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Abstract

Since the early 2000s, Italy has seen a significant increase in the number of agri-districts and rural districts
focused on stimulating the production of Ag commodities and high-quality foods that have a low environmen-
tal impact. The core purpose of this study is to assess the impact that financial subsidies, allocated under the
first and second pillars of the Common Agricultural Policy in the form of environmental payments and subsi-
dies to disadvantaged rural areas, have had on ltalian farms in the period from 2004 to 2017. To this end, the
study has made an analysis of technical efficiency using a non-parametric approach (DEA) and an analysis of
the total factor productivity (TFP), based on a sample of data from the European Farm Accountancy Data Net-
work. By employing a two-step approach for the estimation of the DEA, it has been possible to assess the role
of ag-districts and the recognition of certified quality foods on technical efficiency, filling the gap in knowledge
regarding the effect that environmental subsidies have on influencing technical efficiency in farming. Drawing
some conclusions, the analysis has highlighted an uneven distribution of technical efficiency between various
Italian regions and typologies of farming, with a differing impact of financial subsidies allocated under the first
and second pillars of the Common Agricultural Policy, both in regards to the technical efficiency of farms and
also in relation to environmental protection.
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Pe3rome

Ot HavanoTo Ha 2000-Te roguHn B ITanusa ce Habnogaea 3HaunTENHO YBENUYEHUE HAa Bposi Ha cercko-
CTOMNaHcKMTe 0b6nacTn 1 cenckmuTe panoHn, POKyCcrMpaHn BbpXy CTUMYNMPAHETO HAa NPOM3BOACTBOTO Ha Cerl-
CKOCTOMaHCKM CTOKM U BUCOKOKAYECTBEHMW XPaHW, KOUTO MMAT HUCKO Bb3OENCTBME BbPXY OKOMHaTa cpega.
OcHoBHaTta Len Ha ToBa Npoy4YBaHe € Aa ce OLeHWN Bb34eNCTBUETO, KOeTO hMHaHCOBUTE cybcuanm, pas-
npegenenun no MNupeust 1 BTopusa ctbnb Ha ObLiaTta cenckocTonaHcka nonutuka nog dopmarta Ha ekorno-
TMYHK NNaLaHns n cyocnanm 3a CenckutTe panoHn B HEPABHOCTOMHO NOMOXEHWNE, Ca OKa3anu BbpXy Utanu-
aHckuTe dpepmun B nepuoga ot 2004 r. go 2017 r. 3a Ta3u Len Ha U3cnegBaHeTo € HanpaBeH aHanus3 Ha Tex-
Hu4eckaTa ePeKTUBHOCT, KaTo ca 13non3saHu HenapameTpudeH nogxon (DEA) n aHanus Ha obwaTa dak-

13



Effects of Farm Specialisation, Environmental Subsidies and Agri-Districts on Technical Efficiency in Italian...

TopHa npowunsBoanTenHocT (TFP), Bb3 ocHOBa Ha n3Baaka oT AaHHM OT EBponelickaTta Mpexa 3a CH4eTOBOA-
HW OaHHW Ha 3eMefdernckuTe ctonaHcTBa. C momoLlTa Ha ABycTeneHHus nogxon 3a oueHka Ha DEA ce oue-
HSIBa ponisTa Ha arpapHMTe 06nacTu U NpM3HaBaHETO Ha cepTUdMLMpaHn Ka4eCTBEHU XPaHU BbPXY TEXHU-
YyeckaTta e(PeKTUBHOCT, 3anbliBaviku NPOMNYCKUTE B 3HAaHUATA OTHOCHO edhekTa, KONTo cybcugunte 3a okon-
HaTa cpefa MMaT BbpXy TeXHMYeckaTa epeKkTMBHOCT B 3emeaenneTo. NpaBenkn HAKOM M3BOAW, aHANU3bT
nogyeptaBa HEPABHOMEPHOTO pasnpeferieHne Ha TexHudyeckata e(pekTUBHOCT MeXay pasnuyHuTe uTa-
NINAHCKN PETMOHUN 1 TUMOSIOTUNTE Ha 3eMefeNnueTo, C pasfMyHo Bb34encTBue Ha mHaHcoBuTe cybenamum,
pasnpegenexu no Mupeu 1 Btopn cTbn6 Ha ObLwwarta cenckoctonaHcka NoNMTMKa, KaKTo Mo OTHOLLEHME Ha

TEXHNYEeCKaTa e(beKTVIBHOCT Ha (*)epMVITe, TaKa CblLlO 1 BbB Bpb3Ka C ONMNa3BaHETO HA OKOJIHATa cpeaa.

Knroyoeu dymu: aHanun3 Ha o6xBaTa Ha gaHHuTe; ObLwa cenckoctonaHcka nonutuka; FADN;

ayetaneH DEA

Introduction

As a consequence of the reforms made to the
Common Agricultural Policy, the role and func-
tion of farms has completely changed since 1992.
Nowadays farmers have been assigned a funda-
mental role in environmental protection which
has to be compensated by a specific public pol-
icy, both at national and also international lev-
el. As Galluzzo has noted (2017), various schol-
ars have assessed technical efficiency in Europe-
an farming through a quantitative approach us-
ing the Farm Accountancy Data Network data-
set, addressing their scope of research to com-
paring technical efficiency either between dif-
ferent countries or different typologies of farm-
ing specialisation (Veveris et al., 2007; Latruffe
et al., 2012; Latruffe and Nauges, 2014; Galluz-
zo, 2015; 2019a; Bojnec and Latruffe, 2008). The
main target of studies concerning technical effi-
ciency in farming has been to assess if there are
some nexus among farm size, crop specialisa-
tion, typology of farm, and the levels of techni-
cal and economic efficiency in different Europe-
an countries (Bielik and Rajcaniova, 2004; La-
truffe et al., 2004; Galluzzo, 2017). In 2017, Min-
viel and Latruffe investigated the impact of dif-
ferent financial subsidies allocated through the
Common Agricultural Policy on the technical ef-
ficiency of a number of European farms includ-
ed in the FADN dataset. These authors argued
that the effect of financial payments aimed at en-
vironmental protection allocated by the CAP has
been decidedly mixed, with negative, null, and
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positive effects found in six, one, and four cases,
respectively, from a sample of 195 observations
carried out in studies published in main journals
between 1986 and 2014. At the same time, Zhou
et al. (2018), widening the field of investigation
by considering the relationships between techni-
cal efficiency and sustainability through a quanti-
tative, citation-based approach for the years 1996
to 2015, found a sharp increase in the number of
studies published regarding these topics over the
period investigated.

It is important to know the effect of financial
subsides allocated by public interventions on
technical efficiency. In fact, according to Kum-
nhakar and Lien (2010), subsidies have both a
positive impact on efficiency and a negative im-
pact on productivity, and policymakers need to
address this when defining specific agricultural
policies. Kumbhakar and Lien in 2010 focused
their attention on decoupled and coupled subsi-
dies, and argued that these aids influenced the
growth of farms, and their opportunity to re-
main or exit the productive process, while also
influencing investment decisions. Conversely,
coupled subsidies can reduce the use of inputs
in farms and, subsequently, productivity, while
also representing a positive opportunity for in-
novation in farms. Focusing attention on produc-
tivity, the effect of subsidies is inconclusive and
unclear; while productivity is influenced by the
typology and structure of the fund rather than
the total amount allocated by the public policy,
subsidies generally have positive effects on pro-
duction and negative effects on total factor pro-
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ductivity (Bazyli and Katarzyna, 2017; Rizov et
al., 2013).

A comparative study among all Europe-
an countries over time aimed at estimating the
technical efficiency in agriculture, carried out in
2017, revealed that the non-parametric approach
represents a powerful tool for investigating per-
formance in agriculture, even if there is a hiatus
between the old member states of the EU and the
new ones, with a few exceptions due to the in-
fluence of external variables such as the quality
of the soil, and the age, skills base, and educa-
tion level of the farmers (Laurinavi¢ius and Rim-
kuviene, 2017, Nowak et al., 2015). Meanwhile,
the size of farms has a more direct impact on the
technical efficiency of farms than their particular
specialisation, both in countries within the Euro-
pean Union and also other countries outside (Gal-
luzzo, 2013; Mugera and Langemeier, 2011), and
the size of farms and the degree of their speciali-
sation have been found to produce both positive
and negative changes in technical efficiency (Zhu
and Lansink, 2010). Nevertheless, in general, the
notion that the physical dimension of farms repre-
sents an important element in the protection of the
environment is well-rooted in public opinion. Ac-
cording to this idea, the smaller the size of farms,
the greater the level of environmental protection
they offer, hence the financial support allocated
to them should be different in order to better pro-
mote the protection of the environment through
an increase in investments and eco-efficiency in
the countryside (Czyzewski et al., 2018). Howev-
er, some recent investigations regarding the CAP
have detected a repositioning, towards a policy
where the key elements are linked to the environ-
mental aspects which are central in the European
Union’s new greening approach (Erjavec and Er-
javec, 2015).

In the Netherlands, a study investigating the
impact of agri-environmental subsidies to farms
has highlighted that, using a different quantita-
tive approach such as the hyperbolical approach,
farms that do not receive any support are less ef-
ficient, since there is a significant decrease in de-
sired output which influences their overall effi-
ciency (Skevas et al., 2018). In other European
countries, the payment of agri-environmental

subsidies does not seem to positively impact the
total factor productivity and, in the main, the in-
puts and outputs involved (Barath et al., 2020).
Meanwhile, in France, subsidies allocated to
farmers within the framework of the single farm
payment, which have no connection to the level
of production yield, have increased the level of
technical efficiency (Ayouba et al., 2017).

A recent overview of the main relationships
between financial subsidies in agriculture and
productivity in EU farms was presented by Gar-
rone et al. in 2019. Focusing their attention on the
financial subsidies allocated under the second
pillar of the CAP, these authors found that in-
vestments aimed at increasing human and physi-
cal capital can reduce costs, thus increasing pro-
ductivity. Drawing some conclusions, agri-envi-
ronmental measures can be said to have a broad-
ly negative impact on both productivity and ef-
ficiency, due to the significant reduction in the
use of certain chemical products such as fertilis-
ers and the adoption of alternative farming prac-
tices, even if the effect is so far unclear and not
yet deeply investigated in Italian farms. This re-
search, therefore, was aimed at filling the gap in
knowledge concerning the effect of agri-environ-
mental subsidies on Italian farms, considering
whether such exogenous variables as the recog-
nition of products as certified quality foods and
the establishment of rural agri-districts based on
less environmentally invasive practices are able
to positively influence the technical efficiency
and productivity of farms.

The core purpose of this study was to assess
the impact of financial subsidies allocated under
the first and second pillars of the Common Agri-
cultural Policy, such as environmental payments
and subsidies to disadvantaged rural areas (LFA
payments), on the technical efficiency and the to-
tal factor productivity of Italian farms in the pe-
riod from 2004 to 2017. The secondary objective
of the research was to assess if the level of spe-
cialisation was a significant stimulus in relation
to technical efficiency, and which financial sub-
sidies had a relationship to the typology of farm-
ing (TF) over this time. The novelty of this re-
search lies in the attempt to investigate, in an
Italian context, the impact of agri-environmen-
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tal subsidies and LFA payments on technical ef-
ficiency in different typologies of farming. Fur-
thermore, this research fills the gap in assessing
if certain environmental variables such as cer-
tified quality food and rural agri-districts have
an influence on technical efficiency. One of the
main implications for policymakers is the assess-
ment of whether the instigation of agri-districts
and the concentration of products with Protected
Designation of Origin (PDO) and Protected Geo-
graphical Indication (PGI) status are able to stim-
ulate an increase in technical efficiency in farm-
ing. Furthermore, this research is able to suggest
to policymakers which variables in the second
pillar, such as LFA subsidies and agri-environ-
mental payments, could be useful for increasing
technical efficiency in Italian farming, compared
to the total subsidies allocated under the first pil-
lar of the CAP based on inputs.

Material and methods

The assessment of technical efficiency can be
estimated using two methods, namely through
a parametric or stochastic modelling (SFA) or a
non-parametric modelling using the Data Envel-
opment Analysis (DEA) method (Farrell, 1957;
Lovell, 1993; Coelli et al.,, 2005; Battese and
Coelli, 1992; Kumbhakar et al., 2015). The first
requires a specific and well-defined function and
other a priori specifications (Coelli et al., 2005;
Lovell, 1993) while, in contrast, the DEA esti-
mates multiple inputs and multiple outputs with-
out defined functions of production (Coelli et
al., 2005; Bravo-Ureta and Pinheiro, 1993; Gal-
luzzo, 2019a; 2019b). In this paper, the DEA ap-
proach in an input oriented variable returns to
scale (VRS) model has been used with the aim of
minimising inputs in each Decision Making Unit
(DMU) of observation, which are represented by
Italian farms included in the Farm Accountancy
Data Network (Galluzzo, 2013; 2015; 2019a; Cha-
vas and Aliber, 1993). For current purposes, the
VRS has been used in order to also assess the
pure technical efficiency that is fundamental in
the Malmquist estimation of total factor produc-
tivity (Banker et al., 1984; Zhu, 2000). As these
authors have noted, the PE is the ratio of the tech-
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nical efficiency, estimated under the constant re-
turns to scale (CRS) assumptions, to the techni-
cal efficiency assessed under the VRS assump-
tions (Galluzzo, 2019b). The sample is made
up of a panel data of farms from 21 Italian re-
gions over 14 years of observation (2004-2017),
grouped into the 8 main typologies of farming as
defined by the FADN for both the 2008 and 2017
years, and involves 2,301 observations, consider-
ing that using panel data does not imply a signifi-
cant advantage of SFA over DEA that allows the
use of multiple outputs (Ruggiero, 2007). As pro-
posed by both Charnes et al. (1978) and Banker
et al. (1984), the DEA model assumes that there
are n DMUs which produce a quantity s of output
v in such a way that y € RS" by using m inputs in
multiple arrangement and in combination of x €
R* (Galluzzo, 2019b).

According to the methodological assump-
tions proposed by Charnes et al. (1978), the tech-
nical efficiency of each DMU can be estimated
by solving a linear programming problem aimed
at minimising the level of input used in the pro-
duction process in the dual forms (Charnes et al.,
1978; Banker et al., 1984; Coelli et al., 2005; Bra-
vo-Ureta and Pinheiro, 1993; Battese and Coel-
1i, 1992; Galluzzo, 2019b; 2013) that is expressed
as:

Min 0

0, A

subject to

ij - XA>0

Yh>y,

A>0

where A is a semi-positive vector in Rk,

The second step in the Data Envelopment
Analysis consisted of estimating whether certain
environmental variables, such as the number of
Protected Designation of Origin (PDO) and Pro-
tected Geographical Indication (PGI) products in
each region are able to act on the technical effi-
ciency. This was done using the two stage DEA
for the estimation of the impact of the environ-
mental variables, verifying their role through a
separability test (Simar and Wilson, 2007; 2011;
Daraio et al., 2015; 2018; Badin et al., 2012). The
estimation of the technical efficiency in the two-
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stage DEA was made using the RStudio software,
producing bias-corrected efficiency scores in in-
put-oriented DEA models with the environmen-
tal exogenous variables using a bootstrap replica-
tion in the first and second loop.

The following step was the estimation of the
impact of the two selected environmental vari-
ables on the technical efficiency that was previ-
ously estimated through Data Envelopment Anal-
ysis by applying Tobit modelling (Simar & Wil-
son, 2007; Horvat et al., 2019), stratifying the data
in function of the particular typology of faming.
The estimation of separability, which is impor-
tant for assessing whether the selected environ-
mental variables have an effect, has been verified
using a t-test comparing the technical efficiency
estimated by the DEA modelling and the techni-
cal efficiency estimated by the two-stage DEA.

With the purpose of estimating the total fac-
tor productivity change, the technical efficiency
change, and the technological change in a panel
data, a Malmquist TFP Index has been calculat-
ed using the DEAP and WindDEAP 2 software
(Coelli et al., 1998; Fare et al., 1994). The effi-
ciency change is able to assess the change in the
distance from best practice, while the technolog-
ical change measures the shift in the technology
frontier between two different years, and hence is
a measure of innovation (Coelli et al., 1998; Fére
et al., 1994).

Results and discussion

Table 1 shows the main descriptive statistics
investigated in the sample of Italian farms that
are included in the FADN dataset. Focusing on
the coefficient of variation, it emerges that la-
bour capital has seen a greater fluctuation than
the value of crop subsides. Furthermore, the aver-
age amount of land capital (UAA), which is close
to 15 hectares, is more or less identical to the av-
erage value assessed in all European farms by
Eurostat. The subsidies paid to farms located in
lagging-behind rural areas are higher than pay-
ments allocated to crops under the first pillar of
the Common Agricultural Policy. Drawing some
conclusions, environmental payments and LFA
subsidies have been financially less modest than
the decoupled payments based on crop yields al-
located within the framework of the first pillar of
the CAP.

The average score of technical efficiency es-
timated in all Italian farms was found to equal
0.723, which is below the optimal threshold of
1. Focusing on the different typologies of farm-
ing, however, the technical efficiency estimated
by the input oriented model reveals that farms
specialising in horticulture, granivores, and wine
have shown the highest levels of technical effi-
ciency while, in contrast, mixed farms and farms
specialising in other grazing productions dem-

Table 1. Main descriptive statistics in all FADN Italian farms from 2004 to 2017

Variable Unit Obs. Mean St.dev. = Min.  Max. ‘C”;‘fe‘fﬂ
Labour hours 2,301 2,841.292  2,049.29 0 18,006.35 1.386
Usable Agricultural Areas hectares 2,301 15.81 15.94 0 94.29 0.992
Specific Costs € 2,301 2,7585.63  57,303.46 0 672,914  0.481
Farming Overheads € 2,301 9,473.88 12,32699 0 157,963  0.769
Assets € 2,301 3943754  47,16222 0 7,548,288  0.836
Crop Subsidies € 2,301 366.48 1,242.61 0 24,540 0.295
Environmental payments € 2,301 581.05 1,038.28 0 11,161 0.560
LFA subsidies € 2,301 439.25 1,177.19 0 11,727 0.373
RDP subsidies € 2,301 1,128.96 2,074.94 0 22,662 0.544
Total output € 2,301 79,239.31  12,5701.9 0 1,237,767 0.630

Source: Author’s own elaboration on data available at https.//ec.europa.eu/agriculture/rica/database/

database_en.cfm).
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onstrated the lowest levels of technical efficien-
cy (Table 2). The research findings reveal that
the average value of technical efficiency found in
farms specialising in field crops estimated in all
Italian regions is close to 0.957, with a value of
scale efficiency close to 0.891, while those spe-
cialising in mixed crops have a higher average
level of technical efficiency, equal to 0.989 and
0.985 for VRS technical efficiency and scale effi-
ciency, respectively. In overall terms, farms spe-
cialising in field-crops were found to be techni-
cally efficient, with a value equal to 1, in 9 re-
gions out of 21, compared to 12 regions out of 21
for mixed crops.

The finding show that excess inputs have af-
fected all typologies of farming, with the highest
input excesses relating to the decoupled payments
allocated under the first pillar of the CAP and la-
bour, in terms of working hours. On the contrary,
the lowest input excesses have been found in us-
able agricultural area, while a very modest ex-
cess was identified in relation to the subsides al-
located within the framework of the second pil-
lar, such as LFA payments and environmental
subsidies that, on average, amount to 217 and 271
euros per farm, respectively. With respect to crop
subsidies, excess inputs were found in field-crop
and mixed types of farming, while the greatest
excess in environmental payments was found in
dairy farms, which were found to have the high-
est excess in decoupled payments allocated under
the first pillar of the CAP (Table 3).

In assessing the effect of the two selected en-
vironmental variables, the diffusion of recogn-
ised agri-districts in Italian regions and the cer-
tification of quality food products as PDO and
PGI, both of which imply a particular respect for
the environment in view of the strict regulations
for adhesion, the research outcomes underlined a
positive impact in relation to these two variables.
In fact, the separability test showed that there was
no separability, hence these exogenous variables
can be said to have had an influence on technical
efficiency, both across the different typologies of
farming and also in all the different Italian re-
gions. Drawing some conclusions, it appears that
a more environmentally friendly approach, that
can be found in some regions and in relation to
certain certified agricultural productions, can in-
fluence the technical efficiency of farms, stimu-
lating farmers to play an active role in the envi-
ronmental protection supported by the CAP. With
the purpose of corroborating whether the exoge-
nous variables have influenced the technical ef-
ficiency in farms estimated by the DEA, a Tobit
modelling was made, with the finding underlin-
ing that quality food certification and the number
of rural agri-districts did have a direct impact on
technical efficiency, with a p value < 1%.

In figure 1, it is possible to observe that field-
crops, horticulture, wine, other permanent crops,
and granivores have all been influenced by the
exogenous variables, reflecting a significant im-
pact of environmental protection measures on

Table 2. Technical efficiency estimated by a VRS input model

Type of farming Mean Max. Min. St. dev. Var. Coeff.
Field-crops 0.6842 1 0.4825 0.1123 0.1641
Horticulture 0.8835 1 0.5024 0.1203 0.1361
Wine 0.7996 1 0.5474 0.1370 0.1713
Other permanent crops 0.7823 1 0.5260 0.1408 0.1801
Dairy 0.6524 1 0.4005 0.1193 0.1828
Other grazing 0.6125 1 0.3900 0.1093 0.1785
Granivores 0.8468 1 0.5254 0.1347 0.1591
Mixed 0.6125 1 0.3630 0.1130 0.1845
Total 0.7232 1 0.3630 0.1553 0.2148

Source: Author’s own elaboration on data available at https://ec.europa.eu/agriculture/rica/database/database _en.cfin).
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Table 3. Mean in excess of inputs using DEA VRS input model

Inputs
Type of farming Crop Environmental LFA Decoupled

Labour UAA subsidies  payments payments Total RDP payments
Field-crops 864.26 6.74 430.78 192.37 68.12 315.01 2,071.48
Horticulture 660.64 0.65 13.43 10.59 3.35 26.58 90.90
Wine 632.52 2.03 41.56 176.75 19.06 214.06 303.06
82;2 permanent ¢3¢ 55 1.92 3831 159.78 28.07 20507 47458
Dairy 1,591.55 11.92 76.33 540.39 733.21 1,329.91 3,003.74
Other grazing 1,343.72 15.37 100.53 553.43 568.78 1,205.11 2,972.05
Granivores 745.40 3.52 67.91 102.23 19.64 158.74 951.65
Mixed 1,321.91 9.81 234.10 304.62 191.38 573.05 2,498.13
Total 989.15 6.78 134.42 271.19 217.90 534.61 1,615.83

Source: Author’s own elaboration on data available at https://ec.europa.eu/agriculture/rica/database/database_en.cfm).
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Fig. 1. Comparing technical efficiency in the DEA and in the 2 stages DEA in all Italian farms included in
the FADN dataset for each typology of farming and in different Italian regions

Source: Author’s own elaboration on data available at https:/fec.europa.eu/agriculture/rica/database/database_en.cfi).

4 6 8 1 2 4 6 8 1
DEA 2 STAGES DEA
kernel = epanechnikov, bandwidth = 0.0312 kernel = epanechnikov, bandwidth = 0.0301

Fig. 2. Different distribution of technical efficiency using the DEA (on the left) and the 2 stages DEA
approach (on the right) in Italian farms included in the FADN dataset

Source: Author’s own elaboration on data available at https./fec.europa.eu/agriculture/rica/database/database _en.cfm).
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the productive process owing to the strict regula-
tions involved. Moreover, in terms of the differ-
ent Italian regions, Liguria and Lombardy in the
north, Lazio in the centre, and Calabria, Sicily,
and Sardinia in the south have all seen a marked
influence on the technical efficiency of farms by
the exogenous variables, for which a low use of
chemical products is stipulated. In general, then,
it can be said that environmental variables have
had a discernible effect on technical efficiency. In
fact, comparing the distribution of technical effi-
ciency estimated by the DEA and the two stages
DEA, findings reveal an overall increase in the
technical efficiency value of farms (Fig. 2).

The analysis of the Malmquist index in all Ital-
ian regions over the period of investigation shows
an increase in technical efficiency in 18 regions
out of 21, but a technological change in only 5 re-
gions out of 21. Meanwhile, in 8 Italian regions
out of 21 there was a change in total factor pro-
ductivity greater than 1, even if the average val-
ue of technological change was below 1, and only
above 1 for technical efficiency and pure technical
efficiency, resulting in an overall modest increase
in technical efficiency, with an increased and dif-
ferent allocation of inputs. During the two years
of observation, 2014 and 2015, there was a signif-
icant technological change, while the years 2017
and 2004 showed the worst results in terms of
technological change. In fact, overall, the change
in technical efficiency in farms was more intense
than the technological change over the whole pe-
riod of investigation. Focusing attention specifi-
cally on mixed farming and field-crops, the re-
sults reveal that, across all regions and over the
period of investigation, there was a technological
change equal to 0.818, implying a low level of in-
crease in new techniques and productive factors
in both these types of farming.

Conclusions

The subsidies allocated under the Common
Agricultural Policy have had a direct and posi-
tive impact on the technical efficiency of farms,
as well as on the technological change in farm-
ing, even if the further stage of investigation car-
ried out with the two-stage DEA has highlighted
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the importance of exogenous variable in increas-
ing technical efficiency. As such, a specific focus
on adopting more environmentally friendly prac-
tices, for example by reducing the use of chemical
products, is particularly important for increasing
technical efficiency in Italian farms. No signifi-
cant differences were identified in terms of total
factor productivity between mixed and field-crop
farms, while, in contrast, the effect of exogenous
variables has been more intense.
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