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export levels, even with 5 ton soil loss restriction. But, this advantage 

would be lost with the addition of other environmental restrictions. With 

the additional restrictions on the use of nitrogen fertilizer and pesticides, 

the farm income in Iowa would decrease to $5,266 million while that of the 

rest of the country would increase to $48,139 million. Compared to the 

normal export level, the increase in the farm income in Iowa would be only 

160.82% where as the corresponding increase in the rest of the country 

would be 170.58%. The cost of production of crops would decrease by about 

11%. But the resulting fall in yield rates would be more than 11%, off

setting the reduction in cost. The shadow price of land in Iowa would 

increase to $177.95 per acre, with the imposition of all the environmental 

restrictions under high export levels. 

The high export levels would result in high farm level prices of the 

major agricultural commodities. As export level increases, the available 

capacity of the agricultural sector would be exhausted. With the high 

level of exports, about 96% of the total land would be utilized. Due to 

this restrained capacity, the shadow price of land would increase very 

significantly. The limited capacity of the sector would result in shifts 

in production pattern away from the cost minimizing alternatives to those 

with high yields per unit of fixed input. This would result in the increase 

in price levels. 

Environmental quality 

Even with the hi^ export levels, the gross soil loss in Iowa could 

be limited to 108.25 million tons per year, with 5 ton restriction. This 
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would be slightly higher than the soil loss with normal exports. At the 

same time, the use of nitrogen would increase by considerable amount. 

Even with 100 lbs. restriction, the use of nitrogen would increase to 

1,083 thousand tons in Iowa, about 113% increase over the use under 

normal exports. This increase in fertilizer use is indispensable because 

the yield increases resulting from higher doses of nitrogen is necessary 

to meet the increase in demand. The use of nitrogen in the entire country 

would increase from 11 million tons to 17 million tons. No doubt, this 

increase in the nitrogen use would result in higher pollution levels in 

the country's streams and rivers. The increase in the nitrogen use in 

the North Central region would be the highest in the country with 135% 

increase over the level with normal exports. The per acre nitrogen use 

in Iowa would increase to 80.03 lbs. compared to 43.41 lbs. per acre 

under normal exports. When the use of nitrogen is restricted to 100 lbs. 

in Iowa, the use in the rest of the country would increase by 328.5 thou

sand tons. Of this increase, only 3.5 thousand tons would come from live

stock wastes, where as 325 thousand tons would come from chemical ferti

lizers, increasing the nitrate concentration in the streams and rivers. 

American agriculture has the capacity to adjust the production 

patterns to control the erosion and chemical pollutants, at the same time 

increasing exports to supply the world's ever increasing demand for food. 

But, the increase in exports would result in higher pollution in the 

nation's water ways. Regional legislations could effectively control 

the sources of pollution, but any such regional controls, in the absence 

of uniform regulation throughout the country would have to pay for the 



189 

better environmental quality in the form of increased costs, decreased 

farm incomes and some times loss in the comparative advantage that the 

region might enjoy in the absence of environmental controls. 

Policy Implications of the Analysis 

Sedimentation represents the movement of soil particles in the 

water ways of the nation. These particles originate from the stream 

banks and gully erosion from the lands in the drainage area. Cultivation 

increases the erosion process creating more sedimentation and loss of 

productive capacity of these lands. These soil particles also transport 

residual chemicals into the water ways causing pollution. Recently, this 

has been the main concern of the American Public. Similar concern in 

Iowa resulted in imposing controls on the maximum allowable soil loss 

levels in the state. 

Erosion can be controlled with the available technology with little 

leg)act on the production potential of the agricultural sector. This 

analysis indicates that the specified limits on the soil loss in Iowa can 

be obtained with shifts in farming practices towards contouring, strip 

cropping and terracing using conventional tillage, and shift towards 

reduced tillage methods. Incorporating reduced tillage methods requires 

an alternate line of tillage and planting equipment which in turn requires 

more power to operate. The farmers must have ready capital resources, and 

the manufacturers must have production plants to manufacture this equip

ment. The limits on the use of fertilizers and pesticides would require 

alternate sources of these inputs such as organic manures for nitrogen 
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and biodegradable chemical pesticides. Also the shift to reduced tillage 

method increases the need for increased use of pesticides and weed con

trol methods. 

This analysis indicates that the present soil loss restrictions 

result in increased use of nitrogen fertilizer. To control the transport 

of residual nitrogen compounds into water ways of the country, the present 

Conservation Laws should be ammended to control the use of these chemi

cals. Limiting the use of nitrogen to 100 lbs. per acre and restricting 

the use of pesticides to organophosphates and carbomates would not reduce 

the productive capacity of the farming sector in the state. Even with 

the increased level of eaqjorts, the state will be able to meet its share 

of the increase in demand, at the same time, regulating the use of the 

available resources to provide a better environment. 

The price that the farm sector pays to achieve this goal is 

reflected in the reduction in the land values, increase in the production 

costs and decrease in the farm incomes. These restrictions result in a 

higher use of labor and machinery on the farms to control the erosion. 

In the absence of universal regulations in the country, environmental 

controls in Iowa result in a wind fall to the farming sector in the rest 

of the country in the form of increased land values, and farm incomes. 

Some of the comparative advantages enjoyed by the state of Iowa would be 

lost with the impositions of these controls. At the same time, the 

reduction in the sedimentation in Iowa would increase the erosion process 

in the rest of the country, partly offsetting the improved environmental 
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quality achieved in Iowa. A uniform set of controls on land use and the 

use of chemical inputs is required for the entire country to maintain a 

livable America. 
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APPENDIX 1. EXOGENOUS CROP SECTOR 

The exogenous crop sector defines the production and allocation 

of land by land group in each producing area, nitrogen fertilizer and 

water for those crops that are not treated endogenously in the models. 

Soil loss and other environmental restrictions are not considered in 

developing this sector of the model. The 1969 production and projected 

production in 2000 are determined from the OBERS work of the Economic . 

Research Service.^ Acreages for each crop in 1969 are obtained from 

the Census of Agriculture (83) and the average state yields for 1969 

are determined. Dean et al. (14) reported the yields of exogenous 

crops in California for the year 1969 and 2000. It is assumed that 

the yields in each state will increase in the same proportion as the 

California yields and the ratio of yields in California are used to 

adjust all state yields for the year 1985. All projections are made 

at the state level. These acreages are allocated to the counties on 

the basis of the proportion of each crop grown in the county as reported 

in the Census of Agriculture (83). These acreages are aggregated 

appropriately to determine the acreages in each producing area. 

The exogenous crops are grouped into three categories according 

to the type of cultivation, namely row crops, close grown crops and 

orchards and vine yards. The acreages of these three categories are 

^The 1972 OBERS Report backup materials were obtained through 
private communication with Dr. M. L. Cotner, Director, NRED, U.S. 
Dept. of Agriculture. 
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allocated to different land groups in proportion to the other row 

crops, close grown and orchards and vine yards. If the projected 

acreage of the exogenous crops in any land group is greater than the 

acreage available in that land group, the excess acreage is allocated 

to the next closest land group in erosion characteristics or to the same 

land group in an adjacent producing area depending on the productivity. 

The use of nitrogen fertilizer by the exogenous crop sector is 

significantly large, especially in the Gulf and West Coast areas. The 

nitrogen fertilizer requirement in the producing areas is determined 

from 

Ni = Z Aij Xij 
j 

i = 1,...,102 for the producing areas, 

j = l,...,for the exogenous crops 

where 

Ni is the total projected nitrogen fertilizer equivalent required 

for the exogenous crops in ith producing area, 

Aij is the projected per acre requirement of nitrogen fertilizer 

equivalent for jth crop in ith producing area and 

Xij is the projected acreage of jth exogenous crop in ith producing 

area. 

The quantity of nitrogen fertilizer equivalent used per acre for 

each of the exogenous crops is obtained from Ibach and Adams (30). The 

total amount of nitrogen fertilizer equivalent required by the exogenous 

crops in each producing area is then incorporated in the nitrogen 

fertilizer restriction as a presolution deficit. 
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APPENDIX 2. DEVELOPMENT OF LIVESTOCK SECTOR 

The livestock sector is partially exogenous and partially endogenous 

to the model. In particular, production of beef, dairy and pork is de

termined endogenous to the model and poultry, sheep and other livestock 

such as horses, mules, ducks and zoo animals are treated exogenous to 

the model. 

Adjustments in Livestock Sector 

The exogenous livestock sector 

Rations for the exogenous livestock are determined as outlined in 

Agricultural Water Demands (25). These rations give the quantity of 

each commodity demanded per unit of livestock class. These quantities 

are withdrawn from the consuming regions. The water requirements for 

the exogenous livestock in the water supply regions are also obtained 

from the Agricultural Water Demands (25). The use of commodities, 

except oilmeals, by exogenous livestock represents a direct demand for 

those commodities. The oilmeal demand is adjusted to reflect the 

amount of high protein animal feed produced as a byproduct of slaughter 

of the exogenous livestock. 

The endogenous livestock sector 

A modified system of ration determination is used for this analysis. 

This model allows alternative rations for the livestock activities 

which draw directly from the commodity balance equations. If the 

balanced rations are determined endogenously in the model (as done in 
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some of the previous studies), some of the rations may not be palatable 

to the livestock units. All rations provided to the livestock units 

are balanced based on the nutrient requirements recommended by the 

National Academy of Sciences (45, 46, 47). These rations are formu

lated to provide alternative levels of substitution between grains, 

between roughages and grains, and between the roughages, given the 

grain component. An upper bound is imposed on production of hay 

activities so that rations with too much hay are not provided to the 

livestock units. All rations reflect research-based recommendations 

which approximate optimum level of feeding efficiency and are adjusted 

to reflect the nutrient consumption at the level projected in Agricul

tural Water Demands (25). A linear combination of these rations pro

vide a sufficiently large number of alternatives with which the feed 

costs of the livestock sector can be minimized. The oilmeal require

ments of the rations are based on the soybean meal equivalent. Part 

of this requirement is met by the high protein grain byproducts and 

animal scraps, in soybean meal equivalent. 

Nitrogen from livestock wastes 

Historically, livestock wastes had been used as a source of plant 

nutrients. The disposal of these wastes has become a problem to the 

operators, and to the community with the concentration of livestock 

production in localized feeding facilities. All livestock activities 

in this study are subject to the restriction that the nitrogen wastes, 

using the conventional handling systems, must be utilized in the 
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cropping sector. Data expressing the daily production of nitrogen 

wastes for the different classes of livestock are adjusted for the 

efficiency of the handling system and for the feeding time and pat

tern of the activity (90). The calculated per unit production figures 

(Table 2.1) are used as the interaction coefficients in the fertilizer 

nitrogen restriction. 

Table 2.1 Nitrogen fertilizer equivalent obtained from livestock wastes 

Type Unit Period 
Lbs. of nitrogen per 
unit of livestock 

Beef cows Head Year 58.0 
Beef feeding 
(1.5)a Head Day 0.102 

Beef feeding 
(2.25)* Head Day 0.102 

Beef feeding 
(3.0) Head Day 0.105 

Dairy Head Year 142.0 
Hogs t Cwt. (L.W.) Production period 2.8 
Poultry 1,000 lbs. r.c.w. Production period 28.0 
Eggs 1,000 doz. Production period 20.5 
Sheep cut. carc. wt. Production period 2.17 

Rates are expected daily gain of the feeders while in the lot. 

b 
Poultry represents the production of broilers or turkeys. 
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APPENDIX 3. DETEBMINATION OF SOIL LOSS COEFFICIENTS 

Gross soil loss represents the average number of tons of soil 

leaving the field over a one year period. The soil loss per acre is 

determined using the universal Soil Loss Equation developed by 

Wischmeier (92). The soil loss equation is represented by: 

A = R.K.L.S.C.P. 

where 

R is the rainfall erosive factor based on the local area, 

K is the soil erodibility factor for the specific soil determined 

from its erosion under continuous fallow on a nine percent 

slope, 72.6 feet long, 

L is the slope length factor relative to a 72.6 feet, 

S is the slope gradient factor relative to a nine percent slope, 

C is the crop management factor which relates to a particular 

crop rotation and tillage practice and 

P is the erosion control practice factor which relates to the 

conservation practice. 

For details on the factors and on the computational procedures used, see 

Wischmeier and Smith (92) and Technical Release 51 (76b). The soil loss is 

computed by land resource area for each feasible crop management system 

on each soil class defined from SCS questionnaire (Appendix 7). The 

soil loss, as defined above for the 29 land classes, is aggregated using 

weighted functions obtained from the National Inventory (64) for nine 
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land groups. The soil loss by crop management system is weighted to 

the producing area level from the SCS data area as: 

Sijm = z SLijk Ajknm/ Ajm 
n 

i = 1 . ,the number of crop management systems defined. 

j = 1,...,9 for the land groups, 

k = 1,...,165 for the relevant set of SCS data, 

m = 1,...,102 for the producing areas, 

n = 1, ...,number of sets of SCS data included in the producing 

area. 

where 

Sijm is the soil loss from crop management system i on land group 

j in producing area m, 

SLijk is the soil loss associated with ith crop management system 

on the jth land group consistent with kth SCS data area, 

Ajknm is the acres of jth tillable land group as part n of mth 

producing area consistent with kth SCS data area and 

Ajm is the total tillable acres of jth land group in mth produc

ing area. 

These coefficients are attached to the appropriate crop management 

system and reflect the severity of erosion for the conditions on which 

the crop management system is defined. 

For those producing areas in the mountain valleys and on the west 

coast, the data required for the soil loss equation have not been 

completely developed. So, an alternate procedure is used to estimate 
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the soil loss from these lands. The SCS questionnaire (Appendix 7) asked 

for crop management systems consistent with the production possibilities 

of the SCS data area. The SCS personnel estimated the tons of soil loss 

associated with the crop management system on each of the land class and 

subclasses defined in the SCS data area. These estimates are, for the 

purpose of the model, treated as if they were developed from the soil 

loss equation. This assumption is necessary as some of the producing 

areas overlap the SCS data areas in which the soil loss is developed 

using one procedure and other areas in which the soil loss is estimated 

using the other procedure. Each of the activities representing the pro

duction of irrigated crops is considered to have a soil loss level similar 

to the corresponding dry land activity. The assumptions needed for this 

consideration are good management of the irrigation system, a larger 

quantity of residue left from crops receiving irrigation and heavier 

growth resulting from irrigation which increases the canopy protection of 

soil by the plants, reducing dislodging during rainfalls. 
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APPENDIX 4. DEVELOPMENT OF THE CROP YIELD COEFFICIENTS 

The yield coefficients are developed from a set of state functions 

capable of projecting for the future. The state projection functions 

are modifications of the functions developed by Stoecker (62a). The 

function is of the form: 

Y(t) = Yo(t) + A(l-0.8%(t)) pF(c) 

where 

Y(t) is the estimated average yield per acre in year t, 

Yo(t) is the estimated average yield per acre on unfertilized land 

in year t, developed from a linear trend function, 

x(t) is the number of units of fertilizer applied per acre in 

year t, 

PF(t) is the proportion of the acreage receiving fertilizer in 

year t, developed from a linear trend of the proportion of 

crop acres receiving fertilizer and 

t is number of years afuer 1949. 

The x(t) defined above is obtained from; 

x(t) = Po(t).(ln(P% / Pc)-ln A-(ln(-ln 0.8)))/ In 0.8 

where 

In is the natural logarithm, i.e., log to the base e, 

Px is the weighted price per unit of fertilizer, 

Pc is the price of a unit of crop C, 

Po(t) is the linear estimate of the proportion of the optimum rate 

of fertilizer applied in year t. 
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The last multiplication factor in the above equation represents an estimate 

of the optimum application of fertilizer obtained by solving the marginal 

conditions of profit maximization. 

Weigihts are used to estimate the yields in the producing areas from 

these state yield functions. These weights are developed from the 1964 

Census of Agriculture (82) as: 

Wimk = Z Ainj / Z Aikm 
jEm m 

i = 1,.. .. ,for the crop number. 

j = 1,.. . ,for the counties in state n. 

k = 1,.. . ,102 for the producing areas. 

m = 1,.. . ,for the producing area part in 

n = 1,.. .,48 for the continental states. 

where 

Wimk is the weight for ith crop in part m of kth producing area, 

Ainj is the number of acres of ith crop in jth county of nth state 

included in kth producing area and 

Aikm is the acres of ith crop in mth part of kth producing area. 

These weights are multiplied by each of the function coefficients and 

summed over m for each i and k to give the producing area yield prediction 

equations. These yields are adjusted for land groups and conservation 

practices. The data obtained from SCS questionnaire (Appendix 7) include 

a set of ratios giving the relative land class yields as compared to the 

most productive land class of the area. These ratios are used with the 
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acreages by crop type^ by land class reported in the National Inventory 

(64) to develop a set of ratios which relate each land class to the pro

ducing area average crop yield. These ratios are then used to adjust 

the projected producing area yields for each land grotq). The conserva

tion and tillage ratios are also obtained from the SCS data. Using 

these ratios, the yields are adjusted for conservation and tillage 

practices. Wherever a given conservation practice or land class exists 

in a producing area and the data needed to adjust the yields are not 

included in the SCS data, the national average is used as a proxy. 

Fertilizer use coefficients for the crops 

The fertilizer coefficients developed from the yield functions are 

independent of the land class and the conservation practice. The level 

of commerical fertilizer required to meet the projected yields is obtained 

by subtracting the amount of nitrogen fertilizer equivalent provided by 

the legumes, if any, in the rotation from the optimum level of fertilizer. 

The legume nitrogen data are obtained from the results reported in (35, 

44, 55, 57) and through consultation with William Shrader.^ The legume 

hay provides carry-over nitrogen for a two year period. This carry-over 

nitrogen is determined from the functions : 

N1 = 50.OY - 5.0Y^ + 0.2Y2 and 

N2 = 81.5 - (81.5)0.8? 

ICrop types reflect the row crops, close grown crops and hay and 
pasture as reported in the National Inventory (77). 

^Professor of Agronony, Iowa State University, Ames, Iowa. 
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where NI and N2 are the lbs. of nitrogen supplied by the legume crops for 

the first and second year respectively and Y is the annual yield in tons 

of dry weight hay equivalent of the legume hay. 

A similar functional relationship has been developed for nitrogen 

carry-over from soybeans. Shrader and Voss (56) has shown that soybeans 

provide approximately one pound of nitrogen per bushel of soybean yield. 

After adjusting the fertilizer use, determined by the optimizing procedure, 

the amount supplied by the legume crops in the rotation in the previous 

years is subtracted and this nitrogen coefficient for the crop management 

system is entered into the nitrogen fertilizer restriction. 
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APPENDIX 5. DEVELOPMENT OF CROP MANAGEMENT SYSTEM COSTS 

The crop management system costs are developed from the data 

collected by Eyvlndson (16). There are five components of the total cost, 

namely, machinery, labor, pesticides, nonnitrogen fertilizer, and 

miscellaneous costs. The data developed by Eyvindson are weighted to 

obtain the crop management system costs for 102 regions for each of the 

endogenous crops, using the following relationship: 

Cijk = Z Cijm . (Ajm/Ajk) 
m 

i = 1,...,5 for the different conçonents of the total cost, 

j = l,...,for the endogenous crops, 

m = l,...,for the nunber of counties in producing region k 

k = 1,...,102 for the producing areas 

where 

Cijk is the ith component of total cost for jth crop in kth pro

ducing area, 

Cijm is the ith conçsonent of the total cost for jth crop in mth 

county, 

Ajm is the acres of jth crop in mth county and 

Ajk is the acres of jth crop in kth producing area. 

Each county in Eyvindson's region is assumed to have the costs of that 

region. The acreages are obtained from the Census of Agriculture (83). 

Labor costs are adjusted to account for the changes in technology as out

lined in Agricultural Water Demands (25) . 
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Adjustments for the tillage and conservation practice are determined 

from the SCS data (Appendix 7). These costs are adjusted to reflect the 

trade-offs between the tillage operations and the use of herbicides. In 

areas which are not moisture-deficient. Figure 5-1, a direct trade-off 

has been determined with the saving in machinery cost being equally offset 

by increase in herbicide costs (6, 15, 36, 52). In arid areas, the adjust

ment consisted of a $3.00 increase in herbicide costs for every $1.00 

decrease in nonherbicide costs. This is consistent with the extensive 

farming methods used, resulting in a much reduced weed problem. 

These costs are regional costs of production and an adjustment for 

summer fallow is required for those crops normally grown with a summer 

fallow rotation. Wherever summer fallowing is common, (Figure 5-2), a 

relative use of fertilizer and herbicides is obtained from the Selected 

U.S. Crop Budgets (74, 75). The adjustments reflected a 4% reduction in 

pesticide costs after summer fallow and an increase of 50% when summer 

fallow is not included in rotation. A similar adjustment is made for 

fertilizer use. 

A final adjustment is made for the terracing costs whenever a crop 

management system includes terracing. This adjustment is based on the 

SCS data. The average terracing cost per acre is calculated as: 

TCi =0.1 (CCi+ PWi.Wi + PTi.Ti) PLTi 

i = 1,...,9 for the land groups 

where 

TCi is the terracing costs per acre on ith land group, 

CCi is the per acre construction cost of terraces on ith land group. 



Figure 5-1. The Producing Areas with summer fallow crop rotations 



Figure 5-2. The moisture deficient Producing Areas 
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PWi is the proportion of acres of ith land grotjç) having grassed 

water ways for drainage, 

Wi is the cost per terraced acre for grassed water ways in ith 

land group, 

PTi is the proportion of acres terraced having tiled outlets for 

drainage in ith land group, 

Ti is the cost per terraced acre for tiling on ith land group and 

PLTi is the proportion of all land which is feasible to terrace in 

ith land group. 

The factor 0.1 is used to adjust for a 10 year amortized life of the 

terrace. 

The total cost of production for each crop management system is 

determined from all the different cost coiiç>onents as follows: 

Cijk - Z(Mijm + Lijm + Pijm + Fijm + MSijm) .Rijm + TCjk 
m 

i = l,...,for the number of crop management systems in jth producing 

area, 

j = 1,...,102 for the producing areas, 

k = I,...,18 for land groups, 

m = l,...,for crops in the crop management system 

where 

Cijk is the cost per acre of ith crop management system on kth land 

group in jth producing area, 

Mijm is the projected per acre machine cost for mth crop in ith crop 

management system in jth producing area. 
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Lijm is the projected per acre labor cost for mth crop in ith crop 

management system in jth producing area, 

Pijm is the projected per acre pesticide cost for mth crop in ith 

crop management system in jth producing area, 

Fijm is the projected per acre cost of nonnitrogen fertilizer for 

mth crop in ith crop management system in jth producing area, 

MSijm is the projected miscellaneous cost per acre of mth crop in 

ith crop management system in jth producing area, 

Rijm is the rotation weight for mth crop in ith crop management 

system in jth producing area and 

TCjk is the precultivated per acre terracing costs on kth land 

group in jth producing area. 
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APPENDIX 6. DETERMINATION OF THE LAND BASE 

The major constraint on the model is the land available for the 

endogenous crops. The number of acres available for dryland and 

irrigated cropland for use of endogenous crops is calculated from the 

National Inventory (64). The National Inventory classified the 

available land into 29 class-subclass categories depending on the 

severity of the conservation hazards. All land is divided into 

eight classes with four sub-classes in each of the land classes 2 

through 8 depending on the conservation hazards. The hazards include 

erosion, subsoil exposure, drainage problems and climatic restrictions. 

No sub-classes are defined on Class 1 land. . 

These class-subclass categories are grouped into nine groups 

which exhibit a range in erosion hazard, yield and farming activities. 

The land available for the endogenous crops is the aggregate of land 

used for row crops, close grown crops, summer fallow, rotation hay 

and pasture, land in conservation base and land used for fruits and 

vegetables with adjustments made for exogenous crops as described in 

Appendix 1. These acreages are reported at the county level in the 

National Inventory (64). These county data are aggregated appropriately 

to determine the land available for the use of endogenous crops in 

each producing area by land group. Projected increases in irrigated 

area in the Western United States are added to the irrigated acreages 

in all the relevant producing areas. Only those irrigation projects 

which have been approved for construction before 1980 are considered. 
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A more detailed description of the location of these projects and the 

procedure used is given in Agricultural Water Demands (25). 
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APPENDIX 7. SCS DATA QUESTIONNAIRE AND LIMITATIONS 
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Assigned Land Resource Areas by Regions and States 

Northeast Region 
Ohio UA, 100, 139, 124 
Kentucky 120, 121, 125 
New York 140, 101, 142, 141 
Maine 143, 146 
New Hampshire 144 
Connecticut 145 
Pennsylvania 127, 147 
West Virginia 126 
New Jersey 149 
Virginia 12^, 148 

South Region 
Oklahoma 78, 80, 84 
Texas 77, 81, 82, 83, 85, 86, 87, 150 
Arkansas 117, 118, 132, 131, 119 
Louisiana 133, 151 
Tennessee 122, 123 
Mississippi 134 
Alabama 135, 129, 1^ 
North Carolina 130, 036, 1^, 153 
South Carolina 137, 153 
Georgia 128, 136 
Florida 138, 152, 154, 155, 156 

Midwest Region 
North Dakota 53, 54, 55, 56 
South Dakota 60, 61, 62, 63, 66, 102 
Nebraska 64, 65, 71, 75, 106 
Kansas 72, 73, 75, 76, 112, 74, 79 
Minnesota 57, 88, 103, 89 
Iowa 107, 104 
Missouri 109, 115, 116 
Wisconsin 90, 91, 93, 95, 105, 92 
Illinois 108, 110, 113, lU 
Michigan 92, 94, 96, 97, 98, 99 
Indiana 111 

West Region 
Washington 1, 3, 9, 7, 6 
Oregon 2, 8, 10, 23 
California 4, 5, 21, 22, 17, 18, 14, 16, 15, 20, 19, 31, 30 
Idaho 11, 12, 13, 25, 43 
Montana 44, 46, 52, 58, 59 
Wyoming 34, 32, 33 
Nevada 24, 27, 26, 29 
Utah 28, 47 
Colorado 48, 49, 45, 51, 67, 69 
Arizona 39, 40, 41, 35, 38 
New Mexico 37, 36, 42, 70 
No LRA'S assigned to Ma^land, Massachusetts, Rhode Island, and Vermont. 
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Form 1 Dominant Soil, L, S, K, and T Factors by Capability 

Subclasses 
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Instructions - Data Form 1 

This form is to be used for all LRA*s in the Midwest, South, and 
Northeast Regions, and for these LRA's in the Western Region that 
are east of the continental divide and have K and T factors assigned 
to the sloping soils. 

1. Select the capability subclasses that occur in each LRA. 
The most direct method is reference to the CNI printouts, 
Table F, that were sent to the states in July 1970. 
Write N.A. under dominant soil for all subclasses that do 
not occur in LRA. Do not subdivide any subclasses. 
Choose dominant soils on the basis of the full extent of the 
LRA, not Just that portion that occurs in the state responsible. 
Some LRA's are assigned to two or three states. These LRA's 
are underlined in the list of assignments. For these LRA's 
choose the dominant soils only on the basis of that portion of 
the LRA in the assigned state. 

2. Designate a dominant soil mapping unit for each subclass selected. 
This should be done from general knowledge by personnel well 
acquainted with the soils of the state. Published soil surveys 
or CNI printouts by soil series may be helpful in selecting a 
daninant soil if uncertainty exists. Do not choose a series 
on the basis that it represents the median of erodiblllty or 
productivity of the soils in the subclass, unless that series is 
in fact the dominant series or among the dominant ones. 

Where the dominant soil mapping unit is a complex or association 
of soil series, list only the dominant series and its dominant phase. 

3. Enter the dominant length of slope, in feet, and the dominant slope 
gradient in per cent for each dominant soil in columns 3 and 4. 
Do not use ranges in either value. These entries should be estimated 
by personnel well acquainted with the soils of the area. If percent 
slope is zero enter N.A. in column 3. For slopes more than 1200 feet 
long, enter >1200 in column 3. 

4. Enter the K and T factors for each dominr^t soil. Make single 
entries for T values in column 6 specifically for each dominant soil. 
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Instructions - Data Form IW 

This form is for use in LRA's in the Western Region west of the 
continental divide where K and T factors have not been developed. 

1. Select the capability subclasses that occur in each LRA. 
The most direct method is reference to the CNI printouts. 
Table P, that were sent to the states in July 1970. 
Write N.A. under dominant soil for all subclasses that do 
not occur in LRA. Do not subdivide any subclasses. 
Choose dominant soils on the basis of the full extent of the 
LRA, not just that portion that occurs in the state responsible. 
Some LRA's are assigned to two or three states. These LRA's 
are underlined in the list of assignments. For these LRA's 
choose the dominant soils only on the basis of that portion of 
the LRA in the assigned state. 

2. Designate a dominant soil mapping unit for each subclass selected. 
This should be done from general knowledge by personnel well 
acquainted with the soils of the state. Published soil surveys 
or CNI printouts by soil series may be helpful In selecting a 
dominant soil if uncertainty exists. Do not choose a series 
on the basis that It represents the median of erodiblllty or 
productivity of the soils in the subclass, unless that series Is 
in fact the dominant series or among the dominant ones. 

Where the dominant soil mapping unit is a complex or association 
of soil series, list only the dominant series and its dominant phase. 

3. Enter the dominant length of slope, in feet, and the dominant slope 
gradient in percent for each dominant soil in columns 3 and 4. 
Do not use ranges in cither value. These entries should be estimated 
by personnel well acquainted with the soils of the area. If percent 
slope is zero enter N.A. in column 3. For slopes more than 1200 feet 
long, enter 1200 in column 3. 

4. For each dominant soil, assign a T value representing the 
allowable soil loss due to erosion in tons per acre per year. 
Consider the thickness of the surface horizon and the relative 
loss of productivity that would result from erosion of surface 
horizons. Five tons should be the maximum value. 

5. Select the dominant cropping systems and land uses for the 
LRA and. enter in the 6 blank column headings. Where rangeland 
is a dominant use of land In the LRA, entries might include 

• (a) rangeland, poor cover and (b) rangeland, good cover. 
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Instructions - Data Form IW (Cont'd) 

6 .  

Example A. 

Example B. 

Estimate the average annual soil loss in t/ac/yr that is 
occurring throughout one full cycle of the cropping systems, 
or annually for land uses. These estimates are to be developed 
for each of the dominant soils, except lAiere it is known that the 
cropping system or land use does not occur or exist for a given 
soil. In this case, enter N.A. in the appropriate block. Choose 
cropping systems that will result in a wide range in soil erosion 
losses, for example: 

Cropping System Estimated Soil Losses 
t/ac/yr 

Wheat-4 yrs fallow 70 
Wheat-1 yr fallow 20 
Wheat-peas • 7 

Wheat-continuous 4 
Rangeland, poor cover 8 
Rangeland, good cover 2 

Estimated Soil Losses 
Soil"! Soil B Soil C 

Irrigated Row Crop 
Irrigated close grown crops 
Wheat-1 yr fallow 
Rangeland, poor 
Rangeland, good 
Forest 

2 N.A. N.A. 
0.5 N.A. N.A. 
8 K.A. 12 
6 15 12 
2 3 3 

N.A. 0.1 N.A. 

Estimated Soil Losses 

Example C. Desert shrubs 
Rangeland, poor 

4 
4 
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Instructions - Form 2 

One copy of this form is to be developed for each LRA east of the 
continental divide. 

1. Include in column 1 those cropping management systems used 
most cwnmonly on land in capability classes I-IV in the LRA. 
Do not abbreviate the name of the crop; indicate com, soybeans, 
etc., instead of rowcrop. At least 5 and no more than 10 
systems should be listed. Be sure to include a range in 
cropping systems from the most intensive to the least intensive 
system commonly used in the LRA for land in classes I-IV. 

2. For each system listed, enter a C factor in each column on 
the form. 

3. For columns 2 through 5, to determine the C factor, choose 
the pounds of residue which is usually left on the surface 
in the LRA for the cropping management system used. 

Note-C factors for kinds of permanent vegetative cover are not 
needed in data being assembled. 
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U.S. DEPARTMENT OF AGRICULTURE 
Soil Conservation Service 

Attachment to EVT-2 

STATE 

LRA 

- Form 3. - Change in Yield and Farming Time for Conservation 
Practices and Tillage Methods 

1. Operation 2. Change in 
Farming Time 

3. Change in 
Crop Yield 

(A) Practice 

1. Straight-row 100 100 

2. Contour farming 

3. Stripcropping 

4. Conventional Terraces 

5. Parallel Terraces. 

(B) Tillage 

1. Conventional 100 100 

2. Crop Residue Ose 

3. Minimum tillage 

• 
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Instructions - Form 3 

Form 3 is to be completed for all IRA's. In those cases Where a 
given practice cannot be applied in the ua due to topograply or 
other restraints, for example, parallel terraces on i^egular, 
humnocky relief, enter NJl. in all columns for that practice. 
For some UA's, especially in the %#e8tem states, all entries 
may be Form 3 should be canpleted in all cases, however. 

1. Base levels of 100 for A. Practices and B. Tillage are 
assigned for straight-row practice and conventional 
tillage, as indicated in the table. Conventional tillage 
includes both spring and fall plowing. 

2. Increases in time or yield from practices or tillage are 
to be indicated by assigning numbers larger than 100, 
proportional to the percent increase. Reductions are 
indicated by aissigning numbers less than 100. 

Example: If minimum tillage takes 20 percent less time than 
conventional tillage, the value in column 2 for minimum tillage 
would be 80. If it is estimated that yields, using minimum 
tillage, are 5 percent higher than tix>se witA conventional 
tillage, enter 105 in column 3. 

Note: The economist may be able to assist in th# coaçletion of 
this form. 
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U.S. DEPARTMENT OP AGRICULTURE 
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State 

IRA 

Form 4. Yield Dlffex*ential by Capability 
Subclasses 

Class & 
Subclass 

Dom. 
Soil 

Row Crops 
Close 
Grown 
Crop Hay Pasture Range 

Class & 
Subclass 

Dom. 
Soil 

Close 
Grown 
Crop Hay Pasture Range 

I 200 100 iOO 
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Instructions - Form 4 

This form is to be completed for all LRA's* 

1. Include all capability subclasses and dominant soils identified 
for the LRA on table 1. 

2. Write in the names of two or three dominant row crc^s from 
among those indicated in the cropping raanagsaent systeas in 
Form 2, in the blank column headings under '^Row Crops." 

3. Set the yield on class I land equal to an index value of 100 
for each row crop and for close-grown crops, hay, pasture,. 
and range. In those l&A's with no class I land, set subclass He 
(or the highest ranking subclass) yields at the index value 
of 100. Where crop is not grown, enter NJl. 

4. Use the "Predicted Acre Yield under Defined Management 
Levels" from the published soil surveys iii the LRA, or similar 
data from other sources vAiere published soil surveys are not 
available, to set index values for remaining classes and sub
classes. (For consistency use high level management.) 

Example: If the predicted yield of com on class I is 110 bushels 
per acre and the predicted yield on class He is 95 bushels, the 
index value for He %iould be calculated as follows: 

mde* " nff * := 86 
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Instructions - Form 5 

This form is to be completed for all LRA's. 

1. By class, subclass and dominant soil shown in Form 1, complete 
columns 1 and 2 of Form 5. 

2. Using slope and terrace spacing compute average acres served 

per mile of terrace, 

3. Estimate the percent of land area that is feasible to terrace, 
assuming that none has been terraced. Excluded will be those 
acres that due to topography or other physical reasons are not 
feasible to terrace, 

4. Show average cost per mile of terraces using predominant type 
of terrace being constructed. 

5. Estimate average acres of waterway needed to provide outlets 

per mile of terrace. 

6. Estimate average cost per acre of waterways. 

7. Estimate feet of tile outlets required per mile of terrace, where 
tile outlet terraces are being built. 

8. Estimate average cost per foot of tile outlets installed. 

9. Estimate percent of terraces with waterway outlets. 1/ 

10. Estimate percent of terraces with tile outlets. 1/ 

11. Estimate percent of terraces with no outlets. This is generally 
applicable to level terraces where no outlets required. 1/ 

1/ For columns 10, 11, and 12 use percentage based on modem systems 
"" presently being installed. 
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Limitations in the Data Assembled by the SCS 

for the ISU Water Quality Project 

1. The data assembled provide no spiuvif tc lul'iviiiutl ion about nut r lent s. 
pesticides, dissolved oxygen and biological t>xyn<»n ilrmaml. wtitcr 
temperature, pathogens, and other pollutants which arc important 
aspects of water quality. Some of these arc related to scdinionis 
from agricultural land, but no estimates are included on this 
relationship. 

2. No estimates are included of the delivery ratio - that proportion of 
the sediment resulting from sheet and rill erosion that enters surface 
water in streams and lakes. Hie delivery ratio varies substantially 
in different parts of the country. 

3. The dcminant soil chosen for each subclass is the most extensive soil. 
Several other soils will occur in the same subclass in a given LRA. 
The length of slope, degree of slope, erodibility, yield differentials, 
and feasibility of terracing will vary among soils in a given subclass. 
The dominant soil was not chosen to be typical in erodibility or other 
qualities for the subclass, but merely on the basis that it is the most 
extensive. Therefore, for subdivisions of the LRA where the soil 
indicated as dominant does not occur, the data in the forms may not 
be appropriate. 

4. Some of the subclasses in Forms 1 and IW represent only irrigated land. 
On forms from the Western Region, an (I) designates such subclasses. 
The Universal Soil Loss Equation is adapted to irrigated land only 
during portions of the year when no irrigating is done. K and C factors 
have not been developed for irrigated landj and the relationship between 
irrigated land and dryland in terms of these factors is not known. 
Water added by irrigation will influence the EI of subsequent rainfall. 
For irrigated subclasses, the K, T, and C factors provided on the forms 
apply to the dryland equivalents of the dominant soil mapping units. 

5. In the states west of the continental divide, K and T values have not 
been assigned to soil series. It was necessary for the states to estimate 
the erosion losses for each subclass under selected cropping systems or 
range conditions. These are gross estimates based on little or no measured 
data for many subclasses, and may be substantially in error. The soil 
losses estimated for irrigated land in the west may represent erosion 
resulting from irrigation practices in addition to that resulting from 
the runoff from precipitation. 

6. The soil loss equation predicts only sheet and rill erosion. Erosion 
from road cuts, gullies, streambanks, construction sites specifically for 
this study, and other sources cannot be predicted from the data assembled 
by SCS. In some watersheds much of the sedisent in streams comes from such 
sources. 
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7. Oily a limited number of cropping systems, the major ones currently 
being used, are listed on Form 2 for each LRA. C factors are not 
the same for a given cropping system in all parts of the country. 
Thus when models predict shifting of cropping systems into an LRA, 
where they are not currently used, the data assembled may not provide 
the proper C factors for the new cropping system. 

8. Assumptions made regarding the crop residue on the surface in minimum 
tillage or no till practices may not be uniform between states. We 
have not checked with the states to determine the assumptions made. 
We believe that it is safe to assume that the C factors listed under 
these practices apply to the prevailing method used in each LRA. 

S. The use of diversions to control runoff and erosion is not accounted 
for in the data assembled. In some LRA's where diversions are used 
effectively to control runoff and reduce erosion on some land, no 
entry is made on Forms 3 and 5 for terraces. Only a few states in 
the northeast are In this category. 

10. There is some variation in the use of the yield index of 100. Yield 
index may be lower for Class I land than for some of the Class II land 
for some crops. Some states used 100 consistently for Class I land. 
More productive subclasses were given an index of more than 100. Other 
states gave the most productive subclass a rating of 100, and gave 
Class I land a lower rating. 

11. A yield index of 100 for a given crop designates a wide variation in 
actual yield of that crop, depending on the LRA. For example, an 
index of 100 for corn may be 135 bushels per acre in an LRA in Ohio, 
but only 70 bushels per acre in an LRA in Kansas. The yield per acre 
in common units for a yield index of 100 is given on Form 4 for each 
crop in e&ch LRA. 

12. Some states have almost an equal number of terraces of different types 
currently being installed. Only the dominant one of these was chosen 
for Table 5. Thus the overall cost of terracing in some LRA* s may be 
more or less than indicated by data in Table 5. 

13. No estimates are included for the costs of relocating a crop into an 
area where it is not now produced, or for bringing into cropland areas 
not so used now. These costs vary by kinds of soil. They are substantial 
for some crops on some kinds of soil, and should not be disregarded» 

14. NA has been used on the forms in many places. It means either not 
applicable, or that the practice is not now being used in the LRA. 


