
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


4

UNIVERSITY OF CALIFORNIA
.3 .3

OCT2 1985

Agricultural Economics Library

AN ANALYSIS OF FACTORS RELATED TO FARMERS' DECISIONS REGARDING

SOIL EROSION CONTROL*

William M.brk

and

Kevin W. Ferguson**

*Presented as a Selected Paper at the American Agricultural Economics
Association Annual Meetings in Ames, Iowa, August 4-7, 1985.

**The authors are, respectively, Associate Professor and Graduate Research
Assistant in the Department of Agricultural Economics and Rural Sociology
at the University of Tennessee in Knoxville, Tennessee.



AN ANALYSIS OF FACTORS RELATED TO FARMERS' DECISIONS REGARDING

SOIL EROSION CONTROL

Soil erosion from our nation's cropland remains a serious problem

despite public provision of technical and financial assistance For erosion

control to farmers for nearly 50 years. For example, data for Tennessee

from the Soil Conservation Service's 1982 Natural Resources Inventory

indicate almost two million acres of cropland with erosion rates greater

than twice soil loss tolerance, the rate at which the current level of

productivity could be expected to be sustained indefinitely. Conventional

wisdom abounds as to why farmers do or do not control erosion from their

land or why farmers do or do not implement particular erosion control

practices. In the last 10 years a number of statistical studies have been

undertaken to identify factors which influence farmers' erosion control

decisions. The detailed studies have been based on surveys of farm and

farmer characteristics in particular areas. In addition, models developed

have employed different dependent variables to represent erosion control

behavior, as well as different explanatory variables. As a result, it has

been difficult to compare findings in the hope of arriving at some general

conclusions by consensus.

This paper reports findinos From statistical analyses of farmers'

erosion control behavior which are highly comparable with those of two

recent studies, by virtue of the use of essentially the same dependent

variables. Following discussion of these two recent studies, a brief

description of the survey and survey area for this study is given. Then

the statistical model is specified, results are presented and conclusions

and policy implications are drawn.



REVIEW OF COMPARABLE STUDIES
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Ervin and Ervin used information from a 1978 survey of Missouri

farmers (owner-operators only) to estimate statistical models developed to

explain three alternative dependent variables: perception of degree of

erosion problem, number of practices and soil conservation effort. The

latter variable, abbreviated as EFFORT, is of most interest here. EFFORT

was defined as "the difference between the estimated farm erosion rate

without conservation practices and that rate reflecting sample information

on practices used" [Ervin and Ervin, p. 282]. The erosion rates were based

on the universal soil loss equation or USLE [Wischmeier and Smith]. Four

categories of factors were hypothesized to influence EFFORT: physical,

personal, economic and institutional. Of the 15 explanatory variables

included in the multiple regression analyses, five were significant at the

.10 level or lower. EFFORT was found to be positively related to erosion

potential (based on SCS ratings on a one to three scale), education, per-

ception of degree of erosion problem and the percentage of owned cropland

that received cost sharing, and lower for cash grain farms.

Saliba and Bromley used information from a 1983 survey of Wisconsin

farmers (owner-operators only) to estimate three models with the dependent

variables based on the USLE: the C-factor, the P-factor and the C-factor

times the P-factor.

The C-factor (cover and management) and the P-factor (conserva-tion support practice) from the Universal Soil Loss Equation (USLE)provide a basis For comparing conservation behavior....The C-factoris the ratio of soil loss from a slope under a particular croprotation and tillage practice to that from an identical slope inclean-tilled continuous fallow. The P-factor is the ratio of soilloss on a field with a specific support practice (contouring,terracing or strip-cropping) to the soil loss on an identical field
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plowed up and down the slope. These two factors are multiplied inthe USLE to give an estimate of the percentage of soil loss thatwill occur under specific management conditions compared to thestandard of a bare field plowed up and down the hill [Saliba andBromley, p. 2].

It should be noted that the dependent variable CxP is essentially

the same as Ervin and Ervin's EFFORT variable. Though it is difficult to

tell from their description, EFFORT appears to be (R.K-L*---*Cmax*Pmax)
(R-K.L.S-C actuarPactual) where R, K, L and S represent the influence of

rainfall, soil type, length of slope and slope on the erosion rate. Since

Cmax and max are equal to one, this reduces to R.K-L.S(1 Cactual.

actual ' Thus, the only difference from Saliba and Bromley's CxP

variable is that in the variable EFFORT, the product of the C-factor and

P-factor is weighted by the inherent erosiveness of the land so that ero-

sion control is measured in absolute rather than relative terms.

Saliba and Bromley employed a loqit transformation of the dependent

variables to force predicted values to fall between zero and one. Five

categories of explanatory variables (financial, farm type, land, owner and

location) are included in their generalized least square regressions. Con-

sideration of variables significant at the .10 level or lower indicated

that dairy farms had a: lower CxP value (meaning a lower erosion rate). The

three land variables representing degree of erosion hazard were also

associated with lower CxP values. These same variables were also highly

associated with lower P-factor values alone. However, greater total income

and a stronger opinion that erosion reduces crop yields were also

associated with lower P-factor values. On the other hand, the land vari-

ables were much less significant in explaining variation in C-factor

values. Opinions regarding erosion and yields were not significant at all.
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Dairy and other livestock farms had lower C-factor values, while a higher

debt-asset ratio was associated with higher C-factor values.

DESCRIPTION OF THE CASE STUDY AREA AND SURVEY

One of the most highly erosive areas in the nation is the North Fork

Forked Deer (NFFD) Watershed, which comprises 80,190 acres in the central

portion of the Obion-Forked Deer River Basin in West Tennessee. Of 45,119

acres of cropland in the Watershed, 20,150 acres were considered to have a

critical erosion problem in 1977, as reflected by an estimated average

erosion rate of 47.5 tons per acre per year [USDA]. Analysis of yields for

the major soil type in the Watershed suggests that at such an erosion rate,

soybean yields may decline as much as three bushels per acre over a 10-year

period [Hunter and Keller]. Water quality data indicate the NFFD River

experiences high levels of suspended solids and turbidity. Aquatic life

and recreation criteria set by EPA and the State of Tennessee have been

exceeded for mercury, dieldvin, DDT and phosphate. Land damage from sedi-

ment deposition was estimated at $175,383 annually [USDA].

A personal survey of 85 randomly selected operators in the Watershed

was conducted in September of 1982. Information was obtained on character-

istics of both operators and farm enterprises as well as soil type, slope,

crop, tillage practice and erosion control practices on a field basis. The

average size of the farm units, as they were defined for purposes of the

ASCS office, was 61.2 acres, though on average the operators of these farms

operated an additional 448.0 acres as an owner or renter. Of these farm

units, 47.4 percent (covering 40.2 percent of the acreage) were farmed

under rental arrangements. The farm operators averaged 53 years in age and
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had been farming an average of 28 years. Farming provided on average 62

percent of the operators' family income. Soybeans were grown on 34.7 per-

cent of the acreage on the survey farms, soybeans double-cropped with wheat

on 13.5 percent, corn on 11 percent and cotton 2.6 percent. Dairy or beef

cattle enterprises were operated by 49.3 percent of these farmers. No-till

planters were owned by 24.0 percent of the operators, grain drills by 38.7

percent and haying equipment by 34.7 percent. Anticipation of selling or

changing lease arrangements within the next five years was expressed by

18.7 percent of the farmers. SCS conservation plans were established on

11.8 percent of farm units. Use of at least one conservation practice was

indicated by 48.7 percent of these farmers, most commonly "crop residue

left on surface" or "winter cover crop." Need for at least one conserva-

tion practice was indicated by 61.8 percent, most commonly "terraces" or

"debris basins." A statement that farmers should be required to follow

recommended soil conservation practices to qualify For income and price

supports was agreed to by 46.1 percent of the operators.

The field basis information on soil type, slope, crop, tillage

practice and erosion control practices was used to calculate the average

erosion rate for each farm unit by means of the USLE. The average erosion

rate for upland cropland on the survey farm units was estimated to be 10.0

tons per acre per year. This estimate appears to be somewhat low compared

to data from the 1982 Natural Resources Inventory. This may well be due to

a tendency for farmers to underestimate the slopes of their fields. Com-

parison of the survey slope estimates with slope data from SCS for the

entire Watershed supported this hypothesis. It was assumed then that at

4,•• ••••••• .•••• •• ,•-••
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least in relative terms the slope estimates and thus erosion rate estimates
•.

were consistent across farm units.

A measure of soil erosion potential was also constructed from the

data provided by the operators. This erosiveness measure is the product of

the R, K, L and S factors of the USLE. This measure provided a basis for

addressing the question: "Who operates the more highly erosive land?"

There was some weak evidence that on average operators with the following

characteristics farmed more highly erosive land: had no postsecondary

education, rented the farm unit, farmed more than 28 years, farmed more

than 509 acres total, aged 30-40, received more than 50 percent of income

from farming and had no SCS conservation plan. However, none of the

differences in means were significant at the .10 level.

'SPECIFICATION OF STATISTICAL MODELS

Following Saliba and Bromley, three alternative dependent variables

were employed: the C-factor, the P-factor and CxP. The latter allowed

consideration of the total influence that operators have over erosion

rates. The first two allowed consideration of whether different factors

appear to influence crop and tillage decisions as distinct From decisions

to employ practices such as terraces, which are the most common practice

affecting the P-factor value in the study area.

For more meaningful interpretation of the coefficients of various

explanatory variables, it would have been preferable to have a dependent

variable in terms of average erosion rates rather than CxP. However, as

Ervin and Ervin pointed out, problems arise if USLE factors are used in

both an explanatory variable to reflect erosiveness and the dependent
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variable. Ervin and Ervin opted to use a less precise variable to reflect
••

erosiveness in order to keep the dependent variable in terms of erosion

rates. In this study the other option was taken.

Following Ervin and Ervin, explanatory variables representing four

categories of factors were included. Personal variables included educa-

tion, years farmed, expression of need for conservation and attitude toward

cross-compliance. Education (EDUCATION) was represented as a (0,1)

variable which equaled one if the operator had had any postsecondary educa-

tion. This variable was expected to be negatively related to the dependent

variables, i.e., more education would lead to more erosion control as

reflected by lower C and P values [Ervin and Ervin]. Years farmed

(YEARSFARM) has been hypothesized to be negatively related to adoption of

particular practices based on the notion that operators' time horizon would

be shorter. However, YEARSFARM is hypothesized here to be negatively

related to the dependent variables, based on the argument that experience

leads to more erosion control. Expression of a need for at least one con-

servation practice (NEED) was represented by a (0,1) variable, which was

expected to be positively related to the dependent variables. Attitude

toward cross-compliance (ATTITUDE) was represented as a (0,1) variable

which equaled one if operators "strongly agreed," "agreed" or had "no

opinion" regarding the statement: "Farmers Should be required to follow

recommended soil conservation practices to_qualify for income and price

supports." This variable was expected to exhibit negative signs.

Economic factors included total acres farmed, percentage of income

from farming, future use plans, existence of a livestock enterprise, owner-

ship of a no-till planter and ownership of a grain drill. Total acres
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Farmed (ACRESFARM), representing income level as well as size, was expected

to be negatively related to the dependent variables [Lee and Stewart].

Percentage of income from farming (INCOME) was hypothesized to have a

negative sign, reflecting an attitude toward farming as a way of life or a

conservation ethic [Pampel and van Es]. If the operator planned to sell or

change rental arrangements within five years, the (0,1) variable FUTUSE

equaled one. This variable was expected to have a positive sign, due to

the effect of a shorter time horizon. Existence of a livestock enterprise

(ANIMAL) was represented by a (0,1) variable. A negative sign, at least

for the C and CxP models, was expected based on the lower opportunity cost

of having land in hay or pasture rather than a row crop. Ownership of a

no-till planter (NTP) or grain drill (GD) were (0,1) variables which were

expected to have negative signs For at least the C and CxP models. Light.0

disking and drilling of soybeans in narrow rows, leaving substantial crop

residue, has become a common practice in West Tennessee and has a signifi-

cantly lower C-factor value than conventional tillage and planting.

Institutional factors included tenancy and cooperation with SCS.

Tenancy (TENANCY) was represented as a (0,1) variable equal to one if the

operator owned the land. This variable was expected to be negatively

related to the dependent variables due to the time horizon factor. If the

operator had an SCS conservation plan For the Farm unit, the (0,1) variable

SCSPLAN was equal to one. A negative sign-was expected.

Physical Factors were represented by the erosiveness variable

defined earlier. This variable (EROSIVE) represents the average erosion

rate for the farm unit assuming C and P both equal to one (i.e., bare

-,••.••.;
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fields plowed up and down the hill) and was expected to be negatively

related to the dependent variables.

RESULTS FROM THE MODELS

Multiple regression analyses by ordinary least squares were

performed for the three models. The results are presented in Table 1. The

R2 statistics for the models are comparable with those from both Ervin

and Ervin and Saliba and Bromley.

For the C-factor model YEARSFARM, ANIMAL and NTP were significant

with the expected signs. However, INCOME was significant with the opposite

sign from what was expected. As the percentage of income from Farming

increases, the C-factor increases. A reasonable explanation for this would

be that operators with off-farm income sources have a higher opportunity

cost of time and thus may find reduced tillage or no-tillage methods advan-

tageous. Of interest too is the fact that SCSPLAN and particularly EROSIVE

are not significant at all in explaining variation in the C-factor. This

is consistent with what is becoming almost conventional wisdom, that

reduced tillage decisions are being made by operators on the basis of

short-term economic considerations (i.e., fuel and labor costs) as opposed

to long-term soil conservation considerations [Crosson; Cook]. Interpreta-

tion of the coefficients of these variables. can be converted into terms of

average erosion rate for a farm (tons per acre per year or TAY) by assuming

all other USLE factors at their means for the sample (RKLS = 43.96 and P =

.98). While the average erosion rate for all farms was 5.97 TAY, having an
animal enterprise was associated with a 3.58 TAY lower erosion rate; having

a no-till planter, a 1.90 TAY lower erosion rate; having farmed 10 more
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Table 1. Results of Regression Analysis of Factors Associated with Erosion Control Behavior

Dependent variable

Explanatory variables
CxP

Coefficient
(x 10-3)

T-ratio Coefficient
(x 10-3)

1-ratio Coefficient
(x 10-3)

1-ratio

Personal
EDUCATION 15.854 .56 -2.621 -.12 14.733 .55YEARSFARM -1.292 -1.57* -.600 -.94 -1.501 -1.92**NEED 13.027 .62 11.867 .73 17.650 .89FEELING .222 .01 6.425 .35 1.167 .05

Economic
ACRESFARM .015 .69 -.007 -.41 .014 .69INCOME .856 1.95* .558 1.63* .995 2.39**FUTUSE -23.586 -.92 16.495 .83 -17.923 -.74ANIMAL -83.211 -4.00** 3.798 .23 -82.680 -4.19**NIP -44.053 -1.36* 27.990 1.11 -38.429 -1.25GD 5.440 .24 -40.841 -2.28** -4.815 -.22

Institutional
TENANCY 3.011 .12 27.748 1.26 8.304 .35SCSPLAN 21.541 .67 -48.950 -1.95** 12.740 .42

Physical

-.097 -.31 -.874 -3.60** .337 1.14
EROSIVE

R2 .27 .33 .31

*Significant at .10 level.
**Significant at .05 level.

years, a .56 TAY lower erosion rate; and having 25 percent more of total

income from farming, a .92 TAY higher erosion rate.

For the P-factor model SCSPLAN and EROSIVE were significant with the

expected signs. INCOME. was again significant, but with a positive sign. A

reasonable explanation: in this case may be that income from an off-farm

source is available for investment in terraces. Having a grain drill was

negatively associated with the P-factor, though it is unclear why this

might be expected. Of most interest with regard to the P-factor model is

the significance of SCSPLAN and EROSIVE, in contrast to the case of the

C-factor model. It would appear decisions regarding the use of terraces

and similar practices are based on long-term soil conservation considera-

tions and the influence of technical assistance efforts on the part of SCS

personnel. Interpretation of the coefficients in terms of farm erosion
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rates (assuming RKLS = 43.96 and C = .14) indicates that having an SCS farm

plan is associated with a .30 TAY lower erosion rate, having 25 percent

more of total income from farming, a .09 TAY higher erosion rate, and hav-

ing a 10 TAY greater potential erosion rate, a .36 TAY lower erosion rate.

For the CxP model YEARSFARM and ANIMAL were significant with the

expected signs, while INCOME was again significant with a positive sign.

Significance of other variables was apparently obscured by using a combina-

tion of the C and P factors. Interpretation of the coefficients of these

three variables is similar to that for the C-factor model.

CONCLUSIONS AND POLICY IMPLICATIONS

To increase cost effectiveness, various modifications in soil ero-

sion control policy are being experimented with or seriously considered.

Among them are targeting variable cost sharing, rental payments, increased

technical assistance and regulatory measures. Increased understanding of

factors influencing farmers' crop, tillage and erosion control practice

decisions is needed as a basis for policy decisions. The findings of this

study, together with those of recent studies, help to provide such an

increased understanding.

Though Ervin and Ervin's EFFORT variable reflected the combined

effect of the P and C factors, consistency is evident from a comparison of

their results with those of this study.. The significance of erosion poten-

tial, cash grain farm and cost sharing in their model corresponds with that

of EROSIVE, ANIMAL and SCSPLAN in this study. Comparison with Saliba and

Bromley's findings reflects consistency as well. The significance of

income and erosiveness variables in their P-factor model corresponds with



12

that of INCOME and EROSIVE in this study. The significance of livestock

variables and much weaker significance of erosiveness variables in their

C-factor model corresponds with the significance of ANIMAL and lack of

significance of EROSIVE in this study.

Of most interest among the findings of this study is the difference

in factors associated with the C-factor versus the P-factor. The findings

as to factors related or unrelated to farmers' tillage decisions have

important policy implications for use of information/education as opposed

to financial assistance, and what advantages are emphasized in information/

education efforts. The relationship between having a livestock enterprise

and the C-factor is consistent with the observed difficulty of inducing

conversion of highly erosive, marginal cropland to permanent cover on cash

grain farms with no livestock enterprise. The significance of SCSPLAN and

EROSIVE for the P-factor does provide evidence of the influence of erosion

potential and of technical and financial assistance on the use of terraces

and similar practices. In addition, the indication that operators with

greater off-farm income percentages have lower C and P values has implica-

tions for targeting efforts toward full-time versus part-time farmers.

Noteworthy too is the absence of any identifiable association between

personal variables such as EDUCATION, NEED and FEELING, as well as

ACRESFARM and TENANCY, and erosion control behavior.
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