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Abstract

In this paper the relative cost efficiency of Scottish farms is determined, and variables
that explain this efficiency by farm type are identified and implications discussed. A
panel dataset from the Farm Accounts Scheme (FAS) survey for the period 1997-2004
was used for the estimation. A cost efficiency indicator was measured using a fixed ef-
fect panel data regression. Further analysis, to explain the efficiency results, indicated
the presence of important farm size and regional effects. However, other variables,
whilst statistically significant, did not produce a consistent effect across the different
farm types.
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Introduction

For almost half a century, the European Union’s (EU) Common Agricultural Policy
(CAP) supported increases in farm production with great success. Eventually, however,
unacceptable levels of overproduction, budget cost pressures, accusations of excessive
market protection and distortion, and expansion of the EU, along with concerns about
the environmental impact of agricultural intensification, all contributed to growing sup-
port for fundamental reform of the CAP.

The new agricultural policy measures adopted by EU farm ministers in 2003, seek to
reform the CAP in ways that will enable EU farmers and their businesses to become
more market orientated. One of the possible areas of adjustment is related to input use.
This poses two questions that this paper tries to answer: first, how heterogeneous are
Scottish farms in terms of their efficiency with respect to input use (i.e., cost efficiency)
and second, if such heterogeneity exists, what are its causes?

Most farm efficiency estimates for the UK are for England and Wales (Dawson,
1985; Wilson et al., 1998; Wilson et al. 2001; Thirtle and Holding, 2003; Hadley,
2006). In the case of Scottish agriculture, Santarossa (2003) and Barnes (2005) used
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stochastic production frontiers to investigate efficiency using similar explanatory vari-
ables, but producing different results regarding farm size.

The purpose of this paper is to construct efficiency indicators for Scottish agriculture
by farm type using a stochastic cost frontier approach that recognises the multi-output
nature of farming, and offers certain advantages over the stochastic production frontier
approach.” The paper starts by outlining the dataset used for the analysis and then de-
scribes the cost frontier estimation procedure. Thereafter, the cost efficiency results by
farm type are presented, followed by an analysis of their determinants. The paper ends
with a set of concluding remarks.

Measurement of Relative Cost Efficiency in Scotland

This section starts by presenting the data available to estimate the cost efficiency
indices and then sets out the methodology used for computing these indices.

Data used for the estimation

The data used in the analysis are from Scotland’s Farm Accounts Scheme (FAS),
which annually records financial and non-financial data for a selection of full-time
farms across Scotland. The dataset covers the eight year period of 1997/98 to 2004/5
(i.e., the crop years of 1997 to 2004). The criteria used to select the farms were that they
should be present in the 2004/05 survey, and also that they were in the sample for at
least five years. This resulted in an unbalanced panel dataset of 358 individual farms.
Table 1 summarises this sample by farm types and their respective main outputs.

Table 1. Summary of sample by farm type

Farm type group N;Zn;eers(g’i ;’;:S Main outputs
Dairy 50 Milk, cattle
Specialist sheep 1/ 31 Sheep, cattle
Cattle and sheep 58 Cattle, sheep, cereals
Cereals and general cropping 65 Cereals
Mixed 154 Cereals, cattle, sheep
Total 358

Source: Derived from FAS data
Notes: 1/ Specialist sheep farms are all located in less favoured areas (LFA). However,
other farm types include farms in both the LFA and non-LFA.

Costs and outputs by farm type were computed directly from the FAS data. Costs
were allocated to one of four groups: materials (e.g., feed, fertiliser); purchased services
(e.g., contract work, crop protection costs); labour (e.g., all labour used including that of
the farmer, farm family, business partners and hired workers); and capital (e.g., rent and
depreciation). The outputs considered were cereals, potatoes, oilseed rape, cattle, sheep,
milk and milk products, wool and eggs.’ Input price data for the United Kingdom were
used for agricultural materials, services and capital, as an estimate of those prices paid
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by FAS farmers over the study period (Defra, 2006). The labour input price was esti-
mated from FAS data.

Cost frontier estimation

The use of a stochastic frontier analysis is motivated by the fact that it incorporates
random errors, thereby avoiding their inclusion as elements of inefficiency. In addition,
it may be the most appropriate choice in agricultural applications, where random errors
due to weather, disease and pest infestation are likely to be significant (Coelli, Rao and
Battese, 1998).

The approach followed in this paper follows a two-stage process consisting of, first,
deriving efficiency measures and, second, analysing those variables which seemed to
explain the relative distribution of efficiency amongst farms.

Data availability played an important role in our choice of methodology for estimat-
ing cost efficiency indices. The maximum number of periods available in our panel was
8 years (80 per cent of the sample), whilst 8 per cent of the sample had 6 consecutive
years or less. Therefore, we chose to estimate a stochastic cost frontier using a panel
data fixed effects model (i.e., the within estimator, Hsiao, 1993), which considers ineffi-
ciency as time invariant (Kumbakhar and Knox Lovell, 2003). In addition, in order to
test the presence of possible technical change, we included a quadratic trend in the cost
equation. The trend variable took the value of one in 1997, two in 1998 and so forth.

The fixed effects stochastic cost frontier model can be written in the following way
(Kumbakhar and Knox Lovell, 2003), where i denotes farms and t the periods:

InE, =InC(Q,.W,

IEME

t,;Q)+v,-,+ui )

In equation (1) InE, is the logarithm of the observed expenditure,
InC(Q;,, Wy, ,7,;£2) is the logarithm of the deterministic cost function that depends on
the outputs Q,, the input prices W,

it >

a deterministic trend, 7,, to capture technological
change, and a vector of parameters (2. The statistical error is represented by v, , which
is assumed to be independent and identically distributed with mean zero and variance
o, . The time invariant inefficiency term u, is positive.

The estimation of the stochastic cost frontier (i.e., InC(Q,,%,

it>

7,;0)+v,) and the
inefficiency terms (i.e., ;) requires the choice of a functional form for the deterministic

part of the stochastic cost frontier (i.e., InC(Q,.W,,7,;42)). A generalised multiproduct

translog cost function (Caves, Christensen and Tretheway, 1980) was selected because
it imposes less a-priori restrictions than other functional forms commonly used for the
task. In the context of multiproduct estimation, some outputs might not be present on a
farm, and therefore the logarithm used in the translog function will produce an error.
Instead, they propose the use of a Box-Cox transformation to substitute for the loga-
rithm of the output terms. Thus, for the case of n inputs and m outputs, and naming f ()

as the Box-Cox transformation with parameter A4 4 the cost function is given by:

2 n n n
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Price homogeneity and symmetry were directly imposed in (2) through the following
restrictions to the parameters (3):

n n n n n n
Tai=L X0 =0;% B=0; X By =02 T B =038 =Ly 3)
Jj=l =1 j=1 k=l Jj=lk=1

Prices were introduced assuming that all the farmers face the same input prices
within a year (i.e., across farms), but that prices change over time. Furthermore, the
parameters associated with input prices were estimated from the cost share equations.
Then, the equation to be estimated is presented in (4), where the intercept in (4) is
oy =0, +u,;.

n n n m n
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Equation (4) was estimated for four inputs (i.e., n) and a maximum of eight outputs
(i.e., m). Given the high number of parameters to be estimated (i.e., 97 parameters in the
maximum case) and the fact that the Box-Cox transformation added a non-linear com-
ponent to the estimation, the following econometric procedure was employed.

First, the Box-Cox parameter A was estimated through a grid-search routine. For
each given value of A, the log-likelihood of the system of (n - 1) cost shares was com-

puted, using iterative Seemingly Unrelated Regression Equations (SURE) imposing the
constraints in (3). This produced a relationship between log-likelihoods and alternative
values of A4, from which the 4 with the maximum log-likelihood value was selected.
This step also provided the values for all the terms in (4) that were associated to input
prices.

Second, all the remaining parameters -except the fixed effect terms- of the cost func-
tion, i.e., output terms not associated with prices, were estimated using the within esti-
mator (ordinary least square applied to the variables expressed as deviations of the
means by farm, Hsiao, 1993).

Finally, the fixed effect terms used in the construction of the relative cost efficiency
indices were estimated from equation (4) by evaluating the function at the mean value
of the variables by farm (Kumbakhar and Lovell, 2003). The estimated equations are
presented in Table A.1 in the Annex.’

As shown in Kumbhakar and Knox-Lovell (2003), the relative cost efficiency index
(CEI,) for a sample size N was computed as (5) based on the estimated fixed effect
intercepts (i.e., &), where for the most cost efficient producers it has a value equal to
one:
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CEI, :exp{—(&m —mini{dol})} i=1..,N )

Relative cost efficiency results

The distribution of individual farm, cost efficiency levels by farm type are shown in
Figures la to le. All are skewed to the right, having a higher mean than median cost
efficiency level.

The mean value of the relative cost efficiency indices for a farm type can give an
indication of how dispersed the farms are in terms of cost efficiency. Thus a low mean
value indicates that most of the farms are relatively distant (in terms of cost efficiency)
from the most efficient farmer of the farm type group.

Frequency
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Figure 1a: Distribution of relative cost efficiency for dairy farms (50 farms)
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Figure 1b: Distribution of relative cost efficiency for mixed farms (154 farms)
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Figure 1c: Distribution of relative cost efficiency for cattle and sheep farms (58 farms)
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Figure 1d: Distribution of relative cost efficiency for specialist sheep farms (31 farms)
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Figure 1e: Distribution of relative cost efficiency for cereals and general cropping farms
(65 farms)

The highest mean (also median) of the relative cost efficiency estimates was apparent
for dairy farms (mean of 0.58). Dairy farms are thus generally closer in terms of effi-
ciency to the most efficient dairy farm, than is the case for the other farm type groups.
This can also be seen in Figures 1a to le, where the lowest band of efficiency index is in
the range of 0.3 to 0.35 for dairy farms and below this level for other farm type groups.

The intermediate situation with respect to relative cost efficiency levels is achieved
by mixed farms and cattle and sheep farms, with mean indices of 0.49 and 0.46 respec-
tively, see Figures 1b and 1c. However, the distribution for cattle and sheep has a more
distinct modal band (i.e., the range encompassing the most typical value) of 0.3 to 0.35,
whilst that for mixed farms is less pronounced and is in the range of 0.3 to 0.6.

At the lower end of the efficiency spectrum are specialist sheep, and cereal and gen-
eral cropping farms, with mean cost efficiency indices of 0.39 and 0.31 respectively, see
Figures 1d and le. It is interesting to note that in both cases the value of the median is
far below that of the mean (the median for the cereal and general cropping farms is 0.23,
whilst for the specialist sheep group it is 0.31), indicating that a large part of the group
has low efficiency scores. This is also reflected in the coefficient of variation (i.e., mean
to standard deviation ratio) of both groups, which are equal to 68.7 per cent for the for-
mer and 52.4 for the latter. Furthermore, the cereals and general cropping group has a
mode that is quite low (in the range of 0.15 to 0.2 as shown in 1e), whilst the mode for
specialist sheep is between 0.25 and 0.3 (see Figure 1d).

Overall, these findings indicate a wide spread in the cost efficiency of Scottish farms
and that there is considerable scope for efficiency improvement. Those sectors which
have had high levels of direct subsidy, such as cereals, general cropping, and specialist
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sheep (cereals, general cropping, and LFA sheep farms had direct subsidies during the
2003/04 crop year equal to 225 per cent (cereals), 130 per cent (general cropping), and
248 per cent (LFA specialist sheep) of Net Farm Income (NFI), respectively),® appear to
have experienced the greatest levels of relative inefficiency. In contrast, the dairy sector,
where direct subsidies represented 60 per cent of NFI in 2003/04, has had relatively less
of an inefficiency problem. It should be noted, however, that not all farms can achieve
the efficiency levels of the most efficient, because of differences in their resource attrib-
utes and the business objectives of their owners / managers.

Explaining cost efficiency in Scotland

The purpose of this section is to identify and analyse those variables that may explain
the relative cost efficiency results. A database of possible explanatory variables, based
on the literature, was constructed.’” Table 2 provides a description of the variables used
in the analysis, whilst Table A.2 in the Annex presents their descriptive statistics.

The variables were grouped according to different categories: farm size, region, less
favoured area status, tenure, production diversification, contracting and participation in
associations, financial situation and farmers' personal characteristics. Linear regressions
were estimated between the cost efficiency indicators by farm type and the possible
explanatory variables. The results are presented in Table 3.

The first point to note from Table 3 is that each farm type has a different set of ex-
planatory variables. Despite several of these variables being statistically significant,
they change their signs across farm types (non significant variables were excluded from
the final regressions). It may be that their effects are either moderated by unobserved
influences, or they are restricted to a specific farm type.

As shown in Table 3, four of the farm types (dairy, cereals and general cropping,
cattle and sheep and mixed farms) have strong farm size effects. Small farms exhibit
greater efficiency than medium or large farms. These results coincide with those ob-
tained by Barnes (2005) for Scotland using a stochastic production frontier approach.
The reason for greater efficiency of the small farms in this sample is not known but it
may be associated with a greater flexibility in resource allocation particularly at times of
peak demand.

A regional effect was identified for all farm types. Dairy and cereal and general
cropping farms in the Northeast and Southeast showed higher efficiency than in other
regions. The opposite effect was observed for cattle and sheep, specialist sheep and
mixed farms in the Southwest, which showed lower efficiency. This result tends to con-
form with the observation that more productive and versatile land exists in the Northeast
and Southeast of Scotland (SEERAD 2006).

The relationship between cost efficiency and land quality, as defined by LFA (Less
Favoured Area) classification, is more complex. For most farm types, farms which are
either wholly non-LFA or wholly LFA show a positive effect on cost efficiency relative
to those farms that have mixed areas (both LFA and non LFA). This possibly indicates
that production on more homogeneous land is easier to manage and thereby more effi-
cient. The positive relationship found between LFA status and efficiency is similar to
that reported in Scotland by Santarossa (2003). Moreover, our result of a strong nega-
tive effect of LFA status on efficiency for specialist sheep farms was also reported by
Barnes (2005).
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Table 2. Definition of the variables used in the analysis

Farm Size

Medium - takes the value of 1 if the farm is medium size, 0 otherwise.
Large - takes the value of 1 if the farm is large size 0, otherwise.

Region

Northeast - takes the value of 1 if the farm is in the Northeast, 0 otherwise.

Southeast - takes the value of 1 if the farm is in the Southeast, 0 otherwise.

Southwest - takes the value of 1 if the farm is in the Southwest, 0 otherwise.
Less Favoured Area (LFA)

Farmland is not in LFA - takes value of 1, 0 otherwise.

Farmland is totally in LFA - takes value of 1, 0 otherwise.

Tenure

Farmer is the owner - takes value of 1, 0 otherwise.
Farmer is a tenant - takes value of 1, 0 otherwise.
If the farmer has a family partnership - takes value of 1, 0 otherwise.

Productive Diversification

Diversification index (Herfindahl index based on share of revenues).

Specialisation - takes the value of 1 if one of the outputs explains more than 70 percent of
the total income.

Number of farm outputs (number from 1 to 8).

Contracting and Participation in Co-operatives

If has a production contract - takes value of 1, 0 otherwise.

Farm is part of a group or co-operative - takes value of 1, 0 otherwise.

Farm participates in a marketing group - takes value of 1, 0 otherwise.

The farm uses productive services from group - takes value of 1, 0 otherwise.

Financial Situation

Total indebtedness to net worth (ratio of all farm debts, i.e., short, medium and long term, to
farm net worth).
Farmer's Personal Characteristics

Farmer's age.

Education (categorical).

Farmer possesses agricultural education - takes value of 1, 0 otherwise.
Farm has a personal computer (PC) - takes value of 1, 0 otherwise.
Farm uses PC for business - takes value of 1, 0 otherwise.

Farm uses PC for specialised enterprises - takes value of 1, 0 otherwise.
Farmer uses Internet - takes value of 1, 0 otherwise.

Farmer uses Internet for business - takes value of 1, 0 otherwise.

Tenure variables showed a mixed effect on efficiency, as they were not significant
for all of the farms types and their signs changed from one farm type to another. This
lack of consistency is also reflected in a variety of studies (Thirtle and Holding, 2003;
Barnes, 2005).
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With respect to product diversification, the diversification index and the specialisa-
tion variable were only significant in the case of dairy farms and indicated that the
higher the specialisation level (i.e., the fewer the outputs produced by the farm), the
lower the relative cost efficiency. Thirtle and Holding (2003) reported similar findings
for England and Wales across all farm types. Hadley (2006) found for England and
Wales that those farms that were more specialised in one enterprise were consistently
less efficient than farms that were less specialised. In the case of cattle and sheep there
was no statistically significant relationship and in all the other cases (cereals and general
cropping, specialist sheep and mixed farms) the effect of diversification was negative,
indicating a positive effect of specialisation on efficiency, a finding also reported for
Scotland by Santarossa (2003).

The contracting and participation in co-operatives variables suffer from the problem
that they are represented by only a few cases, and this is probably the reason why they
give rise to contradictory responses across farm types.

Financial variables have been used in other studies for Scotland (Santarossa, 2003
and Barnes, 2005). The 'degree of indebtedness' ratio is used here as an approximation
of financial health. The results obtained, as reported in the literature, are mixed; they
appear negative in the case of cereals and general cropping, but positive for mixed
farms.

Among personal characteristics, we considered the farmer’s age, education, agricul-
tural education, presence and use of a computer, and presence and use of the internet.
Despite the fact that the mean age of all the groups was very similar (around 55 years
old), age showed a negative effect on efficiency in the case of dairy farms and specialist
sheep farms, but positive for cereals and general cropping farms. The level of education
showed a positive effect for cereals and general cropping farms, but negative in the case
of specialist sheep farms. Similar results were obtained for agricultural education, which
was only positive for cattle and sheep farms and for mixed farms. The use of a personal
computer (PC) for business had mixed results.

Conclusions

The profiles of relative cost efficiency produced for each farm type indicate a wide
variation in the cost efficiency levels achieved within and between farm type groups.
Moreover, those sectors that have been most heavily supported by direct subsidies at the
farm level, exhibit the greatest variation in cost efficiency performance.

Further analysis of the efficiency results indicates the presence of important farm
size and regional effects, and for some farms the eventual reaction to CAP reform may
be an increase in scale. However, the analysis here suggests that an increase in scale by
itself may not achieve cost efficiency improvements. It is suggested that it will need to
be matched by improved resource utilisation, and improved production management
and marketing practices. It is important to note that the selected variables seem to ex-
plain the achievement of cost efficiency across the farm types, and therefore their ef-
fects can only be associated with particular farm types.
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Notes

' This paper derives from a Scottish Executive Environment and Rural Affairs De-

partment (SEERAD) funded project on the implications of CAP reform (IMCAPT)
(SAC, 2006), conducted between April 2004 and June 2006. The first three authors
are members of the Scottish Agricultural College's (SAC) Land Economy Research
Group and Dr. Woong J. Cho is a member of the Korean Food Research Institute.

The efficiency estimation could have also been undertaken using the output dis-
tance-function. However, we considered that the use of a cost function had, in our
case, two advantages with respect to such an approach. First, the output-distance
function is a generalisation of a production function and therefore it only measures
technical efficiency, i.e., no effects of input or product prices are considered. The
cost function approach allowed us to introduce the effect of input prices. Second, our
data present expenditure on the different inputs and therefore it is straightforward to
formulate the cost function estimation.

The sample farms produced minimal quantities of pigs, poultry and vegetables.

x*-1
* The Box-Cox transformation with parameter 1 is given by: f (x) =< A 170
log(x) A=0

We tested share positiveness and negative semifiniteness of the cost functions. All
the predicted cost shares were positive and the negative semidefiniteness of the Hes-
sian matrices was satisfied for most of the points of the sample.

In 2004/05 subsidies as a percentage of NFI increased substantially to 2,510 per cent
for cereals, 790 per cent for general cropping and 300 per cent for LFA specialist
sheep.

7" Dawson, 1985; Wilson, Hadley and Asby, 2001; Thirtle and Holding, 2003; Santa-
rossa, 2003; Barnes, 2005; and Hadley, 2006.
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Table A.2 Descriptive Statistics of the Main Variables Used in the Analysis

. Statistics
Variables
Mean | St. Deviation | Minimum | Maximum

Efficiency indices

Dairy 0.57 0.17 0.33 1.00
Cereals and General Cropping 0.31 0.21 0.04 1.00
Cattle and sheep 0.46 0.18 0.22 1.00
Sheep specialist 0.39 0.20 0.12 1.00
Mixed farms 0.49 0.16 0.21 1.00
Farm Size

Small (d) 0.47 0.50 0.00 1.00
Medium (d) 0.41 0.49 0.00 1.00
Large (d) 0.12 0.33 0.00 1.00
Region

Northwest (d) 0.16 0.37 0.00 1.00
Northeast (d) 0.24 0.43 0.00 1.00
Southeast (d) 0.18 0.39 0.00 1.00
Southwest (d) 0.41 0.49 0.00 1.00
Less Favoured Area (LFA)

Farmland is not in LFA (d) 0.23 0.42 0.00 1.00
Farmland is totally in LFA (d) 0.62 0.49 0.00 1.00
Tenure

Farmer is the owner (d) 0.47 0.50 0.00 1.00
Farmer is a tenant (d) 0.24 0.43 0.00 1.00
If the farmer has a family partnership (d) 0.54 0.50 0.00 1.00
Productive Diversification

Diversification index (Herfindahl index)

Dairy 0.57 0.13 0.34 0.87
Cereals and General Cropping 0.64 0.25 0.00 1.00
Cattle and sheep 0.52 0.12 0.38 1.00
Sheep specialist 0.81 0.16 0.50 0.97
Mixed farms 0.63 0.19 0.29 1.00
Specialisation (d)

Dairy 0.52 0.50 0.00 1.00
Cereals and General Cropping 0.52 0.50 0.00 1.00
Cattle and sheep 0.12 0.33 0.00 1.00
Sheep specialist 0.84 0.37 0.00 1.00
Mixed farms 0.53 0.50 0.00 1.00
Number of farm outputs

Dairy 3.24 1.08 2.00 6.00
Cereals and General Cropping 2.48 1.28 0.00 6.00
Cattle and sheep 322 0.70 1.00 4.00
Sheep specialist 2.52 0.51 2.00 3.00
Mixed farms 2.99 1.06 1.00 5.00
Contracting and Participation in Co-operatives

If has a production contract (d) 0.01 0.12 0.00 1.00
Farm participates in a marketing group (d) 0.02 0.14 0.00 1.00
The farm uses productive services from group (d) | 0.23 0.42 0.00 1.00
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. Statistics

Variables
Mean | St. Deviation | Minimum | Maximum

Financial Situation
Total indebtedness to net worth (ratio) 0.07 0.40 -5.09 4.06
Farmer's Personal Characteristics
Farmer's age 56.78 11.05 32.00 83.00
Education (categorical) 2.32 1.39 1.00 7.00
Farmer possesses agricultural education (d) 0.19 0.40 0.00 1.00
Farm has a personal computer (PC) (d) 0.74 0.44 0.00 1.00
Farm uses PC for business (d) 0.61 0.49 0.00 1.00
Farm uses PC for specialised enterprises (d) 0.06 0.24 0.00 1.00
Farmer uses Internet (d) 0.68 0.47 0.00 1.00
Farmer uses Internet for business (d) 0.52 0.50 0.00 1.00

Notes: 1/ (d) stands for dichotomous variable.




