover were integrated were 

supphed by Kellie Vache, a member of the water quality team on this multi- 

disciplinary project. The landcover for the current landscape was produced by a 

previous research project, the Midwest Agrichemical Surface-subsurface Transport 

and Effects Research project (MASTER). Under the MASTER project, aerial 

photographs of the land cover in 1992 were digitized into a GIS database, then 

ground-truthed in 1993 and 1994 (Freemark and Smith 1995). 

The potential landcover for the future scenarios was generated by the design team at 

the University of Michigan as maps of the watershed. These were digitized a into a 

1 ISPAID was created by the Iowa Cooperative Soil Survey (ICSS). The ICSS is a partnership between 
the Iowa Cooperative Extension Service and the Iowa Department of Agriculture and Land 
Stewardship, Division of Soil Conservation, and die USDA Natural Resources Conservation Service. 
The general purpose of the ICSS is to coordinate the collection, compilation, interpretation, publication, 
dissemination and use of soil surveys in Iowa. 
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GIS, then layered with the ISP AID soils coverage for the watershed to produce GIS 

layer in which each polygon was characterized by both soil type and landcover. 

The integrated database had 116 variables. Of this, only 13 (Area, Polygon 

Number, Code, SMS, SCSSoilS, Soil Name, Maximum Com Yield, Maximum 

Soybean Yield, MLRA, Slope, Hydrologic Group, and Tons of Residue per Acre) 

were used in generating the economic and environmental impacts for all the 

landscapes. The Code number represents the landcover type associated with a given 

polygon. Table 2 lists all the possible codes and their corresponding land cover. The 

spatial representation of the agricultural land cover types is shown in Figure 2. 

Perhaps the most important of these variables were the Code and the Soils. The 

Code number represents the landcover with each polygon. Table 2 includes all of the 

possible Codes and their corresponding landcover. The spatial presentation of the 

agricultural land coverage is shown in Figure 2. 

6.2 Supplemental Data Files 

6.2.1 Soils 

The soils file contains much of the information required to run EPIC. The file 

consists of two sets of data. The first set contains general information such as the Soil 

Name, SoilsS identification number, number of layers (horizons) and the depth of the 

water table. The second set provides very specific information on each soil horizon 

(e.g. horizon depth, bulk density, particle percentages, pH, and organic matter 

content). 
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Todd Campbell the creator of lEPIC, supplied additional files providing 

horizon-specific information on the soils occurring in the Walnut Creek watershed. 

Soils in the integrated lEPIC soils/landcover database were then matched to the 

horizon-specific data base by cross-referencing the soil name and soil map unit in each 

data base then assigning an lEPIC soils identification number to each record. 

6.2.2 Climate 

The DOS version of EPIC provides information from several weather stations 

per state. In Iowa, there are nineteen weather stations in the EPIC database. As with 

the soils, this information is split into two sets. The first set includes general data such 

as station longitude, latitude, and elevation. More specific weather data (such as 

monthly temperature extremes, precipitation, solar radiation, and wind velocities) are 

in the second. In the lEPIC version, however, this information must be user- 

specified. 

Importing the DOS version data file for the appropriate weather station into a 

spreadsheet, identifying the variables, then editing the spreadsheet to fit the lEPIC 

format generated this supplemental file. 

6.2.3 Crop 

Because the crop files supplied with lEPIC did not contain a grass hay crop, 

one had to be added. The DOS version of EPIC was the source of information for this 

crop. Again, importing the file from the DOS version of EPIC, identifying the 

variables, and editing the file to conform to the I_EPIC file format generated the file. 



Table 2. Current ISPAID Code Numbers and their Associated Landcoverage 

Code COVER Acres Code COVER Acres 
1 Woodland Closed 
2 Woodland Open 
3 Savannah 
4 Shrub Land 
5 Corn/Soybeans 
6 CRP 
8 Alfalfa 
9 Pasture 

1 1 Farmstead 
12 Farmstead w/W indbreak 
13 Farm stead w/Livestock 
14 Farm stead w/ W indbreak and Livestock 
15 Pond/Lake 
16 Residential/Industrial 
17 Fence Row Moderate Dense 
18 Fence Row Sparse 
19 Fence Row Herbaceous 
20 Fence row Herbaceous w/Fence 
21 Roadside Sparse-Dense 
22 Roadside Sparse-Dense w/Overhead Lines 
23 Roadside Herbaceous 
24 Roadside Herbaceous w/ Fence Line 
25 Roadside Herbaceous w/ Overhead Lines 
26 Roadside Herbaceous w/ Overhead Lines and Fence Line 
27 Road Paved 
28 Road Gravel 
29 Railroad Right-of-Way 
30 Grass Waterway 
31 Terrace 
34 Riparian Dense 
35 Riparian Moderate 
36 Riparian Sparse 
37 Riparian Herbaceous 
39 Cemetery/Churchyard 
40 Field Border 
41 Contoured Buffer Strip 
42 M iscellaneous G rasa (G rass H ay) 
43 Corn/Bean/Oats Strip-Intercropping 
44 Corn/Bean/Native Strip-Intercropping 
45 Organic Small Crop Monoculture 
46 Organic Crops Strip-Intercropping 
48 Tim ber Culture 
49 New (2025) Woodland 
50 Non-Farm Residence   

165 51 
283 52 
102 53 
58 54 
0,314 .  55 
0 56 

222 57 
293 58 
98 59 
84 60 
26 61 
96 63 
9 64 
137 65 
7 66 
20 67 
13 68 
126 69 
14 70 
5 71 
36 72 
58 73 
15 74 
54 75 
50 76 
103 80 
0 81 
37 82 
2 83 
12 84 
16 85 
20 86 
11 87 
2 90 
31 91 
4 92 

109 93 
0 94 
0 95 
0 96 
0 97 
0 98 
0 107 
0 

Sod Travel Lane 0 
Biodiversity Garden on Existing Site 0 
New Sub Division Biodiversity Garden (20% Herbaceous FY) 0 
Biodiversity Farmstead with Livestock 0 
Uncropped Field Skip 0 
Pastured W oodland (Closed) 0 
Pastured W oodland (O pen) 0 
Pastured Savanna 0 
Pastured Shrub Land 0 
Remnant Succession Patch (Herbaceous) 0 
Rotational Pasturing 0 
New Sedge Meadow 0 
New Wet Prairie 0 
New Mesic Prairie 0 
New Tall Grass Prairie 0 
New Upland Prairie Vegetation 0 
New Ephemeral Prairie Pothole 0 
New Sedge Meadow and Pothole Rims 0 
New Semi-Permanent Wetlands 0 
New Seasonal Wetlands 0 
New Wooded Sedge Meadow 0 
New Engineered Detention Wetland 0 
New Engineered Sediment Detention Pond (Roadside) 0 
New (2025) Savanna 0 
New Mesic Woodland 0 
Designed Roadside Buffer (Herbaceous) 0 
Designed Roadside Buffer (Herbaceous) W/OH Lines 0 
Designed Roadside Buffer (Herbaceous) W/Fence 0 
Designed Roadside Buffer (Herbaceous) W/OH Lines and Fence 0 
Designed Roadside Buffer (Sparse-Dense) 0 
Designed Roadside Buffer (Sparse-Dense) W/OH Lines 0 
Designed Roadside Buffer (Sparse-Dense) W/Fences 0 
Designed Roadside Buffer (Sparse-Dense) W/OH Lines and Fence 0 
New Riparian Dense 0 
New Riparian Moderate 0 
New Riparian Sparse 0 
New Riparian Herbaceous 0 
New Municipal Tile Discharge Nutrient Uptake Pond (Off-Channel) 0 
New Designed Ox-Bow Detention Pond (Within Geomorphic Flood Plain)          0 
New Surface Discharge Detention Pond (Necklace) 0 
Trail (Walking, Hiking) 0 
Parking Lot 0 
Stream 26 ts) 
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In this study, only the landcover types highhghted in Table 2 were evaluated 

for their economic return to producers. In the current landscape, only three kinds of 

land cover contributed to agricultural production (Table 3). 

Table 3. Current Agricultural Landcoverage 

Code Cropping Systems Acres 
5 Com & Soybean 10,314 
8 Alfalfa & Oats 222 

42 Grass Hav 109 
Total Acreage 10,645 

In the current landscape, com and soybeans are in a two year rotation. Alfalfa 

and oats are in a four year rotation, in which oats are planted as a companion crop and 

harvested for grain in the first year. The alfalfa is harvested three times per year in 

years 2,3, and 4. Grass hay is also on a four year rotation, but is harvested only once a 

year. It is assumed that only convention tillage is taking place in these crops. 

The conventional tillage system involves field operations in which the soil is 

disturbed. Such soil disturbing operations include plowing and discing. There are 

some advantages to using the plow and the disc. These advantages include weed 

control, disruption of pests life cycles, and the breaking up of soil layers that may 

impede water filtration and plant growth. Disadvantages of conventional tillage 

include higher soil erosion rates, loss of soil porosity, and soil compactioa 



Table 4. Production ISPAID Code Numbers and their Associated Landcoverage 

Code COVER Acres Code COVER Acres 
1 Woodland Closed 
2 Woodland Open 
3 Savannah 
4 Shrub Land 
5 Corn/Soybeans 
6 C.RP 
8 Alfalfa 
9 Pasture 
11 Farmstead 
12 Farmstead w/Windbreak 
13 Farmstead w/Livestock 
14 Farmstead w/ Windbreak and Livestock 
15 Pond/Lake 
16 Residential/Industrial 
17 Fence Row Moderate Dense 
18 Fence Row Sparse 
19 Fence Row Herbaceous 
20 Fence Row Herbaceous w/Fence 
21 Roadside sparse-Dense 
22 Roadside Sparse-Dense w/ Overhead Lines 
23 Roadside Herbaceous 
24 Roadside Herbaceous w/Fence Line 
25 Roadside Herbaceous w/ Overhead Lines 
26 Roadside Herbaceous w/ Overhead Lines and Fence Line 
27 Road Paved 
28 Road Oravel 
29 Railroad Right-of-Way 
30 Grass Waterway 
31 Terrace 
34 Riparian Dense 
35 Riparian Moderate 
36 Riparian Sparse 
37 Riparian Herbaceous 
39 Cemetery/Churchyard 
40 Field Border t 

41 Contoured Buffer Strip 
42 M Isccllaneous G rass (G rass Hay) 
43 Corn/Bean/Oats Strip-Inter cropping 
44 Corn/Bean/Native Strip-Intercropping 
45 Organic Small Crop Monoculture 
46 Organic Crops Strip-Intercropping 
48 Tim ber Culture 
49 New (2025) Woodland 
50 Non-Farm Residence  

125 51 
172 52 
60 53 
9 54 

11,121 55 
0 56 
0 57 
0 58 
0 59 
150 60 
0 61 
0 63 
9 64 
137 65 
0 66 
0 67 
0 68 
0 69 
14 70 
5 71 
40 72 
58 73 
15 74 
54 75 
50 76 
103 80 
0 81 
33 82 
3 83 
13 84 
17 85 
20 86 
11 87 
2 90 
0 91 
7 92 
3 93 
0 94 
0 95 
0 96 
0 97 
0 98 
0 107 
0 

Sod Travel Lane 19 
Biodiversity Garden on Existing Site 0 
New Sub Division Biodiversity Garden (20% Herbaceous FY) 0 
Biodiversity Farmstead with Livestock 3 17 
Uncropped Field Skip 0 
Pastured W oodland (Closed) 0 
Pastured Woodland (Open) 0 
Pastured Savanna 0 
Pastured Shrub Land 29 
Remnant Succession Patch (Herbaceous) 0 
Rotational Pasturing 0 
New Sedge Meadow 0 
New Wet Prairie 0 
New Mesic Prairie 0 
New Tall Grass Prairie 0 
New Upland Prairie Vegetation 0 
New Ephemeral Prairie Pothole 0 
New Sedge Meadow and Pothole Rims 0 
New Semi-Permanent Wetlands 0 
New Seasonal Wetlands 0 
New Wooded Sedge Meadow 0 
New Engineered Detention Wetland 0 
New Engineered Sediment Detention Pond (Roadside) 0 
New (2025) Savanna 0 
New Mesic Woodland 0 
Designed Roadside Buffer (Herbaceous) 0 
Designed Roadside Buffer (Herbaceous) W/OH Lines 0 
Designed Roadside Buffer (Herbaceous) W/Fence 0 
Designed Roadside Buffer (Herbaceous) W/OH Lines and Fence 0 
Designed Roadside Buffer (Sparse-Dense) 0 
Designed Roadside Buffer (Sparse-Dense) W/OH Lines 0 
Designed Roadside Buffer (Sparse-Dense) W/Fences 0 
Designed Roadside Buffer (Sparse-Dense) W/OH Lines and Fence 0 
New Riparian Dense 0 
New Riparian Moderate 0 
New Riparian Sparse 52 
New Riparian Herbaceous 0 
New Municipal Tile Discharge Nutrient Uptake Pond (Off-Channel) 0 
New Designed Ox-Bow Detention Pond (Within Geomorphic Flood Plain) 0 
New Surface Discharge Detention Pond (Necklace) 0 
Trail (Walking, Hiking) 0 
Parking Lot 25 
Stream 
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6.3 Production Scenario 

As can be seen in Table 4, the production scenario allots the vast majority of 

the land to a two year rotation of com and soybeans (Figure 3). By comparing Table 2 

and Table 4 one can see that the increase in com and soybean land comes mainly from 

the reduction of grass hay and alfalfa/oat cropland. In addition to this shift of crop 

type, there is an increase in total agricultural land by nearly 500 acres. As can be seen 

in Table 5, the production scenario allots the vast majority of the land to a two year 

rotation of com and soybeans. This is very evident by the spatial representation in 

Figure3. 

Table 5. Production Scenario Agricultural Landcoverage 

Code Cropping Systems Acres 
5 

42 
Com & Soybean 

Grass Hav 
Total 

11,121 
3 

11,124 

In all the scenarios it is assumed that the producers move from conventional 

farming method to conservation tillage methods. Conservation tillage incorporates 

several factors, such as crop residue management, rotations and alternative tillage 

methods in a Best Management Practice (BMP) used to reduce soil erosion. 

6.4 Water Quality Scenario 

In this alternative, the design team set forth a com and soybean rotation of six 

years. The first four years are in the typical com and soybean rotation. In the fifth 



Table 6. Water Quality ISPAID Code Numbers and their Associated Landcoverage 

Code COVER Acres       Code COVER Acres 
1 Woodland Closed 
2 Woodland Open 
3 Savannah 
4 Shrub Land 
5 Corn/Soybeans 
6 CRP 
8 Alfalfa 
9 Pasture 

I I Farmstead 
12 Farmstead w/Windbreak 
13 Farmstead w/Livestock 
14 Farmstead w/ Windbreak and Livestock 
15 Pond/Lake 
16 Residential/Industrial 
17 Fence Row Moderate Dense 
18 Fence Row Sparse 
19 Fence Row Herbaceous 
20 Fence Row Herbaceous w/Fence 
21 Roadside Sparse-Dense 
22 Roadside Sparse-Dense w/ Overhead Lines 
23 Roadside Herbaceous 
24 Roadside Herbaceous w/ Fence Line 
25 Roadside Herbaceous w/ Overhead Lines 
26 Roadside Herbaceous w/ Overhead Lines and Fence Line 
27 Road Paved 
28 Road Gravel 
29 Railroad Right-of-Way 
30 Grass Waterway 
31 Terrace 
34 Riparian Dense 
35 Riparian Moderate 
36 Riparian Sparse 
37 Riparian Herbaceous 
39 Cemetery/Churchyard 
40 Field Border 
41 Contoured Buffer Strip 
42 M iscellaneous G rass (Grass Hay) 
43 Corn/Bean/Oats Strip-Intercropping 
44 Corn/Bean/Native Strip-Intercropping 
45 Organic Small Crop Monoculture 
46 Organic Crops Strip-Intercropping 
48 Timber Culture 
49 New (2025) Woodland 
50 Non-Farm Residence  

53 51 
77 52 
22 53 
18 54 

8,096 .55 
0 56 

989 57 
0 58 
0 59 
0 . 60 
0 61 
0 63 
7 64 
117 65 
31 66 
33 67 
1 68 
80 69 
14 70 
5 71 
3 8 72 
58 73 
15 74 
54 75 
50 76 
103 80 
0 81 
29 82 
3 83 
14 84 
12 85 
16 86 
9 87 
2 90 
0 91 
7 92 
0 93 
0 94 
0 95 
0 96 
0 97 
0 98 
0 107 
0 

Sod Travel Lane 14 
Biodiversity Garden on Existing Site 24 
New Sub Division BiodiversityGarden (20% Herbaceous FY) 0 
Biodiversity Farmstead with Livestock ■ 184 
Uncropped Field Skip 746 
Pastured Woodland (Closed) 107 
Pastured Woodland (Open) 197 
Pastured Savanna 77 
Pastured Shrub Land 36 
Remnant Succession Patch (Herbaceous) 0 
Rotational Pasturing 2,041 
New Sedge Meadow 0 
New Wet Prairie 0 
New Mesic Prairie 0 
New Tall Grass Prairie 0 
New Upland Prairie Vegetation 0 
New Ephemeral Prairie Pothole 0 
New Sedge Meadow and. Pothole Rims 0 
New Semi-Permanent Wetlands 0 
New Seasonal Wetlands 0 
New Wooded Sedge Meadow 0 
New Engineered Detention Wetland 0 
New Engineered Sediment Detention Pond (Roadside) 2 
New (2025) Savanna 0 
New Mesic Woodland 128 
Designed Roadside Buffer (Herbaceous) 0 
Designed Roadside Buffer (Herbaceous) W/OH Lines 0 
Designed Roadside Buffer (Herbaceous) W/Fence 0 
Designed Roadside Buffer (Herbaceous) W/OH Lines and Fence                                  0 
Designed Roadside Buffer (Sparse-Dense) 2 
Designed Roadside Buffer (Sparse-Dense) W/OH Lines 0 
Designed Roadside Buffer (Sparse-Dense) W/Fences 0 
Designed Roadside Buffer (Sparse-Dense) W/OH Lines and Fence                            0 
New Riparian Dense 0 
New Riparian Moderate 128 
New Riparian Sparse 0 
New Riparian Herbaceous 0 
New Municipal Tile Discharge Nutrient Uptake Pond (Off-Channel)                          6 
New Designed Ox-Bow Detention Pond (Within Geomorphic Flood Plain) 0 
New Surface Discharge Detention Pond (Necklace) 0 
Trail (Walking, Hiking) 0 
Parking Lot 0 
Stream 25 
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year however, oats and alfalfa were planted. The oats were harvested as "haylage" in 

year five. Haylage is much the same as silage except for it is produced from grass hay 

instead of from com or sorghum. In the sixth year the alfalfa was harvest three times, 

then chemically bumed out and com is planted again. The purpose of the oat/alfalfa 

portions of the rotation was intended to improve soil organic carbon content of the soil 

(not part of this study), which aids in the maintenance of soil tilth, fertility, and storage 

of carbon. Robinson, C.A. et. al (1996) showed that over the long term continuous 

com and com/soybean rotations resulted in significantly lower soil organic carbon 

content in soils than rotation of com/oats/alfalfa or com/com/oats/alfalfa. 

In the water quality scenario the total land in agricultural production increased 

by almost 1,000 acres. The increase can be seen by comparing Table 2 and Table 6 

one can see that this acreage comes from several areas, including the reduction of 

farmsteads, and closed and opened woodlands. 

In addition to the change in the com and soybean rotation, cattle grazing was 

expanded in the watershed. This included both rotational pasture and shrub and 

savanna grazing (See Table 7 and Figure 4). These changes can be seen spatially in 

Figure 4. 

Table 7. Water Quality Scenario Agricultural Landcoverage 

Code Cropping Systems Acres 
5 Com-Soybean-Oats-Alfalfa     8,096 
8 Alfalfa & Oat Haylage 989 

56,57,58, & 59      Cattle Shrub & Savanna 417 
61 Cattle Rotation 2.041 
 Total Acreage 11,543 
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6.5 Biodiversity Scenario 

Several land use changes are made in the biodiversity scenario, where unlike 

the other two landscape designs, this one has a decline in the number of acres allotted 

to agricultural production. Table 8 illustrates that these changes include the 

conversion of agricultural production acres into biodiversity gardens, sod travel lanes 

and new prairie vegetation among other things. 

In addition to the changes in acreage there is a move to no-till, contour 

planting, and strip intercropping. Strip intercropping is the method of planting two 

different crops in narrow strips across the contour of the land.   As specified by the 

landscape design team, the strip intercropping consists of com and soybeans cropped 

together in strips with prairie grass or oats.   Strip intercropping is done in rotation and 

utilizes contour planting where necessary. In contour planting, crops are planted 

across the hillside, rather than up and down the slope to reduce erosion and slow water 

runoff. (See Figure 5 for the spatial distribution of these crops.) 

With careful planning, it is possible to create rotations of com, soybeans, and 

oats such that the same crop is never planted in the same place two years in a row. 

The oats are harvested for grain in this system. The second strip intercropping system 

includes the use of native prairie grass. In this planting scheme the native prairie 

grasses remain stationary year after year only the com and soybeans are being rotated. 

Prairie grass seed requires several years to mature to full production. Table 9 shows 

the agricultural enterprises and their associated acreage for this scenario. 



Table 8. Biodiversity ISP AID Code Numbers and their Associated Landcoverage 

Code COVER Acres        Code COVER Acres 
137 
226 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12 
21 1 
268 
152 
60 
7 
3 
1 
0 
0 
0 

48 
15 
59 
54 
14 
5 
0 
0 
2 

600 
0 
0 
0 
0 
0 
0 
1 

24 

1 Woodland Closed 
2 W oodland Open 
3 Savannah 
4 Shrub Land 
5 Com/Soybeans 
6 CRP 
8 Alfalfa 
9 Pasture 
11 Farm stead 
12 Farm stead w/W indbreak 
13 Farm stead w/Livestock 
14 Farm stead w/ W indbreak and Livestock 
15 Pond/Lake 
16 Residential/Industrial 
17 Fence Row Moderate Dense 
18 Fence Row Sparse 
19 Fence Row Herbaceous 
20 Fence Row Herbaceous w/ Fence 
21 Roadside sparse-Dense 
22 Roadside Sparse-Dense w/ Overhead Lines 
23 Roadside Herbaceous 
24 Roadside Herbaceous w/Fence Line 
25 Roadside Herbaceous w/ Overhead Lines 
26 Roadside Herbaceous w/ Overhead Lines and Fence Line 
27 Road Paved 
28 Road Gravel 
29 Railroad Right-of-W ay 
30 Grass Waterway 
31 Terrace 
34 Riparian Dense 
35 Riparian Moderate 
36 Riparian Sparse 
37 Riparian Herbaceous 
39 Cemetery/Churchyard 
40 Field Border 
41 Contoured Buffer Strip 
42 M Ucellaneous grass (G rass H ay) 
43 Corn/Bean/Oats Strip-Intercropping 
44 C orn/B ean/N nllve Strip-Intercropping 
45 Organic Small Crop Monoculture 
46 Organic Crops Strip-Intercropping 
48 Tim ber Culture 
49 New (2025) Woodland 
50 Non-Farm Residence     

165 51 
270 52 
85 53 
55 54 

4,247 55 
0 56 
0 57 
0 58 
0 59 
0 60 
0 61 
0 63 
9 64 
137 65 
0 66 
0 67 
0 68 
0 69 
0 70 
0 71 
0 72 
0 73 
0 74 
0 75 
50 76 
103 80 
0 81 
19 82 
2 83 
7 84 
15 85 
16 86 
9 87 
3 90 
0 91 
2 92 
6 93 

1,235 94 
3,532 95 
26 96 
354 97 
281 98 
147 107 
0 

Sod Travel Lane 
Biodiversity Garden on Existing Site 
New Sub Division Biodiversity Garden (20% Herbaceous FY) 
Biodiversity Farmstead with Livestock 
Uncropped Field Skip 
Pastured Woodland (Closed) 
Pastured Woodland (Open) 
Pastured Savanna 
Pastured Shrub Land 
Remnant Succession Patch (Herbaceous) 
Rotational Pasturing 
New Sedge Meadow 
New Wet Prairie 
New Mesic Prairie 
New Tall Grass Prairie 
New Upland Prairie Vegetation 
New Ephemeral Prairie Pothole 
New Sedge Meadow and Pothole Rims 
New Semi-Permanent Wetlands 
New Seasonal Wetlands 
New Wooded Sedge Meadow 
New Engineered Detention Wetland 
New Engineered Sediment Detention Pond (Roadside) 
New (2025) Savanna 
New Mesic Woodland 
Designed Roadside Buffer (Herbaceous) 
Designed Roadside Buffer (Herbaceous) W/OH Lines 
Designed Roadside Buffer (Herbaceous) W/Fence 
Designed Roadside Buffer (Herbaceous) W/OH Lines and Fence 
Designed Roadside Buffer (Sparse-Dense) 
Designed Roadside Buffer (Sparse-Dense) W/OH Lines 
Designed Roadside Buffer (Sparse-Dense) W/Fences 
Designed Roadside Buffer (Sparse-Dense) W/OH Lines and Fence 
New Riparian Dense 
New Riparian Moderate 
New Riparian Sparse 
New Riparian Herbaceous 
New Municipal Tile Discharge Nutrient Uptake Pond (Off-Channel) 
New Designed Ox-Bow Detention Pond (Within Oeomorphic Flood Plain) 
New Surface Discharge Detention Pond (Necklace) 
Trail (Walking, Hiking) 
Parking Lot 
Stream 
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Table 9. Biodiversity Scenario Agricultural Landcoverage 

Code Cropping Systems Acres 
5 Corn-Soybeans 4,247 

42 Grass Hay 6 
43 Com-Soybeans-Oats Inter 1,235 
44 Com-Soybeans-Native Inter 3,532 
46 Organic C/S/O/A Inter 354 
48 Timber Culture 281 
 Total Acreage 9,654 

The third strip intercropping system includes organic methods. In order to sell 

a crop as organic it must be certified by an organic certification agency. This 

certification assures the buyer that the crop was grown following a certain set of 

guidelines. However, these guidelines may vary from agency to agency. Currently, 

there are few regulations set forth by the federal government pertaining to organic 

production. 

6.6 Enterprise Budgets 

In order to calculate the production costs for all operations, tillage operations 

and dates, and crop enterprise budgets were needed. Paul Mitchell of Iowa State 

University supplied the dates and types of tillage operations that occurred for each 

crop enterprise. This information was put together by researchers from the USDA in 

Texas. Mike Duffy, Alan Vontalge, and John Lawrence from Iowa State University 

Extension Service supplied 1998 Iowa State Crop Enterprise Budgets. Included with 

these budgets was supplemental information on ferming operation for both 

conventional and conservation tillage. The budgets acquired covered all of the 
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production costs for com, soybeans, grass hay, alfalfa, and cattle. These budgets are 

averages of all Iowa producers' costs and operations from around the entire state, thus 

individual producers may have higher or lower production costs. 

6.7 Native Prairie Grass Seed and Timber 

In order to calculate profitability of timber cultures and production of native 

prairie grass seed, information on total boardfeet or total yield, prices received, costs 

of the crop, and life expectancy of the crops is needed. Carl Kurtz, a private producer 

in Iowa was consulted on the production of native prairie grass for seed. Carl 

provided information on growing native prairie grass as a seed crop, and the price and 

quantity of the output. Relying on information from only one person may no 

necessarily be the best for research purposes, since it may bias results. Unfortunately, 

due to the newness of native prairie grass seed production there is not a lot of 

information available. Additionally, other producers of native prairie grass seed are 

not very forth coming when it comes to sharing information. 

John Walkowiak, one of the Iowa's state foresters supplied all of the 

information required on timber cultures, that the total boardfeet per acre typically 

harvested from a hardwood forest in Iowa is 5000 bf. John also supphed the necessary 

information on planting, thinning, and harvesting costs. In addition, John provided a 

final sale price for the hardwood. This timber information is an average of all Iowa 

timber hardwood timber production. 
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6.8 Field Crop Prices 

Market prices for field crops were obtained from the National Agricultural 

Statistics Service (NASS). The NASS has prices received by farmers by state and 

county. For this study, Boone County prices from 1987 to 1997 were collected. 

These prices were then indexed to 1998 dollars. Indexing is done using the following 

example equation: 

Pricegg = Priceg? • (Index 9%l Index g?) (28) 

The index used was the Indexes of Prices Received by Farmers Annual 

Averages; For all Farm Products (NASS. 1999). Once the prices were indexed, they 

were then averaged over the ten years. It is these average prices that were used to 

calculate total revenues for all enterprises. 

6.9 Cattle 

Some additional information for cattle was required other than the cost of 

production. This information was the Animal Unit Equivalent (AUE) per acre of land. 

The AUE is dependent upon the type of land being grazed. For good pastureland, the 

AUE is assumed to be 7. For the savanna-shrub pastureland the AUE was estimated 

to be about 4. Rick Cruse, an Iowa State Extension Agent, supplied this information. 
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Chapter 7: Results 

In this chapter, results are presented on the economic and environmental 

impacts of alternative landscape scenarios. The first part discusses the economic 

impacts of each landscape. This part does not include an actual cost to society from 

the externalities. The second part deals with the externalities. For this part NO3 rates 

are only reported for that land in which nitrogen fertilizer was applied. Part three 

evaluates the tradeoffs between the environmental and economic benefits under all 

four landscapes. Included in this section is an array of figures featuring all the outputs 

from each landscape. These figures have comparable scales allowing for analysis 

across landscapes. 

7.1 Economic Impacts 

7.1.1 Current Landscape 

In the Current Landscape, the overall profit amounted to $40,188. When this 

profit is divided by the total acreage, the average profit per acre is only $4. The 

Return to Land (RTL), which does not include the land costs, is $146 per acre in the 

Current Landscape. 

A break down of each enterprise is shown in Table 10. From this table the 

profit per acre for the com soybean rotation is $4. While the RTL per acre from this 

same enterprise is $147. The spatial distribution of profits per acre across the 



Table   10.    Current Landscape  Profit (Loss) by  Farming Enterprise 

Cropping Systems 
Corn  &   Soybean 
A Ifelfa  &   Grain   O a ts 
Grass Hay  
T ota I 

R T L Acreage    Total Revenue     TotolCost     ProfltfLoss)    Prnflt/Acre 
10,314 $3,348,903 $3,306,258 $42,645 $4 $1,518,396 

222 $53,100 $57,640 ($4,540) ($20) $20,980 

R T L/A cre 

1 09 1 5,8 92 $1 3,809 
10,645 $3,417,895 83,377,708 

$2,083 
840,188 

$ 1 9 
$4 

$ 1 0,290 
$ 1 ,549,665 

$ 1 47 
$95 
$94 

$146 

Table   11.    The Production  Scenario  Pro fit (Loss) by  Farming Enterprise 

Cropping  Systems A i r e a g e T ota 1  Revenue T otal C ost P roflt(L oss) P rofflt/A ere R T L R T L/A ere 
Corn   &   Soybean 
Grass Hay 

11,12 1 
3 

$3 ,67 1 ,263 
$395 

$3,479,798 
$332 

$ 1 9 1 ,4 6 5 
$62 

$1 7 
$23 
$17 

$ 1 ,730,724 
$263 

$1,730,988 

$ 1 56 
$98 

Total 1 1 ,1 24 $3 ,671,657 $3,480,1 30 $1 91 ,527 $156 

Table   12.    The  W ater Quality  Scenario  Pro fit (Loss) by  Farming Enterprise 

Cropping   Systems Acreage    Total Revenge     Total Cost     Profit(Lo8 3)    Pro fit IA ere R T L R T L /A c re 
C/S/C/S/O/A                                        8,096              $2,087,433          $2,128,716         ($41,283)                  ($8)                  $836,383                $103 
Alfalfa*   OatHaylage                 989                  $229,773               $316,869            ($87,096)                 ($88)                  $59,489 $60 
C attle  R otation                                  2,041              $1,073,821           $1,274,082        ($200,262)               ($98)                  $78,720 $39 
C attle  Shrubft   Savanna 4 1 7 $4 4,2 55 $54,9 1 1 ($10,656) ($26) $ I 5,734 $38 
Total 1 1 ,5 4 3 S3 ,435,28 1 ;3,774,578 (S 33 9,29 7) $990,32 6 $86 

Table   13.    The  Biodiversity   Scenario  Pro fit (Loss) by  Farming Enterprise 

Cropping  Systems Acreage    Total Revenue     Total Cost      Pro fit( Loss)     Profit/Acre 
4,247 
1 ,23 5 
3,532 

3 54 
6 

28 1 
9,654 

IfltClB     ITi   t  V  1-  U 

$ 1 ,409,0 1 0 
$3 62,893 

$ 1 ,1 65,337 
$87,7 89 

$866 
$7,08 3 

Corn  &   Soybeans 
C/S/O   SI 
C /S /N   SI 
O rgan ic  C/S/C /S/O /A   SI 
Grass Hay 
Timber  Culture  
T ota I  
SI =  S tr ip -In te re rop p ed 
C=   Corn.S   =   Soybeans, O   =   Oats, A   =   Alfalfa.and  N   =   Native Prairie Grass  Seed 

$3 

J 1 ,34 9,94 8 
$3 90,4 3 1 

$ 1 ,0 1 7,75 1 
$8 5,192 

$922 
$ 1 32,93 7 

$5 9,062 
($27,539) 
$ 1 47,585 

$2,597 
($56) 

($125,854) 
1,032,977 $2,977,181 $55,796 

$ 1 4 
($22) 
$4 2 
$7 
($9) 

($44 8) 
$6 

R T L 
$664,17 3 
$ 1 4 8 ,3 1 7 
$65 8,32 9 
$5 1 ,2 1 5 
$5 77 

($87,825) 
$ 1 ,434,787 

R T L /A c re 
$ 1 56 
$ 1 20 
$ 1 86 
$ 1 45 
$98 

($3 13) 
$ 1 49 

£ 
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Figure 17. Agricultural Profits for the Current Landscape ($/Acre) 
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watershed is shown in Figure 17. The spatial distribution of per acre RTL is shown in 

Figure 18. These figures allow us to see the relative profitability across the landscape. 

In creating these figures, all the output information is linked to a polygon 

number. In addition to model output, each polygon has associated with it information 

on the soil. Because of these links, the spatial figures allow us to see the profitability 

of each soil type. With this information, one can evaluate profitability of the future 

scenarios graphically, using the figures to illustrate which cropping patterns on certain 

soils are more profitable then others. 

In the current landscape, the grass hay enterprise is the most profitable of all 

the cropping systems. The second most profitable was the com soybean enterprise. 

The alfalfa and grain oat enterprise however, lost a tremendous amount of money 

across the watershed. 

7.1.2 Production Scenario 

Calculating the profits and RTL for the production scenario was relatively 

easier because all the agricultural production is com and soybeans. This move to com 

and soybeans turns out to be very profitable for the entire watershed as can be seen 

from Table 11. With the move to conservation tillage and the mcrease in acres to com 

and soybeans the overall profit increased to $191,527. The profit per acre also 

increased to $17. This is a $13 per acre gain over the current landscape. Additionally, 

there are a very small number of acres in grass hay. In this enterprise, the total profit 

is $62 and the profit per acre is $23. This is an mcrease of $4 per acre from the grass 

hay enterprise in the current landscape. 
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Figure 19. Agricultural Profits for the Production Scenario ($/Acre) S 
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Figure 20. Agricultural Returns to Land for the Production Scenario ($/Acre) S 



70 

The increases in profits for both enterprises can be attributed to conservation 

tillage, in which the cost of production per acre decreased. Also the least profitable 

soil types are not cropped, under the assumption that precision farming is being used 

to identify soils with low com suitability rating and "skipping" that portion of land. 

Cost reduction comes from field operations in which fuel, labor, and machinery are 

accounted for. The relative profitabihty across the watershed is presented in Figure 

19. From this figure you can see that the majority of the acreage has a profit range 

between $10 and $12 per acre. This is below the reported average profit per acre of 

$17. One can see however, that there are some acres that are reporting a higher profit 

per acre than $12. It is these acres that are pulling the average profit per acre up to 

$17. 

With the increase in the profits, there also is an increase in the RTL for the 

com/soybean rotation by $9 per acre over the current landscape. RTL for the grass 

hay enterprise rose from $94 in the current landscape to $98 in the production 

scenario. Figure 20 shows the RTL distribution per acre in the watershed for the 

production scenario. 

7.1.3 Water Quality Scenario 

In the water quality scenario, the agricultural enterprises are not profitable. 

Total profits amount to a loss of $339,297 as shown in Table 12. Adding all of the 

enterprises together, the average loss per acre to the watershed is $29. The 

distribution of these losses is shown in Figure 21. 
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Figure 21. Agricultural Profits for the Water Quality Scenario ($/Acre) 
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In this alternative the com/soybean rotation is extended to a six year rotation. 

In the final two years of the rotation companion crops of oats for haylage and alfalfa 

are planted. In calculating profits, it was found that in the majority of the cases all of 

the money made in the corn and soybean phase of the rotation was lost in the 

oats/alfalfa phase. Both the oat haylage and alfalfa cost more to produce then they 

returned in revenues. Alfalfa crops require a couple of years to reach full production. 

After only one full growing season, the alfalfa is not producing at it full potential. 

Figure 21, clearly shows that there are a small number of acres capable of producing a 

profit per acre greater than $12. These acres are planted to this very same six year 

rotation. For the majority of the acres however, even if the alfalfa crop had been 

allowed to reach full maturity would still lose money as can be seen in the second 

enterprise of alfalfa and oat haylage, which has an overall loss of $87,096. 

The other enterprises in this scenario are cattle raised for market. The 

rotational grazing of livestock loses the greatest amount of money in this scenario (at 

$98 per acre). The cattle grazing on savanna and shrub land are more profitable. 

However, this enterprise still does not produce a profit for the operators.   . 

The RTL for this alternative also lower than that of the other alternative 

landscape designs. RTL per acre in the Water Quality Alternative is $86, which can 

be seen on a watershed basis in Figure 22. 

1.1.4 Biodiversity Scenario 

Economically this scenario has the second highest profit per acre, at $6, for all 

of the landscapes. Figure 23 shows the spatial distribution of the profits per acre. 
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Overall profit for this altemative is $55,796, which is lower than that of the Production 

Alternative, but higher than that of the current landscape and the water quality 

scenario. 

Land in timber cultures lost money, as did the com/soybean/oat and the grass 

hay enterprises. Table 13 illustrates that these losses are compensated for by larger 

profits in both the com/soybean/native prairie grass seed and the organic fanning 

enterprises. RTL for this scenario is $149. This RTL follows the same pattern as that 

of total profits in which it is lower than that of the production scenario but higher than 

the other landscapes. The spatial distribution of the RTL is shown in Figure 24. 

One area of interest in this section is the organic farming enterprise. Current 

organic prices are usually two to three times higher than the same crops under 

conventional cropping practices. In this thesis, however I assigned the same prices to 

the organic crops as that of the other agricultural crop enterprises, because of the lack 

of data on organic prices and the high market volatility. 

In this scenario^ the organic, enterprise uses, the same crop rotation of 

corn/soybeans/oats/alfalfa that was in the water quality scenario where money was 

lost. Profit per acre for this enterprise is much higher in this scenario then in the water 

quality scenario, because the organic farming enterprise costs are lower than that of 

the other enterprise. The reduced costs come from the diflerences in the farming 

practices: In organic farming producers are not adding costly chemicals and fertilizers 

to the crops. In addition to not using chemicals and fertilizers, the crops are being 

grown in a strip-intercropping pattern. This type of pattern tends to increase crop 

yields. 
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The other cropping system that stands out in this alternative is the 

com/soybean/native enterprise. This enterprise has the highest profit per acre, at $42, 

of all the other enterprises in this scenario. Much of this higher profit per acre comes 

from the sale of the native prairie grass seed. This seed sells for anywhere between 

$10 and $50 a pound. The price used for this thesis was a discounted price of $10.85 

per pound. 

7.2 Externalities 

The externalities tracked in this thesis were NO3 runoff, NO3 leaching, soil 

erosion due to water, and soil erosion due to wind. The NO3 runoflfand leaching is 

measured in pounds per acre (lb/A); the water and wind soil erosion is measured in 

tons per acre (T/A). (It should also be noted that volatilization and mineralization of 

nitrogen is not part of this thesis.) 

7.2.1 Current Landscape 

In the current landscape, all the agricultural enterprises produced some form of 

externality. Table 14 shows the types of externalities and crop enterprises. Figures 25 

and 26 show the spatial distribution of the NO3 Runoff and NO3 Leaching 

respectively. The overall average of NO3 Runoff in the current landscape is 5.0 

pounds per acre. NO3 Leaching is significantly higher at an average rate of 9.2 pounds 

per acre. The soil erosion due to water and wind are spatially represented in Figures 

27 and 28. The average water erosion in the current landscape is 4 tons per acre and 

the average wind erosion is 4 tons per acre. 
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Table 14. Current Landscape Average and Total Externalities 

Water Wind 
Applied N N03 Runoff N03 Leaching Erosion Erosion 

Cropping System Acres Ob/A) (lb/A) (lb/A) (T/A) (T/A) 
Com&Soybean 10,314 140 5.1 9.3 4 4 
Alfalfa & Grain 

Oats 
222 65 1.7 4.4 0 1 

Grass Hay 109 0 N/A N/A 0 0 
Average 103 5.0 9.2 4 4 

Total 10,645 1,458,404 52,556.5 97308.5 38,866 38,191 

Table 15. Production Scenario Average and Total Externalities 

Cropping System Acres 
Applied N 

(lb/A) 
N03 Runoff 

0b/A) 
N03 Leaching 

0b/A) 

Water 
Erosion 
(T/A) 

Wind 
Erosion 

(T/A) 
Com&Soybean 

Grass Hay 
11,121 

3 
120 
0 

3.6 
N/A 

11.0 
N/A 

1 
0 

1 
0 

Average 
Total 11,124 

120 
1^34,507 

3.6 
39,519.4 

11.0 
122,052.7 

1 
11,555 

1 
11,640 

Table 16. Water Quality Scenario and Total Externalities 

Water Wind 
Applied N N03 Runoff N03 Leaching Erosion Erosion 

Cropping System Acres 0b/A) 0b/A) 0b/A) (T/A) (T/A) 
C/S/C/S/O/A 8,096 120 2.3 11.7 1 1 
Alfalfa & Oat 

Haylage 
989 65 1.1 6.9 1 1 

Average 93 2.2 11.2 1 1 
Total 9,085 1,035,969 17,412.2 90,189.9 8,720 5,901 

Table 17. Biodiversity Scenario Average and Total Externalities 

Water Wind 
Applied N N03 Runoff N03 Leaching Erosion Erosion 

Cropping System Acres 0b/A) 0b/A) 0b/A) (T/A) (T/A) 
Com&Spybeans 

C/S/O SI 
C/S/N SI 
Organic 

C/S/C/S/O/A SI 
Grass Hay 

4,247 120 3.4 11.4 1 1 
1,235 120 1.7 18.2 1 1 
3,532. 120 1.7 16.3 0 1 

354 0 1.0 8.3 1 1 

6 0 N/A ■N/A 0 0 
Average 

Total 9,374 
120 

1,081,685 
2.4 

22,808.1 
14.0 

131,613.2 
1 

5,892 
1 

7,639 
SI = Strip-Intercropped 
C= Com, S = Soybeans, O = Oats, A = Alfalfa, and N = Native Prairie Grass Seed 



79 

cm
 

^
   ■
 

&
*

 

■ 

I to 

-r—
   o

j   m
  rj-   LD

  i^J   t^-. 
O

    O
     O

    O
     O

    O
    O

 

O
 

-r- 
r^
 
m
 

T
t 

in
 

K
O

 I s fO
 

§ 

CO
      £

 

o
   o

 
o 

fa 



£Pfe 

0to4 
4to8 
8 to 12 
12 to 16 
16 to 20 
20 to 24 
24 to 28 
28 to 32 

| 32 and Above 
No Data 

Figure 26. Current Landscape NO3 Leaching (lb/Acre) § 
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The corn/soybean rotation resulted in the highest rates of nutrient losses and 

soil erosion, with an average of 5.1 pounds per acre of NO3 Runoff and 9.3 pounds per 

acre of NO3 Leaching. Conventional tillage practices are blamed in most part for the 

high water erosion (4 tons per acre) and wind erosion (4 tons per acre). 

Alfalfa and grain oats are the second largest contributors of nitrate pollution to 

the watershed with 1.7 pounds of NO3 Runoff and 4.4 pounds ofNOs Leaching per 

acre. Grass hay had negligible rates of runoff and leaching. These two enterprises 

both had very low rates of soil water and wind erosion. Erosion rates on land in 

alfalfa and grain oats were also negligible at less than 1 ton per acre. Erosion rates on 

land in grass hay were well below 1 ton per acre. By comparing Figure 2 to Figures 

27-28, the lower erosion rates occurred in the alfalfa and grain oats and the grass hay 

operations. 

7.2.2 Production Scenario 

With the move to conservation tillage, all the externalities measure by I_EPIC 

were lower except the NO3 leaching (see Table 15). This was due to the move to no- 

till and lower total nitrogen application. 

Average NO3 runoff in this scenario is 3.6 pounds per acre and the average 

NO3 leaching rate is 11 pounds per acre. All of the NO3 losses in this scenario can be 

attributed to the com/soybean rotation, for the grass hay had negligible rates of NO3 

loss. Figures 29 and 30 illustrate the spatial distribution of the NO3 runoff and NO3 

leaching respectively. One reason for the 1.7 pound per acre increase in the NO3 
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leaching rate in this scenario may be because all land, even marginal, is placed into 

com and soybeans. This marginal land would ordinarily be planted pasture, hay crops 

or left in native habituate. A second reason, is that no-till does not disrupt the soil like 

conventional tillage. Where the soil is not disrupted, natural organisms are allowed to 

move freely in the soil, which helps to increase soil porosity. It is the increased soil 

porosity that allows dissolved nitrogen to move through the soil profile. For more 

information on this, refer to the literature review chapter. 

There was a dramatic decrease in the soil erosion rates in this scenario. The 

water erosion decreased from 4 tons per acre in the current landscape to just 1 ton per 

acre (see Figure 31). Wind erosion decreased by 3 tons per acre in this scenario, over 

that of the current landscape. This is spatially displayed in Figure 32. In this scenario 

the grass hay operation only accounts for less than 1 ton per acre of soil loss to 

erosion. 

7.2.3 Water Quality Scenario 

The water quality scenario provided some surprising results in externalities. (It 

should be noted that mineralization of manure from the cattle operations was not part 

of this thesis.) Table 16 gives the general break down by the ferming enterprises. 

While the NO3 runoff averaged 2.2 pounds per acre, the average NO3 leaching is 11.2 

pounds per acre. The majority of the NO3 loss comes from the six year com/soybean 

rotation, in which the average NO3 runoff rate was 2.3 pounds per acre, and the NO3 

leaching rate rose to 11.7 pounds per acre. Figures 33 and 34 illustrate the spatial 

distribution of NO3 runoff and NO3 leaching. 
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Figure 34. Water Quality Scenario N03 Leaching (lb/Acre) S 
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Overall soil loss from water and wind in this alternative is relatively small. 

There was a shght increase of water erosion to 1.0 ton per acre, over that of the 

production scenario. This is still lower than that of the current landscape. Water 

erosion rates were an average of 1 ton per acre, slightly higher than in the production 

scenario, yet lower than in the current landscape. In the case of wind erosion the 

average rate of 1 tons per acre is lower than that of the two previous alternatives. A 

spatial representation of the soil water and wind erosion can be seen in Figures 35 and 

36 respectively. 

The alfalfa and oat haylage have a fairly high rate of NO3 leaching at 6.9 

pounds per acre. It is interesting to see in Figure 33 the how little NO3 (an average of 

1.1 pounds per acre) is being lost in runoff next to the stream. This acreage can be 

identified as that of alfalfa and oats by overlaying the landcover in Figure 4 on Figure 

33. In comparing figures 34 and 26 one can see that the exact shows an increase of 

NO3 leaching over the current landscape. 

7.2.4 Biodiversity Scenario 

This scenario incorporated the use of no-till as well as strip intercropping in the 

agricultural operations. The externalities contributed by each enterprise are shown in 

Table 17. The average NO3 runoff for this alternative is 2.4 pounds per acre, less than 

that of both the current landscape and the production scenario. Figure 37 shows the 

spatial distribution of NO3 runoff for this alternative. 
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Figure 37. Biodiversity Scenario NO3 Runoff (lb/Acre) S 
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The overall average NO3 leaching is 14.0 pounds per acre, which can be 

spatially seen in Figure 38. This NO3 leaching rate is the highest among the four 

landscapes. The com/soybean/oats strip intercropping operation had the greatest 

quantity of NO3 leaching (18.2 pounds per acre). Reasons for this may be 

conservation tillage which results in greater soil porosity, too much nitrogen is being 

apphed, and/or the type of cropping system. The com/soybean/native prairie grass 

seed strip intercropping had the second highest NO3 leaching rate (16.3 pounds per 

acre). Perhaps the most interesting result is that the organic farming, which generates 

a NO3 leaching rate of 8.3 pounds per acre. This is approximately 3 pounds per acre 

less than that of the two year com and soybean acres planted in other parts of the 

watershed in this alternative. The low rates are due to the feet that the crops do not 

receive any artificial fertilizers. 

Total NO3 leaching in the Walnut Creek watershed for this alternative is nearly 

10,000 pounds greater than the production alternative and 40,000 pounds more than 

the water quality scenario. The total NO3 runoff is approximately 5,000 pounds more 

than the water quality scenario. But total NO3 runoff in this alternative is almost 

30,000 pounds less than that of the current landscape. 

The average water and wind erosion rates are approximately 1 ton per acre. 

The highest average water erosion rates occur in the organic fanning operation, 

probably as a result of the tillage operations that occur in the organic farming. Total 

water erosion was only 5,892 tons, which is far less than any of the other scenarios. 

The highest rate total soil water erosion is that in the current landscape, which is 
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almost 33,000 tons more than in the biodiversity scenario. Figure 39 shows the spatial 

distribution of the soil water erosion. 

With a wind erosion rate of 1.0 tons per acre, the regular com/soybean rotation 

is the greatest contributor to wind erosion in this scenario. Total water erosion to the 

watershed was only 7,639 tons. This is not the lowest total wind erosion but is only 

600 tons more than the water quality scenario, which is the lowest contributor of 

erosion due to wind. The spatial distribution of the wind erosion rates is shown in 

Figure 40. 

7.3 Economic and Environmental Tradeoffs: Is Win-Win Possible? 

The ranking of the future alternatives is not just strictly an economic or 

environmental question. The two must be viewed jointly in making an informed 

policy decision. In this thesis, the only environmental effects that I examined were that 

of NO3 runoffj NO3 leaching, and soil erosion from wind and water. Consideration of 

the biodiversity impacts of the alternative future scenarios is beyond the scope of this 

thesis and is not evaluated here. 

Figures 41-48 show that the production scenario clearly dominates the other 

landscapes in terms of both total profits and average profits. At the same time, this 

scenario has lower extemahty rates (except for NO3 leaching) than that of the current 

landscape. In this scenario there is a loss of habitat for forest species and grassland 

species. Which leads to further declines in native biodiversity, even relative to the 

already dismal status of natural biodiversity in the Watout Creek watershed. In which 
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Figure 41. Total Nitrogen Runoff versus Total Profit 
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case if the loss of environmental benefits is greater than the increase in profits, a 

producer win and a societal loss would occur. 

Moving away from the current landscape to any one of the altemative 

landscapes would mean a decrease in soil erosion. A consequence of moving from the 

current landscape to the biodiversity scenario would mean a nearly 4 ton per acre 

increase in NO3 leaching. Yet if the other environmental benefits out way the NO3 

leaching effects, a win-win situation would result. 

With a move to the water quality scenario instead, there would likely be a 

slight increase in NO3 leaching and a large decrease in soil erosion. As stated in the 

design chapter, the use of the six year rotation was to help improve soil organic carbon 

content of the soil. So, even though, according to lEPIC estimated yields and the 

market prices, this type of rotation loses money for the producers, they do not deplete 

the soil of organic carbon. In this case there is two possible outcomes; if the 

environmental benefits of this scenario are greater than the profit loss then there is a 

private loss and a societal win; on the other hand if the environmental benefits are less 

than the profit loss, then both producers and society as a whole would lose. 

In each altemative there will be some negative consequences along with the 

gains. Changes in cropping practices should be targeted to specific environmental 

goals, and the tradeoff accompanying each choice should be understood. However, 

with a yield simulation model such as lEPIC, it is possible to explore these tradeoffs 

to better understand our choices and the impacts each choice will have on economic 

and environmental goals. 
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Chapter 8: Summary and Conclusions 

This thesis provides a method to evaluate the economic and environmental 

impacts of alternative landscape designs for the Walnut Creek Watershed of Iowa. 

Profits and the externalities are estimated by combining site-specific information on 

soil, climate, cropping systems, and production practices through the computer 

simulation model known as the Interactive Environmental Policy Integrated Climate 

(formerly the Erosion Productivity Impact Calculator). This method also allows for 

comparisons between different cropping systems and production practices. The results 

clearly indicate that encouraging producers to move from conventional tillage to no- 

till would lead to a dramatic decline inNOs runoff and the soil erosion extemahties. 

With these declmes, however, comes an increase in the NO3 leaching to the watershed. 

The results reveal that the production scenario has the highest total and average 

profit ($191,527 and $17 respectively) as well as returns to land of the four 

landscapes. This profit is due to an increase in total harvested acres and a reduction in 

production costs. Production costs are deceased because of a change from 

conventional tillage to no-till. The biodiversity scenario results in the second largest 

profit per acre of $6. Production of native prairie grass seed increased profits overall. 

In addition, low-quality land was diverted from crop production to biodiversity 

reserves. The water quality produces a net loss ($339,297) to the watershed. This is 

the result of a change in cropping systems from a com/soybean rotation to a six year 

rotation of com/soybean/com/soybean/oats/alfalfa, which result in a net loss during 
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the years when oats and alfalfa are planted. Cattle, also introduced in this scenario, 

resulted in a substantial losses to producers. 

NO3 runoff, NO3 leaching, soil water erosion, and soil wind erosion from 

agricultural production were also estimated for each landscape. Of the four landscapes 

the water quality scenario has the lowest total NO3 runoff of just 17,412.2 pounds and 

the lowest average of 2.2 pounds per acre. This reduction can be attributed to both the 

use of conservation tillage and the use of perennial crops. Perennial crops such as 

grass hay and alfalfa provide better ground cover, which holds the soil and slows the 

movement of water across the surface. The biodiversity scenario has the highest total 

and per acre rate of NO3 leaching (131,613.2 pounds and 14.0 pounds per acre 

respectively). The current landscape dominates in total tons and the average tons per 

acre of soil loss due to both water and wind erosion. It also results in the highest total 

per acre NO3 runoff among the four scenarios. 

Overall, a move to either the production scenario or the biodiversity scenario 

would increase profits and decrease non-point source pollution, except for NO3 

leaching. In the production scenario however, there is a loss of habitat for forest 

species and grassland species, which leads to further declines in native biodiversity, 

even relative to the already dismal status of natural biodiversity in the Walnut Creek 

watershed. Which could lead to a producer win and societal loss. The losses of 

habitat and the decline in native biodiversity will be evaluated in the larger project 

summary paper (Santelmann et al. in prep.), but is beyond the scope of this thesis. 

Other losses in the production and the biodiversity scenario are in the form of reduced 
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numbers of farmsteads. The results truly suggest that there is a tradeoff between the 

profits and the externalities. 

Being primarily profit driven, producers would eventually move to those 

profitable farming practices suggested in the production scenario and the biodiversity 

scenario. To speed this process, some incentives such as tax breaks, direct payments, 

or special interest rates could be used for implementing conservation methods. 

However one cannot say unequivocally that a move should be made to either the 

production scenario or the biodiversity scenario. Other considerations must be taken 

into account, especially the 50 percent reduction in the number of farms and farmstead 

in both scenarios. If the environmental benefits of a move to this scenario out way the 

profit loss a producer loss and a societal win would occur. Yet if the profit loss is 

greater than the environmental benefits then a producer and societal loss would result. 

However, a move to the water quality scenario would require substantial 

compensation due to the economic losses of the proposed agricultural enterprises. 

A continuation of this study could be very useful. This thesis is just one part 

of a much larger, mukidisciplinary project. Other project members are studying the 

effects of the alternative landscapes on water quahty and the natural flora and fauna. 

With the additional information, this study could help implement more economically 

and environmentally sound pohcies, and help guide choices of different cropping 

systems and alternative tillage methods, and address specific pollution and erosion 

problems in agricultural watersheds. 
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