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Abstract

The aim of this paper is to measure the shadow price of human capital in EU agriculture and to determine whether the
CAP has affected the productivity of this growth-enhancing factor. For this purpose, we used the balance sheet data for
the period 1986-2012, referring to the Standard Results of the EU Farm Accountancy Data Network (FADN) farm, which
is representative of commercial agriculture at regional level. Data concerning output and input price indices and
education attainment levels were obtained from Eurostat and from national FADNs. DEA-VRS input-oriented annual
frontiers were computed to estimate the shadow price of three levels of human capital: low, medium and high. The
results show an increasing trend in the shadow prices of human capital and suggest that the shadow price of the high
level of human capital has been significantly greater than the shadow price of the medium level of human capital since
1990.
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1. Introduction

Human capital investment, that is investment inrriea new skills, both through
traditional schooling and post-school job trainimgyan important source of productivity
gains and long-run economic growth. On the one hacedording to the neoclassical
approach (Lucas, 1988; Mankiat al., 1992), human capital is to be considered as an
additional input in the production function and tpeocess of economic growth is
explained by its accumulation. On the other hancboaling to the Schumpeterian
approach, growth is explained by the initial endemtnof human capital, which influences
a country's (or a region's) capability to innovatel to catch up with the technology of the
leader area (Nelson and Phelps, 1966; Benhabilspiegiel, 1994).

Traditionally, research in agricultural economiciidws the neoclassical model by
estimating an average production function afterophticing human capital as a non-
conventional factor. Human capital is mainly repréed by a measure of schooling and its
relevance is measured in terms of output elast{&tyenson, Kislev, 1975; Nguyen, 1979;
Antle, 1983; Kawagoe, Hayami, Ruttan, 1985; Lautopoulos, 1988, Trueblood, 1991;
Mundlaket al., 1999; De Devitiis and Maietta, 2009). Grilich@988) and Rutten (1992)
define education as the quality of labour changinegr time whose accurate measurement,
besides that of other inputs, is essential for mn@ag Total Factor Productivity (TFP) as a
residual. For most of the world’s agriculture, TgRPwth is no longer a resource-based
process, driven by material input accumulation, dydroductivity-based process, mainly
driven by the accumulation of immaterial inputieluding human capital (Fuglie, 2015).

From a microeconomic perspective, education incagitire acts as a non-neutral
input, which enables highly skilled workers to seléhe appropriate input bundles and
efficiently distribute the inputs among the variotmmpeting uses (Welch, 1970). The
return to this ability is part of the return torfaers’ education. However, in agriculture the
incentive of acquiring a college education is basedlynamic considerations of changing
technology; if technology becomes stagnant, thtemtive is reduced and may even
disappear. In applied research, the use of educasiovidespread, as documented in
several reviews on farm efficiency (Lockeed, Jamidau, 1980; Bravo-Ureta, Pinehiero,
1993).

In a globalized knowledge-based and service econbimnyan capital investment is
becoming more and more important, since it is cemgntary with the acquisition of

information and particularly with information teablogy. At the sector level, an efficient
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agricultural education system is essential foradture to be internationally competitive,
as new technologies cannot be imported wholesalerarst be adapted to country-specific
natural conditions through national education askarch (Csaki, 1999).

The private return of human capital investmenagniculture has been influenced
by the Common Agricultural Policy (CAP) of the Epean Union (EU), whose main
objective is to reduce regional disparities in egjtural productivity. In the recent Fischer
Reform, direct support and structural policiesareed at achieving competitiveness and a
greater market orientation for which corporate cgfincy, together with environmental
safeguarding, become key issues. Regarddigect support policies,intervention
mechanisms play a less important role than in #s @and support is mainly decoupled and
subject to cross-compliance. Concerning structatalventions, rural development policy
has been strengthened with funds and policy insgnisnaimed at providing environmental
goods and diversifying activities in a more tarde#ad locally tailored manner (Bascou,
2008). At the same time, the history of the CAP has ceeateulture of “rights to cash
support” with little accountability regarding theunterparts in the farm community across
Europe (Mahé and Bureau, 2008).

A stronger market-orientation of agricultural polichould foster aggregate
productivity gains for the sector as a whole siless profitable farms should close down
while high performing farms, able to create an eunent that promotes continuous
learning and problem, should survive (Kazukauskas., 2010, 2013).

The ability to summarize information from varioususces and to engage in non-
routine problem solving is generally learned atosth(Swaim, 1995; Gasson, 1998).
Therefore, the demand for higher-order cognitivilsslas represented by the high level of
human capital in European agriculture, should befoeced by the recent CAP. For
example, better agricultural education favoursipi@etion in agri-environmental schemes,
such as those aimed at involving European farnretsadiversity protection (Dupragt
al., 2002).

Notwithstanding the relevance of human capital feom survival and growth, the
link between the CAP reforms and human capital pectdity has not been yet
investigated. However, the literature has eviderthatidecoupling influences productivity
growth mainly through increased specialisation iorenproductive farming activities
(Kazukauskast al., 2014). The issue is relevant since a higher piddty of human

capital might attract this input into the sector.



A simple way of testing the hypothesis that theatge CAP market-orientation has
impacted human capital productivity, is to deterewmhether the productivity of the high
level of human capital in European agriculture meseased over time by estimating its
shadow price.

In economic literature, the computation of shadeowgs is a common practice when
market prices are inapplicable, unknown or inappabde, for example when market prices
are distorted due to government intervention (Caekl Prasada Rao, 2005).

The data used for this study were obtained from Faem Accountancy Data
Network (FADN), which was establishéadl evaluate the impact of the CAP on the type of
production and income of commercial European alucal holdings The only
harmonised source for the level of human capitdtlh agriculture is the Eurostat Farm
Structure Survey (FSS), which periodically meastinespercentage of farm holders with
practical, basic and full agricultural training.

The main aim of this paper is to measure the prindtycof the various levels of
human capital for all the years for which infornoation farm holders’ training is available.
A second and complementary task is to measurentiiease in productivity from 1986 to
2012 by computing a TFP index, or more preciselylamquist index, using a non-
parametric approach, for a balanced panel of FA&doNs.

The remainder of the paper is divided into fivetees. The history of the CAP and
figure relative to the level of human capital in Bgriculture are reported in section two.
Sections three and four focus respectively on tlethodology and on the data used.
Section five describes the results obtained. Sedi® provides concluding remarks and
the Appendix reports the variables’ descriptior, t&chnical efficiency levels and the TFP
rates relative to FADN region and the confidenceerivaels of the Malmquist index

components.

2. TheCAP and level of human capital in the EU agriculture

Several and continual changes have been made tdCA&fe since the 1980s.
Production limits have helped to reduce surplusglk(quotas were first applied in 1984)
and much emphasis has been placed on environnmestalhd farming. The first
fundamental reform was the McSharry—Reform in 188bwed by “Agenda 2000” in
1999 and later by the Fischler (or Mid-Term) Refam®003. Due to theseforms,the
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CAP has focused more and more on R&D programmes iavestments in human
resourcesKischler, 2008).

The 1992 MacSharry Reform caused a shift from ntaskgport to producer
support. Cereal intervention prices were scalednjawtput payments for oilseeds were
eliminated and per hectare compensatory paymeatapuated on the basis of average
regional yield levelswere introduced together with compulsory set-aselpuirements
attached to these payments.

The 1999 “Agenda 2000” reform further cut interventprices, bringing them closer
to world market levels as well as aligning paymeaftsereals and oilseeds with the aim of
promoting the competitiveness of European agricelttAgenda 2000” also initiated the
Rural Development policy, a wider structural stggtef decentralised spatial management
of rural territories in Member States, aimed atrthastainable development, on the base of
the valorisation of both agricultural and non-agltigral activities.

In 2003, the Mid-Term Reform was agreed which pradsustainability and cohesion:
farmers receive a single farm payment per hectblanal calculated by dividing the total
payments received over a historical period by tinalmer of hectares of the farm. Premiums,
which were earlier related to the number of aninoalthe size of the milk quota, were added
to the flat rate compensation per hectare to elardgent. Single farm payments favour the
use of land rather than other inputs in agricultpraduction and reduce the yields of many
commodities; their total output response is leas tbrice support (Sckokai and Anton, 2005).
Furthermore, they severed the link to productiornwds decided to decouple subsidies from
production in order to orient farmers towards tharket since farmers were free to produce
what was most profitable for them as land was ra@ed for agricultural use, while still
enjoying a required stability of income. This stiépicould be rationalised as a compensation
for higher production standards with regard to comsr protection, animal welfare and
environmental conservation (compared to many namjigan countries) since whoever
failed to fulfil this ‘cross-compliance’ conditiomisked reductions in the direct income
payment (Moro and Sckokai, 2013Jhe reform was in effect from 2005 onwards
(Kazukauskast al., 2013).

Farmers’ and extension service operators’ surveydetline that the new market-
orientation of the European agricultural productiéwstered by the Mid-Term Reform,
requested new professional competences for botle. Gdckground of the extension
services operators was particularly agronomic aotl business management-oriented
(Vagnozzi, 2007; Se.Ri.Fo, 2010).
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Table 1 reports the arithmetic average of farmeith full agricultural training,
calculated according to FADN regions, and the arétic average of the percentage of
population aged from 15 to 64 years with tertiadueation, calculated from Eurostat

national data.

Table 1 - The level of human capital in EU agriatétand economy in 2010

Aggregate % farmers _vv_ith full % population with tertiary
agricultural training education
EU-6 14.9 25.1
EU-9 14.4 26.9
EU-10 13.6 26.2
EU-12 12.0 25.3
EU-15 12.3 25.4
EU-25 12.6 23.7
EU-27 11.3 23.1

Source: Our own elaborations on Eurostat data

Even though educational attainment is a poor indicaf the extent to which
individuals possess the cognitive skills and tecaiinknowledge required when carrying
out more demanding and better-paid jobs, the tahbierlines the evident gap between
rural and urban educational levels (Swaim, 199%)wever, while the arithmetic average
of the percentage of population with tertiary gfieditions is not appreciably sensitive to
the EU aggregate, the arithmetic average of theepésges of farmers with full
agricultural training seems to decrease with theseguent EU enlargements. The regions
of the Founding Member States have on averageigihest level of human capital. Italy is
the only exception, as you can see from Figure 1.

Figure 1 reports thepercentage of farm holders with fudlgricultural training
according to FADN region, which is our proxy of higuman capital, in 2010 asmputed
from FSS data: it ranges from 0.2% in Ipiros-Pelopsos-Nissi loniou to 45.9% in Latvia

and Luxembourg.
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Figure 1 - The percentage of farm holders with adricultural training
according to FADN region in 2010 (our elaboratiam Burostat
FSS data)

The percentage of farmers with full agriculturabiting is not completely
comparable between regions since both the natamratultural education systems and the
higher education policies for regional developmédifter greatly (Batterbury and Hill,
2003). Furthermore, the FSS indicator of high hurcapital in agriculture is tailored for
countries such as France and Germany, which haracical, agricultural college-based
school programme for whoever intends to becomem faanager. In Italy, where there is
no system of this kind, the percentage of farm é&adwvith agricultural college-bachelor
gualification only amounts to 12% of the total nienkof farm holders with bachelor
qualifications in 2010 (De Devitiis and Maietta,12). On the other hand, the curricula of
the agricultural colleges may be focused on sHiléd European farmers consider to be too
technical and poor on business management ancpasmieurship and therefore unsuitable
for training successful modern agribusiness mamsageno have to compete in an
increasingly liberalised system of world trade (fitaom Mayfield and Errington, 1994;
Se.Ri.Fo, 2010). A second explanation for the $icgmt differences observed in the level
of high human capital across the EU regions is dffect of the different European
agricultural structures and farm size distributievisch still exist after almost 50 years of
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CAP (Haniotis, 2008). Large farms are more likedybte endowed with high levels of

farmer human capital but also, in a strongly pakedifarm size distribution, any increase
in the level of human capital in the relatively fewofessional farms is camouflaged by the
absence of increase or by the low increase in ekiel lof human capital on the more

numerous smaller farms.

3. TheMethodology
3.1 Shadow prices and technical efficiency

Shadow prices are prices that make the observedtities optimal. Their estimation,
through the linear programming or the econometgpraach, is common in economic
literature. This may be the case of both consumption analysdspaoduction studies.
Limiting to the applications of the non-parametgproach, shadow prices of nutrients can
be cited as examples of consumption analysis (Atsiaset al., 1994;Hakansson, 2015)
while examples of production studies include thadsiw prices obiodiversity (Bostian
and Herlihy, 2014; Faret al., 2001; Sipilainen and Huhtala, 2013plunteers’ work
(Destefanis and Maietta, 2009pspital outputs (O’Donnell and Nguyen, 2013), wated
wind resources (llakt al., 2015) andundesirable outputs (Leleu, 201Bpussemartt al.,
2015)

For measuring productivity, shadow prices are et in order to overcome the
lack of market price or can be used as appropmalieators of input productivities. With
the aim of carrying out inter-country comparisorsagricultural productivity, Coelli and
Rao (2005) and Nin-Pratt and Yu (2010) estimatetistv input prices in order to obtain
shadow input cost shares which are required foreagging input accumulation and
measuring agricultural TFP. Ten Raa and MohnenZR08ed shadow input prices as a
valuation of input productivities, which are nofeated by variations of the economy in
market power, disequilibrium in factor holding, sptimal capacity utilization and returns
to scale. The shadow input prices are then usedgtpegate input accumulation and
measure TFP.

The computation of shadow prices may provide valegsal to zerb for some

inputs.

2 Relative to buildings, equipment, land and infrasture in Ten Raa and Mohnen (2002) and Coelli and
Rao (2005).
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When selecting the optimal production plan throdgfear programming, input
shadow prices are null in case of free good (Pa€81) that is firm supply of theh input
is strictly greater than firm demand for that inpuhile the input shadow price is positive
when firm demand of that input is equal to its dupfi is also possible to have a zero
shadow price together with the demand for the inptiich is equal to the corresponding
supply. This is the case of primal degeneracy whesenomic interpretation is the
possibility of multiple shadow input price systemiEhis occurs when three or more
resource constraints cross at the same point,spwneling to the optimal production plan.
Analogously, in the case of outputs, the shadowgeps positive when the marginal cost is
equal to the corresponding marginal revenue, wiils null when the marginal cost is
greater than the corresponding marginal revenus.dlso possible to have a zero shadow
price when the marginal cost is equal to the cpoeding marginal revenue. This is the
case of dual degeneracy often observed in mathemhgirogramming models. Some
activities that are not incorporated in the optinmaik may have the same index of
profitability as that of the activities included ihe production plan. The reason why the
activity is not included in the optimal plan is dt® the exhaustion of the available
resources required for the activities already ia ftan but an alternative plan, which
produces the same level of profit as the originahpis feasible. Therefore degeneracy,
corresponds to the existence of multiple optimaitsmns and multiple shadow prices.

Within a non-parametric frontier production functitamework, the shadow prices
are endogenously determined by multiplier or dirsédr programming problems since
they are the multipliers revealed by individual guoers in an effort to maximise their
relative efficiency (Friedt al., 2008).

More in detail, the frontier approach defines ttenfier by using linear combinations
of multiple outputs of efficient farms in tlweitput-oriented analysis, or of multiple inputs,
in theinput-oriented analysis. The frontier approach emphasises tin¢ f@iture of outputs
and inputs and concerns various input/output coatlnins as alternative activities
(Jonasson and Apland, 1997). With respect to thitigr deterministic approach, known
as the Data Envelopment Analysis (DEA) proposedBlayker, Charnes and Cooper,
(1984), the primal (or envelopment) linear programamproblem Bc,-I (Bcce-1) in its
input-oriented version, may be expressed as follows:
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BcCyrl (i, Yi):

min A

A

S.t.

ymlSZyJ ym], mzl,,M
J

)\.iij ZZYJ in, £=1,.,.K
j

%20, Xyj=1, ;j=1,..,N
j
1)
wherex is the inputvector,y the output vectors, M the number of outputs, Krthenber of
inputs, N the number of firmg, is the firm index,A; is the input-oriented technical
efficiency measurement which ranges between 0 aaddy, are the weights applied to the
peerj activities in order to describe the optimal pragre plan for firm i.
In the duabr multiplier modeBccy' (0 Beoy-1):

1

BCCp (i, y;):
max - piy; t @

Bis> Vi,

ViXi =1

piyi ~vixpt@ <0

B =0,v 20

(2)

v, and |, are the shadow prices or multiplier of inputs antpats respectively whiley is
an indicator of firm returns to scale.

The existence of slacks in an output or in an ingerterally corresponds to zero
multiplier for that output or that input, howeveara weights in the multiplier model do not
necessary lead to nonzero slacks, since some staelgsbe basic but equal to zero
(degenerate solution). Non-unique weights mean dbaeral facets may span an efficient
corner point (Thanassoulis and Portela, 2008).

In a cross-country multilateral productivity comigan, the analysis is usually
output-oriented yet theinput-orientation is also adopteéd Furthermore, when the summary

data are expressed on “an average per farm” basis this study), it is sensible to assume

® Arnade (1994) applies an input-oriented DEA mddelata referring to 77 countries from 1961 to 1987
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a Variable Returns to Scale (VRS) technology sitheescale economies of the “average
farm” could be discussed (Coelli and Prasada R2@5R

3.2. The Malmquist Index

The Malmquist (1953) index has become popular foaking inter-country
comparisons of productivity growth. It decomposesdpctivity growth into a movement
of a country toward the frontier plus technical gness.

In order to measure productivity change betweerogst andt+1, we assume that
the producible-output at periotisetis S(x) and theoutput-oriented distance function for
periodt, as defined by (Shephard, 1970):

t

DL(x", yt):inf{é: (%]D St(xt )}sl Oyt 0si(x')andO x! ORY (3)

is a measure of technology efficiency while the edbdistance function:

D(t)+1(Xt' yt ) =inf {5 (y_dtj O St+1(xt )}
4

measures the distance from the country's positidhe input-outpuspace at time to the
boundary of the production set at titrel, where inputs remain constant. It can be higher,
lower or equal to 1.

Based on Faret al. (1994) and assuming constant returns to scatal| tactor
productivity is represented by a generalizediput-oriented Malmquist index defined as

the product of efficiency changAK) and technical progress®):
Ml, = AE* TP (5)

Dt+l(Xt+1 yt+1)

/E
D (X', y")

(6)
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The relative efficiency index is defined by theigatf technical efficiency at time
and timet+1 and is a measure of a country reaching a froméipresenting best-practice
technology while the technical progress componartitich measures the shifts in the

frontier itself, is a geometric mean of two mixedtdnce functions farandt+1 as defined

by:

P= K Dy (x"y"™) j( D4(x',y") H @)
D:J+1(Xt+1’yt+1) D:J+1(Xt’yt)

If Ml, > 1, there has been positive total factor productictignge between periods.
If Ml, < 1, then there have been negative changes in tat&rf@roductivity.Ml, =
indicates no change in productivity (Cawtsl., 1982).

Assuming that the technology exhibits variable metuto scale, and defining
D!***and D\"**as the two distance functions from the country'sitimn in the input-
outputspace to the boundary of the production set whithibis constant return to scale,
Simar and Wilson (1998) proposed the following deposition:

MIO: D(t)+l,VRS(Xt+1, yt+l) 5 D(t)+l,CRS(Xt+1' yt+1)/ D;+1,VRS (Xt+1, yt+l)
D(tJ,VRS(Xt'yt) D(tJ,CRS(Xt'yt)/D;,VRS(Xt'yt)

D;+1,VRS(Xt’yt) D;’VRS(Xt,yt) 1/2x
D;+1,VRS (X t+1’ yt+1) D(t),VRS (X t+1’ yt+1)

l:( D;+1,CRS(XI’yt)/D;+1,VRS(Xt,yt) j[ D;,CRS(Xt’yt)/DgVRS(Xt’yt) Hllz

D;+1, CRS (X t+1’ y t+1)/D;+1,VRS (X t+1’ y t+1) D;’ CRS (X t+1’ y t+1)/D(t), VRS (X t+1’ y t+1)

(8)

where the first term is technical efficiency chamdie the second term measures changes
in the scale of technologylScale, the third term (the first one in squared bracketpure
technical progresg,P, and the last terndShape, provides information regarding the shape
of the technology by describing the change in refuio scale of the VRS technology
estimate at two fixed points, which are the cousttgcations at timesandt+1. When it

Is greater than unity, it is a sign that the tedbgp is moving farther from constant returns

to scale and is becoming more and more convex. Wenndex is less than unity, the
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technology is moving toward constant returns tdesoahile there are no changes in the
shape of the technology when it is equal to unity.
Confidence intervals for the Malmquist index arglgomponents can be estimated

by means of bootstrap, as described by Simar atgbwW(1999).

4, Thedata

The Council Regulation No. 79/@HC established the legal basis of FADRWhich
is a European system of sample surveys which ameéedaout each year and collect
structural and accountancy data relating to farm®rder to monitor the income and
business activities of agricultural holding3ased on national surveys carried out by the
EU Member States, FADN is the only source of harisesh micro-economic data (the
bookkeeping principles are the same in all MemitateS) and is representative of the
commercial agricultural holdings in the Union.

Bearing in mincthe EU universe of farnfsused for the FSS, holdings are selected to
take part in the annual survey on the basis of 8agplans established at the level of
each region in the Union by following the Europé&ammmission guidelines provided to
the Member States’ Liaison Agencies. The survey @olvers tommercial’agricultural
holdingsthat is farms exceeding a minimum economic sizassto cover the most relevant
parts of agricultural production in each EU MemBgate. A commercial farm is defined
as a farm that is large enough to be the mainigct¥ a farmer and provide him/her with
a sufficient level of income to support his or @mily. Thethresholdof the economic
size varies across countries, which allows for sifeesition of farms as country-specific
commercial holdings.

According to the EU FADN methodologyhree dimensions, namelterritorial
location economic size and type of farmjraye used as stratification variables; territorial
location corresponds to FADN regions, which aremestessarily NUT2 regions.

Aggregated data can be downloaded from the StarRestlts of the EU-FADN
database. The Standard Results refer tobiddance sheet of an average farm that is
representative of the regional commercial agriceltlA representative farm at regional

* TheEU universe of farms is the set of farms in the EesspUnion with at least 1 hectare of land and those
with less than 1 hectare that provide the markét wicertain proportion of their output or produeere than

a specified amount of output.

® http://ec.europa.eu/agriculture/ricaprod/datalasestult_std_reports_en.cfm
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level is commonly used in sector models based weali programming (Jonasson and
Jeffrey, 1997). For the purpose of this study,weesion Al report of EU-FADNstandard
Resultswas downloaded for the period from1989 to 2012leviNEA provided the same
version with 34 variables for the period from 13986.988 (Dell'’Acqua, 1995).

The variables’ definition is reported in the Append

The specification of the production set used fompating the Malmquist index
differs from that used for the shadow prices.

For the former, subsidies and human capital vagghlere not used, the analysis is
output-oriented and labour is measured in units as is common ipeadbr measuring
agricultural growth; furthermore, only the EU-12gi@ns were considered in order to
obtain balanced panel data.

For the latter, subsidies are added to output. ellemuch debate in literature on
whether subsidies have to be modelled as outputsports: Sipilainen and Kumbhakar
(2010) model subsidies as non-neutral inputs since th#gtaoutput both directly and
indirectly via inputs and technical chandgezlepkinaet al. (2005) model subsidies as
second-stage revenues (and hence outputs) sincagheme a two-stage decision process;
in the first stage subsidiese coupled, assuming that producers account fmidieswhen
making decisions concerning production, and in skeeond stage they maximize the
overall profit that consistim a sum of first-stage profit and subsidies. Isesaof this kind
Simar (1998) suggests modelling the variable ampunt if it leads to efficiency and as an
output if it is detrimental to efficiency. The efteof subsidies on efficiency can also be
ambiguous. For the purpose of this papeihsidies were modelled as outputs sithey
were coupled for a very long period (Haniotis, 20@8d then acted as higher output
prices; later evetthe recentsingle farm paymenpolicy was not fullydecoupled as the
wealth and investment effects of the income transésitively affect output (Sckokai and
Moro, 2009).

For computing shadow prices, saput-orientation is deemed to be more appropriate
for evaluating the productivity of the various lessef human capital in terms of thetest
CAP objectives that do not encourage input intécedibn. The lmman capital variables,
which are only present in the computation of shagowes, were modelled as non-
discretionary inputs (that is fixed inputs).

Table 2 reports the descriptive statistics of theables.

® RICA RI/CC/882 rev. 3
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Table 2 - Descriptive statistics of the variables

Variable Meas. Unit Average  St. Dev. Minimum Maximium
Output 2005€ 87,358 103,424 4,806 948,056
Subsidies " 15,665 26,882 0 238,769
Materials " 56,674 75,052 1,894 659,560
Capital " 29,3228 263,265 8,211 2095,475
Paid labour AWU* 0.59 1.37 0 15.99
Adjusted paid

labour** Units 0.62 1.48 0 15.72
Low HK FwWuU* 0.81 0.38 0 1.94
Medium HK " 0.19 0.20 0 1.17
High HK " 0.22 0.34 0 1.92

*FWU (Family Working Units) and AWU (Annual Workingnits) are defined as 2,200 hours worked
annually
** Adjusted paid labour units are defined as theoant paid for wages divided by a national wage

5. Theresults
5.1 Technical efficiency and the Malmquist index

The first step is to estimate the annual productimrction frontiers, with amutput-
oriented DEA-V on the balanced panel data of 88 EU-12 regjifon the period 1986-2012,
in the specification without human capital variabl@he results show that the FADN
regions on the frontier are: Champagne-Ardenne #red Netherlands followed by
Denmark and Picardie. There has been a reducti@fficiency in Eastern England over
the last few years. Technology always shows inangagturns to scale.

On observing Figure 2, it is evident that the agerdevel of output-increasing
technical efficiency decreases in the years ofréfierms that is in 1992, 1999 and 2007,
since decoupled payments only fully replaced diagt$ only at that time (Haniotis, 2008).
The details for each region are reported in theehplix in Table A.1.
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Figure 2 — The average levelaitput-increasing technical efficiency in EU-12

From the computation of theutput-increasing Malmquist index, it emerges that
the productivity growth rate in EU-12 during theripd 1986-2012 is, on average, equal to
1.2% mainly due to technical progress whose anavalage rate is equal to 1.4%. There
was little change in efficiency change and scaleatian was even less. As in the past
(Bernini Carri, 1995), Denmark reported the highegtrease in productivity (with an
annual average growth rate equal to 4.7% and anahraverage technical progress rate
equal to 4.4%). At national level, the Netherlamasl France followed with the highest
TFP rate, as observed for similar periods in o#itedies (Coelli and Prasada Rao, 2005).
Table 3 reports the annual average for each conmpariethe index. Technical progress
decreases following the reform years and the inictdn of the Euro currency (2002).

The details for each region are reported in Tabl2 while Table A.3 presents the
confidence intervals at 5% level of significance édach component of the index: the average
annual productivity growth rate in EU-12 rangestird.0% to 1.5% while the average annual
technical progress rate ranges from 0.8% to 1.796. Unreported and unavailable values are

those that are not computable withAR version 2 software.
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Table 3 - Malmquist Index decomposition by year

Y ear Mlo AET P AScale  AShape
1987 1.04 1.05 0.99 1.01 1.00
1988 1.01 1.00 1.02 1.00 1.00
1989 1.00 0.98 1.04 0.99 1.01
1990 1.00 1.00 1.00 1.00 1.00
1991 1.02 1.03 0.99 1.00 0.99
1992 1.05 0.94 1.09 0.96 1.07
1993 1.00 1.09 0.95 1.08 0.94
1994 0.99 1.00 1.01 1.00 0.99
1995 0.98 1.03 0.96 1.01 1.00
1996 1.02 1.02 1.01 1.00 1.01
1997 1.03 0.99 1.03 1.00 1.01
1998 1.01 0.94 1.10 0.93 1.06
1999 1.03 1.00 1.03 1.02 0.99
2000 1.03 1.12 0.93 1.04 0.98
2001 0.99 1.00 0.99 1.02 0.99
2002 1.07 0.99 1.14 0.96 1.00
2003 0.96 1.02 0.94 1.01 1.00
2004 1.05 0.95 1.10 0.94 1.06
2005 1.02 1.05 0.98 1.08 0.96
2006 1.02 0.99 1.03 0.98 1.01
2007 1.04 0.96 1.08 0.98 1.03
2008 1.01 1.03 0.97 1.07 0.96
2009 1.03 1.02 1.02 1.01 0.98
2010 1.00 0.98 1.06 0.98 1.00
2011 0.99 1.05 0.95 1.04 0.98
2012 0.98 1.01 0.96 1.01 1.00

5.2 The shadow prices of human capital

Table 4 reports the average shadow prices of diftelevels of human capital, relative to
the average shadow prices of paid labour, thdtesmiarginal rate of substitution between
paid labour and the low, medium and high levelshofan capital respectively. Frisch
software was used for the computation of the shaolaves. The averages were computed
including all regions including those for which thlgadow prices are null.
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Table 4 - Relative shadow prices of human capiatdar

No
Y ear regions Family labour unit Family labour unit
low medium high low medium high
not adjusted AWU hours adjusted AWU unit
1986 76 0.53 2.12 2.24 0.63 1.56 2.14
1990 86 0.16 155 2.69 0.20 1.34 2.16
1993 68 0.13 0.48 1.25 0.19 1.26 1.99
1995 71 0.14 0.97 0.89 0.17 1.30 1.49
1997 70 0.08 0.74 5.92 0.14 1.07 1.80
2000 97 0.23 2.10 2.82 0.24 1.71 2.46
2003* 38 0.18 0.67 4.18 0.19 0.45 3.61
2005 121 0.52 1.37 3.49 0.36 1.25 271
2006* 38 0.38 0.56 7.19 0.46 0.61 7.41
2010 135 1.13 2.59 4.61 1.19 2.00 3.27

* only Italian and Spanish regions

With respect to the figures in bold, which are moobust because derived from
more numerous samples, in all the specificatiorsermses are observed in the relative
shadow prices of the three levels of human cagitaever, only in 2010 the productivity
of the low level of human capital is higher thamttiof paid labour that was used as a
benchmark. The productivity of the medium levelhoiman capital in 2010 is more than
twice that of paid labour showing a u-shaped trevtdch first decreases and then goes up.
Lastly, the productivity of the high level of humeapital has been higher than the shadow
price of the medium level of human capital sinc®€@9No significant difference was
noticed in the first year: this result may be expd by observing that market support by
means of higher than world market prices, doesappear to lead to the development of
highly professional skills.

It is important to note that in the period undeudst the level of human capital
increased since the percentages of farm holdets mvédium and high levels of human
capital in EU-12 were respectively equal to 12% @fa and, in 2010, to 20% and 12%
according to FSS data (to 36% and 13%, accordiigAfdN data in 1990). For EU-27, the
two percentages are lower in 2010: 18% and 11%rdogpto FSS data (33% and 14%
according to FADN data).
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Given the assumption of a convex inputs’ set amyeiase in human capital should
lower productivity. This assumption could help tplkain the increase in productivity of
the low level of human capital that was on averageal to 81% of total family labour in
1990 and 53% in 2010. A further explanation is éfffect of the various technologies of
the new Member States with a past experience ofraamst economy, where low levels
of human capital in agriculture could be associateth larger farms (Pietrzykowski,
2003). Moreover, it could be the effect of the lEgimarket-orientation, pursued by the
CAP, since the shadow prices of the low level ahho capital are measured relatively to
the shadow price of paid labour.

Of course, productivity growth, particularly tecbal progress as emphasized in the
Appendix, and structural change also contributethéogeneral increase of human capital
productivities: according to the FSS data from 189Q007 the average EU-12 farm size
increased from 15.6 to 25.3 ha. On the other haadsignificant changes were observed
concerning the average age of the farm holderstheeyears and the EU aggregates.

The computation of shadow prices, based on adjustéd unit data, gives the same
results in terms of trends but reports a lowerease for the medium and high levels of

human capital.

6. Concluding remarks

This paper inquires whether stronger market-ortertain the CAP has impacted
human capital productivity. The issue is relevamtégricultural growth since TFP growth
in world’s agriculture is nowadays driven by hunaapital and other immaterial inputs.
The CAP reform for years 2014-2020, inspired byrtbed for improving the effectiveness
of public resources, is likely to strengthen thHewvance of human capital for farm growth.

The aim of the study is pursued by measuring tlael®l price of three levels (low,
medium and high) of human capital in EU agricultared to determine which shadow
price showed a higher increase compared to the<#red to the shadow price of paid
labour which was used as benchmark.

By applying theinput-oriented DEA-VRS approach to the data obtained from the
Standard Results of the EU-FADN, an increasingdneas observed for all three levels.
The relative shadow prices of the low and high lewé human capital doubled from 1986

to 2010; however, the former was initially very l@amd only in 2010 the productivity of
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the low level of human capital exceeded that ofl pabour. A smaller increase of shadow
price was observed for the medium level of humapiteh however, in 2010 its
productivity was more than twice that of paid labdiastly, the relative shadow price of
the high level of human capital was always gretiten that of the medium level of human
capital and was four times more than that of palbur in 2010.

These trends could be deemed to be effects of ptwdy growth (with an annual
average rate equal to 1.2% for EU-12), particulahlye to technical progress (with an
annual average rate equal to 1.4% for EU-12), drileostructural changes stimulated by
the CAP. More generally, the trends described amesistent with a higher market-
orientation of farmers, as well as a productioreotye aimed at input-saving given the

output level.
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Appendix

A.1l. Thedefinition of the variables

Output is the variabl@otal output, code SE131 of EU-FADN balance sheet data, wisch i
the total output of crops and crop products, liwektand livestock products and other
products defined by sales and the use of (croplimestock) products and livestock plus
change in stocks of (crop and livestock) produthsnge in valuation of livestock, various
non-exceptional products minus purchases of livsto

Materials is the variabldotal intermediate consumption, code SE275 defined as
Total specific costs (including inputs producedtlo& holding) and overheads arising from
production in the accounting year.

Capital isTotal assets, code SE436. It corresponds to the closing valuéxed
assets (land, permanent crops, quotas, buildingghimery, breeding livestock) and
current assets (non breeding livestock, stockgotaltural products and other circulating
capital).

Subsidies are the variabl®tal subsidies — excluding on investments, code SE605,
which only includes subsidies on current operatiorked to production.

In EU-FADN, paid and unpaid labour are defined loy &nnual timework devoted to
work on the holding, which includes all manual, auistrative, executive and supervisory
activities concerning production on the holdingextludes labour used under contract and
labour used in the production, replacement or mapair of fixed assets.

For family labour, the variables provided are tb#ofving: Unpaid labour input,
code SE015, which refers generally to family labexpressed in Family Work Units
(abbreviated as FWU) andme worked in hours by unpaid labour input on holding, code
SE016. Analogously, two variables are provided paid labour:Paid labour input,
expressed in Annual Work Units (abbreviated as AYWdple SE020 andiime worked in
hours by paid labour input on holding, code SE021. However, the definitions of FWU and
AWU vary across regions, nations and years anddsiviF WU and AWU. “One AWU is
equivalent to one person working full-time on th@dmng. A single person cannot exceed
1 AWU equivalent, even if his actual working timeceeds the norm for the region and
type of holding. For persons employed for less ttienwhole year on the holding, the

33



fraction of AWU is calculated as: Hours worked/Hoyrer AWU for the region/type of
holding” (European Commission, 2008)

Consequently, both hours of family and paid labowere used in this paper;
whenever necessary, the definition of a workingt wvhich is adopted, is 2,200 hours
worked annually. The use of hours worked implies @issumption of labour divisibility.
On the other hand, the Council Regulation No 797@&5improving the efficiency of
agricultural structures (OJ 1985 L 93) establisthed the definition of “farmer practising
farming as his main occupation”, in the case chtml person, includes the condition that
the time spent on work unconnected with the holamgst be less than half of the farmer's
total working time (and that the proportion of ine® deriving from the agricultural
holding must be 50% or more of the farmer's tatabme).

Input quality is usually monitored when measuringductivity (Fuglie, 2015); in
particular paid labour productivity may sharplyfeif according to educational and skill
levels (Berde and Piros, 2006). In order to tales¢hdifferences into account, a further
series of paid labour units, adjusted for qualisy,computed by dividing the variable
Wages paid, code SE370, by an estimated national agricultwesde. The national wage
was computed usinGambridge Econometrics data as the arithmetic average between the
compensation per employee and the unitary remuaeriat agriculture.

The 2005-based price indices were sourced fromdtat,oand are respectively those
for Agricultural Goods Output, Goods and service currently consumed in agriculture
(Input 1) andGoods and services contributing to agricultural investment (Input 2). 2000-
based price indices were provided by the Europeammaission for the period between
1986 and 2007.

The level of human capital was sourced from the BB8 was obtained from
Eurostat. The FSS referring to 1986 divides farddérs according to primary, secondary
and higher managerial agricultural training, ldtex training types were based on practical
experience, basic agricultural training and fulliagitural training. The data are relative to
NUTS2 regions that do not necessarily correspondADN regions, the correspondence

between NUTS2 and FADN regions were determinedrdaug to the amount of utilised

" The definition of annual work unit derives frometf¥SS. It corresponds to the work performed by one
person who is occupied on an agricultural holdingadfull-time basis. Full-time means the minimunuis
required by the relevant national provisions gowggrtontracts of employment. If the national prastis do

not indicate the number of hours, then 1,800 hauestaken to be the minimum annual working hours:
equivalent to 225 working days of eight hours e&NU and AWU were initially equal to 2,300 hours (d
Stefano, 1988); from 1990 up to 2000, they wereaktqu2,200 hours; from 2001, the AWU is equal 800
hours whereas the FWU remains equal to 2,200 HGWEA, multiple years).
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agricultural lanfl. The levels of low, medium and high human capitate then computed
as the percentages of managers belonging to thespanding training class. These
percentages were used to divide the family labaurdinto the three categories of low,
medium and high human capital.

The FADN's field of observation, which only inclieddarms deemed to be
commercialjs smaller than the EU universe: in 1985, it ranfyjeth a minimum of 54% of
farms covered in Italy to 79% in Denmark with an-EQ average equal to 57% (Abitabile,
1994). In 2007, théADN coveragejn comparison with the FSS 200&nged from a
minimum of 5% of farms covered in Slovakia to 7/#@Qenmark with an EU-25 average
equal to 45% (European Commission, 2010).

Since the FADN universe is smaller than the EU erse, this procedure may cause
some statistical biases. Howevsome national FADN&ave recently and autonomously
started to collecinore details concerning the trainingfafm holdersThe Member States
whose Liaison Agencigsrovided us with these data are: France, Germanggéty, Italy,
Poland, Slovakia (the percentages of training emgeeld in 2013 were considered) and
UK (only for England).Consequently, only data on the training of farnidbos for 2010
collected by the national FADNs were used for 7diaes while FSS data were used for
the rest.

Finally, only for Italian and Spanish regions in030and 2006, the educational
attainment of farm holders referred to the peragegaof farm holders with primary,
secondary and tertiary educational level. For Sgaminformation was downloaded from
Instituto Valenciano de Investigaciones Econéniita®i Liberto, 2007) while the
information concerning Italy was obtained from @éshis and Sena (2005) and Costantini
and Destefanis (2009), whose interpolation is diesdrin Destefanist al. (2004)

® This information was provided by Francesco Pedaiersity of Verona).
° The European Commission has started to collectatafarm holders’ education in 2014.
19 http://www.ivie.es/
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Table A1 - Quiput-increasing TE by vear and by FADN region

FADN region 1086 1987 1088 1080 1000 1091 1992 1903 1004 1905 1006 1007 1008 1000 2000 3001 2002 2003 2004 2005 2006 21007 2008 3009 2010 2011 2012
{010} Schleswig-Holstein 078 071 073 077 074 076 079 034 083 079 080 081 081 080 080 051 091 081 0981 080 084 078 076 093 085 081 086
(020 Hamburg 076 083 083 075 083 1 084 1 0% 08 080 08 080 09 09 088 080 09 030 08 08 078 081 1 087 078 083
(030} Niedersachsen 077 073 074 071 076 083 074 076 077 079 084 082 081 092 090 0% 082 0% 082 080 085 07 077 084 084 083 086
{030} Nordrhein-Westfalen 085 079 076 072 073 077 073 078 077 073 081 078 076 088 093 088 085 09 087 091 084 07 074 08 076 075 078
{060} Hessen 066 062 063 058 060 070 065 065 068 070 070 065 073 078 081 081 070 074 066 072 072 039 061 076 064 084 073
{070} Rheinland-Pfalr 068 066 067 066 065 068 071 071 072 072 076 074 073 070 081 080 079 088 072 079 072 064 071 092 075 074 086
(080) Baden-Wiirttemberg 065 062 066 063 062 068 067 067 071 071 074 070 06% 072 084 080 073 080 067 075 067 039 062 081 064 065 073
{090} Bayem 071 067 077 066 068 073 069 068 068 077 073 076 081 095 095 0901 078 080 079 08 076 074 068 078 077 077 077
{100} Saatland 098 081 077 066 072 072 071 071 068 082 076 076 076 082 09 1 0987 099 084 1 077 077 072 073 076 073 078
(121) fte de France 1 081 0% 080 080 098 1 054 1 097 1 1 0% 080 0988 085 080 1 1 1 1 1 1 1 1 1 1
(131) Champagne-Ardenne 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
(132) Picardie 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0% 1 1 1 1 1 1 1 1 1 1
{133) Haute-Normandie 092 092 09% 085 084 091 092 039 095 092 09 092 088 0% 1 094 095 1 1 093 097 091 092 098 09 091 093
{134) Centre 000 098 09 092 082 086 0836 035 08 079 082 085 078 074 086 030 094 090 095 091 1 100 1 1 1 1 1
(133} Basse-Nommandie 1 081 09% 086 08 0% 09 0% 093 088 095 092 1 085 0984 08 091 09 0% 09 08 089 091 089 08 085 088
(136) Bourgogne 0.79 1 09 085 088 082 084 087 08 091 093 082 086 084 09 088 086 085 082 084 08¢ 051 087 092 084 08 0§7
{141) Nord-Pas-de-Calais 1 08 1 1 1 1 1 098 098 097 098 094 099 1 099 084 093 1 1 093 082 082 033 1 088 087 036
{151) Lotraine 0.88 1 1 099 1 1 1 1 1 1 1 099 1 1 1 1 1 1 092 0% 100 098 097 1 098 1 0%
{132) Alsace 000 08 09 084 083 092 097 097 093 09 1 1 094 093 1 1 1 1 1 1 1 1 1 1 1 1 1
(133) Franche-Comté 1 1 1 1 1 1 1 1 1 1 095 0985 088 098 1 1 1 1 093 1 1 1 1 1 1 1 1
(162) Pays de la Loire 0.83 1 1 085 080 083 020 1 1 0% 0% 091 084 097 1 098 097 097 1 1 09 091 084 0987 091 091 0%0
{163) Bretagne 088 098 098 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
{164) Poitou-Charenites 073 091 088 091 097 095 082 077 084 092 094 087 082 097 003 1 095 099 1 1 1 1 083 1 091 0, 1
(182} Aquitaine 0 076 074 072 071 0469 081 077 079 084 094 085 05 08 093 08 081 082 1 083 082 08 08 052 085 087 089
(183) Midi-Pyrénées 03 073 073 068 070 072 060 084 064 073 074 072 06% 067 077 079 071 076 073 081 07¢ 074 073 077 074 073 073
(184) Limousin 048 080 072 061 07% 078 060 065 066 075 071 067 072 071 073 075 080 074 090 020 084 064 062 070 062 074 074
{192) Rhénes-Alpes 070 078 081 080 077 075 074 087 087 082 08 084 076 071 087 088 080 081 084 081 084 077 08 084 08 076 081
{193) Auvergne 033 074 077 067 067 0466 063 04690 071 084 079 080 075 078 081 082 082 078 1 1 081 1 08 089 1 0% 092
(201} Languedoc-Roussillon 08 081 087 081 084 089 081 08¢ 09 098 1 085 070 076 1 084 086 09 080 079 081 079 083 083 057 085 084
(203) Provence-Alpes-Cote 085 086 086 086 083 087 086 091 095 09 095 085 086 0386 1 09 1 1 1 1 1 1 1 1 085 08 1
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Cont. Table Al - Quiput-increasing TE by year and by FADN region

FADN region 1086 1987 1985 1980 1900 1991 1992 1903 1994 1995 1996 1997 1993 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
{204) Corse 067 087 068 068 069 070 067 068 075 076 075 070 063 063 071 073 083 092 1 1 1 1 08 1 082 084 o7
{221) Valle d' Anste 049 033 064 060 030 063 034 037 062 064 065 071 03§ 039 067 073 062 035 047 070 037 1 065 068 062 071 080
(222) Piemonte 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 081 074 0% 084 074 09 082 092 095 0%
{230) Lombardia 1 1 1 080 092 1 087 087 0% 1 1 1 1 0% 1 1 1 1 088 0% 1 080 1 1 1 1 1
(241) Trentino 086 038 087 097 1 1 078 082 08 087 1 1 073 0463 081 1 1 098 07% 09 098 087 1 1 1 1 1
(242) Alto-Adige 091 095 09 088 0% 097 0% 076 087 091 088 080 062 06 075 089 084 084 06 085 073 047 1 1 1 0% 0%
(243) Veneto 1 0% 1 1 084 091 084 09 1 1 1 1 I 078 1 083 094 08 0467 08 078 069 086 0% 080 092 091
(244) Friuli-Venezia 1 1 1 1 l 1 0% I 084 o082 089 1 I 060 072 I 0% 088 075 0% 074 068 089 100 084 083 079
(230) Ligunia 1 1 1 1 l 1 0% I 086 0% 1 1 083 092 1 1 1 093 038 1 l 1 1 1 1 1 1
(260) Emilia-Romagna 1 1 1 1 l 1 1 1 1 1 I 0% 087 08 089 087 08 083 066 071 066 057 074 077 076 086 083
{270) Toscana 079 0738 083 09 0% 091 09 084 082 0% 1 083 075 065 081 082 0% 085 065 091 086 068 072 080 080 092 089
(281) Marche 095 095 0% 09 037 077 068 077 078 083 081 1 1 1 1 047 1 067 069 1 078 060 081 077 0712 079 0483
(282) Umbnia 064 070 075 084 080 078 079 074 067 061 068 069 039 047 035 069 065 065 032 070 074 055 067 073 072 0834 089
{291) Lazio 086 076 1 085 094 098 084 1 09 1 092 092 073 1 1 1 1 014 1 091 079 o064 080 089 079 089 089
(292) Abruzzo 1 1 1 080 100 093 075 09 098 1 1 1 1 093 1 084 092 079 06 09 071 082 1 035 039 1 1
(301) Molise 1 1 1 1 09 08 09 080 078 084 08 04 1 053 1 00 1 08 1 098 088 09 1 1 070 072 098
(302) Campania 1 1 1 1 1 1 076 1 1 1 0% 1 086 1 087 093 066 076 0468 1 081 070 081 082 088 09 0488
(303) Calabnia 1 1 1 1 1 095 034 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
(311) Puglia 090 0386 1 098 1 080 068 084 081 091 086 076 1 070 1 1 1 09 1 0 1 1 073 1 1 1 0M
(312) Basilicata 078 074 074 071 070 073 063 077 072 079 085 074 066 087 1 1 1 075 060 081 072 058 062 061 063 067 072
(320) Sietlia 1 1 1 1 1 090 075 089 1 1 1 1 09 1 1 1 097 048 1 1 094 078 1 1 09 090 1
(330) Sardegna 077 077 082 071 07 078 076 075 072 066 08 077 031 0355 063 082 068 083 039 074 065 034 060 065 071 075 084
(340) Belgium 097 090 09 1 1 1 1 1 1 0% 1 099 094 1 1 1 1 1 1 1 097 084 093 1097 085 098
(330) Luxembourg 079 030 004 088 09 000 0% 004 080 086 098 090 097 095 093 1 0% 1 092 09 1 093 085 087 077 086 083
(360) The Netherlands 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
(370) Denmark 0.87 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
(380) Ireland 031 039 065 047 040 032 051 039 0355 061 039 060 033 032 061 064 058 064 092 072 071 068 063 060 084 070 066
{411) England-North 083 081 082 080 082 091 088 070 076 071 074 07 075 075 085 08F 08 091 076 073 079 060 061 066 082 064 066
(412) England-East 1 1 1 1 1 1 1 099 1 1 099 1 1 1 1 1 1 1 098 1 1 088 078 079 076 079 079
(413) England-West 080 083 083 080 07 08 08 08 07 071 075 081 080 076 085 086 080 08 072 077 080 071 062 070 062 065 047
{421) Wales 066 069 074 064 062 068 067 065 060 058 065 068 064 063 066 078 078 077 070 072 068 060 065 060 057 062 036
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Cont. Table A1 - Quiput-increasing TE by vear and by FADN region

FADN region 1986 1987 1983 1989 1990 1991 1992 1093 1004 1905 1996 1997 1995 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
(431) Scotland 074 073 076 076 034 072 074 070 071 061 060 061 060 034 073 047 060 076 064 065 075 067 060 060 036 058 038
{441) Northern Ireland 068 063 066 061 037 064 061 038 060 061 038 038 034 065 075 071 063 067 080 080 079 082 066 064 037 037 033
(430) Makedonia-Thraki 1 1 1 1 1 1 03 1 1 1 1 0% 1 03 1 I 079 08 1 078 065 076 081 065 063 060 0861
(460) Iptros-Peloponissos-Nissilor -~ 1 1 1 1 1 1 080 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I o 1 1 1
(470) Thessalia I 0% 09 1 1 098 1 1 I 088 080 043 048 080 073 I 0N 1 1 066 070 067 031 031 0482 071
(480) StereaFllas-NissiEgaeou-Kr 1 093 100 096 097 094 081 097 0% 1 097 096 086 008 1 1 1 1 08 075 07 I 070 0481 072 08
(300) Galicia 086 095 082 1 091 09 1 0% 01 0% 1 1 1 1 1 1 0% 089 1 1 0% 1097 087 077 030 100
(303) Asturias I 0% 056 1 0684 070 073 092 I 08 1 1 1 1 I 0w 1 1 1 1 1 1 1 I 080 081 0n
(310) Cantabria 1 1 1 1 08 083 03 095 084 0% 1 090 1 1 1 1 I 08 1 1 1 1 1 I 07 1 1
(315) Pats Vasco 0.83 1 1 02 1 083 081 099 087 087 090 004 1 076 088 1 087 085 09 1 080 087 0% 097 085 09 (0%
(320) Navarra 1 080 086 08 1 I 071 08 072 08 109 09 100 1 09 08 087 085 079 098 031 070 0% 08 1 1
(325)La Rioja 1 1 1093 079 078 081 1 1 1 1 1 1 1 0 07 1 1 08 1 1093 077 014 0% 099
(330) Aragon 076 065 072 08 074 073 082 078 078 081 092 08¢ 080 034 1 1 1 08 100 076 083 1 o 0% 1 08t 1
(335) Cataluna 064 095 072 086 078 1 092 100 083 092 076 08 073 064 08F 0980 073 075 040 06 075 061 073 071 068 078 083
(340) Baleares 091 067 0467 08 067 068 099 098 0738 079 080 083 082 039 004 099 1 1 1 1 1 070 067 060 036 076 088
(343) Castilla-Lean 086 097 088 1 095 085 0380 095 09 1 084 081 068 0J7 097 098 087 095 0% 080 085 100 1 1 0% 1 08
(330) Madrid 070 087 088 081 1 079 1 1 1 1 1 1 081 071 098 I 100 100 100 100 100 100 1 1 I 0% 08
(335) Castilla-La Mancha 1 1 1 1 1 090 087 080 1 088 094 088 074 063 083 088 09 081 079 067 080 079 071 038 062 086 09
(360) Comunidad Valenciana 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
(363) Murcia 0.63 1 1 1 1 1 077 098 079 092 09% 1 1 080 1 0% 1 1 1 098 1 079 076 093 080 077 082
(370) Extremadura 098 083 1 1 081 08 079 072 079 094 081 068 060 047 076 075 081 088 083 075 077 0898 1 080 066 083 080
(373) Andalucia 1 1 1 1 0w 1 1 I 084 088 1 1 086 080 1 09 100 087 080 084 090 076 078 074 090 08 08
(380) Canarias 1 1 0% 080 077 083 1 1 1 1 1 1 1 1 1 1 1 1 T 094 083 1 I 0% 072 0:1 08
(610) Entre Douro e Minho/Beirali  0.76 1 1 1 1 1 046 1 1 1 1 1 1 1 1 1 1 1 1097 0% 1 083 073 068 073 049
(630) Ribatejo e Oeste 062 062 064 060 062 034 031 034 039 070 1040 1 032 08 060 068 081 06 085 088 092 1 1 1 1 1
(640) Alentejo e do Alzarve 067 062 061 061 033 037 031 032 036 039 038 046 043 041 030 047 032 032 030 044 032 032 062 060 082 074 083
(630) Agores 1 T 080 070 1 I 0532 08 1 043 1 1 036 1 1 1 1 1 1 1 1 1 1 1 1 1 1
EU-12 0.85 0.88 088 085 036 086 082 087 086 088 080 0588 083 082 091 091 089 088 0.87 080 087 083 085 086 082 086 087

38



Table A.2 - Malmquist Index decomposition - peri#86-2012

FADN region code and name M, AET 7P AScale AShape
(010) Schleswig-Holstein 1.75 1.07 1.68 0.98 1.00
(020) Hamburg 1.89 1.25 1.48 1.09 0.94
(030) Niedersachsen 1.75 1.11 1.64 0.96 1.01
(050) Nordrhein-Westfalen 1.50 091 171 0.97 1.00
(060) Hessen 1.51 1.10 1.40 0.99 0.99
(070) Rheinland-Pfalz 1.63 1.27 1.26 1.01 1.01
(080) Baden-Wirttemberg 1.52 1.15 1.29 1.02 1.00
(090) Bayern 1.58 1.16 1.36 1.01 1.00
(100) Saarland 1.01 0.78 1.23 0.97 1.08
Germany 1.57 1.09 1.45 1.00 1.00
(121) Tle de France 2.01 1.00 2.09 1.00 0.96
(131) Champagne-Ardenne 1.66 1.00 1.73 1.00 0.96
(132) Picardie 1.99 1.00 211 1.00 0.95
(133) Haute-Normandie 1.98 1.05 1.90 1.06 0.94
(134) Centre 2.10 1.16 1.89 1.00 0.95
(135) Basse-Normandie 1.40 0.95 1.52 1.00 0.96
(136) Bourgogne 1.76 1.12 1.60 1.00 0.98
(141) Nord-Pas-de-Calais 1.58 0.88 1.72 1.00 1.04
(151) Lorraine 1.47 1.00 1.45 1.00 1.02
(152) Alsace 2.08 1.21 1.67 1.14 0.91
(153) Franche-Comté 0.76 1.00 1.00

(162) Pays de la Loire 1.80 1.06 1.73 0.96 1.03
(163) Bretagne 1.66 1.00 1.67 1.00 0.99
(164) Poitou-Charentes 2.15 1.35 1.64 1.04 0.94
(182) Aquitaine 2.14 1.27 170 1.07 0.93
(183) Midi-Pyrénées 2.00 1.36 1.46 1.05 0.96
(184) Limousin 1.65 141 1.32 0.97 0.91
(192) Rhones-Alpes 1.73 1.18 1.49 1.00 0.98
(193) Auvergne 2.04 1.70 1.00

(201) Languedoc-Roussillon 1.51 1.01 1.55 1.01 0.95
(203) Provence-Alpes-Cote 2.08 1.18 1.61 1.14 0.96
(204) Corse 1.75 1.15 1.53 1.04 0.96
France 1.79 1.14 1.67 1.02 0.96
(221) Valle d'Aoste 1.44 1.63 0.86 0.99 1.04
(222) Piemonte 0.91 1.10 0.98

(230) Lombardia 1.42 1.00 1.38 1.06 0.97
(241) Trentino 1.21 1.17 1.03 1.03 0.97
(242) Alto-Adige 1.22 1.05 1.04 1.09 1.02
(243) Veneto 1.05 1.08 1.03

(244) Friuli-Venezia 0.81 0.79 1.00

(250) Liguria 0.93 1.00 1.00

(260) Emilia-Romagna 1.04 0.85 1.08 1.12 1.01
(270) Toscana 0.96 1.13 0.88 0.89 1.08
(281) Marche 0.59 0.86 0.97

(282) Umbria 1.19 1.33 1.00

(291) Lazio 1.00 1.04 0.97 0.96 1.04
(292) Abruzzo 1.03 1.20 0.97

(301) Molise 0.73 1.00 0.92

39



Cont. Table A.2 - Malmquist Index decompositiopefriod 1986-2012

FADN region code and name M, AET 7P AScale AShape
(302) Campania 0.88 0.88 1.00

(303) Calabria 1.42 1.00 1.28

(311) Puglia 1.09 1.11 0.90

(312) Basilicata 0.90 0.92 0.99 0.96 1.03
(320) Sicilia 1.17 1.00 1.12

(330) Sardegna 1.06 1.11 0.94 0.97 1.04
Italy 1.05 1.06 1.03 1.01 1.02
(340) Belgium 1.38 099 146 0.97 0.99
(350) L uxembourg 1.36 0.96 1.42 0.99 1.01
(360) The Netherlands 1.73 1.00 1.73 0.97 1.03
(370) Denmark 3.26 1.03 3.03 1.37 0.76
(380) Ireland 157 146 114 0.99 0.95
(411) England-North 1.15 0.79 1.47 0.95 1.05
(412) England-East 1.18 0.79 151 0.97 1.02
(413) England-West 1.12 0.83 1.36 0.93 1.06
(421) Wales 1.30 0.88 1.43 1.02 1.02
(431) Scotland 1.06 0.78 1.42 0.94 1.02
(441) Northern Ireland 1.36 1.01 1.36 0.99 1.01
United Kingdom 1.20 0.85 1.43 0.96 1.03
(450) Makedonia-Thraki 0.55 0.61 0.90 0.99 1.03
(460) Ipiros-Peloponissos-Nissi loniou 0.89 1.00 0.98 0.95 0.96
(470) Thessalia 0.65 0.70 1.01 0.95 0.98
(480) Sterea Ellas-Nissi Egaeou-Kiriti 0.70 0.79 0.89 0.95 1.04
Greece 0.70 0.77 0.94 1.00
(500) Galicia 0.85 1.00 1.13

(505) Asturias 0.69 0.85 0.95

(510) Cantabria 0.86 1.00 1.00

(515) Pais Vasco 1.20 1.08 1.04

(520) Navarra 1.04 0.97 0.93

(525) La Rioja 1.47 0.94 1.43

(530) Aragon 1.30 1.31 1.19 0.84 0.99
(535) Cataluna 1.56 1.30 1.17 1.05 0.99
(540) Baleares 0.98 0.80 1.07

(545) Castilla-Leodn 1.40 096 142 1.11 0.92
(550) Madrid 1.31 1.20 1.08 1.01 1.01
(555) Castilla-La Mancha 1.05 0.95 0.97

(560) Comunidad Valenciana 1.38 1.00 1.26

(565) Murcia 1.78 1.45 1.06

(570) Extremadura 1.08 0.80 1.27

(575) Andalucia 0.96 0.83 1.16 1.06 0.95
(0580) Canarias 0.60 0.84 0.96

Spain 1.15 1.02 1.20 1.07 0.97
(610) Entre Douro e Minho/Beira litoral 1.08 0.91 1.06

(630) Ribatejo e Oeste 1.89 1.61 1.00

(640) Alentejo e do Algarve 1.33 1.25 1.03 1.00 1.04
(650) Acores 0.97 1.00 0.84

Portugal 132 119 1.03 0.97 1.04
EU-12 1.36 1.05 142 1.02 0.99
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Table A.3. - Confidence intervals of Malmquist IRdemponents at 5% level of significance

FADN region Mlo AET P AScale AShape
10 156 1.78 099 123 128 174 093 103 096 1.03
20 185 206 116 144 128 153 106 125 0.85 0.97
30 152 180 104 126 129 172 091 100 0.97 1.03
50 129 154 083 100 143 178 093 100 096 1.02
60 1.38 157 104 118 124 147 096 101 0.97 1.01
70 161 172 119 135 117 133 098 110 0.95 1.05
80 142 160 108 122 116 136 099 108 0.97 1.03
90 150 165 103 125 123 147 096 103 0.98 1.03
100 095 115 0.73 095 104 132 0.79 099 105 1.23
121 182 207 072 109 189 236 099 111 091 0.99
131 155 178 085 112 156 187 097 1.06 093 1.00
132 168 207 072 114 177 233 098 1.07 091 0.98
133 185 212 087 113 175 206 104 115 0.90 0.97
134 192 222 092 126 179 211 095 110 0.90 0.98
135 124 160 083 110 133 170 096 103 0.93 1.01
136 169 190 1.04 127 146 169 094 101 0.96 1.02
141 148 181 081 111 135 180 098 101 101 1.12
151 133 167 084 115 128 160 092 1.03 098 1.10
152 198 229 108 131 156 179 110 1.28 0.84 0.93
153 0.69 096 0.80 141 1.00 1.03

162 168 193 09 120 156 184 090 100 1.00 1.08
163 157 192 087 118 150 1.8 099 104 0.9 1.01
164 205 233 117 146 152 177 103 1.13 0.89 0.95
182 203 229 112 135 159 181 1.07 1.16 0.88 0.94
183 191 222 126 150 132 153 102 115 091 1.00
184 157 179 119 156 112 145 091 112 0.84 1.00
192 163 186 111 131 135 155 098 1.02 095 1.01
193 192 224 098 1.92 0.96 1.30

201 143 159 093 109 142 161 100 1.09 0.92 0.98
203 200 224 102 123 149 170 115 1.32 0.88 1.00
204 168 187 099 122 142 162 104 118 0.90 1.00
221 139 153 154 183 078 092 091 103 0.99 1.09
222 0.82 098 096 1.22 0.94 1.08

230 136 145 083 114 119 155 091 112 094 1.04
241 113 126 054 124 091 124 101 132 081 1.06
242 119 132 100 113 095 108 104 119 098 1.10
243 1.00 1.14 0.96 1.22 1.03 1.11

244 0.77 091 0.72 0.93 0.90 1.02

250 0.85 0.97 0.78 1.25 0.65 1.06

260 099 112 078 091 098 113 1.06 1.21 097 1.09
270 091 100 109 124 081 09 0.79 089 1.02 1.16
281 056 0.72 0.78 1.24 0.61 1.02

282 1.14 129 123 1.49 096 1.01

291 093 106 097 114 089 106 088 096 097 1.10
292 0.97 1.09 056 141 0.74 1.30

301 0.69 081 064 1.38 054 1.21

302 0.84 092 082 1.13 0.56 1.00

303 122 147 0.62 1.38 0.23 1.43

311 1.05 1.15 048 1.24 0.80 1.25

312 0.85 095 087 101 092 107 087 095 100 1.10
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Cont. Table A.3. - Confidence intervals of Malmquiglex components at 5% level of significance

FADN region Mlo AET AScale AShape

320 111 120 0.64 1.38 041 141

330 1.02 1.10 0.97 119080 0.99 0.89 1.08 1.00 1.18
340 128 143 091 109124 153 090 1.01 0.96 1.07
350 122 141 091 106122 150 0.87 1.01 1.00 1.07
360 157 191 0.72 126125 190 090 1.18 0.90 1.08
370 235 357 052 122242 353 131 171 0.61 0.80
380 151 170 130 1680.78 122 092 1.05 0.93 1.17
411 1.05 115 0.75 094110 151 083 098 1.01 1.11
412 1.15 130 0.72 1.130.67 165 090 1.06 0.90 1.07
413 1.00 1.11 0.79 095104 138 0.86 0.97 1.03 1.13
421 122 134 080 097124 151 096 1.07 0.99 1.06
431 089 107 0.73 089105 147 0.85 0.98 1.00 1.09
441 133 145 093 111125 148 093 1.01 1.00 1.05
450 051 061 054 085058 096 059 1.02 0.96 1.21
460 085 095 041 112083 1.15 090 1.32 0.76 1.08
470 061 070 0.60 0.800.88 1.06 0.89 1.02 0.94 1.05
480 066 0.75 0.69 091077 093 0.89 1.04 0.99 1.14
500 0.81 0.98 0.68 1.38 0.56 1.48

505 0.65 0.80 0.69 1.23 0.26 1.11

510 0.79 0.96 0.67 1.39 0.53 1.15

515 1.19 129 1.00 1.25 0.92 1.15

520 0.93 110 0.86 1.40 0.18 1.00

525 146 153 0.80 1.35 0.34 1.63

530 124 139 0.72 146107 139 0.76 1.10 0.82 1.08
535 153 1.71 122 143108 122 105 112 0.94 1.01
540 0.89 0.99 0.72 0.92 0.86 1.15

545 136 145 091 110119 147 099 123 0.87 1.01
550 123 136 112 133095 1.14 090 1.06 0.98 1.06
555 096 1.06 091 1.13 0.69 0.98

560 1.24 140 061 1.36 0.42 155

565 1.75 194 134 1.70 0.95 1.17

570 1.00 111 0.76 1.18 0.16 1.34

575 093 102 0.73 0.901.07 129 0.98 1.16 0.85 0.99
580 058 0.71 081 124 0.91 0.98

610 099 119 0.78 1.05 0.88 1.18

630 1.68 199 0.58 1.76 1.00 1.36

640 121 140 101 135085 1.10 098 1.13 1.01 1.13
650 0.88 1.08 0.56 1.38 0.31 1.09

EU-12 128 148 087 123 123 156 086 113 0.93 1.05
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