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Explaining Cost Efficiency of Scottish Farms: A Stochastic Frontier Analysis1

Cesar L. Revoredo Giha, Catherine E. Milne, Philip M. K. Leat, Woong Je Cho2

Abstract

In this paper the cost efficiency of Scottish farms is determined, variables that explain the 
relative cost efficiency by farm type are identified and implications discussed.  A cost efficiency 
approach was selected as it can deal with farms producing multiple outputs (in contrast to 
production frontiers), and second because it can accommodate output constraints imposed by the 
Common Agricultural Policy (CAP).  To estimate the stochastic cost frontier, a generalised 
multi-product translog cost function was estimated for five farm types: dairy, cereals and general 
cropping, cattle and sheep, specialist sheep and mixed farms.  Eight farm outputs and four inputs 
were considered.  The data for the estimation were drawn from the Farm Accounts Scheme 
(FAS) survey for the period 1997-2004, which allowed the construction of an unbalanced panel 
dataset for 358 farms.  Cost efficiency was measured as a fixed effect term and this was used to 
construct an indicator of relative cost efficiency by farm type.  Further analysis, to explain the 
efficiency results, indicated the presence of important farm size and regional effects.  However, 
other variables used in the analysis, whilst statistically significant, did not produce a consistent 
effect across the different farm types. 

Keywords: Stochastic cost frontier analysis, cost efficiency, Scottish farms, Common Agricultural 
Policy.

I. Introduction

For almost half a century, Europe’s Common Agricultural Policy (CAP) supported increased 
farm production with great success. Unacceptable levels of overproduction, accusations of 
inappropriate market protection and distortion, and expansion of the EU, along with concerns 
about the environmental impact of agricultural intensification, all contributed to growing support 
for fundamental reform of the CAP.  

The importance of CAP support payments to Scottish farm businesses can be seen in the 
proportion of total farm income derived from direct subsidy payments.  For example, at one 
extreme in Scotland, specialist sheep farms in Less Favoured Areas (LFA) on average derived 
around 45 per cent of total farm output from direct subsidies over the period 1997/98 to 2003/04.  
By comparison, on average approximately 6 per cent of total farm output from Scottish dairy 
farms during this period was direct subsidy (SEERAD, 2002; SEERAD, 2005; SEERAD, 2005a; 
SERAD, 2000; SEERAD, 2001). 

                                                

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



3

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, competitive and sustainable, both economically and environmentally.  The main 
element of this reform is the de-coupling of support from production.  This de-coupling is 
viewed with some trepidation, particularly in relation to sheep and cattle farms in hill and upland 
areas of Scotland, because of the high proportion of total farm output previously derived from 
direct subsidies. 

Achieving profitability from agricultural production in the absence of support payments is 
certain to be a challenge for the industry.  However, it is uncertain just how individual farm 
businesses will respond to the new support regime, and how that response will be affected by 
their ability to adjust business structures and production systems.  One of the possible sources 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 explains it? 

The approach followed to answer these questions is similar to that of Parikh et al. (1995) in their 
analysis of Pakistani agriculture, in the sense that they followed a two-stage process consisting 
of, first, deriving efficiency measures for Pakistani agriculture and, second, analysing those 
variables which seem to explain the relative distribution of efficiency amongst farms.  Our paper 
extends the methodology of Parikh et al. by explicitly considering the multi-output character of 
farms through the estimation of a generalised translog multi-output cost frontier function and by 
using a panel dataset, which in comparison with cross section datasets, as pointed out by 
Atkinson and Cornwell (1993), allows the estimation of an inefficiency indicator with less 
restrictive distributional assumptions. 

Further analysis to explain the efficiency results, indicates the presence of important farm size 
and regional effects. However, other variables used in the analysis, whilst statistically significant, 
did not produce the same effect across the different farm types.

II. Measurement of Relative Cost Efficiency in Scotland

This section starts with a brief review of the stochastic cost frontier methodology, followed by a 
presentation of the data used, the multi-product cost estimation and the computation of the 
relative cost efficiency indices.

II.1 Stochastic cost frontier methodology

A cost frontier  FC  can be expressed by 

    ;w,yCC1 F
i

where iC is the actual cost incurred by the producer “ i ”, y  is the vector of outputs, w  is a 
vector of input prices and  is a vector of technology parameters to be estimated.  The cost 
frontier in (1) is deterministic and ignores the fact that the cost might be affected by random 
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shocks outside the control of producers. If instead, the cost frontier is considered as stochastic, 
(1) can be written as in (2): 

     iF
i vexp;w,yCC2 

where    iF vexp;w,yC   is the stochastic cost frontier. This comprises two terms: one 

deterministic  ;w,yCF , which is common to all producers, and a producer-specific random 

part  ivexp , which captures the effects of random shocks on each producer.  For the stochastic 
cost frontier, the measure of cost efficiency is given by (3) (Kumbakhar and Knox Lovell, 2003, 
pp. 137-8):

     
i

i
F

i C

vexp;w,yC
CE3




II.2 Data used for the estimation

The Farm Accounts Scheme (FAS) records a wide range of financial and non-financial data for a 
selection of farms across Scotland on an annual basis. It is part of the Farm Accounts Data 
Network, which monitors farm performance across the EU.  These data were used for the period 
1997/98 to 2003/4 (i.e., the information covered the years 1997 to 2004), which resulted in an 
unbalanced panel data set (cross sectional/time series) of 358 individual farms. The criteria used 
to select the farms were that they should be present in the 2003/04 survey, and also that they 
were in the sample for at least five years. Table 1 summarises this sample by farm types and their 
respective main outputs.

Table 1:  Summary of sample by farm type

Farm type group Number of  farms Main outputs

in the sample

Dairy 50 Milk, beef
Specialist sheep 31 Sheep, beef
Cattle and sheep 58 Beef, sheep, cereals
Cereals and general cropping 65 Cereals
Mixed 154 Cereals, beef, sheep

Total 358

Source: Own computation based on FAS data
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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, etc.); purchased services (e.g. contract work, 
crop protection costs, etc.); labour; and capital (e.g. rent and depreciation).  The outputs 
considered were: cereals, potatoes, oilseed rape, cattle, sheep, milk and milk products, wool and 
eggs.

The estimation of cost functions requires input prices. This is a shortcoming of the FAS data 
(and also of other similar datasets such as the Farm Business Survey for England and Wales), 
which only presents the input expenditures and not the prices paid. Therefore, Defra's input price 
indices for the United Kingdom were used for agricultural materials, services and capital, as an 
estimate of those prices paid by FAS farmers over the study period (Defra, 2006). The labour 
input price was estimated from FAS data, as the implicit price paid by farmers.

II.3 Cost frontier estimation

The estimation of the cost frontier requires the choice of a functional form. The multi-output, 
translog cost function was selected because it imposes less 'a-priori' restrictions than other 
functional forms commonly used for the task. The non-homothetic, translog cost function can be 
envisaged as a second order approximation in logarithms to an arbitrary cost function. The 
translog cost function for the case of m outputs and n inputs for the farm i at time t is given by:
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Since the translog cost function does not satisfy ”per se” all the required cost function properties, 
homogeneity and symmetry were imposed through the following restrictions to the parameters 
(5). Additionally, concavity was tested at each observation of the dataset.
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The panel structure of the dataset was especially useful for introducing prices into the cost 
function. It was assumed that all of the farmers faced the same input prices within the year 
(across farms), but that prices changed over time. 

Given the high number of parameters to estimate in equation (4), the following procedure was 
adopted. First, the Box-Cox parameter was estimated through a grid-search that maximised the 
log-likelihood of the system of cost shares, using Seemingly Unrelated Regression Equations 
(SURE) and imposing the constraints in (5). Second, the remaining parameters of the cost 
function were estimated (i.e. output terms not associated with prices). Finally, the fixed effect 
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terms for each farm used in the construction of the relative cost efficiency indices were estimated 
(Atkinson and Cornwell, 1993, Kumbhakar and Lovell, 2003, Pierani and Rizzi, 2003).3

In addition to the cost function properties introduced by directly imposing constraints (5) in the 
estimated equations, a well behaved cost function requires its input demand functions to be 
strictly positive and to satisfy concavity in input prices (Chambers, 1988). Thus, we tested for all 
the points in the sample, the former by examining the positiveness of the predicted cost shares, 
and the latter by computing the hessian matrices (second derivative matrices with respect to the 
input prices and evaluated at each point in the sample) and testing their negative semifiniteness. 
All the predicted cost shares were positive and the negative semidefiniteness of the hessian 
matrices was satisfied for most of the points of the sample (87.3 per cent of the sample points in 
the case of dairy farms, 95.9 for cereals and general cropping, and for the entire sample in the 
case of the other farm types). Therefore, for most of the sample we could not reject the 
proposition that the estimated cost functions were consistent with the solution of cost 
minimisation problems.4 The estimated equations are presented in the Annex.

For the case of the translog cost function, the relative cost efficiency index ( iCEI ) was defined 
as by Kumbhakar at al., (2003), where for the most cost efficient producers it has a value equal 
to one:

      N,...,1iˆminˆexpCEI6 i0ii0i 

II.4 Relative cost efficiency results

The distribution of individual farm, cost efficiency levels by farm type are shown in Figures 1 to 
5. All are skewed to the right, having a higher mean than median cost efficiency level.  

It is important to note that 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.  

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 efficiency to the most 
efficient dairy farm, than is the case for the other farm type groups. This can also be seen in 
Figures 1-5, where the lowest band of efficiency index is in the range of 0.30-0.35 for dairy 
farms and below this for other farm type groups. 

                                                

3 The farm level estimated fixed effects used to compute the relative cost efficiency indices were 
assumed to be constant over time due to the short period covered by the sample (in the best case 
information was available for some farms for eight years) (Kumbakhar and Lovell, 2003, pp. 
170).       
4 It should be noted that while the homogeneity and symmetry properties were imposed in the 
estimation, the properties of concavity and positiveness were not. If the last two properties had 
not been satisfied by the cost function, this function would have been rejected as the solution of a 
cost minimisation problem.   



7

Figure 1: Distribution of relative cost efficiency for dairy farms (50 farms)
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Figure 2: Distribution of relative cost efficiency for mixed farms (154 farms)
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The intermediate situation with respect to relative cost efficiency levels is achieved by mixed 
farms and cattle and sheep farms, with mean indices of greater than 0.40 (0.49 and 0.46 
respectively), see Figures 2 and 3. Both cattle and sheep and mixed farms have quite similar cost 
efficiency distributions. 

At the other end of the spectrum are specialist sheep, and cereal and general cropping farms, with 
mean cost efficiency indices of 0.39 and 0.31 respectively, see Figures 4 and 5. It should be 
noted that in both cases the value of the median is far below that of the mean value (the median 
for the cereal and general crop group 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 former and 52.4 for the latter. Furthermore, the cereals and general cropping 
group has a mode (i.e., the most typical value) that is quite low (in the range of 0.15-0.20 as 
shown in Figure 5), whilst the mode for specialist sheep is between 0.25-0.30 (see Figure 4).
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Figure 3: Distribution of relative cost efficiency for cattle and sheep farms (58 farms)
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Figure 4: Distribution of relative cost efficiency for specialist sheep farms (31 farms)
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Figure 5: Distribution of relative cost efficiency for cereals and general cropping farms 
(65 farms)
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Overall, these findings suggest that there is considerable scope for cost efficiency improvement 
across the Scottish farming industry. Those sectors which have had high levels of direct subsidy, 
such as cereals and general cropping, and specialist sheep (cereal and 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),5 appear to have experienced the greatest levels of inefficiency.  In contrast, 
the dairy sector, which has been most exposed to market forces (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 attributes and the business objectives of their owners / managers.

III. Explaining cost efficiency in Scotland

The purpose of this section is to analyse and identify those variables that explain the results 
obtained with the relative cost efficiency indices. A database of possible explanatory variables 
based on previous works (Santarossa, 2003 and Barnes, 2005) was constructed. Table 2 presents 
the coding of these variables. The descriptive statistics of the main variables used in the analysis 
are presented in Annex II.

The variables were grouped according to different categories: farm size, region, less favoured 
area, tenancy, productive 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 adjusted R squares indicate good overall equation fit, ranging from 0.54 for the case of 
mixed farms to 0.78 for specialist sheep holdings. Since the estimations used a cross section 
dataset, the standard deviations of the coefficients were computed using a heteroskedasticity-
consistent, variance-covariance matrix. 

Before commenting on the results by category, the first striking outcome to note from Table 3 is 
that each farm type has a different set of explanatory variables. Furthermore, despite several of 
these variables being statistically significant, they change their signs across farm types. It may be 
that their effects are either affected 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 size farms exhibit greater efficiency than 
medium or large farms. 

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 

                                                

5 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.
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was observed for cattle and sheep, specialist sheep and mixed farms in the Southwest, which 
showed lower efficiency. This result tends to conform with the observation that more productive 
and versatile land exists in the Northeast and Southeast.

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

    Farmer is the owner - takes the value of 1, 0 otherwise.

    Farmer is a tenant - takes the value of 1, 0 otherwise.

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

Productive Diversification

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

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

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

Contracting and Participation in Associations
    If farmer has a production contract - takes the value of 1, 0 otherwise.

    Farm is part of a group or cooperative - takes the value of 1, 0 otherwise.

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

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

Financial Situation

    Total indebtness to net worth (ratio of all the farm debts, i.e., short, medium and long term, to farm net worth).

Farmer Personal Characteristics

    Farmer's age.

    Education (categorical).

    Farmer possesses agricultural education - takes the value of 1, 0 otherwise.

    Farm has a personal computer (PC) - takes the value of 1, 0 otherwise.

    Farm uses PC for business - takes the value of 1, 0 otherwise.

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

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

    Farmer uses Internet for business - takes the value of 1, 0 otherwise.
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Table 3: Regressions Explaining Relative Cost Efficiency by Farm Type
Variables 1/ Farm type

Dairy Cereals and General Cropping Cattle and Sheep Specialist Sheep Mixed Farms

Coefficient t-statistic Significance Coefficient t-statistic Significance Coefficient t-statistic Significance Coefficient t-statistic Significance Coefficient t-statistic Significance

Number of observations 50 65 58 31 154

Adjusted R2 0.778 0.759 0.641 0.780 0.545

Intercept 0.790 4.971 0.000 0.379 4.511 0.000 0.578 15.233 0.000 1.708 11.075 0.000 0.698 20.830 0.000

Farm Size
    Medium (d) -0.334 -9.310 0.000 -0.299 -6.269 0.000 -0.221 -7.935 0.000 -- -- -- -0.157 -9.537 0.000

    Large (d) -0.456 -10.841 0.000 -0.365 -7.785 0.000 -0.254 -4.817 0.000 -- -- -- -0.209 -8.076 0.000

Region

    Northeast (d) 0.096 2.482 0.018 0.071 1.657 0.104 -- -- -- -- -- -- -- -- --

    Southeast (d) 0.216 9.739 0.000 0.046 1.618 0.112 -- -- -- -- -- -- -- -- --

    Southwest (d) -- -- -- -- -- -- -0.051 -1.951 0.057 -0.258 -5.024 0.000 -0.092 -5.145 0.000

Less Favoured Area (LFA)

    Farmland is not in LFA (d) 0.063 2.504 0.017 0.078 2.379 0.022 0.190 1.778 0.082 -- -- -- 0.061 1.843 0.067

    Farmland is totally in LFA (d) 0.096 3.973 0.000 0.174 5.455 0.000 0.086 2.370 0.022 -0.529 -10.271 0.000 -- -- --

Tenancy

    Farmer is the owner (d) -- -- -- -- -- -- -- -- -- 0.145 3.308 0.005 -- -- --

    Farmer is a tenant (d) -- -- -- 0.092 4.514 0.000 -- -- -- 0.224 8.425 0.000 -- -- --

    If the farmer has a family partnership (d) 0.113 4.419 0.000 -- -- -- -0.050 -1.751 0.086 -0.135 -3.505 0.003 -0.047 -2.702 0.008

Productive Diversification

    Diversification index (Herfindahl index) 0.341 2.267 0.030 -- -- -- -- -- -- -- -- -- -- -- --

    Specialisation (d) -0.144 -4.598 0.000 -- -- -- -- -- -- -- -- -- -- -- --

    Number of farm outputs (1 to 8) 0.029 1.756 0.088 -0.015 -1.981 0.054 -- -- -- -0.166 -6.421 0.000 -0.022 -2.170 0.032

Contracting and Participation in Associations

    If has a production contract (d) -- -- -- 0.152 3.346 0.002 -- -- -- -- -- -- -0.121 -2.533 0.012

    Farm is part of a group or cooperative (d) -- -- -- -0.023 -3.900 0.000 -- -- -- -- -- -- -- -- --

    Farm participates in a marketing group (d) -- -- -- -- -- -- 0.101 2.921 0.005 -1.495 -4.836 0.000 -- -- --

    The farm uses productive services from group (d) -- -- -- 0.066 1.902 0.063 -- -- -- -- -- -- -0.052 -3.046 0.003

Financial Situation

    Total indebtness to net worth (ratio) -- -- -- -0.082 -2.411 0.020 -- -- -- -- -- -- 0.023 1.941 0.054

Farmer Personal Characteristics

    Farmer's age -0.004 -3.800 0.001 0.002 1.816 0.076 -- -- -- -0.003 -2.061 0.057 -- -- --

    Education (categorical) -- -- -- 0.015 1.911 0.062 -- -- -- -0.057 -3.667 0.002 -- -- --

    Farmer possesses agricultural education (d) -- -- -- -0.119 -3.801 0.000 0.078 2.583 0.013 -0.187 -4.448 0.001 0.043 1.761 0.080

    Farm has a personal computer (PC) (d) -- -- -- -- -- -- -- -- -- 0.227 4.600 0.000 -0.054 -2.960 0.004

    Farm uses PC for business (d) 0.229 7.336 0.000 -0.119 -3.776 0.000 -- -- -- 1.605 4.358 0.001 -- -- --

    Farm uses PC for specialised enterprises (d) 0.071 1.809 0.079 -- -- -- -- -- -- -0.510 -3.439 0.004 -- -- --

    Farmer uses Internet (d) -- -- -- -- -- -- -- -- -- -0.243 -4.434 0.001 -- -- --

    Farmer uses Internet for business (d) -0.291 -7.071 0.000 0.081 3.265 0.002 -0.070 -2.706 0.009 -1.683 -4.507 0.000 -- -- --

Notes:

--  stands for either not applicable or not significant.

1/ (d) stands for dichotomous variable.
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The relationship between cost efficiency and land quality, as defined by LFA classification, is 
more complex.  For most farm types, farms which are either wholly non-LFA or LFA show a 
positive effect on cost efficiency relative to those farms that have mixed areas (both LFA and 
non LFA), possibly indicating that production on more homogeneous land is more efficient. 
In contrast, for specialist sheep farms the effect of being a total LFA farm has a strong 
negative impact.   

Tenancy 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. In the case of 
specialist sheep farms, ownership of the farm had a positive impact on efficiency. However, 
if the farmer was a tenant this also had a positive effect for specialist sheep farms and cereal 
and general cropping farms. Partnership with family member(s) had a negative effect on 
efficiency in most cases, except for dairy farms, where it was positive and strongly 
significant.

With respect to product diversification, the diversification index and the specialisation 
variable (which that takes the value of one if at least 70 per cent of the farm output is 
committed to one product) were only significant in the case of dairy farms and indicated that 
the higher the specialisation level (i.e., the lesser the number of produced outputs in the 
farm), the lower the relative cost efficiency. The number of outputs produced had the same 
effect (positive) as the diversification index in the case of dairy farms. In the case of cattle 
and sheep it was not statistically significant and in all the other cases (cereals and general 
cropping, specialist sheep and mixed farms) its effect was negative, indicating that the greater 
the number of outputs from the farms, the lower the efficiency. 

Regarding the contracting and participation in cooperatives variables, they suffer from the 
problem that they are represented by only a few cases, and this is the probable reason why 
they give rise to contradictory responses across farm types.  For example, in the case of 
cereals and general cropping, if the farm has a production contract it has a positive effect, 
whilst in the case of mixed farms it has a negative effect. This pattern was also evident for the 
other variables in this group (participating in a marketing group and getting productive 
services from the group).

Financial situation variables have been used in other efficiency 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, agricultural 
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 is 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 
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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 PC for business was found to have a strongly positive influence on cost 
efficiency for dairy and specialist sheep farms, whilst there was a negative impact on cost 
efficiency amongst cereals and general cropping businesses.  Mixed results were obtained for 
the use of the Internet, which showed a positive effect in the case of cereals and general 
cropping, but negative effects in several other cases. The quality of the information accessed 
and the wisdom with which it is used are clearly of relevance to these results.  

IV. Final Remarks and Conclusions

The main driver behind this paper is the fact that improvements in farm performance are seen 
as important for achieving farm sustainability in the context of the recent CAP reforms. 

Amongst the various features of farm performance, the analysis has focused on cost 
efficiency. Therefore, the purpose of the paper has been to establish the recently prevailing 
pattern of relative cost efficiency amongst Scottish farms (i.e., how dispersed are similar 
types of farms in terms of their cost efficiency) and to analyse those variables that are 
important in explaining the relative cost efficiency of farms.

Cost efficiency in the paper has been estimated through a distance to a stochastic cost frontier 
approach, from which the efficiency indices have been derived. To estimate the cost frontier, 
a generalised multi-product, translog cost function was estimated with an unbalanced panel 
dataset for 358 farms of five farm types: dairy, cereals and general cropping, cattle and sheep, 
sheep specialist and mixed farms. Eight farm outputs and four inputs were considered.

The profiles of relative cost efficiency produced for each farm type indicate 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. Dairying, for which direct subsidies have 
been relatively less significant, and market price pressure from multiple retailers has been 
very fierce, has less variation in the cost efficiency of its constituent producers.  On the face 
of things, these findings imply that there is considerable scope for cost efficiency 
improvement across much of the Scottish farming industry. Furthermore, they provide some 
support for the underlying philosophy of the 2003 CAP reforms, that decoupling and support 
reduction will increase the cost competitiveness of Scottish farms.

Further analysis to explain the efficiency results indicated the presence of important farm size 
and regional effects. An increase in farm or enterprise size may well be the eventual reaction 
of some farmers to CAP reform.  Indeed, the IMCAPT study (SAC, 2006) has ascertained 
that 18 per cent of a sample of 611 Scottish beef and sheep farmers anticipate an increase in 
scale, in response to the CAP reforms. 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 
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to be matched by improved resource utilisation and combination, and improved production 
and marketing practices. However, none of the selected variables seem to explain the 
achievement of cost efficiency across the farm types, and therefore their effects can only be 
associated with particular farm types. 

The finding that the relative cost efficiency distribution of Scottish farming is relatively 
dispersed, and that for a significant part of the industry cost efficiency is low, is perhaps 
understandable. Although Scottish agricultural policy has been seeking to drive costs down, it 
has simultaneously pursued a strong quality strategy (SEERAD, 2001a; Leat, et al. 1998). 
The quality strategy in itself will serve to increase costs, but will simultaneously improve 
competitiveness as long as the market will pay a premium over the costs involved. 

The most recent Scottish agriculture policy strategy pronouncement (SEERAD, 2006) is 
trying to ensure a prosperous and sustainable farming industry that is competitive in markets, 
a driver of rural development and renowned for its high environmental standards. The pursuit 
of such diverse objectives will have a variety of sometimes conflicting implications for cost 
efficiency, some positive (e.g. assisting the removal of relatively unproductive labour as the 
rural economy develops) and some negative (e.g. introducing costs of high environmental 
standards). However, the strategy has a variety of actions directed at cost control, improved 
management, training and skill development, and greater connection with markets, which will 
serve to encourage greater cost efficiency whilst better meeting market demands.



15

V. References

Ahmad, Munir and Bravo-Ureta, Boris E. (1996). “Technical efficiency measures for dairy 
farms using panel data: A comparison of alternative model specifications,” Journal of 
Productivity Analysis, 7(4): 399-415.

Atkinson, Scott E. and Cornwell, Christopher (1993). “Measuring Technical Efficiency with 
Panel Data: A dual approach,” Journal of Econometrics 59(3): 257-62. 

Atkinson, Scott E. and Cornwell, Christopher (1994). “Parametric Estimation of Technical 
and Allocative Inefficiency with Panel Data,” International Economic Review 35(1): 231-44. 

Atkinson, Scott E. and Cornwell, Christopher (1998). “Profit versus Cost Frontier Estimation 
of Price and Technical Inefficiency: A Parametric Approach with Panel Data,” Southern 
Economic Journal 64(3): 753-64.

Barnes, Andrew (2005). “Technical Efficiency of Scottish Agriculture,” SAC Working 
Paper: Edinburgh.

Bauer, Paul W. (1990). “Decomposing TFP growth in the presence of cost inefficiency, 
nonconstant returns to scale, and technological progress,” Journal of Productivity Analysis, 
1(4): 287-99.

Balk, Bert M. (1997). “The decomposition of cost efficiency and the canonical form of cost 
function and cost share equations,” Economics Letters, 55(1): 45-51.

Berger, Allen N. and Mester, Loretta J. (1997). “Inside the black box: What explains 
differences in the efficiencies of financial institutions?,” Journal of Banking and Finance, 21: 
895-947.

Caves, D. W., Christensen, L. R. and Tretheway, M. W. (1980). “Flexible Cost Functions for 
Multiproduct Firms,” Review of Economics and Statistics, 62, 477-81.

Chadwick, L. (2003). Farm Management Handbook 2003/4, 21st edition, Edinburgh: SAC.

Chambers, R. G. (1988). Applied production analysis: A dual approach. New York, 
Cambridge University Press.

Heshmati, Almas and Kumbhakar, Subal C. (1994). “Farm heterogeneity and technical 
efficiency: Some results from Swedish dairy farms,” Journal of Productivity Analysis, 5(1): 
45-61.



16

Kopp, Raymond J. and Diewert, W. Erwin (1982). “The Decomposition of Frontier Cost 
Function Deviations into Measures of Technical and Allocative Efficiency,” Journal of 
Econometrics 19 (2/3): 319-31.

Kumbhakar, Subal C. (1991). “The Measurement and Decomposition of Technical and 
Allocative Cost-Inefficiency: The translog Cost System,” Oxford Economic Papers, 43(1): 
667-83.

Kumbhakar, Subal C. and Heshmati, Almas (1995). “Efficiency  Measurement in Swedish 
Dairy Farms: An Application of Rotating Panel Data, 1976-1988, ” American Journal of 
Agricultural Economics, 77(3): 660-56.

Kumbhakar, Subal C. (1996). “Efficiency measurement with multiple outputs and multiple 
inputs,” Journal of Productivity Analysis, 7(2/3): 225-56.

Kumbhakar, Subal C. (1997). “Modeling Allocative Inefficiency in a The translog Cost 
Function and Cost Share Equations: An Exact Relationship,” Journal of Econometrics, 
76(1/2): 351-56.

Kumbhakar, S. C. and Knox Lovell, C. A. (2003). Stochastic Production Frontier. New York: 
Cambridge University Press. Second edition.

Leat, P., Marr, P., Ritchie, C. (1998).  "Quality assurance and traceability - the Scottish agri-
food industry's quest for competitive advantage".  Supply Chain Management - An 
International Journal, 3(3): 115-117.

Morrison-Paul, Catherine. J., Johnston, Warren. E. and Frengley, G. A. G. (2000). Efficiency 
in New Zealand sheep and beef farming: The impacts of regulatory reform. Review of 
Economics and Statistics 82, 325-337.

Parikh, Ashok, Ali,  Farman and Shah, Mir Kalan (1995). “Measurement of Economic 
Efficiency in Pakistani Agriculture, ” American Journal of Agricultural Economics, 77(3): 
675-85.

Pierani, Pierpaolo and Rizzi, Pier Luigi (2003). “Technology and efficiency in a panel data 
dairy farms: an SGM restricted cost function approach,” Agricultural Economics 29(2): 195-
209.

Quality Meat Scotland (QMS) (2003). “Beef and sheep enterprise gross margins in Scotland.  
Results for 2002”, Edinburgh: QMS.

Ray, Subhash C. (1982). “ A Translog Cost Function Analysis of the U.S. Agriculture, 1939-
77” American Journal of Agricultural Economics, 64(3): 490-98.



17

Santarossa, John M. (2003). “Technical and Financial Sustainability in Scottish Agriculture,” 
SAC Working Paper, Edinburgh.

Scottish Agricultural College (SAC) (2006). The implications of CAP reform and other 
agricultural supply influences for the Scottish red meat, milk and cereal supply chains 
(IMCAPT). Project Final Report to SEERAD, Edinburgh: SEERAD.

Scottish Executive Rural Affairs Department (2000). Farm Incomes in Scotland 1998/99, 
Edinburgh: SERAD.

Scottish Executive Environment and Rural Affairs Department (SEERAD) (2001). Farm 
incomes in Scotland 1999/00, Edinburgh: SEERAD.

Scottish Executive Environment and Rural Affairs Department (2001a). A Forward Strategy 
for Scottish Agriculture. Edinburgh: SEERAD.

Scottish Executive Environment and Rural Affairs Department (2002). Farm Incomes in 
Scotland 2000/01. Edinburgh: SEERAD.

Scottish Executive Environment and Rural Affairs Department (2005). Farm Incomes in 
Scotland 2003/04. Edinburgh: SEERAD.

Scottish Executive Environment and Rural Affairs Department (2005a). Scottish Agriculture 
- Output, Input and Income Statistics 1995-2004. Edinburgh: SEERAD.

Scottish Executive Environment and Rural Affairs Department (2006). A Forward Strategy 
for Scottish Agriculture: Next Steps. Edinburgh: SEERAD.
Available online: http://www.scotland.gov.uk/library3/agri/fssa.pdf

Thirtle, C. and Holding, J. (2003). Productivity of UK agriculture: Causes and Constraints, 
London: DEFRA.

UK Department of Environment, Food and Rural Affairs (DEFRA) (2006). Agriculture in the 
United Kingdom 2005.
Available online: http://statistics.defra.gov.uk/esg/publications/auk/2005/4-1.xls  

Zieschang, Kimberley D. (1983). “A note on the Decomposition of Cost Efficiency into 
Technical and Allocative Components, “ Journal of Econometrics, 23(3): 401-5.



18

Annex I. Generalised Translog Multiproduct Cost Functions by Scottish Farm Type 1/
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Annex II. Descriptive Statistics of the Main Variables Used in the Analysis

Variables Statistics
Mean Standard Minimum Maximum

Deviation

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
Tenancy
    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 3.22 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 Associations
    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
Financial Situation
    Total indebtness to net worth (ratio) 0.07 0.40 -5.09 4.06
Farmer 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.


