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A metafrontier approach to measuring technical

efficiencies across the UK dairy sector

Barnes A.P, Revoredo-Gihaladd Sauer, J

Abstract

A regional approach is applied to measure technéféitiencies on dairy farms which employs
the deterministic metafrontier approach. We camdtrsix super regions for the UK, i.e.
Eastern, Western, Northern England, Wales, Scottarm@tiNorthern Ireland. Data are collected
through three different administrative systems,ballit under the same FADN guidance. We
find for dairy farming comparative indicators of rfgmance in all three data sets. The
stochastic frontier approach is applied to constrécregional frontiers and a pooled (UK)
dataset for comparison. A likelihood ratio tesjerts the null hypothesis that these regions
operate under a common frontier which may indicai@s in previous attempts to measure
dairying efficiency at the country level. Meanheical efficiencies are high for the period
2005 to 2008, though there is some indication titide technical progress has occurred since
decoupling of CAP payments from production in abions. The metafrontier presents
estimates against a common technology and meaescange from below 0.50 for the English
regions and Northern Ireland, 0.52 for Wales an8i60for Scotland. This paper promotes the
application of the deterministic metafrontier apaoh for similar sub-country studies.

Keywords: Stochastic Production Frontiers, Metatters, UK Farm Account Data, Dairy
farming.

JEL classification: Q12, D24, C23,C51.

1. INTRODUCTION

Agricultural production is characterised by itsiceml heterogeneity. Whilst differences
in performance vary from a farm to farm basis, eagitend to present significant biophysical
constraints under which farmers operate. A keyrga for grazing livestock is rainfall, which
varies by sub-country region, but which will affélse quality of grass and thus have an impact
on the efficiency of the production system. Anyaswe of efficiency should, therefore,
attempt to negate these constraints in order teiggoan accurate measure for policy makers.
The most popular technique applied within agriaaltieconomics is the stochastic production
frontier approach (SPF) which removes some of éindom errors related to stochastic variance
through e.g. weather, disease and other factons fihe measurement (Battese and Coelli, 1995;
Coelliet al, 1998). Nevertheless, the SPF approach isastidconometric estimation technique
and variances should be negated where possiblas Wa argue that one element which can be
controlled for is the errors associated with reglatifferences.

This paper applies a regional approach to measuedgnical efficiency using the UK
dairy industry as an example. The dairy industgmpared to other farm types, has useful
properties for examination as they tend to be tlwstnprogressive farmers within the UK
farming sector (e.g. Barnes et al., 2010) henceesainthe variance in performance from socio-
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economic and informational factors is negated. Uhe dairy industry operates, like most
sectors under no direct production subsidy but stiperiences the quota system, which
constrains supply. Recent EU documents have steghfee removal of quota in the next round
of the Common Agricultural Policy and the subsequeffect on prices may lead to further
necessities for improving efficiency. Secondlyirgidnas been the focus of a humber of UK
government initiatives related to tackling greersewwas and other negative environmental
effects (DSCF, 2008; Anon,2008). Thus the increadsetechnical efficiency that may be
realised in this sector may lead to a reductiorresource wastage. Consequently, proper
measurement of technical efficiency seems appri@priéthin a policy agenda which now has
multiple goals.

Previous studies on the UK dairy sector have taketh the non-parametric Data
Envelopment Analysis approach (Gerber and Fran81Rand the parametric SPF approach
(Hadley, 2006; Barnes, 2008). However, all theadiets have taken a country wide approach to
measuring efficiencies. This is especially an ésfor the DEA application, as it does not
account for random errors due to stochastic vagidne. The impact has usually been treated as
a regional dummy within the parametric studies witiost finding regional differences
significant in affecting efficiency. Consequenttie aim of this paper is to use regions as
discriminating technology within the estimationtbe frontier by firstly deriving a number of
‘super regions’ in which to estimate efficienciesdathen compare performance against a
common technology. This is enabled by the recdntdiiction of the deterministic metafrontier
technique (Battese et al, 2004; O’Donratlal, 2008), which provides a basis for comparison of
inefficiency under an assumed global technology set

Consequently, the paper is structured as followstly, a description of the techniques,
with a particular focus on the deterministic metntier estimation is presented. Secondly,
some discussion of data sources are presented atitbas for transformation to allow an
adequate comparison across regions. Thirdly, tesuk presented over the period 2005 to
2008 for the 6 separate regions and at the metadrotevel. Finally, a discussion and
conclusions are presented, with suggestions fénéumork.

2. METHODS

2.1. Stochastic Production Frontier Technique

The stochastic frontier approach (Aigner et al,ZMeeusen and van der Broeck, 1977)
has found wide acceptance within the agricultunemics literature (Battese and Coelli,
1992; Coelli and Battese, 1995), principally duetsoability to remove stochastic events from
the efficiency estimator. We employ the standdottgstic frontier, indexed for a particular
region ) frontier (O’'Donnellet al, 2008):

(1) Vi = F (s Xoiesenee- Xnies B k)erit o
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where x; is the nth input quantity of the ith farm in thé period;p* is the estimated
parameter for the kth region. The statistical eisaepresented by;vwhich is assumed to be

independent and identically distributed with mea&nozand variance:rvz. The inefficiency

term y is positive and assumed to be half normal distetwvith varianceou2 (Coelli et al.,

2005)! Assuming the exponent of the production fronisdinear in the parameter vector, then
the technology can be represented by a suitablifural form for the deterministic part of the

equation. A translog production function was skld because it imposes less a priori
restrictions than other functional forms commonrdgdi for the task:

(2) Vie = F (Koo Xaip e Xigies BF)eViu = gh U

wherex; is now a column vector of inputs for the ith fanmthe t-th period associated
with thek region. The estimation of equati@®) was carried out by the maximum likelihood
method. This requires an assumption for the distioh of the inefficiency term, which was
assumed to be half normal. Therefore, the entig éerm is the sum of two random variables:
a half normal (inefficiency part) plus a normal igepart). As shown in Coelli et al. (2005), the
technical efficiency indicator for farm i in periador the k-th region is given by the ratio of the
actual output to the output at the frontier sucmg8):

@ TE =S =exptul)

The procedure above is appropriate for studiessieduon a particular region as the
frontier represents the state of knowledge andniolgy pertinent to that industry. For the
purposes of this study comparisons are needed saceggons, both at the intra-country and
inter-country level. Battese and Rao (2002) exqdahe concept of the metafrontier to study
the impact of regional differences within techniefficiency measurement. They proposed a
stochastic metafrontier using pooled data fronstaltly regions to draw the frontier. However,
this assumes that all regions are operating ur@esame ‘production set’, e.g. have access to
the same technology and are affected by similaulatgry regimes etc. However, the few
studies in this area have all rejected this assemptvhich includes inter-country level
(Nkamleuet al 2006; Moreira and Bravo-Ureta, 2010) and inwartdry level studies (Battese
et al 2004; Chen and Song, 2006). A framework was Idpeel by Battese et al. (2004) to
analyse regional differences under a determinmattafrontier approach. A deterministic meta
frontier can therefore be drawn as (O’Donnell e28D8):

Different assumed distributions may produce difiémesults. However, rankings of firms accordingheir efficiency seem to be
robust to the distribution assumption (Coelli et24l05, pp. 252).
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@) Yy = s X reeee X B)E

wherey* is the meta- frontier output arfidis a vector of metafrontier parameters which
satisfy the condition:-

® X BzX, B

Effectively, this provides a constraint so thatidividual k-th region frontier will not be
any greater than the metafrontier. Whereas athg§acan be measured relative to their own
frontier (a,b,c), representing the feasible lindtgechnical efficiency growth within that region
at a particular time, a meta-frontier (C,A) candmmstructed which envelopes all the regional
frontiers and provides some parity in measuremetwéen regional technical efficiency scores.
The metafrontier for the stochastic production fiemis constructed deterministically by
solving a linear programming problem, which miniesisthe distance between a region’s
frontier and the metafrontier. Thus a farm in o&gd can be both measured relative to its own
frontier and to the metafrontier. This can be dbsd graphically as Figure 1.:

Figure 1. Graphical description of metafrontier

Y (output) A

a

| Distance- aroup frontier t metafrontie |
b

| Distance- farm F to arour |
F

v

% (input)
Source: Batteset al.(2004).

Hence in order to construct the metafrontier amngipation problem is needed in which
the distance between tlketh region frontier is minimised to the metafrontieBatteseet al
(2004) provide the following optimisation problem:
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L T A
(6) mﬂinz Z[In f (Xt » Xoirereee Xt s B) = 10 F (X s Xog yenee i Xy s B
i=1  t=1
(S 1N F (X Xy seeeee X s B) 2 1N F (X s X reeeei Xy} B5)

foralliand t;

where,é is the estimated coefficient vector associatedhwitie group-k stochastic

frontier. The assumption of log-linearity, ashe tase here, simplifies to a linear programming
problem (Battese et al., 2004):

) m/;n X'

st.  x B=xf"
foralliandt

There are three stages to be followed for this @ggr (Battese et al, 2004). Firstly,
separate frontiers for each regidg ére estimated. The metatechnology ratio (MTRhen
identified based on the linear programming probgacified in (7). The MTR identifies the
ratio of the output for the frontier production @tion for each region relative to the potential
output that is defined by the metafrontier functigiven the observed inputs. We adopt the
definition of the metatechnology ratio (MTR) whicimdicates that“increases in the
metatechnology ratio imply a decrease in the gagveen the group frontier and the meta-
frontier” (O’Donnell et al. 2008, p. 236). In effect, thel M takes the value of between 0 and
1, where 1 indicates no gap between the farm iaréicplar region and the metafrontier. The
technical efficiency for each region relative te timetafrontier can be found as the product of
each farm in each time perioit MTR against each farm’s TE for each regik)y famely:

TE ;= TE x MTRY,

2.2. Data description

The UK can be divided into 6 so called ‘super’ ogg, namely Northern, Eastern and
Western England, Wales, Northern Ireland and SedilaTo cover the UK there are three
administrative collective regions. Firstly, Engliaand Wales collects farm account data on an
annual basis, and comprise around 2,500 busine$sesious types. Data are collected from
farm business units within administrative centre&igland and Wales, usually associated with
major universities within that region. These datald be further sub-divided into more
specific regions, e.g. county level, however thechfor adequate observations within the SPF
estimation restricts this. The data provide dethiinformation on quantities and financial
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inputs into each farming business. Dairy farne @efined as those businesses generating at
least 2/3rds of their income from dairying activitfhe same definition holds for the Scottish
and Northern Irish Farm accounts data, which ceimiar definitional boundaries as those for
the English and Welsh sectors. All UK data ardectéd under FADN quality assurance
guidelines and consequently we are assured ofdhrespondence across the regions. Where
possible, quantities were applied, however a drallra using farm account data is that most
data are only given in financial values. Hencedavert to quantities deflators are used. An
advantage of focusing on the UK is that a singkeency is used, namely pounds sterling. This
eases concerns regarding deflation and comparissoes. An alternative are EU FADN data in
which values are converted into Euros which addisrther complication to the expansion of
this approach across other regions. Data were dedhfor the 2005 to 2008 periods for those
dairy farms within the 6 super regions and a dpson of the data variables used are presented
in Table 1 below.

Table 1. Technical Efficiency Estimation Variables

Variable Description

OUTPUT The value of main output less subsidiesaded into 2008 prices. We therefore
assume full decoupling from production activity.

MATERIALS The values of all materials in 2008 priceBhis comprises all variable costs aside from

energy used on the farm enterprises. For cropfaimys these include cost of
fertilizers, seeds, crop protection and other ¢dstdivestock these include cost of
feed, veterinary and medicine as well as otherscost

ENERGY Total cost of energy consumed on the farrmpsing fuel and oil, and electricity
LAND Total area used for agricultural production

LABOUR Total full time equivalent units operating tre farm

CAPITAL The running and maintenance costs, deprieciand interest of capital stock (taken at

3% p.a) deflated into 2008 prices

Furthermore, a time trend variable was employetepresent the technological change
over the period, and a squared time trend to inelitae speed in which technical change is
operating. The analysis was undertaken using SHAZ@&10), which was also used to
estimate the metafrontiers, using base code prdbgiBatteset al (2004).

The value of output tends to range from £367,03thenEast of England, compared to
Northern Ireland which has an average of £218,88@uts are consistent across the 6 regions
aside from Northern Ireland which indicate an agertower level of inputs and a lower average
size of farm, which is also reflected in the lowarels of output. Some variance is noted across
the three English regions where output in the NoftlEngland is worth around £85 thousand
less than those on the East, though this is reffiead smaller input levels and area. An
interesting factor of production is Energy use, ahhis comprised of fuel and electricity for
heating and transport. In the North of England &adtland this is much higher than other
regions and may be reflective of the lower levélBght and temperature experienced in higher
latitudes which may lead to greater housing ofeatt
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Table 2. Average inputs and value of output witrgubsidies by super region, 2005 to
2008, 2008 prices

N Output Materials Energy Area Labour Capital
(£2008) (£2008) (£2008) (Ha) (FTE) (£2008)

North England 420 283,421.0 130,989 13,018 107.3 0 3. 86,105
SD 305,587.3 132,719 66,987 825 3.2 71,569
West England 483 329,366.8 142,070 8,069 103.6 3.7 103,092
SD 313,674.6 138,550 13,295 78.8 3.0 87,685
East England 571 367,039.1 166,793 7,952 130.4 4.1 125,006
SD 385,651.3 209,493 7,339 110.3 3.0 117,626
Wales 324 254,952.5 122,760 6,526 101.4 2.6 88,279
SD 217,766.5 118,481 5,952 62.7 1.2 66,072
North. Ireland 450 218,889.9 60,505 3,394 67.2 1.7 44,802
SD 173,022.6 54,705 2,535 78.3 0.7 32,896
Scotland 241 252,819.9 134,362 16,603 119.6 2.6 0764,
SD 226,754 85,844 9,782 51.3 1.1 28,274

3. RESULTS

Table 3 shows the coefficients of the 6 super megiand the estimation of TE when
pooling all regions into one frontier (UK). The vits shows that the first order parameters are
positive (aside from Eastern England, where lali®oegative), and significant, which indicates
that the condition of monotonicity for a well belawproduction function is being met (Moreira
and Bravo-Ureta, 2010). What is notable is the latkignificance of the non-linear translog
terms with the Welsh and Northern Irish regions. fulther field of investigation would
therefore be to use mixed functional forms to estérthe meta-frontier. Finally, what is also
notable is the lack of significance in the timenttevariable, which infers no technology change
effect over the period 2005 to 2008. This may re@né restructuring for the single farm
payment which decoupled subsidies from product®f(, 2008). This should be explored in
greater detail. Only the Welsh trend is significand indicates a rise in the linear trend of
around 1.3% per annum.

The estimation of the pooled (UK) model allows anfal test to estimate whether group
frontiers are different. The generalised likelihooatio test (Battese et al, 2004) gives a
likelihood ratio of 2,324.1 which is a strongly sificant rejection of the null hypothesis and
indicates that regional frontiers are not the sathé notable that all other studies applying the
metafrontier have similarly rejected the null hyesis, for example Battese et al (2004) found
similarly high LRs for a study in inter-regionalrgeent manufacturers. To test this further the
pooled English data were estimated and comparddtiagt LLF of the three English regions. As
would be expected the LR is much smaller at 128&@,with the reduction in degrees of
freedom this still rejects the null hypothesis. STt a crucial result as previous models have
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estimated at a national level, whereas this mayesigthat regional differences are strong
within England and the standard SFA approach mgyé&senting bias results.

The means and the standard deviations for the TER lind MFs are given in Table 4.
There is little movement in scores for Northern &ddstern English farms, along with Welsh
and Northern Ireland dairy farms. Lower scoresewgenerated for Scotland and, most
extremely, the East of England. However, it shduddemphasised that these scores are only
presented together for brevity. Thee next stagm ieun the meta-frontier to compare these
regions against a common technology. The parameterTable 3 provide the basis for
estimating the metafrontier using the transformathdrom the translog for each region, and
applying the optimisation problem outlined in (7).
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North England Wales West England East England Northern Ireland Scotland UK

Icpt 0.021 *x 0.139 ok 0.035 * 0.229 *x 0.027 *x 0.239 ok 0.205 *okx
X1 0.649 el 0.666 kel 0.756 kel 0.850 el 0.514 kel 0.240 kel 0.719 kel
X2 0.011 *x 0.066 ok 0.032 *x 0.048 * 0.021 0.283 *x 0.385 ok
X3 0.224 el 0.231 kel 0.271 el -0.395 kel 0.097 kel 0.391 kel 0.085 el
X4 0.040 * 0.053 *x 0.029 ok 0.286 ok 0.429 ok 0.707 ok 0.275 ok
X5 0.236 el 0.032 0.017 0.165 0.042 -0.331 bl 0.412 kel
X11 -0.061 -0.098 ok 0.105 ok 0.298 ok -0.108 ok 0.240 0.061 ok
X12 -0.100 bl -0.068 -0.014 -0.262 el -0.066 -1.220 el -0.016

X13 0.036 0.045 0.160 *x -1.019 ok -0.020 -0.353 -0.218 ok
X14 0.081 el -0.060 0.090 el -0.263 el 0.109 1.124 kel 0.088 el
X15 0.078 0.156 -0.439 ok 0.115 0.115 -0.593 -0.157 ok
X22 -0.031 0.018 -0.009 0.077 0.096 1.033 el 0.120 el
X23 0.013 0.006 -0.035 -0.088 0.075 0.007 -0.193 ok
X24 -0.006 -0.010 -0.012 -0.120 el -0.129 -0.531 -0.088 el
X25 0.140 ok 0.048 0.096 0.456 ok 0.166 0.640 0.463 ok
X33 0.099 el 0.088 0.099 0.085 0.068 0.342 0.025

X34 -0.108 ok 0.132 -0.165 ok -0.210 0.021 -0.978 -0.040

X35 -0.044 -0.037 -0.041 1.326 el -0.016 -0.292 0.276 el
o -0.021 ok -0.087 -0.019 0.044 0.030 0.010 0.114 ok
X45 0.036 0.035 0.257 el 0.465 kel -0.112 -0.403 -0.246 el
X55 -0.137 ok -0.106 -0.039 -0.901 ok -0.080 0.090 -0.004

T -0.011 0.832 0.013 bl -0.048 0.411 0.211 0.232 0.015 0.744 0.030 0.065 0.036 0.507
T2 0.003 0.772 -0.029 ok 0.012 0.291 -0.033 0.343 -0.009 0.345 -0.060 0.063 -0.007 0.488

1/ The dependent variable is the logarithm of tteltoutput excluding subsidies.

2/ x1 stands for materials, X2 energy, x3 labodrand and x5 capital.

£=0.05, **=P<0.01, **=P<0.001)
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Mean technical efficiency scores tend to showelitthriance and average scores are high
with low levels of deviance, indicating the progriee nature of dairy farming within the UK.
The meta-technology ratio is the mean gap betweemietafrontier (the common technology)
and the regional frontier (regional technology). aWis noticeable is the growth over this period
of Scotland (which grew from 0.60 to 0.66), wherdlas remainder have tended to remain
constant. Figure 2 shows the distributions ofrtieta-technology scores for all farms in the six
super regions, indicating a fairly normal distrilbut for all region, though notably Scotland’'s
distribution is somewhat flatter, indicating a mewitable spread of MTRs.

Figure 2. Distribution of the Metatechnology R&to the 6 regions, percent

North West East

- 24
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Also of note are the maximum values of the MTR, aximum value of 1 indicates that
the regional frontiers are tangent to the metafeor{Battese et al., 2004). Hence, it is possible
for farms within regions to attain efficiencies @ndhe common technology of the metafrontier.
Estimation of the MTR allows calculation of the M#bntier scores and these are presented at
the mean for the 6 super regions. Notably, theigimgnd Northern Irish regions tend to have
the lowest scores of below 0.50 throughout thegderivhereas both Scotland and Wales
generate higher scores at an average of 0.52 ftes/dad 0.57 for Scotland.

Page 1 of 15



Ancona - 122 EAAE Seminar

"Evidence-Based Agricultural and Rural Policy Makin

Table 4. Mean estimates of technical efficiencytartechnology ratios, metafrontiers and maximum MERBre for 6 UK regions, 2005 to

2008
England
North West East
Max Max Max
TE MTR MF MTR TE MTR MF MTR TE MTR MF MTR
2005 0.93 0.50 0.46 0.88 0.91 0.52 0.47 1.00 0.85 520 0.50 1.00
SD 0.03 0.12 0.11 0.09 0.14 0.14 0.08 0.20 0.17
2006 0.93 0.47 0.44 0.84 0.92 0.51 0.47 0.98 0.86 510 0.52 1.00
SD 0.03 0.13 0.13 0.03 0.13 0.12 0.05 0.18 0.16
2007 0.93 0.47 0.44 0.86 0.92 0.51 0.47 1.00 0.80 510 0.47 1.00
SD 0.03 0.15 0.14 0.03 0.13 0.14 0.17 0.22 0.21
2008 0.93 0.51 0.47 1.00 0.91 0.52 0.47 1.00 0.83 520 0.48 1.00
SD 0.03 0.15 0.14 0.09 0.14 0.13 0.14 0.22 0.20
Wales Northern Ireland Scotland
Max Max Max
TE MTR MF MTR TE MTR MF MTR TE MTR MF MTR
2005 0.92 0.56 0.56 0.95 0.93 0.48 0.44 1.00 0.90 .60 0 0.54 1.00
SD 0.03 0.12 0.11 0.03 0.14 0.13 0.05 0.16 0.15
2006 0.92 0.55 0.51 0.92 0.93 0.47 0.44 1.00 0.88 620 0.54 1.00
SD 0.03 0.13 0.12 0.02 0.14 0.13 0.13 0.18 0.18
2007 0.92 0.56 0.52 1.00 0.93 0.47 0.43 1.00 0.90 .67 0 0.60 1.00
SD 0.03 0.13 0.12 0.02 0.14 0.13 0.05 0.17 0.15
2008 0.92 0.57 0.53 0.94 0.93 0.50 0.46 1.00 0.90 .66 0 0.59 1.00
SD 0.04 0.11 0.10 0.02 0.15 0.14 0.06 0.16 0.15
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4, CONCLUSIONS

The paper has presented the metafrontier appraacihd post-decoupling period for a
number of regions within the UK. An important adeans the division of country data into
super regions for separate analysis and comparnigtioh negates some of the effects of inter-
regional bias which may effect previous attemptsagasuring technical efficiency in the UK.
The UK presents a useful case study for comparndarata sources across the UK and these
have found to compare across the three adminigtréarm account data set. The authors wish
to extend this analysis to the European region, evew this is complicated by the use of
currency conversion and subsequent impacts ontideflaf values into quantities.
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