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Investments in Soil Conservation Structures:
The Role of Operator and Operation Characteristics

Abstract

By C. Edwin Young and James S. Shortle*

Targeting soil conservation programs to specific problem areas imples that individ-
ual landowners are targeted for program participation A better understanding of
how the characteristics of individual landowners and their farm operations influ-
ence conservation investments can help policymakers design more effective volun-
tary conservation programs This article uses the estimates of a logit mode! to study
how these relationships apply to so1l conservation structures
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The Soil and Water Resources Conservation Act
(RCA) of 1977 directed the Secretary of Agriculture
to appraise the condition of the Nation's so1l and
water resources and to develop a national program
to guide the conservation programs of the U S De
partment of Agriculture (USDA) As a result of this
assessment, USDA 18 redesigning 1ts so1l conserva-
tion programs to focus on specific problem (targeted)
areas, thereby achieving greater conservation gains
at lower costs

It now seems that the voluntary approach, which
characterizes erosion control policy, will be a principal
feature of future imtiatives The success of these
initiatives will, therefere, depend on their ablity to
elicit effective voluntary responses from farm deci-
sionmakers 1n targeted areas The problem of en
couraging farmers to voluntarily use conservation
practices 18 essentially a technique adoption problem
Farm operations are highly complex entities, and
adoption research generally suggests that individ-
ual characteristics influence observed adoption deci-
s10ns(7) ! This research also suggests that the use
of information on relationships between these char-
acteristics and observed behavior can enhance public
policies encouraging adoption Thus, an understanding
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of how 1ndividual charactenstics tend to influence con
servation decisions can improve the effectiveness of
voluntary soil conservation programs in targeted areas

In this article, we present the results of our 1nvesti-
gation of the relationship between investment in
conservation structures and the characteristics of
farm decisionmakers and their operations We em-
phasize the potential complementarity between
imvestments 1n conservation structures and other
land improvement investments The results are
based on a logit probability model

Background

Most previous research on conservation practices has
employed operations research methods (5) Inherent
1n these studies 1s the assumption that farm dea-
sionmakers are not only profit maximizers but also
equally competent profit maximizers This assump-
tion imphes that the characteristics of individuals
have no bearing on investment behavior However,
characteristics do have a bearing for the simple rea-
son that individuals are not uniformly alike, they
vary 1n management skills and management objec-
tives This observation 18 not important to pohcy
analysis and policy design 1f the behavior of individ-
uals 1n target areas 1s consistent with the behavioral
responses inferred from models of representative
profit-maximizing enterprises However, it 1s argued
that individual characteristics are important and do
influence responses to voluntary programs (12)
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The proposition that individual characteristics are
mmportant has led to an alternative line of research
focusing on observed, rather than assumed, behav-
1or Work 1n this area 1s just now getting underway,
partly because of a severe scarcity of data on the
characteristics of individual farm decisionmakers
and their use of conservation practices and
structures (2, 6, 8 10, 12, 13)

The major feature of this research 1s 1ts positive na-
ture The research attempts to relate observed
behavior to observable characteristics of farm deca-
sionmakers and their operations Analysts have
generally classified these characteristics as personal,
physical, institutional, and economic (6, 8) Personal
variables are included to allow for variation 1n
human capital and management objectives For ex-
ample, years of formal schooling often serve as a
proxy for management skills Age 1s often used-to
reflect hfe cycle considerations under the hypothesis
that individuals’ management objectives vary through-
out their lives Physical factors, principally mea-
sures of the erosivity of farmland, are included
under the assumption that conservation practices
are adopted to dimmnish erositon problems and are,
therefore, more likely on more erosive land The
benefits and costs of such 1nvestments are contin-
gent upon economic charactenstics of the farm oper-
ation and mstitutional factors Consequently, these
studies also 1include variables reflecting economic
characteristics, such as farm size, farm imcome, and
mstitutional factors

Previous research on the adoption of conservation
measures has focused on nonstructural practices
Qur study focuses on structural practices We gener-
ally propose that the factors 1dentified in the research
on adoption of nonstructural practices will also af-
fect the adoption of structural practices To specify
the'model, we adopted a variables list analogous to
that 1n previous research We expanded this hst to
include other land-improving investments Struc-
tural measures often entail major expenditures of
funds, substantial mod:fications 1n the logistics of
farm management, and careful prior planning Other
land-improving investments compete for investment
funds Conversely, landowners who are upgrading
their land resources through investments, such as
clearing and draining land, may find that concur-
rent investments 1n, conservation structures are
complementary Conservation investments will nat-
urally tend to protect the improved land resource

Cost savings may also be encountered through si-
multaneous construction

Model Specification
and Regression Data

Linear probability models estimated by ordinary
least squares are common 1n the agricultural and
general adoption hterature because these models
permit researchers to relate the probabilities of un-
dividual adoption to relevant characteristics based
on the common types of data on adoption—that 1s,
on binary data indicating that an individual either
has or has not adopted However, the use of linear
models poses a.number of difficulties The logit type
of probability model has found increasing use be
cause 1t overcomes the more serious of these diffi-
culties The logit model 13 of the form

1
P=——
1+e 4
where
P, = the probability of individual 1 choosing
one or two options
and
m
Zl = E ‘kalk
k=1
where
X = the value of the kth attribute of the 1th

mndividual

In this analysis, P, 1s the probability of adoption of
conservation structures and the attributes are indi-
vidual and farm characteristics

We derived data for this analysis from the Land-
ownership Survey (LOS) which the Natural Resource
Economics Dhvision of the Economic Research Ser-
vice conducted 1n 1978 The LOS was a nationwide
survey providing information on characteristics of
landowners Daugherty and Otte summarized sur-
vey results for farmland owners, while Lewis sum
marized the results for all landowners (4, 11)
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LOS respondents were asked whether or not they
invested 1n a so1l conservation structure (for exam
ple, terrace, grass waterway, or gully control struc-
ture} during the 1975-77 peried The survey covered
more than 1 year to improve the reliabihty of the
survey A subsample of those landowners who 1n-
vested I1n a conservation structure was re-surveyed
to determine the nature of their investments Of
those landowners investing 1n so1l conservation
structures, 46 percent installed grass waterways, 41
percent installed gully control structures, and 27
percent 1nstalled terraces (15)

Of the estimated 6 9 million owners of farmland 1n
the contiguous United States, 8 4 percent 1nvested
in at least one type of so1l conservation structure in
the 1975-77 period Most of these owners lived 1n
the Corn Belt, the fewest lived 1in the Lake States
Average farm size for landowners who 1nvested 1n
so1l conservation structures was generally twice
that for other farmland owners

The dependent variable 1s whether or not a farm-
land owner invested 1n a so1l conservation structure
between 1975 and 1977 The regressors are charac-
terized as personal, economic, institutional, and
physical factors (6, 8) A subsample of 14,600 owners
was selected from the LOS About 45 percent of the
original data from the LOS were excluded from the
analysis because of nonresponse to critical questions
such as value of farmland, incomé, and conservation
investment Our examination of means, medians,
ranges, and vanances of the full data and the re
duced data did not reveal major differences

Personal Factors

The age of the landowner was included 1n the model
to represent life cycle impacts on investment behavior
Age may also reflect experience and the vintage of
knowledge attained by formal education The vears of
formal education are also included 1n the model
H:gher levels of formal education are assumed to re
flect greater management capabilities and a better
understanding of the benefits and costs of soi1l con
servation The sex of the landowner was also included

Economic Factors
A variety of data are available representing the eco-

nomic situation of the farmland owner Farm in-
come 18 entered as the midpoint of an 1ncome range
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The value of farmland 1s entered on a per-acre basis
These variables are included to represent the land-
owner’s ability to finance conservation investments

The use of owner and rented lands for crop produc-
tion 1influences the hkelihood of conservation invest
ments (I, 8) The following four variables represent
tenure relationships acres of farmland owned, acres
of farmland rented from others, acres of farmland
rented to others, and the use of share leases for
land rented to others Banks and others concluded
that farm operators who utilize share leases are
more likely to use less erosive practices (1)

We evaluated the influence of other complementary
investments occurring simultaneously with conser-
vation 1nvestment by using three zero-one variables
for land clearing, land draining, and converting
land to cropland These variables indicate whether
or not these other types of land improvements were
made

Institutional Factors

The only institutional factor for which data are
available 1s whether or not a portion of the land-
owner's land 1s enrolled in a special property tax
assessment program Participation 1n a special as-
sessment program was measured 1n a "yes-no” format

Physical Factors

The primary physical factor influencing investments
in so1l conservation structures 15 erosivity of the
land 1n question Through a merger of LOS data
with Soi1l Conservation Service’s National Resource
Inventory (NRI) data, we derived an estimate of sol
erosion for the NRI sampling point The erosion es-
timate 18 based on the Universal Soil Loss Equation
(USLE) (17) However, there 1s no reason to expect
that conservation investment occurred on the same
parcel of land for which the erosion estimate was
computed In a large data set such as the LOS, an
erasion estimate for a point will probably fairly rep
resent the average erosion for the entire farm

We 1ncluded the farm production regions of the Na-
tion to account for broad differences 1n topography,
climate, and agricultural practices (see figure) The
regions were entered as dummy variables, and the
Lake States were omitted as a variable
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Results

The table presents the regression results The pa-
rameters for the clear, drain, and convert variables
are positive and significant The. large magmtude of
the chi-square statistics on the clear and drain vari-
ables indicate an association between 1nvestments
1n conservation structures and other land1mproving
investments Furthermore, the positive signs on the
clear, drain, and convert parameters suggest the re-
lationship 1s complementary That 1s, conservation
investments tend to be more likely when other
land-improving investments are undertaken One
policy imphieation of this finding 1s that programs
encouraging the adoption of;so1l conservation struc-
tures may be more successful if accompanied by
mcentives encouraging land improvement Further-
more, when areas are targeted for program efforts,
1t may help to know the degree te which other land-
improving investments are economically feasible
and socially desirable

The parameters for age, education, and sex are sta-
tistically significant Therefore, these results support
the hypothesis that the characteristics of individ-
uals do affect investment behavior Of particular
mmportance for pohicy design 1s that individuals
with more years of formal education are more likely
to 1invest in conservation structures

Variable Parameter estimates and X? statistics
Intercept -3 49¢°
{259 24)
Age - 009"
(19 80)
Education 062!
(54 23)
Sex (male = 1) 346
(15 41)
Farm income 13 x 10-5
(on
Land value ($1,000/acre) - 006
(53)
Special property tax 069
asgespment (yes = 1) (76)
Sharelease (ves = 1) 154}
(5 08)
Cleared land (yea = 1) 1234!
(402 88)
Dramned-land {yes = 1) 1739
(838 45)
Converted land to cropland 241"
{vea = 1) (12 68)
Erosion 004
(100'tons/acre/year) (2 69)
Land owned (100 acres) 240 x 10-5
(26 62)
Land rented out (100 acres) — 309 x 10-5
6 17)
Land rented 1n (100 acres) 102 x 10-5
17
Northeast 279
(374)
Corn Belt 663"
(31 34)
Northern Plains 1146
(85 31)
Appalachian 404+
(9 34)
Southeast 723
(28 48)
Delta States 5921
(17 13)
Southern Plains 1317
(115 94)
Mountain 1047
(71 73)
Paaific 492!
994)
r 551

‘Significant at the 5 percent level
*Significant at the 10 percent level

'Spearman's-rank correlation coefficient between predicted

probability and the actual response

The positive relationship between years of formal
schooling and the likelihood of investment may 1ndi-
cate that-individuals with greater technical and al-
locative abilities perceive greater gains from soil
conservation investments As a result of their for-
mal education, these individuals may be better able
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to interpret information presented by organizations
such as the Extension Service and the Sml Conser-

vation Service Exploring this hypothesis thoroughly
would, however, require far more detailed informa-

tion than 1s available as length of formal education
15 an exceedingly rough proxy This result does sug
gest, however, that information programs positively
influence the adoption of conservation structures

The coefficients for farm 1ncome are positive but 1n-
significant This result 1s puzzling because Young
and Daugherty, 1n their analysis of the follow-on
survey, found that personal funds were the primary
source of funding for conservation investments Fur-
ther examination of this 1ssue revealed multicolline-
anty between farm mmcome and the other investment
variables (16)

Acreage owned 15 a positive and sigmificant 1nflu-
ence on investment The positive relationship may
reflect cost- and risk-spreading economies—for ex-
ample, a greater access to capital markets due to
greater wealth and a greater probabihity of holding
land requiring erosion-¢control structures However,
the value per acre of landholdings 1s not significant
1n explaining observed variation 1n investment be-
havier Further analysis showed no evidence of
multicollinearity between land value and other
investments (16)

One could expect that special property tax assess-
ments which encourage farmland preservation would
increase the likelihood of investments Nonetheless,
the results do not support this expectation

The so1l conservation literature has emphasized the
importance of forms of landownership and tenure
arrangements as factors affecting conservation 1in-
vestments Our analysis supports these findings
The share lease parameters are positive and signifi
cant This finding regarding share leases has imph-
cations for public policy The greater probability of
investment under share leases may be partly attnb
utable to the tax advantages of conservation invest-
ments that Federal tax law provides under share
leases relative to those 1t provides under cash leases
(3) Erosion control 1s thereby encouraged Our re
sults show that the probability of investment 1n
conservation structures 1s significantly and nega
tively affected by the amount of land an owner
rents to others This finding conforms to commonly
held opinion The amount of land rented in and op-
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erated does not appear to signmificantly influence the
likelihood of investment 1n conservation structures

The likelihood of investment 1n so1l conservation
structures also varies by region The productivity of
conservation structures depends on climatic, topo-
graphic, and soil variations among regions Regional
economic conditions and 1nstitutional and social fac-
tors may also influence the likelithood of conserva
tion investment The regression coefficients for farm
production regions are all positive and, with one
exception, sigmificant The positive sign simply
means that investment 1n conservation structures 1s
more likely elsewhere than in the Lake States A
ranking of the regression coefficients by magmtude
generally indicates that the Scuthern Plains s the
region most hikely to have a conservative structure
installed, the Northern Plains comes next The least
likely regions to have conservation investment are
the Lake States and the Northeast farm production
regions

The parameter for the USLE has the expected sign,
but 15 insignificant This finding,1s not surprising
as the available USLE data may not accurately
measure the erosion hazard on the improved parcels

Implications

The results of this study support three hypotheses
First, personal characteristics of individual land-
owners 1nfluence adoption of conservation struc
tures Age, education, and sex are significant factors
for conservation 1nvestments Second, tenure ar-
rangements affect the likelihood of 1nvestment 1n
conservation structures There 15 an 1inverse rela
tionship between land rented to others and conser-
vation investments This relationship 1s partially
offset when share leases are used Furthermore, the
likelihood of investment 15 greater on large: land-
holdings Third, conservation structures are more
likely to be installed 1n a package including other
land 1mproving measures This finding suggests a
complementarity between land improvements and
conservation structures

The fundamental implication for policymakers 1s
that attention should be given to the characteristics
of landowners, ownership patterns, and the general
potential for land improvement when voluntary pro
grams are designed However, although our analy-
s1s indicates the importance of these characternstics,




those evaluating programs need models capable of
providing fairly accurate predictions of participation
under alternative program designs to exploit such
information Developing these models will require a

better data base than 1s now available Analysts
need detailed data on the types, magnitudes, and
timing of investments They aiso need more com-

plete data on farm decisionmakers, so1l characteris-
tics, farm location, and other factors affecting the
economics of soil conservation
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