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LAND CONDITION, CROP PRODUCTIVITY, AND THR
ADOPTION OF SOIL CONSERVATION MEASURES

ABSTRACT

Attempsr. to achieve socially-optinal lévels of soil censervation
require information sbout the on-farm benefits of conservation
programmag, and the importance of these benofits relative to other
factors that influence adoption. We attempt to assess whether and by how
much soil conservation increases the profitability of farming in a given
region, and then to integrate this result into an analysis of what has
influenced the adoption of recomnended measures. The study region in New
South Wales, Australia, is characterised by serious soil erosion and
intensive government programmes of soil conservation.

¥ield increases following adoption of conservation measures wers
estimated from response functions. These increases provided a variable
in the probit analysis of the three stages in the adoption process
{perception of an ercded condition, recognition of & problem worth
resolving, and the f£inal decision to adopt), Other factors in the
adeption analysis covered land conditica, farmer characteristics, farmer
motivations, further economic variaties and institutional programaes.
Rdoption of the measures significantly increased wheat yields, and
increassd farm profitability in 41 of the 50 farms. The probability of
adoption proved likely to increase with the expectad yleld increase, the
avallability of the institutional programmes, the farmers rating as an
investor, and the income f£lexibility offered by the livestock carrying
capacity of tue farm.



LAND COND1TION, CROP PRODUCTIVITY, AND THE
ADOPLLOY OF SOIL CONSERVATION MEASURES

J.A. Sinden and David A. King

Determination of a socially-optimal level of soil conservation, and
the design of policies to ensure that on-farm implémentation of
conssrvation measures contributes to that optimum, constitute the soil
conservation poblea. The wmany facets of this problem range from
questions of practical technique, timing and location, to issues of
market failure. Clearly howsver, any resolution of the problem requires
information about the cn-farm benefits of technically Ffeasible measures
and the relative importance of these benefits,

Implementation may require establishing incentives for farmers to
undertaka conssrvation. and exploring the ways in which policy
instrusents eodify these incentives (Seltz and Swanson). Rausser
supports an emphasis on the farmer's role, but also highlights the
relaticnships among the important soll-rescurce variables because these
influence productivity over time. McConnell concludes that farmers
tolerate erosion because the extra income from conservation generally
fails to cover the costs of the change in practices. As he argues later
(1966), his compstitive market model may capture the essentials of real
decisions but, following Kiker and Lynne, a full description would also
recognise other influences on the decision to adopt. Any review of
incentives and implementation must therefore recognise the complexity of
the adoption process and the range of relevant factors, which must
include land conditions, farmer perceptions and characteristics, farmers
econoaic and non-economic motivations, as well as government policies and
incentives.

J.A. Sinden is Assoclate Professor of Agricultural Bconomics at the
University of New England, and David A. King is Professor of Renewable
Natural Resources at the University of Arizona. The work was underraken
while King was visiting Professor at the University of Now England.

The authors gratefully acknowledge the financlal assistance of the
Natlonal Soill Conservation Frogramme, and the encouragement and field
assistance of the Soil Conservation Service of New South Wales. Russell,
Doug Stewart and Colin Cartwright of the Manilla District of the Service
were particularly helpful. Doug Stewart offered helpful comments on an
earlier version of the manuscript.



Bepirical studiss of the adoption of soil couservation measures have
focussed on the relative strengths of some of these factors. FPFor
example, Ervin and Brvin investigated variations in the mumbsr of
conservation practices actually adopted, relative to farmer perceptions,
erosion potential and the existence of & cost-sharing programme. Taylor
and #iller examined the influence of the fazrmers porceived needs, and
potential persuasion toward new practices. and measursd both these
explanatory variables through Likert attitude scales. The rate of
adoption of minimme tillage, by ownsrship size and ercsion hazard
classes, was examined by Lee and Stewart.

A ugeful extension of this kind of rezearch would ba an integrated
study of the financial profitability of conservation practices and the
set of factors that promote adoption. Such an approach might
successtully identify the separate infiuence of the different kinds of
factor. Rccordingly, the goal of this paper is to investigate the set of
factors that influence the adoption of s0ll conservation practices.

In addition to the work of other researchers, we weras motivated to
undertake this analysis by two paradoxes in farmer behaviour in a
cropping region of New South Wales, Australia. 1In this reglon, there is
serious soil erosion and an intensive government programme to combat 1it.
For other research purposes, we had gathered information from 50 of the
70 farmers who purchased land between 1979 and October 1985. The first
paradox concerned the lack of local information on increases in crop
productivity that might follow soll conservation. Despite this, 23 of
the 50 had adopted intensive conservation measures, and so the sample
appeared to be over-adopters relative to the state of information. The
second paradox concerned potential gains from conservation. Our early
resaarch indicated substantial economic gains from soll conservation te
41 of the sample, Following the economic paradigm of choice, the farmers
appeared to be substantial underadopters relative to likely on-farm
gains. oOur spacific —bjective was therefore to try to identify what was
influencing adoption in addition to profitability, and to contrast the
relative importance of the different kinds of influence. We wsre able to
measure the influences of land condition. personal characteristies.
personal motivstions, profitability, income levels, and the institutional
programaes.
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To sst the context for the whole analysis, the nature of adoption
decisions is reviewed as the first part of the conceptual framerork.
Theoretical models of the adoption process, and the crop yiald/land
conditicn response, comprise the remainder of the framework. Data
collection is then discussed in terms of the study area and variables to
b2 wmeasured. The analysis begins with estimates of a crop-response
wodel. These results then provide a key variable for the probit analyses
of the adoption process, whera one probit model is estimated for each
stace of the process. The calculations of the potential profitability of
s0il conservation are contained in the appsndix.

@ isi

The adoption of innovations has recelved exhaustive study, much of
which Rogers reviews while updating his own important work in the area.
Research into diffusion of agricultural innovations and new environmental
practices rests on this body of literature and often extends it
quantitatively (sae for example, Turner, Epperssn and Pletcher; Pampel
and van Bs; and Taylor and Miller).

conceptual models of adoption vary in their details, but most
recognise a multi-stage decision process. Indeed, Kennedy's gensral
nodel for agricultural innovations rests con the three stages of (a)
recognition of & problem and search for innovations, (b) awareness and
mental acceptance of a new practice, and (c) adoption or non-adoption of
the practice. Despite difficulties with interdependencies and political
dimensions, he concluded that such models were generally relevant but
usually needed refinement for particular studies.

Brvin and Ervin successfully test a three-stage model (perception of
the degree of erosion, decision to adopt, and actual quantity of effort)
of the adoyion of practices 4n Missouri. A three stage process was also
modelled by Taylor and Miller for the adoption of measures to control
poilution of Black Creek in Indiana. Their measures included familiar
conservation practices such as grassed waterways, holding ponds and
contour farming, although their stages were slightly different (knowledge
of the innovations, persuasion about them, &nd the decision to adopt).




To fully recognise behaviour, any model of the adoption process must
expiicitly include motivaticn. Ixplementation of zoll conservarion
practices will differ with soclal and economic variabies as well as ths
srosion hazard, arque Barla, Rose and Brownlea. The income motiva,
expressed as increases in total farm income, proved the most usafu‘l
overall influence on zdoption in their sample of 115 farmers in
Queensland. The stewardship motive, of passing to the Future &
fully-productive resource, may be important to many landholders. As Van
Rooten and Furtan footnote in their review of issuss in Canada,
stewardship is slmost always reported as a resson for adopting
conservation practices and economics us a reason for rejecting thew.
Zaylor and Miller found that persuasion toward the conservation project
most influenced the use of new vractices in their study area. Their
persuasion variable explicitly included the farmer's desire for gensral
pollution control, and the clsarly-motivational benefit to those
involved. Explanatory variables will of course vary with location and
practice, but wotivation should always be a doxinant factor.

Even this brief review indicates the usefulness of multi-~stage models
as repressntations of the adoption process in agriculture. The
conceptual modal of Wigure 1 provides a framework within which to
organise the present research on what influences the adoption of soil
conservation practicas. The model follows Ervin and Brvin although their
last stage, quantity of conservation effort, has been redefined as the
decision to resolve the erosion problem. HAs Saliba (1985) argues, such
models help to emphasise the saparate importance of land, management and
insitutional factors, as well as the relationships between them. For
simplicity. the model omits the feedback loops that Saliba and Bromley
use to characterise changes over time. But Figure 1 expands their
decision process to include a problem recegnition stage between
perception and decision.

Perception of land condition (PERCEP) depends on the exog. .ous
factors of the land itself as well as on the personal attributes of the
farmer. Recognition (RECOG) that a problem is worth trying to resolve
rests on these initial perceptions, on economic forces, and on the
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farners wotivation to resolvs the problem. 7The decision whether to
undertake soil ercsion (FIXIT) rests on both the recognition end
pecception stages, but also depends on the existence of institutional
progrimmex of assistance. This behaviour could be modelled by the
following systes of structural oguations.

(43} PERCEP = £{Land factors, personal factors)

() KEOOC = F(PERCEP, other personal factors such as motivation,
sconcmic factors)

{3} FI¥I? = £(BEC0G, institutional factors)

gguations (1) and (2) recognize the possibility that scee porsonal
characteristics may influence PERCEP rather than RRCOG —- and vice versa.
Bquations (2) and (3) presume that both recognition and decision stages
depand on economic forces and that the same economic forces influence
both.

If all theae stages were resolved simultanecusly, the system should
bs estimated simultanesously. If all three are resolved ssquentially and
in the same decizion process., the system should de estimated
sequantially. In other circumstances. separate estimation of each of the
thres models is appropriate. These circumstances include, {a) the fixit
or decision stage may occur one or two years after ths reccgnition stage
~-~ a8 in the present research, (b) the separate effects of the factors at
each stage may be of interest —- as apparently it was to Taylor and
Hiller. and Brvin and EBrvin, or (c) perhaps just cne stage in the process
is to be analysad — as in Earle, Rose and Brownlsa. For separate
estimation, the stages may be spscified /< follows.

(&) PERCEF = f(Land factors, personal factors).

(5) RECOG = f(Land factors, personal factors, economic
factors

(6) FIXIT = f£(Land factors, personal factors, econcaic

factors, institutional factors)

The variables PERCEP, RBCOG and FIXIT are all convenlsntly and
lugically defined as binary variasbles. The farmer either does or does
not perceive that his land i3 in a conserved condition (PERCED = 1, and 0
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respectively). He does or doss not recognise any erosion as a problem
worth resolving (RECOG = 1, and O respectively), and similarly he either
doss or doss not adapt measures to £ix up the problea (FINIT = 1, and 0
respcctivﬁy) .

In each case, the farmer is essantially choosing batwean two events,
{E) and (not E). The general modsl to explain participation basad on
this binary cholce is:

(%] P, = ¥[B izl =B, ))

whore ? 1s the probabiiity that avent one will be chosen in observation
n, and ! is a cumulative dutribntion function. The vector of K
coafficients is representced by B while the Z's represent X-vectors of
data for observation n. If the individual does participate in svent B,
data describing participation are in Zn othervise they are in 2

The Z's can measure any attribute of the participation status, or any
transformation of an attribute. If F is the cumulative normal
distribution, 1f the equation is lincar in its parameters. and if

individual observations are to be analysad, then the probit method is the

appropriate estimation procedure. In this method, the participation
decision is modelled by a linear criterion function,

(8) Ip=a+bx +ey
i

where 11 iz the binary choice variable measured at 1 (for participating
in the event) or 0, xt is a vector of attributes (or independent
variables), and e, is the rondom disturbance. Parameters a and b are,
of course, to be estimated.

The probability of Ri occurring is greater for larger valuess of the

index 1‘.1. =0 the wodel of cguation (8} can be transformed into a
monotorniic relationship otween the value of Ii and the probability of
the event Ei.
- '* aa [
(9) Prob (B 11) prob (Ii € 11) F(bX 1)

where F(.) is the cumulative distribution function. X. Theoretically,
the farmsr will choose B cnly if J:1 32 I*, where I* is the threshold
value of the random index which reflects the underlying attributes.

. ekt & .



Equation (9) ssts the observable parameters (X;+ Z;) in the full
context of the general model of binary choice. Parameters a and b are
generally estimated through maximus 1ikslihood procedurss. When the sets
of obszervations are statistically l.dependent, and when the function of
inGependent variables (equation 8) is distributed normally, the maximus
1ikelihood estimates of the paramsters are distributed normally and have
the properties of consistency and efficiency. Since the bi paramaters
are normally distributed. hypothases about them parameters can be tested
with the t-statistic.

Probit analysis hes been widely usad in this way to investigate
participation in various activities and tc assess the impact of extension
programmes (sse, for exawple, Huang and Raunlker; Lane),Kushian and
Ranney: Thompson and Biler: and Tutner. Epperscn and Fletchar).

The relationzhip betwesn changes in land condition and changes in
agricultural output is a prime concern of this research and the potential
yvisld increase is of course an important economic factor in the RECOG and
FIXIT functim." The underlying response model, and the nature of
possible land condition variables, must therefore be sxplored in some
detail.

Both the quantity and the characteristics of the land input influence
the guantity of production. For a given property. or a given amount of
land, crop cutput can be expected to vary with several characteristics
such as soll depth, fertility, <iganic matter, and potential for
cultivation. 1In principle, these characteristics can be substituted one
for another, and for the quantity of land, labour and capital in the
production process.

Consider a potential purchaser of land who wishes to produce a given
output of wheat. His labour input, skills, technology and capital are
given. He will consider the characteristics of the land that he balisves
will influence production., For example, he could purchase an eroded
property with a high proportion of arable land or a well-conserved
property of the same size, but with a lower proportion of arable land.
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His cholcez lie along an isoquant where the inputs (or characteristics)
are arability (X,) and conservation/erosion status (X,). In applying
this modal to grazing. Barlows interprets xl as per cent of land
suitable for forage production and X, a8 intensity of the necessary
conservation practices (where contour farming is least intense and
terracing is moxt intenss).

A general expression for this response function is:
(16) Y = f(xlno..n Ka)

where Y denotes tha quantity of output, and Xi are the total set of
inputs,

The selaction of the variables X, for the characteristics of the
land is, of course, of soms interest. One obvious cholce for a cropping
property 1s the proporticn that is arable land and another must concern
tho conservation/erosion status of the property.

Conservation/erosion status has been measured or defined in various
ways. A direct definition is annual soil loss, for given conditions of
slope, soil typs, and climate, and was used or suggested by Heady and
Vocke. McConnell. Crosgen and Stout, and Burt. Proxles for erosion
status have includwd residual depth of topsoil, and for
conservation/er ;eion starus, the proportion of the property with
conservation wessures in place (brynan, Hodge and Watson). Other proxies
for this status also could include the proportion of land that still
needs treatment, and the costs of the remaining necessary treatment.
Whatever the variable(s) used to measure tiiis status, they must (a)
directly influence crop output, (b) be susceptible to direct changs by
management, and, of courss, {¢) bz measurable.

Thus, our initial response function is

{11) Y= E(xl. Xzo Xi. xj)

where ¥ = crop yield per hectare
}x1 = par cent of land suitsble for crop production,
x2 = annual soll loss
xi = other relevant variables of land condition,
X = other relevant inputs.
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The direct definition of conservation/status, as annual soll loss, is
used first for X,. 'hen, following Saliba and Bromley, the use of two
other varlables is examined to emphasise the role of management. These
two concern the percentage of arable land that neads conservation
treatment, and the overal) costs of treatment.

We would sxpect decreasing productivity to each input and diminishing
rates of substitution between inputs, but we would not necessarily expesct
a constant elasticity of production per input. We therefore adopt a
partial
logarithmic function of the following form,

0N
(12) ¥ =a+ §bylnXe +U

k=l
where ¥ remains in arithmetic units.

Application of the framework

The responses of crop output to changes in land condition are
estiwated first by applying the response function of equation (12), The
expected increase in crop yield then becomes a variable in the RECOG and
PIXIT functions of equations (5) and (6)of the adoption process. The
prebit method is applied to estimate models for each stage in the
adoption process (equations (4), (5) and (6)). Taken together, the
responsa and probit analyses implement the general model of Figure 1 in a
step-by-step manner.

DATA COLLECTION

The studv area

Manilla shire in New South Wales, Rustralia was chosen for study
becauge the Solil Conservation Service of New South Wales has maintained
an active soll conservation programme there for some t:imez. The
programme has accomplished much, but many conservation works remain to be
completed -~ according to the Service. The Shire includes the Keepit
Soil Ceonservation Project which was started in 1971 to reduce soil
erosion in the catchment of Keepit Dam.
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Farm planning is one of the services provided by the Soil
Congervation Service (SC8). fThe Service develops a farm plan which
includes recomuendations for soil conservation works which directly
affect the condition, or degradation potential, of the land. The
recoemended works lowsr : o degradation potentiul, and zo raise the
conservation status of txs land to a technical standard set dy the
‘service. Upon dpproval of a plan, an agreement 1s prepared which details
the specific works and the responsibilities of the SCS and the farmer in
carrying it out. Por farms within the Project, one half of the cost of
the works is borne by the 8CS, and the landholder is usually eligible for
a 15-ysar loan at 4.5 per cent to cover the remainder. This loan is
avallable to all farmers who meet the eligibility requirements, wharever
thelr Farm is located. The farmer's decision to underteke the works
should be influenced by whether or not his property was in the Project,
because of the greater nead for them and because of both, the
cost~aharing programse and the greater extension effort devoted to the
Projiuct area.

Data were collected simultaneously for the present research and for
resesr 2h into the relationships batween land condition, soil
conservation and land values., Sales of all properties largsr than 40
hectares were identified for the period between 1979 and October 1385 and
during this period 154 properties changed hanasa. Farms purchased by
government agencies, properties not used for agriculture, properties
solely suited to grazing, and within-family transactions were excluded.
Seventy eliglible farms were left and the survey included the first 50
Farmers with whom appointments could be made. The data are considered
to be representative of family owned and operated, mixed crop/grazing
farms in the Shire. 1Indeed, they are considered representative of this
kind of farm in the much larger north-west slopes region of the state.
The representative farm in the sample 13 354 hectares in size, of which
64 per cent is sultable for cropping.

* The variables

Adcption process C(ne dependent variable was defined for each of the
three stages of the adoption process. The landholders perception of the
condition of his land at the time of purchase (PERCEP) was defined as
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i=conserved or well conserved, and 0= degraded or very degraded. Data
were obtained through the following 5-point rating question. When you
bought the land, did you think it was very deoraded, degraded, about
average, conserved or well conserved? Twenty three of the Fifty felt
thelr land was conserved or better and twenty seven rated their land as
degraded or worse.

Data on recognltion were obtained through the question: aid the
potential loss of agricultural productivity due to erosion detract
seriously from the value of the land at the time of purchase? The
variable REOOG was scored at 1 if yes (10 responses) and 0 if no (40
responses).

Local Soil Conservatlon Service offlcers provided data on (a) which
landholders kad already contracted and started the recommended works (17
had started) and (b) which were about to sign the contracts and about to
start (12). FIXI?, for the decision to undertake the conservation
neasures, was coded as 1 = had started or were about to start (29 in
all), and 0 = otheruwise (21).

Land factors The quantity of soil movement down a 100 metre length of
given slope per hectars per year (SLOSS) was taken as the basic measure
of the erosive condition of the land. The data were obtained from local
applications of the Universal Soil Loss Equation, combined with local
experience and the results of local experimenté. The f£igures ranged
from 5.0 tonnes on a slope of 0 to 1 per cent, up to 106.4 tonnes on
slopes exceeding 10 per cent. (A. Harte, pers. comm). The property is
the unit of analysis, so an average slope per property was requireds.

An alternative, field-by-field measure of land condition was
availab .¢ through the farm plans. The total cost of all the recommended
conser aclon works, remaining to be completed act the time of purchase,
was calculated in 1984 costs {and expressed as CCOST $ per hectare over
all hectares of the purchase). Properties with low erosion potential, a
technical condition and standard implicit in the quantity of recommended
works, have low values for CCOST and vice versa. This measure of land
condition directly reflects conservaticn/erosion status, and directly
enters the recognition and decision stages of the adoption process.
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purther, it ptovi&asﬂ the kind of comparable, fivld~level or
regional-level measure of conservaticn management that S#)iba and Bromley

The local 5C8 officers estimated the percentage of the arablz land on
each property that nesdasd treatment with soil conservation works
(PCTRERTS), providing another measure of overall land condition. For a
landholder percsption. the farmers were each asked what per cent of the
whole property they Ealt necded treatment when they purchacsd it
{PCTREXTL).

Farmers wore surveyed for their perceptions on three more aspscts of
land condition at the time of purchase. ACCESS waz the standard of
access tracks to homestead, fields, bulldings and the property itself.

It was coded 1 if the tracks required substantisl and carefully-defined
repairs every 1 year, 2 if every 2 years etc. SILTRO was coded
similarly for the frequency of maintenance to adjacent shire roads due to
silting and qullying from the property. The farmers estimated the cost
of on-farm conservation works necesssary to stop grosion into off~farm
water courses (WATERC in § per ha)a.

Of these measures of land condition, SLOSS and CCOST are directly
related to the biophysical/topographic characteristics of the leand. The
remainder are explicitly cost-oriented (CCOST and WATBRC)., directly
affect farm operations (ACCESS and SILTRO), directly measure what
conservation works are necessary (CCOST),or are direct perceptions of
what needs to be done to raise the land condition to some inherent
standard (PCTREATS and PCTREATL). Values for the variables SL0OSS, CCOST
and PCTIREATS were assessed by the researchers or SCS professionals. Thus
these variebles should provide the most consistent measures of
conservation/erosion status and so they are used as alternative measures

in the response analysis.

The city of Tamworth lies to the south of the study area. Properties
more distant from Tamworth tend to be more undulating, to have more rocky
outcrops and to have poorer vegetative cover. DTAM, distance from
Tamworth in kilometres, was included in the response analysis to capture
these blophysical effects.
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The parcentag. of a proparty suitable for cropping (PCARAB) will
influence yield response, so this varisble was also included in the
response analyzis and a positive szign expected.

Personal factors An important factor in the adoption decision is the
managesent skill of the farmer himself, & concept that is inherently
difficult to measure. Years in farming {YRSF) was used as one

measure. Another was a rating ch a 1 to 10 scale by SC3$ professional
officers of each landholder's ability to invest capital to obtain a high
yet safe return {BINV). The intensity of the landholders search for a
purchase reflects the care in his earlier decision to buy the property.
This care may carry through to other decisions <o BSCH was included, and
defined as the number of properties the landholder said he seriously
considered in his search for land.

The landholder's motivations for purchasing and managing the land
will influence his decisions, and his recognition of the problem. Each
farmer was asked whether he thought that the potential agricultural
income and potential capital gain from the property were especially
important reasons for purchase (MAGINC, MCAPG). These two variables were
both coded 1 if so., 0 otherwise.

A direct motivation for undertaking the razcommended cons ion
works is the expaected increase in profit. Actusl increases were
estimated through the reaponse analysis as the increase in wheat yield
{YINC in tonnes per hectare) if the farm plan is implemented.

The importance of the stewardshlp motive was assessed as follows.
Landholders were given a ilst of 14 potential benefits from soil
conservation and asked to select the five that they thought generally
gav» the greatest benefit to them. One bensfit was, “pass on to the
future a fully productive resource®. The variable MSTEW was coded as 1
iE this was selected and 0 otherwise.

Economic factors Relevant economic factors include existing agricultural
yields, because these will affect the farmers overall ability to pay for

works. WHEAT was the total wheat yleld per hectare expected in the next

year, as estimated by the farmer. It was recorded as total yield in

.- e e
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tonnes divided by the total area of the property. This basic maasure of
agricultural production was supplemented by STOCK, the total livestock
carrying capacity expected in the next year in livestock month
squivalents per hectare. STOCK obviously recognises the agricultural
potential of grazing land, and partizlly recognises the potential of
arable 1and to provide fodder crops.

Sualler properties can be managed more intensively, therefore total
size in hectares (SIZR) was included in the yleld response anzlysis,
Institutional factors The town of Manilla is central tc the area. It is
the educaticnal, health and religlous centre, and i1s the headquarters of
the local Soll Coaservation District and the Keepit Project. Over the
ysars, properties closer to Manilla have had greater access to SCS
extension services and SCS plant and machinery, so pechaps less
conservation work remains to be done on these properties. Again, more
extension advice is currently focussed on the more distant properties, so
distance from Hanilla (DMAN in kilomstres) should partly explain the
influence of institutional programemes.

Parms within the Keepit Project are eligible for a 50 per cent
subsidy on the cost of the recommended conservation works -- as well as
ths standard 4.5 per cant loan for the remainder of the cost. This
cost-sharing programme recognises the severity of erosion within the
Keepit éroject at the time the project was established and the incentive
provided by the SCS to complete recommended works. Accordingly, INK was
defined for location of the property relative to the project (1 = within
project, 0 otherwise).

Parmers who have ..ad previous loans, and particularly those who have
had previocus agreements with the SCS for land within the project, can
better assess vhat the agreements entail. BPAG was therefore defined as
1 = the landholder has had a previous agreement concerning land within
the project. 0 = otherwise.

RESULTS

The response functions, for the relationships between land condition
and wheat output, provide data for the yield increase varlable (YINC)
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which is subsequently included in the recognition and decision models.
The response functions are therefore considered first. Then come the
perception, recognition, and decision functicns, which have all been
astimated by probit analysis. Together they model the adoption process
and so they are reviewed togsther.

Ths ordinary least sqguares astimates of equation (12) ars reported in
zable 1, with one equation for sach of the three alternative neasures
(8LOSS, PCTREATS, COO8¥)of land condition. The t-statistics are in
parenthases with significance at ( )*** for 1 per cent. ( )** for 5
per cant and { )* for 10 percent.

The co-efficients on Ln (PCRRRB), Ln{SI1ZE) and Ln(DTRM) remain stadle
€or the different variables of land condition, but Ln (CCOST} in equation
(15) is the only significant conditicn variable.’i Higher coofficients
of determination can be cbtained with other transformations of the
explanatory variables, as for example the following linear modal.

(16) UHEAT«1.085 + 0.016 PCARAB ~ 0.0003 SIZE - 0.010 DTAM -~ C.l1l%Ln (CCOST)
(6.0)#u% (1.3)* (1.5)* {1.5)*

R® = 0.554, R 2= 0.515, 7 = 14.026 for 4.45 degrees of Ereedom.

Nevertheless, the general logarithmic form of sguation (15) is
conceptually superior and statistically satisfactory. The significant
and negative sign on Ln (CCOST) indicates that dacreases in the quantity
of necessary conssrvation works are assoclated with increases in wheat
yields.s Apparently then, increases in the amount of necessary
conservation works are assoclated with decreases in wheat yleld.

The ¢xpected yield increases, following increases in the soil
conservation works, can be calculated from equatlion (15). Parmers tend
to undertake all the recommended works on the farm plan, or none at ail.
The wean wheat yield of the study farms was 1.07 tcnnes per hectare, and
the logarithmic mean of CCOST was $52 per hectare. If all of these works
are undertaken, the value of WHEAT will rise by [0.150 x Ln (ccosT)].

For a property with a CCOST of $52. the yleid increase is 0.593 tonnes
[0.150 x Ln{52)] per hectare.
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Table 1

Equations
vVariables 13 14 15
Lh (PCABAB) 0.448 0.489 0.507
(3,5)ww {4.7)wew (503w
tn {SIZE) ~0.107 -0,115 -0.094
(1.4)* (1.5)% (1.3)%
Ln (DTRM) ~0.521 ~0.525 ~0.646
(l-‘)* (1.4)* (1“8’**
Ln (SL0as) ~0.08%
(D.&)
in {PCTREATS) 0.068
(0.8)
La (coostT) ~0.180
{1.6)%%
constant 2.148 1.511 2.653
r2 0.448 0.409 0.433
7° 0.356 0.356 0.383
r 7.768 7.780 8.602
Degrees of freedom 4.45 4,45 4,45

for v~test
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farmers will bo motivated to undertake soll conservation works whan
they anticipate a profit, and the profit depends upon the yleld increase.
A major variable for the recognition and decision stage rodels is
thersfors the economic factor of yleld increase (WINC). calculated as
[0.150 x Ln (the particular property value of CCOST)]. The use of
incresse in yield, as a proxy for increase in net income, svolds the
problens of estimating crop prices and salecting discount rates.

The variable YINC is calculated from CCOST and each of these variables
4s uged in separate probit models of the adoption process.
Mathesatically, & response to YINC could therefore be a respoase to
CCOST. But behaviourally, farmers can readily translate their
perceptions of the srosion status of their land to a cost of requirsd
works (CCOST). so CCOST is included in the PERCEP models. Subsequent
discussions with neighbours and 808 officers may give the farmers some
notion of the magnitude of likely yleld increases so YINC was used 1n the
RECOG and FIXIT models.

The adoption process

The results of the probit analyses, for each of the three stages in
the adoption process, are presented in Tables 2 and 3. zhe 1ike 1hood
ratios show that esch sat of coefficients as a whole is significantly
different from zero, and three of the four sets are significant at better
than 1 per cent. Tho null hypothesis, that there is no relationship
between the dependent variable and its set of explanatory variables, is
clearly rejected in each case. The nusbers in parentheses are
t-statistics. Consider now in turn the models for each stage in the
process.,

Parcept ' tion Perceptions had been coded as 1 if the
landholder reported his property to be conserved at the time of purchase,
and 0 if he reported it to be eroded. The three personal factors (BINV,
BSCH, YRSF) contributed 1ittle in Model 1 (Table 2}, so Hodel 2 was
estimated with the land factors alcne. The most influential variables in
both models are CCOST, WATERC, and PCTREATL. These variables measure,
respectively, the cost of the recommended conservation works, the
landholders estimate of the costs of on-farm works to prevent off-fam
siiting and gullying of water courses, and the landholders estimate of the
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is

per cent area of the property that required treatwant with conservation
works. ‘the signs on these three variables indicate that conserved
properties (PERCEP-1) are perceived as likely to have low CCOST and low
PCTREATL. dut & high WATERC. These perceptions follow expectations [for
“he objertiveiy-determined CCOST and, the observable PCTREATL. But the
positive influence of WATERC may sesm, initially, to ba
counterintultive. Generally, a badly-eroded farm would lead to more
silting and gullying of off-farm water coursss. However, PERCEP vas
coded from the farmers beliefs abauit land condition as he felt that
condition would affect him. 8ilting and gullying of off-farm
watercourses hardly affect him directly and WATRRC may well be reflecting
his perceptions of the effects of slope., soil type or sowme other
c¢haracteristic of the land. The correlacion coefficient between SILTRO
and WATERC was -0.31, below our arbitrary multicollinearity threshold of
0.40. 1In retrospect. the & prior} sign on WATERC may be hard to predict.

Twe of the measures of land copdition (ACCESS and SILTRO) have no
significant influence on the perception index. The quality of access to
fields, hcmesteads and the propertiss themselves, varied widely betwaen
properties and poor accees imposes direct costs on landholders. The lack
of significance of ACCERSE is therefore surprising, although that for the
externality of SILTRC might be expacted.

There 15 some evidence that farmer perceptions and the percepticns of
officers of the Soil Conservation Service are in agrasment. The variable
CCOST is derived from professional judgemants of the SCS officers on what
works remain to be completed. It is a significant determinant of PERCEP.
parmer perceptions and decisions seem therefore to be directly assoclated
with those of the Service.

Variables ACCRSS, SILTRO, WATERC and PCTRERTL all refer to perceptions
of the land at the time of purchase. The recognition and fixit models
refer to a rathar later time (between one and four years) and so these
variables are not used in the RECOG and FIXIT models.

Recoqnition of & problem The recognition equation (Table 3) is the least
significent of the probit models — although it's significance still
exceeds five per cent. The signs indicate that farmers., who were likely
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to believe that the potentigl loss of agricultural productivity was a
serious problem (RECOG = 1), were those who had spent the lowest number of
years farming (¥RSF). who were classified as better investors (BINV), who
appeared to pursue to the stewardship motive (MSTEW) and who had actively
sought capital gain (MCAPG). 7he potential increase in wheat production
(YINC), the likely production levels without soil conservation works
(WHEAT and STOGCK), and the income motivation appear to have little effect
on recognition.

Fixing up the problem In contrast to the recognition functica, YINC was
highly significant in the FIXIT results while years in farming (YRSP) was
insignificant. Apparently, soil conservation works are more likely to be
undertaken on properties where the accompanying yield increases are high.
and the distinction between established and new farmers {(¥RSF) has no
seffect on this probablliiy.

The significant, positive/signs on WHEAT and STOCK suggest that
increases in the total farm income promote the probabllity of adoption.
The significance of STOCK, the total livestock carrying capacity next
year, further suggests that security of income through the opportunity to
diversify into livestock production promotes adoption.

The stewardship motive (MSTEW) and likely yield increase (YIMC) are
each significant, but in different models. Apparaently. these who say they
adhers to the stewardship motive are more likely to recognise the
existence of an erosion problem -- but not more likely to fix it up
(equations 18, and 19). The expected yield increase does not appear to
affect the probability of recognising a problem -- but it appears to be
the most significant factor in actually undertaking conservat:icn.g

All three institutional variables (DMAN, INK and BPAG) have
significant effects on the probability that farmers will actually
undertake soll conservation. Works are more likely to be undertaken when
properties are in the Keepit Project, presumably because of the
cost~gharing programme and the especially-active extension programme for
the project. However, buyers who have had previous agreements are less
1ikely to fix up their land condition -—- and conversely buyers who have

not had previous agreements ars more likely to undertake the mrks.m
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Following Huang and Raunikar, the derivatives of the FIXIT probability
function were calculated with respect to the significant independent
variables, and calculated at the variable means. Thess show the change
in probability for a given change in the variable, ceteris paribus. A
ten per cent increase was selacted as the given change and the results
ware as follows.

¥imc + 0.383 WHEAT + 0.067
BINV +  0.197 INK + 0,035
DMAN  + 0.137 BPAG -~ 0.013
SroCK +  0.097

¥hen all variables were set at their means, the probability for FIXIT
was 0.404. The derivatives show that yleld increase is the most
infiluential variable — as would be expectad for a rational
profit-motivated farmer. BPAG is the least influential of the
significan” variables.

Sequential probit models If the PERCEP, RECOG and PIXIT variables had
been measured for a common time period, the system of equations {1}, {2)
and (3) could have been solved sequentially. Values of PERCEP from
equation (1) could be data for the PERCEP variable in egquation (2), and
then values of RECOC from equation (2) could be data for the RECOQ
variable in equation (3).

The PIXIT wodel (Table 3) uses the same set of variables as the RECOG
rodel. plus the three institutional variables. 5o ssquential estimation
of equation {3) from equation (2) would be consistent. But the RECOG
wodel of Table 3 uses YINC, whereas the estimated PERCEP models of Table 2
use CCoST, which is different Eom but mathematically related to YINC,
Further, the variables PCTREAT, is the variable which most clearly measures
average land condition in the perceptions of the landholder. RAccordingly.
for sequentlal purposes equation (1) would be most simply estimated as:

(20) PERCEP = f(PCTREATL, BINV, BSCH, YRSF)

The models for RBCOG and FIXIT would follow from this, and the set of
estimated sequential equations was as f~1llows.
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Table 2

Explanatory
Variables

: tions

16
Model )

17
Model 2

Land Pactors
CCosT
ACCESS
SILTRO
VATERC
PCTREATL

Persona ors
BINV
BSCH
XRSF

-0.014 (2.1)%+
-0.004 (0.7)
0.003 {0.5)
0.041 (2.0)**
~0.054 (2.0)%*

-0.014 (2.5)*%%*
-0.004 (0.8)
0.004 (0.7)
0.035 (L.9)wn*
=0.052 (2.0)%*

0.150 (0.5)
0.004 (0.2)
0.029 (1,7)*+

Constant

0.867

Likelihcod ratic
Level of significance

22.576
0.01

0.776

19.169
0.01
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Equations

18 19
Explanatory Variables RECOG FIXIT
Personal factors
BINV 0.674 (1.7)%% 0.578 (1. N
BSCH 0.024 (1.2) 0.029 (0.7)
YRSF ~0,054 (2.4)%* ~0.001 (0.1)
MAGING 0.269 {0.5) 0.567 (0.9)
MCABG 0.714 (1.4)* 0.513 (0.9)
M3TEW 1.653 (1.6)* ~0.440 (0.5)
WHEAT 0.259 (0.6) 0.624 (1.5)*
STOCK ~0.059 (0.9) 0.119 (2.1)**
YIKC 3.176 (1.2) 6.499 (2.5)%h%
Institutional factors
DMAN 0.094 (Z.1)#%*
INK 1.352 (1.9)*
BPAG ~-2.236 (1.4)*
Constant ~6.156 -8.863
tikelihood ratio 18.414 33.386
Level of significance 0.05 >0.01




23

(21)  PERCEP = 0,331 - 0,031 PCTREATL - 0.180 BINV - 0.008 BSCH +
(2.4)+% (0.8) (0.3)
u.ozsf YREF
(1.8)%+

Likelihood ratio = 11.015 Level of significance = worse than 0.10.

(22) RECOG = -3,679 ~ 0,450 PERCEP + 0.334 MAGINC + 0.657 MCAPG
{1.3)* (0.7) (1.4)*

+ 0.481 WMSTEW + 0.059 WHEAT - 0.026 STOCK + 3.114 YINC
{0.) {0.1) {0.5) (1.1)

Likelihood ratio = 11.46%2 Level of significance = 0.05

{23) FIXIT = 0.080 + 0.582 RECOG + 0.038 DMAN + 1.458 INK - 1.033 BPRG
(1.9)%* (1.4)* {2.1)%* (0.9)

Likelihood ratlo = 15.689 Level of significance = better than 0.0l

Tha coefficients on PERCEP in equation (21) and RECOG in equatiun
(22) are significant. The significant coefficients in equations (21) and
{22) approximate those of their respective models in Table 2., However
sequential estimation has offered no new information, and equation (21)
both appears not to have a useful level of significance as a whole.
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CONCLUSIONS

The analysis can now be interpreted in terms of the profitability of
on-famm conservation measures, and the factors that promote their
adoption in the study region. These conclusions may help to explain the
apparent paradoxes of farmer behaviour, namely over-adoption relative to
the s;aeef of information but under-adoption relative to likely econmomic
gains.

The response analysis indicated that adoption of conservation
neasures which reduce CCOST, does significantly increase wheat yield and
the appendix indicates that these increases appear to earn at least 1D
per cent on 41 of the properties. The managerial measure of land
condition {CCOST) was straightforward to measure, is a direct measure of
congervation/erosion status, and proved an important variable in the
models. As such it may buve more widespread use.

The major determinant of the final decision to resolve the problem
{the FIXIT stage) was the economic factor YINC, the likely increase in
wheat yleld after adoption. The arithmetically-related CCOST, measuring
land condition, was a major determinant of PERCEP, and the measures of
farm income (WHEAT and STOCK) were significant determinants of FIXIT.
The importance of these wvariables supports the role of the market
paradigm in the adoption process, particularly in the key stage of
actually resolving the problem.

Nevertheless non-economic factors are important too and these may
explain why adoption was not followed in all profitable cases. Those
persons with more years in farming (YRSF) may in fact recognise erosion
as less of a problem —— according to their reported information.
Previous experience with agreements (BPAG)., which may reflect personal
Eactors such as age. seems to make adoption less likely -- ceteris
paribus.

The institutional factors help to explain the adoption rate in the
study area. The area contained the Keeplt Soll Conservation Project
which, as included as the varlable INK, significantly increases the
likelihood of adoption. Apparently the Soil Conservation Service has had
a positive effect because its Keepit programme does increase the
likelihood of the adoption of soil conservation measures.
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1. While research is in prograss, there 1s no published work which
establishez whether scll conservation increases crop yields in New
South wales,

2. A shire is an administrative unit of govefnment. roughly equivalent
to & county in the United States of America.

3. Those who adepted conservaticn practices (FIXIT = 1) could
concaelvably be those who purchased land early in this six-year
period. 7o test for this, we compared the time of purchase for
adopters and non~adopters. The mean was September 1982 for the
former and October 1982 for the latter, and there was no statistical
difference between these means.

4. The Universal Soil Loss Equation was derived from, and 50 only really
applies to, conditions in the Upper Hidwest of the United States
(Bromley). Mot surprisingly. local 8CS officers expressed some
reservations about its use to estimate soll 1loss in New South Wales.
As the analysis turned out, SLOSS proved a poorer determinant of
wheat yields than CCOST.

5. While we estimated these average slopes from topographical maps, as
carefully as possible, more detallad fieldwork might have glven more
precise figures.

6. The correlation coefficient between the two monetary variables of
CCOST and WATERC was 0.083. The cost of these particular on-farm
conservation works was estimated by farmers, instead of Service
officers, because the variable WATERC was to be related to farmer
perception.

7. The correlation coefficient between Ln{PCARAB) and Ln(SLOSS) is
-0.437, rather above our abitrary multicollinearity threshold of
0.400. The properties of the coefficlents in equation (13) may
therefore be doubtful, and the coefficient of 0.448 on Ln(PCARAB)may
capture some of the effects of Ln(SLOSS). All other correlations
between independent variables in Table 1 are less than 0.280.
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Cross—sectional analyses, such as this, imply that the increase in
wheat yields would be “instantanecus“. In fact., there may be a delay
of one or perhaps two seasons.

Thase differences suggest a siight amendment to the Van Kooten/Furtan
hypotheses., Stewardship is one of the reported motives in
recognising a problem, but economics is the reason for resolving it.

our £ield experlence suggests that this result may rsflect
landholders age, rather than poor experienca with previous
agreements. Landholders who had previous agreementz (BPAG = 1) are
more likely to be older and so perhaps less likely to invest in the
future through soll conservaticn.
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Personal factors
Personal motivation,

parsonal characteristics,

Hanagement skill,
Knowladge, etc.

1 Perception
of land condition
N

Land factora
Condition,
Characteristics such
as slope, water
runcff, and soll
type, etc.

of a prohlem worth

trying to resolve
N

Beopomic factors
Bxisting cutput levels,

Cost of treatwment,
Potantial yield
increases, etc.

Decision
to resolve
the problem

1

Institutional factors
Programses of
agsistance, Parmer's
knowledge of
prograxmes. stc.

Figure 1 Three stages in the process of adoption of soil conservation

practices.
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The basic framework for estimation of Profitability has been Summariseq

NV = (discounteq value of yield increages) ~ (discounteg value of
the cost of consesvation works) - (net cost of any chariges
in practices)

IS AR T,

Farmers in the study area follow substantially the same crop S

PR
Production techniques with or without the conservation works, so the last g{:
Ltem in the equation is effectively zero. The cost of conservation works LS
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Per hectare per farm i8 of courge CCOST. Loecal experience suggests a
conservative works life at 12 years, 4f maintained at the level of one
haif of the original costs every four years.
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The yield increases can be eucimated from equation (15). since all of
the Fecommended works ars undertaken or none at all, the Yield incresse is
given by YING = 0.150 Ln (ccosr). Five per cent approximates the real
social rate of dizcount ang 10 Per cent iz a minimu estimate of a farmers
real opPortunity cost of capital. The net bresent values for the range of
values of coosr is now sumarised.
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Land Condition Net present values
as CcosT At At
$ per ha S_per cent 10 per cent

10 365.72 299,06
50 267.32 139.68
100 163.52 13.90
150 67.32 ~102.61

190 =-5.48 ~190,91
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The break-even land conditions, those with a net present value of $0,
arg tqgm#&ntnd by a CCOST of $187 at 5 per cent, and by $106 at 10 per
cent. The Eormer break-even boint would include 49 of the 50 properties,
while the latter would seill include 41 of them. Tha break-even land
condition for a discount rate of 20 per cent is represented by a ccosr of
approximately $61. ‘Iwenty-six proporties have CCOST levels lower than
this threshold, hence these 26 can be expected to earn a real rate of
return of 20 par cent -- a not-inconsiderable return.

The level of CCOST on the most-ezoded property is $190, only $3 per
hectare above the social threshold. For simplicity, potential increases
in land value at the end of the time horlzon were not assessad, ang
Several external benefits have not been valued. so it ®ay well be
socially efficient to undertake conservation works on all 50. There is
scme doubt whether owness of the nine most-eroded properties would

themselves be motivated to undertake the works bacause their £inancial
return is less than $0.
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