DEAR COLLEAGUES,

Here the instruction to download the full text loé tarticle:

Bertoni, D., Aletti, G., Ferrandi, G., MichelettA., Cavicchioli, D., & Pretolani, R. (2018).
Farmland Use Transitions After the CAP Greenin@raliminary Analysis Using Markov Chains
Approach.Land Use PolicyVolume 79, December 2018, Pages 789-800.

DOI: https://doi.org/10.1016/j.landusepol.2018.02.0

YOU CAN DOWNLOAD THE FINAL VERSION OF THE ARTICLE ROM THE
FOLLOWING LINK:

https://authors.elsevier.com/a/1XoBGyDvM7tT4

Please, note that such link will provide free asdesthe article, for 50 days, until November 16,
2018.

After that date, please write an emaibiimiele.cavicchioli@unimi.jtto get the full text of the
article

Below you can find the pre-print version (beforepeeview and editing) of the published journal
article



10
11
12
13
14
15
16
17
18
19
20

21
22
23
24

25

26
27
28
29
30
31
32
33
34

35
36
37
38

PRE-PRINT VERSION

Farmland Use Transitions After the CAP Greening: aPreliminary

Analysis Using Markov Chains Approach

Abstract

This paper represents a preliminary attempt to eatd ex-post impact of the CAP greening paymeriaonland use
changes, testing by a Markov Chain approach whetla@mland use transitions dynamics changed aftex th
introduction of this new policy instrument. Unligeevious contributions, relying on ex-ante simulas, this analysis
is based on the actual behaviour of farmers over pleriod immediately after the last CAP reform. fBe&-post
assessment was based on real georeferenced dafarmand allocation, collected in the Lombardy Regiin
Northern Italy, over the period 2011-2016. As therent CAP has recently entered in force (in 2016g present
analysis covers the first two years of implemeatadf the new rules along with the previous fouargeResults are in
line with previous ex-ante simulations in the samgion, detecting a deep discontinuity for thosemfand uses
characterised by monoculture, before the introductiof the greening. They show a significant disowoitly of
farmland use transitions in the reference arearafte introduction of greening rules, pointing tadacrease in maize
monoculture, in favour of other cereals and leguwraps like soybean and alfalfelnlike some critical opinions that
see current greening rules as a “low profile” congpnise, the present analysis points to a strongeffesuch rules on
regions with high-intensity agriculture.

Keywords: Common Agricultural Policy, greening,rfdand use, Markov chains, crops diversification

JEL Q15, Q18

1. INTRODUCTION

Common Agricultural Policy (CAP) is currently sttuced in two pillars: the first one, that adsorbs t
main part of the CAP financial resources, providigect payments to farmers, while the second onerso
rural development policies. The recent last refdras redesigned CAP contents over the programming
period 2014-2020, introducing important changesijntyain the first pillar. In particular, single far
payment (SFP), that represented the main direaneayin the first pillar, has been unpacked inedéht
payments, targeted to different goals and partipred to farm specific characteristics. Accorditm
European Regulations, Member State are obligecettes@me of such payments (base payment, greening
payment and payment for young farmers), while mgttif other kind of payment (coupled, for less faeal
areas, for small farms) is not mandatory for MS.

Among mandatory payments, the so called “greennegtesents one of the main novelties of the
current CAP programming period, providing an hantad payment for farmers, conditioned to the
compliance with some “agricultural practices betiefifor the climate and the environment (RegulatiiJ
1307/2013), namely i) arable crops diversificatignmaintenance of permanent grassland and io)aggcal
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focus areas (EFA). As a consequence of these e, farm practices pertain, and potentially ierfice,
farmland allocation, particularly arable land amdsgland.

The introduction of the greening payment within thackage” of direct payments in new CAP 2014-
2020 reflects the EU legislators intention to pdevia more consistent social and political justifara to
CAP policy instruments, emphasizing in particulbeit role in pursuing environmental sustainability
(Erjavec and Erjavec, 2015; European Commissioi020 European Commission, 2010b). In fact, the
implementation of such new instrument aims to ptu@illar 1 a reward for the provision of public gis
and ecosystem services by agricultural activitMatthews, 2013a; Ciminet al, 2015). Given the novelty
of this political tool, a large debate around gregrhas arisen after the publication of the ini@ammission
legislative proposals for the new CAP (Hart andl¢jt2012), and even more, after the political egrent
among EU Commission, EU Council and EU Parliamé&ntrgpean Commission, 2013), often seen as a
watered-down compromise on environmental ambit{dfatthews, 2013b; ). Such a debate mainly focused
on some issues related tpthe decision-making process behind greening gettinand the genuineness of
its objectives (Erjavec and Erjavec, 2015; Knepsal, 2014; Bureatet al, 2012; Hart and Little, 2012;
Mahé, 2012);i) the policy design, particularly referring to thé@rgeting and farm/territorial application
level (Buckwelet al, 2012; Hart and Baldock, 2011j)) the weight of technical and economic burdens for
farmers and national authorities due to the implaaten and monitoring of greening practices (COPA-
COGECA, 2012; Roza and Selnes, 2012) the degree of substitutability between greeniragtices and
national equivalent practices (Bureau, 2013), aretall, v) the potential effectiveness of greening measures
in ensuring environmental effects (Hart and Bald@&tKL1; Matthews, 2012, 2013a; Westhetkl, 2013).

The latter point of the debate around greening s addressed by various analyses and researngs.
Authors have attempted to forecast from a quantigioint of view possible effects of greening, nhgai
recurring to ex-ante simulations. The most poputa for such kind of simulations is mathematical
programming and, in particular, PMP (Van Zegisal, 2011; Czekagt al, 2014; Solazzet al, 2014;
Ahmadi et al, 2015; Cortignani and Dono; 2015; Solaztoal, 2015; Solazzet al, 2016; Solazzo and
Pierangeli, 2016; Cortignamit al, 2017; Gochet al, 2017; Louhichiet al, 2017; Cortignani and Dono,
2018). The main output of these simulations pestdéiite land use change effect induced by the grgenin
Based on such estimations, some authors have theved economic and/or environmental impacts of
greening (Louchichet al, 2017; Gochtt al, 2017; Solazzo and Pierangeli, 2016; Cortignaii Bono,
2018). .These simulations have been set to diffteeentorial scale: at European level (Goefital, 2017;
Louhichi et al, 2017), at country level (Czekaf al, 2014) or at a regional scale (Solazzo and Pielang
2016; Cortignani and Dono; 2015; Cortignani and @oP018). Some of the analysis covered only some
crops or some type of farming (Solazzbal, 2014, for tomato farms in Italy, Cortignaet al, 2017, for
specialized arable farms in Italy).

In these regards the present contribution is framigitin the literature aimed at estimating the effe
induced by greening rules, firstly in terms of lamgk change, even if with some differences witpeesto
previous contributions. First of all, unlike similstudies (all based on ex-ante assessment), tilaation
consists in an ex-post analysis based on actudldfiacation choices of farms, after the first tyears of
greening implementation (2015 and 2016). Furtheemehile previous contributions are grounded omfar
level sample data, this analysis is more detaitegticgl-level) and covers almost the whole univéisam
93% to 96% depending on the year) of regional fanulaffected by the CAP. Such level of accuracy
confines the analysis to Lombardy region, in Nanthitaly. As the greening rules affect farm chojces



81
82

83
84
85
86
87
88

89
90
91
92
93
94

95
96
97
98
99
100
101
102
103

104
105
106
107
108

109
110

111
112
113
114
115
116
117

118

order to obtain environmental outcomes at teraldgvel, the present analysis is particularly appiate to
highlight discontinuities in farmland use registees territorial scale, after greening introduction

Given its vocation for high-intensity agricultugaloduction, and in particular for maize monoculture
(in some sub-areas), Lombardy region represenitstaresting case to examine the interaction betvisR
greening and land use transition. As some are#iseoRegion examined are characterized by monoeyltur
they may be a target for greening, whose aim iadrease diversity in land use and crop allocatMaybe
for this reason, many earlier analyses on greenmgered this Region (Solazzo and Pierangeli, 2016;
Solazzeet al; 2016, Cortignanet al, 2017)

For the above mentioned reasons, this paper aimsalysing to a very detailed (parcel) level the
temporal and spatial dynamics of farmland use itians before and after the introduction of gregnin
commitments. Being the first step in a wider reskeasimed to estimate the net effect of the greening
payment on farmland use, the specific contributions to highlight whether discontinuities in agtiatal
land use emerged after the last CAP Reform. Tchdbd spatial statistical model based on Markovii@ha
has been developed in order to analyse land usgyeha the Lombardy Region over the last years.

More specifically, the data in this paper repredbit entire population of the region of study, in
subsequent years. Thus, for each year, one caraiexgte past evolution and explore the future
developments of farmers’ choices of cultivatiomscheck if and when there has been a significaabhgé.
The Markov theory (Norris, 1997) is used to modeldomly changing systems, and it is widely assuimed
recent studies on land-use changes, (see Beiwal, 2000; Ferreira Filho-Horridge, 2014; Guahal,
2008; Piet, 2011). In this literature, the Markbedry is often used to model the evolution of aesysof
parcels. When the emphasis of the evolution isrgive the spatial interaction with the neighbourtsiod
states, then the system is said to be made bylarehutomata (see Ghosh al, 2017; Fuet al, 2018;
Halmyet al, 2015; Palmatet al, 2017; Sangt al, 2011)

A Markov model assumes that future evolutions ddpamy on the current state of the system, and
not on the events that occurred in the past (fhat assumes the Markov property). Such assumptiskes
the model computationally tractable, and easy tinterpreted. This aspect is very important duthobig
amount of data that are here used and to theiiaspgometrical structure (see Aletti, 2018; Alett
Micheletti, 2017; Michelettet al,, 2016; Michelettiet al, 2010 for examples in other areas of applications)

The prediction of land use changes from year +10i$ explained by the transition matrix P(t), hmayi
elementg;;(t) ,with the following equation

S+ 1D =) S - py(©);

whereS; (t) denotes the amount of type-i crops at time t,thedsummation is made on all the possible land
uses i. Each element;;(t) is called transition probability, and explains tbenditional probability of
adopting the cultivation j at time t+1, conditioned the fact that one has used the type-i croprat t. A
Markov process with transition probabilities that ot depend on t is called stationary, and it nsde
system whose land-use change does not vary with tikfithin this framework, with a suitable modeljsit
intended to show here that there was a strong mliseaty in the transition matrix just after theroduction

of the greening.
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2. GREENING: NORMATIVE ASPECTSAND PREVIOUS EVIDENCE

2.1. Greening legidative framework

The adoption of environmentally targeted toolsas mew in CAP (see Matthews, 2013a and Erjavec
and Erjavec, 2015 for a review). Since 2000, arontgmt part of second pillar, has been represdmjexiset
of voluntary measures (agri-environmental measurgshded for farmers willing to uptake environnant
friendly practices beyond the baseline establighelhw. More recently, also payments provided waitfiist
pillar have been bonded to environmental contelitsexample is represented by cross-compliance, that
since the Mid Term Review of CAP (2003) requiresnamimum threshold of environmental friendly
behaviours (such as Good Agricultural and EnviramialeConditions — GAEC) in order to receive first
pillar payments. Such standards are represente8tdtytory Management Requirements (SMRs), set by
previous EU Regulations and Directives, and by Gduagticultural and Environmental Conditions,
established by each Member State. Notably, as ®lGs and a fair part of GAECs are represented &y pr
existing compulsory laws, binding the perceptiordioéct payments by farms to their respect, hasigeed
a certain ambiguity. In fact, vesting direct payisess a reward for environmental services, whesetlaee
mandatory standards, has become increasingly wiffi;y face of societal concerns for public suppor
European agriculture and increased environmentatewess. (Meyest al, 2014).

As greening practices represent a step forward veiipect to cross-compliance, they are used to
justify part of CAP direct payments, bonded to phevision of environmental public goods, climatiefidly
practices and to the reduction of environmentalachf agricultural sector.

Such goal is attained by introduction of a “simgleneralised, non-contractual and annual acticats th
go beyond cross-compliance” (Regulation EU 1307820The fulfilment of such practices represents the
necessary condition to receive first pillar dirpetyments, as laid down by EU Regulation 1307/2@18.
Member States are obliged to allocate 30% of thaiional ceilings for CAP direct payments to gregni
payments

Even if all farms are eligible to greening paymemsly part of them are obliged to comply with
greening obligations, that affect only some cropugs (arable land) and farms beyond certain size
thresholds. Furthermore greening obligations haa@yrexceptions and exemptions. For instance, argani
farms are entitled ipso facto to greening paymemighout the obligation to comply to greening
commitments.

Those farms that do not comply with one or moreegieg requirements lose greening payments.
From 2017 non complying farms will also lose pdrbther direct payment, for a share of 20% of giegn
payments. Such share will increase to 25% from 2848ard. In those countries where direct payments
have been computed on an historical basis, dir@ginpnts (and then green payments) are highly Jariab
across farms and consequently are sanctions forespecting greening rules. Such differentiatiofi e
partially attenuated by partial convergence of dingayments among farms in the same region/country.
Hereafter, main contents of greening rules aregntesl, while their detailed description and appilcais
reported on Annexes | and .

One of the three greening commitments is cropsrsifieation; it concerns farms with at least 10
hectares of arable land, and requires that such iarallocated to more than one crop, prohibitingnt
monoculture. In particular, farms between 10 anch86tares of arable land have to allocate at lwast

crops (with the main crop covering less than 75%rable land). Farms with more than 30 hectaresaifle
4
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land have to allocate at least three crops, antetst represented should cover least 5% of atabte The
second greening commitment pertains the maintenahpermanent grassland; such obligation is entbrce
at national level, rather than to a farm level lgdst in Italy). This obligation requires that, owbe
programming period 2015-2020, the area of permagrasislands should not decrease more than 5%.

The Ecological Focus Areas (EFA hereafter) commiimeapplies to farms with more than 15
hectares of arable land. These farms have to &latdeast 5% of arable land to ecological arésted in
annex ll). Different typologies of ecological areas converted to EFA according to conversion eaefits
and weighting factors reported in Annex Il.

2.2. Previous evidence

Hereafter results from more recent studies areepted aimed at estimating the effect of greening in
terms of land use change, as the contribution isf plaper focuses on this phenomenon. It is worth of
attention that all these studies represent ex-@vdRiations of greening effects, relying on simolat of the
behaviour of farm samples, while this researchased on the detection of farmland use changes after
greening introduction, observed for the entire arse of farms in an Italian region.

Gochtet al. (2017) simulated the effect of greening (and ahegreening practice) at European level,
using CAPRI, a partial equilibrium model that ipmesentative both at NUTS2 and at farm type leseth
contribution estimated, at EU-28 level, a smallucttbn in arable land (-0.3%), an increase in pe@na
grassland (+2.7%) and in fallow land (+23.3%), witAn increase of 0.6 in utilised agricultural afgaA).
Among main crop groups, are estimated a decreaser@als (-1.7%) and oilseeds (-1%), and an inergas
pulses (+4.2%). As pointed out by authors, thesee#iiects estimated at continental level, thatvalfor
different and more pronounced patterns in smatieas Louchichet al. (2017) present simulations from an
EU-wide farm-level model (IFM-CAP), that simulateshaviour and choices of 83,292 farms belonging to
Farm Accountancy Data Network (FADN). Accordingtheir results, the share of EU farmland re-allodate
as a consequence of greening is only of 4.5%, avithak among farms specialised in arable crops, (iBft)
is consistent with estimates of Goelttal. (2018).

The area covered by the present contribution (Lathbeegion in Northern Italy) is also examined in
previous analyses. As pointed out by some autl@irsifo et al, 2015; Frascarelli, 2014) the Lombardy
plain is characterised by a widespread monoculbbfir@aize and therefore it is among the Europeaasare
where greening measures may have the strongestitnarticularly Ciminoet al. (2015) estimated the
share of farms specialised in arable crops, thet bacomply with greening measure is higher in bandy
(35%) with respect to national average (13%). Smiaand Pierangeli (2016) assess environmentalteftéc
greening adoption in three Northern ltalian regi¢Bmilia-Romagna, Veneto e Lombardy) using a PMP
model, that accounts for the penalty for non-coiimgiyfarms. Such analysis is based on a sample0882,
farms of the Italian FADN The estimated land use impact in Lombardy (tmeesarea of this contribution)
forecasts a decrease of 4.6% in maize area (ad),used at the same time, increases in soybeaB%)5.
alfalfa (+22.8%) and wheat (+2.5%) acreages. Reafdekchanges are estimated also for barley, pulses,
grassland and fallow land that are limited in abolterms, given the small area covered by sucpscro
According to authors, such effects are concentratdésdmbardy plain, where 30% of farms are affedbgd
greening rules. Solazzt al. (2016) examined greening effect both Lombardy Rredimont regions, using

! The Farm Accountancy Data Network is an annualesugathering structural, productive and economta élm a sample of
farms in each country of the European Union. Thepda is representative, by type of farming and eoaio size, of the agricultural
region from which it is drawn. For more details bét@://ec.europa.eu/agriculture/rica/index.cfm
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3000 farms from FADN. In terms of land use, theyineate a drop of 6.6% in maize area (-10% in
Lombardy) and growth in other crops like barley.{#8), soybean (+9.9%), alfalfa (+5%), pulses (+2).9
and grassland (+11.6%). Solazzo et al (2015) asssabstitution between maize and nitrogen-fixiraps
(especially soybean and alfalfa) in Emilia-RomagNmrthern Italian region). Cortignarét al. (2017)
focused their attention on cereal crops in NortH&ly (Lombardy) using FADN data from 136 farmas. |
this sample the estimated effect of greening yi@d$ecrease in 9.1% of maize area, and to incresdses
13.8% in other crops, of 19.2% in EFA crops andgrmwth of 19.2% in permanent grassland. A common
element in all mentioned analysis is a drop in maa (that is dominant in the Lombardy plainjtigy
compensated by an increase in nitrogen-fixing ¢rtipe fulfils, both diversification and EFA regeiments
and, at the same time, provide income (SolazzdPangeli, 2016). Furthermore, the main nitrog&img
crop (soybean) receives a coupled payment in Northaly, where its use is incentivised to complighw
greening requirements (Cortignaatial, 2017).

3. DATA AND METHODOLOGY

3.1. Thereference area

Lombardy is the main Italian region as regard \hlue of the agricultural production, with a very
intensive farming sector, traditionally charactedzby dairy and pigs farms and a widespread maize
cultivation (45% of farmland in the entire datasetpwever, Lombardy presents also a quite high famch
territorial variability with specialized and spdiyaconcentrated agricultural districts, like thaftrice. Such
features are useful to highlight how diverse fagrsgstems present in the region reacted to thedattion
of greening. The analysis here focuses on plaintélhdreas of the Region, excluding mountain aré&aast
are scarcely affected by greening rules, as thekydaarable land.

Such zones (the plain and the hill) concentraté&s 85 regional UAA, almost 100% of arable crops,
87% of permanent crops and 17% of permanent graksla these areas the main part of the UAA is
devoted to cereals and forage crops, partly deviatdidogas production (Bartodit al, 2016, Demartinet
al., 2016). It is worth of attention that before 2GaEming practices similar to greening commitmentsav
included among agri-environmental measures in égonal Rural Development Programme, with a fair
amount of participation among eligible farmers (Beret al, 2011).

According to an ex-ante evaluation on LombardyaediCavicchioli and Bertoni, 2015) using 2011
Agricultural Census microdata as a baseline, anatifgrms affected by greening, more than 60% vweate
compliant with requisites of diversification andAH he same analysis estimated that the adaptatioon-
complying farms would have been required a landasgge on farms gathering 367.000 hectares ofearab
crops.

Table 1.Farmland use in the reference area 2011-2016cdtates (Lombardy Region hills + plain)

2011 2012 2013 2014 2015 2016
1 Arable Crops 721,252 722,060 719,565 716,610 712,068 703,304
1.1 Cereals 451,471 456,114 441,028 421,817 403,91601,490
1.2 Dried Pulses and Protein Crops 832 806 935 894 1,288 1,622
1.3 Fresh Vegetables and Flowers 22,316 21,286 7%9,6 21,509 22,012 22,675
1.4 Industrial Crops 34,425 27,315 35,161 39,657 3| 42,999



1.5 Forage Crops 208,644 213,441 217,461 228,993 4,720 225,278

1.6 Fallow Land 3,564 3,099 5,306 3,741 8,765 9,240
2 Permanent Crops 26,207 26,116 25,752 25,194 25,307 25,734
3 Permanent Grassland 26,939 27,145 26,553 26,046 26,050 26,099
4= 1+2+3 Utilised Agricultural Area 774,399 775,321 771,870 767,851 763,425 755,138
5 Landscape Uses 12 47 108 152 1,115 2,247
6 Wooded Areas 54,008 54,333 54,988 54,682 54,866 4,383
7 Other Areas on the Farms 58,349 58,093 60,892 2088, 57,995 59,293
8= 4+5+6+7 Farm Area 886,767 887,794 887,858 880,887 877,401 871,065
Total Efa Utilisation 93,942 86,640 93,216 98,051 23172 117,477
Total Efa Utilisation % 12.1% 11.2% 12.1% 12.8% 206. 15.5%

233 Source: Own elaboration based on administrativa dat

234 3.2. Data

235 The statistical analysis exploits parcel-level géerenced data of Lombardy region over the period
236 2011-2016. In this paper, it is used a dataseboti2 millions of land parcels in Lombardy, extegtfrom
237  SISCO, the information system that manages farmadeisafor CAP payments (first and second pillathi
238 Lombardy Region. For each parcel, is registeredottrgcentre of the parcel shape, in GIS coordindt®s
239  extension in hectares, the farm of membership tla@dmain) type of crops over the period 2011-20160
240 doing, two main issues are faced. The first onthésmain land use attributed to each parcel eaah ye
241 raw data, more crops were associated to the sangelpdue to intra-annual rotation. In such cases,
242 parcel was attributed to the main crop of the rotatin line with the greening rules, intended las trop
243  with the main time coverage in the year. A secastie raised in cases of plots composed by two kib-p
244 (parcels) having different simultaneous land uBethis case the parcel was associated to theuaadcrop)
245  with the larger area. Such last approximation wasessary as georeferenced data for sub-parcelsnotre
246  available. Crop typologies have been aggregated #& different categories, in order to reduce the
247  complexity of the analysis. As the mountain areshefregion is scarcely interested by the impleatgor
248  of greening, due to its lack of arable crops, taisitory was excluded by the analysis. Furthermordy the
249  parcels recorded in all the years of observatiore teeen considered, building in this way a constantple
250 2011-2016 of 638,952 land parcels for a total a®&43,072 hectarégable 2). Notably, these parcels
251  represent almost the entire universe of UAA inréference area, spanning from 93.2% in 2012 to%86r2
252 2016.

253 Looking at table 2 (constant sample) some patteriesop allocation emerge clearly, over the period
254 2011 — 2016. Maize areas show a decreasing trepécially since 2014. On the other hand, the ased u
255  for maize silage is relatively stable over the perigiven the long-established tradition in livestéarming
256  of the area. In contrast to maize coverage, lalwtatied for intra-annual rotation ryegrass-maizesitage
257  increases over time. According to greening rulegnef maize for silage is used for animal feedtike
258  other fodder crops), it is considered an arabl@,csabject to diversification and EFA commitmer@s the
259  contrary, when maize for silage is in intra-anmaghtion with ryegrass, the latter is considerefitst crop
260 for greening rules; as ryegrass is classified &sdder crops, such intra-annual rotation may cbotg to

2 parcels non-eligible to CAP payments over the ergigsiod 2011-2016 have been excluded by the cons@mple. As a
consequence the constant sample includes paralhave been eligible for CAP payments in at least year in the reference
period 2011-2016.
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exemption thresholds with respect to greening ruMdighe other cereals (wheat, barley, triticatelathers)
show a marked increase after 2015, likewise hdttical crops such as potatoes, tomatoes and melons

Among nitrogen-fixing crops there is a remarkalvleréase in soybean (especially in 2015), alfalfa,
legume herbages and, to a smaller extent, in pulsefir increase is also observable in rice, tizat
exempted from greening rules, in those farms witsrghare is prevalent compared to other arablpscro
Fallow land double its areas between 2014 and 28k#e the pattern in wood and natural-like areasiore
difficult to track as it is affected by possibilitpnvenience to use such areas as eligible for gaynents
or as EFA. In particular, it is worth noting thdttea 2015 in Lombardy, more than 1,000 hectare Hmeen
declared as landscape elements for EFA commitmasitsell as 400 hectares of wooded areas.
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Table 2. Farmland use in the constant sample of parcel$-2016 (hectares)

Code Farm land use 2011 2012 2013 2014 2015 2016
10 Maize 246,873 242,553 229,257 218,559 185,84%,596
20  Maize for silage 57,484 60,801 67,278 73,305 0®6, 68,045
30 Rotation ryegrass + maize for silage 31,728 0, 34,907 37,141 42,943 48,003
40  Wheat 45,407 56,133 63,507 57,192 66,341 79,298
50 Barley 13,715 14966 16,139 14,065 18,892 19,536
60  Triticale 5,854 9,562 9,317 11,460 10,958 9,145
90  Other cereals 4,393 3,812 5,120 4,217 3,427 93,55
100 Rice 106,059 99,175 88,319 90,850 96,894 101,648
160 Soybean 22,160 15,680 24,574 27,253 39,290 282,3
190 Pulses 800 751 832 834 1,264 1,612
260  Horticulture 16,251 15,252 14,097 15,712 16,7037,263
270  Flowers 4,231 4,158 4,081 3,952 3,892 3,902
320 Other arable crops 9,633 9,533 8,373 9,255 37,407,184
321 Ryegrass 1,514 787 760 898 4,024 5,315
322 Grass herbages 7,969 9,363 11,187 10,657 6,388,838
323 Legume herbages 238 172 116 142 1,214 909
325 Mixed herbages 4,458 3,928 4,892 4,629 3,674 434,
330 Alfalfa 54,996 53,830 50,342 53,087 58,784 98,3
350 Other temporary grassland 49,632 49,575 49,83®,910 48,261 47,373
360 Permanent grassland 8,831 8,979 8,797 8,700 718,8 8,941
414  Permanent crops 26,665 26,525 26,652 26,495 6126, 27,096
501 Wood production (Ecological Focus Areas) - - - - 317 422
502 Wood production 8,386 8,409 8,218 8,113 5,074 47%
503 Wood (Ecological Focus Area) 1,996 2,530 2,9103,243 35 19
505 Landscape elements 9 22 42 76 968 957
961 Fallow land 3,484 3,241 5,304 4,520 8,158 8,927
990 Non-eligible surfaces 10,292 9,295 8,205 8,79710,818 9,845
TOTAL BALANCED FARMLAND 743,072 743,072 743,072 78,072 743,072 743,072
- of which UAA (utilised agricultural area) 72288 722,814 723,695 722,842 725,859 726,349
TOTAL UAA (balanced + unbalanced) 774,398 775,32171,869 767,850 763,424 755,137
% balanced UAA 93.3% 93.2% 93.8% 94.1% 95.1% 96.2%

Source: Own elaboration based on administrativa dat

3.3. Methodology

The system has been modelled as a Markov chaimewdsech land unit (land parcel) evolves, from

one year to the other, into one of the 23 cultoratlasses. Denote Ioy(t) the number of land units evolving
(i.e. being cultivated) from clasgo class, andp;(t) the probability that a land unit evolves from slaso
classj, from yeart to yeart+1l. The aim here is to check if any statisticallynfigant change in the
transition probabilitieg;(t) and/or in the spatial distribution of the 23 ardtion categories, took place after
the introduction of greening (that is between 28fhd 2015). A test of stationarity (Anderson and @oan,
1957) has been performed based on the maximunihidaa ratio, to the transition probabilitigg(t), for t
varying from 2011 to 2014, in order to check ifytheay be assumed constant in time, before the cgin

of greening. This test is considering all typesuifivation together, being based on the statistics
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T m
—2logA=-2 Z Z ng;(t) [IOg(pij) — log (pif (t))]

t=1i,j=1
which is asymptotically distributed agawith m(m-1)(T-1)degrees of freedom, where

Pij = Yi=1ni;(t)/XTL1 Xi=1n;;(t) is the maximum likelihood estimate of the tramsitprobabilities in the
assumption of stationarityn=23 is the number of cultivation classes, ahds the number of considered
years. In this first phase the single hectaredkas used as statistical units.

This test is first applied to all tHE=4 years ranging from 2011 to 2014, to test the imytiothesis of
stationarity on the overall period preceding gregnii.e. invariance of the transition probabilitiegth
respect to time up to 2014. Unfortunately it wgected with gp-value<0.0001.

The test is then applied to consider only couplesamsecutive years (i.e. comparing transition
probabilitiesp;(t) with p;(t+1), for t=2011, ..., 2015), to check if in specific single ¢isteps the stationarity
of the process could be assumed. The results poetee in Table 3.

Table 3. ML ratio test for H: transition probabilities are equal in the consideyears

Compared transitions -2leg P-value DF

2011/12 vs. 2012/13 14040.14 <0.0001 506
2012/13 vs. 2013/14 17584.59 <0.0001 506
2013/14 vs. 2014/15 39440.43 <0.0001 506
2014/15 vs. 2015/16 21052.54 <0.0001 506

Unfortunately also in this case all the hypotheskstationarity have been rejected withvalues
<0.0001, but it can be observed an increase ivdhe of the test statistics -2lagafter the introduction of
greening, that is transition probabilities from 2ad 2015 are more significantly different from ttbers.

These results are due to three main causes:

1. The sample size is very high and thus the testgeagesensitive to small variations;

2. The statistical units (hectares) are not independence hectares belonging to the same farm, or
group of farms with a similar behaviour, will evelin a correlated way;

3. Every year cultivations are subject to changes,fduexample to crop rotation, changes in products
prices, etc. Such “physiological” fluctuations antl use must then be filtered out in order to clieck
the introduction of greening policy had an impacthe cultivation distribution.

3.3.1 A weightegftest for homogeneity

The starting point to filter out the physiologicelhomogeneities was @ test, applied to the
contingency tables of the transition frequenciesea€h cultivation class into the others, as the one
represented in Table 4.

When the statistical unit is the single hectar¢hersingle parcel, all the null hypotheses arectegg
because of the high sensitivity of tifetest to small deviations in presence of large samfsee e.g. Knoke
et al, 2002, Bergh, 2015).
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Taking also into account the remark on the possibleelation of groups of hectares (or parcels)
showing a geographical proximity, a new paramételnas been introduced, representing the number of
hectares that should be aggregated to form atgtatisinit. This problem of defining the statisticanit in
connection with Markov chains has been alreadyiatugh Bergh (2015). The methodology given in that
paper cannot be applied directly to the data af plaiper, and hence a new definition of the steailstinit in
this context has been developed. Neverthelessdéas at the base of this new definition are coaigar
with those of Bergh (2015). More precisely, thegpaeterU has been estimated here through a maximum
likelihood method (Alettiet al, 2018), in the assumption of time homogeneityhef transition probabilities
up to 2014, and it has been used to rescale thsiticm frequencies of Table 4. In this way therien;(t)
actually represent theumber of statistical unitéi.e. groups ofU hectares) that pass from cultivatipto
cultivation j, from yeart to yeart+1. Because of the assumption of stationarity befoeeapplication of
greening, the resulting’ tests, which are comparing the transition probtsliin subsequent couples of
years, bring now to the acceptance of the null tggis of time invariance up to 2014, and put iewce
which cultures have experienced a significant chaimgthe transition distribution passing from 20b4
2015.

Table 4. Scheme of the contingency table of transition desgies from cultivation class i to the other
classes during couples of subsequent years

Transition to->| Class 1 Class 2 Class 23
Year 1/Year 2 ni1(1) n2(1) pa(1)
Year 2/Year 3 ni1(2) n2(2) ps(2)

3.3.2 The Gini-Simpson index of heterogeneity

In order to study and visualize the variations intigations during the period under study, the
normalized Gini-Simpson index is used, whose exsimess given by

Di() = —— 1= ) ;9
=1

where m=23 is still the number of cultivation classes. Theauntity D;(t) represents an index of
diversification of the units cultivated witrat timet. In fact

- D;(t) is minimum if the cultivation at timet is completely transformed into the cultivatipat time
t+1 (possibly withj=i, which means that the units are not changingvaiitin);

= Dy(t) is maximum if p(t)=1/m, for allj, i.e. if passing from timéto timet+1, the units cultivated
with i have equal probability to pass into each of theotlasses.

The georeferentiation of the data are exploitethia analysis, thus in this phase the statisticél u
was the parcel, of which the barycentre has bespuatationally computed. We then divided the conside
area of the Lombardy region into rectangles anceach rectangle the Gini-Simpson index has been
computed. Colormaps of the results for the mairsypf cultivations have thus been produced (seadke
section).
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4. RESULTS

In this section it is highlighted whether any sfgr@nt discontinuity in farmland use distribution
occurred in the Lombardy Region after the introourcbf greening in 2015.

Significant changes in the transition probabilities/e been tested by applying the weighfetbst to
each of the 23 farmland uses. Tfietest of homogeneity, or discontinuity, in farmlange transitions has
been performed by comparing couples of transitidos instance transitions occurred between 2011 and
2012 compared to transitions occurred between 28i@ 2013). The interest focuses on detecting
discontinuities in farmland uses transitions bef¢@913/14) and after (2014/15 and 2015/16) the
introduction of greening.

Therefore, in Table 5 are reported the main farohliase which resulted significantly different before
and after the introduction of greening (maize, mdar silage, wheat, soybean, alfalfa, horticulfufgiven
their widespread land coverage, these uses shoW groportion of cells of the contingency table kvin
expected frequency lower than 5, corresponding tivusliable results. In fact, in cases of cultivas with a
limited diffusion the expected frequencies of thsultingy” tests were often lower than 5, causing a limited
reliability of the results of the tests.

In Table 5, the first columnT¢ansitiong indicates couples of years in which the transitio
probabilities are compared, particularly highlightgn bold) are the transitions from the last ybafore
greening introduction and the first two years ofvneles application. In columns from the secondh®e
seventh are reported, respectivey:= value of the/’ statisticsc = critical value of the teshF = degrees of
freedom ofQt, p-value= p-value of the tesfreq<5 = proportion of cells of the contingency table wing
expected frequencies lower thamft-1)=total number of statistical units cultivated witim the first couple
of years,n(t)=total number of statistical units cultivated witlin the second couple of years. There is a
discontinuity between transitions when the p-vafulewer than 0.1, while for p-values bigger thah there
is homogeneity between transitions.

Table 5.Results of the weighted test for the classes showing a significant chamgee transitions before
(2013/14) and after (2014/15 and 2015/2016) thergng introduction at level=0.05

MAIZE
Transitions Q c DF p-value freq<5 ft-1) n(t)
11-12/12-13 8.05216.919 9 0.52887 0 569.9 558
12-13/13-14 9.94816.919 9 0.35475 0 558 528.5
13-14/14-15 11.38116.919 9 0.25048 0 528.5 503.9
13-14/15-16 14.71816.919 9 0.09897 0 5285 428.4
MAIZE FOR SILAGE
Transitions Q c DF p-value freg<5 ft-1) n(t)
11-12/12-13 491315507 8 0.76687 0.111 630.9 669.5
12-13/13-14 11.08715.507 8 0.1968 0.056 669.5 737.3
13-14/14-15 37.15115.507 8 0.00001 0 737.3 789.6
13-14/15-16 31.10215.507 8 0.00013 0 737.3 711.6

12



377 WHEAT

Transitions Q C DF p-value freg<5 iit-1) n(t)
11-12/12-13 9.88918.307 10 0.45031 0 7387 911
12-13/13-14 10.11118.307 10 0.43079 0 911 1020.1
13-14/14-15 22.04318.307 10 0.01489 0 1020.1 914.6
13-14/15-16 42.91 18.307 10 0.00001 0 1020.1 1061.1
378
379 SOYBEAN
Transitions Q C DF p-value freq<5 ft-1) n(t)
11-12/12-13 8.21216.919 9 0.51292 0.25 433.2 298.9
12-13/13-14 9.78816.919 9 0.36793 0.15 298.9 476.4
13-14/14-15 17.51516.919 9 0.04124 0.05 476.4 528.1
13-14/15-16 32.82216.919 9 0.00014 0 476.4 7471.7
380
381 ALFALFA
Transitions Q C DF p-value freq<5 ft-1) n(t)
11-12/12-13 1.069 14.067 7 0.99364 0 921.7 901.8
12-13/13-14 12.93114.067 7 0.07381 0 901.8 837.9
13-14/14-15 19.01714.067 7 0.00813 0 8379 878.9
13-14/15-16 21.12214.067 7 0.00359 0 8379 962.7
382
383 HORTICOLTURE
Transitions Q C DF p-value freq<5 ft-1) n(t)
11-12/12-13 6.40812.592 6 0.37907 0 716.3 678.6
12-13/13-14 559212592 6 0.47041 0 6786 621
13-14/14-15 16.18112.592 6 0.01282 0 621 687
13-14/15-16 19.80312.592 6 0.003 0 621 739.7
384
385 The Gini-Simpson index is computed for the mainpsrof the Region, reporting in Figure 1 some

386  relevant examples.
387

388  Figure 1. Gini-Simpson index. The colormap has been setilsmbrding to the following coding for the
389 index value: red indicates a low level of transitimward other crops, while blue denotes high ratles
390 transition to other crops; grey dots correspondetpions with a low frequency of the considered famd
391 use. A change in colour from grey to red/blue iaths an increase in that particular farmland use.ddline
392  version for colours.
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In spite of the fact that the weightgttest did not reveal a significant change in theraliéransition
probabilities in Lombardy, it can be observed agbigdifferentiation in the crop turnover startimgrh the
transition 2014-2015, but mainly in the centraltpafr Lombardy, which has a major livestock traditio
characterized by dairy farms based on on-farm fgeduction (particularly maize). Therefore, the gieed
¥’ test was applied only to the data located in thevipces of Bergamo, Brescia, Lodi, Cremona,
representing the core of the livestock districte TTesults of the test are reported in Table 6. Shall p-
value in the comparisons 13/14-14/15 and 13/14-14/15wsha significant change in the transition
probabilities when greening was introduced, corifigrthat in this part of Lombardy a significant olga in

maize diffusion and in alternation with other cragsurred.

Table 6. Weightedy?test for maize in the livestock district.

Transitions Q c DF p-value freq<5 ft-1) n(t)
11-12/12-13 5.536 15.507 8 0.69908 0.22 578.9 558.3
12-13/13-14 10.46415.507 8 0.23394 0.11 558.3 524.2
13-14/14-15 21.42115507 8 0.00611 0 5242 504.1
13-14/15-16 24.10915.507 8 0.00219 0.05 524.2 431.1

In order to examine in depth land use changes ammig crops within Lombardy Region, transition
matrices for years 2013/14 e al 2014/15 have beerSsich computation allowed to isolate to whaeeixt
land use flows have caused increases and decréasesch crop, in the first year of greening

implementation. Transition matrices are reportadyraphical form, in Figure 2.
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Figure 2. Transition probability matrices 2013/14-2014/1% the main farmland uses. The histograms
indicate, for two couple of transitions (2013/14bine colour and 2014/15 in red colour) and forheaop,
the share of the area in the first year that flowws each farmland use in the second year of tuesttion.
The first bars indicates the percentage of seHtio. The transition 2013/14 is the last beforeeging
introduction, while 2014/15 is the first after gnégg introduction. Making reference to the initgthtus
‘MAIZE’, it can be observed that the self-rotaticate of maize diminishes after greening introductishile

at the same time transition rates toward wheatsagliean increase. See online version for colours.
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5. DISCUSSION

The main goal of the analysis was to test for tres@nce of significant discontinuities in transitio
probabilities before and after the implementatidngeeening payments (2015). Such analysis has been
carried out using a large dataset, containing alrtias entire population of farmland parcels in pland
hills areas of Lombardy Region (Northern lItaly).ndause transitions among 23 crop groups have been
studied over the period 2011-2016. In this papewds used a new methodology that allows to assume
stationarity conditions in land use transitionsemothe period before the adoption of greening ruresrder
to put in evidence any discontinuities over thessgjoient period.

In discussing the results, it should be reaffirrtieglpreliminary nature of this analysis, that atmeat
does not aspire to demonstrate a strict causadityden greening and land use transitions. In &whind
allocation choice may be affected by different extwaus variables (such as selling price of agricailtu
products and coupled payments) that are not céedrédr in the present analysis. On the other hamahy
other variables that may influence farmland allmcatre structural in nature (soil characteristf@d of
specialisation of each farm) and it is unlikelyytt@an change in the relatively short time span énach
Furthermore, the introduction of greening rules ti@posed a sudden bound to farmland use choines si
its first year of adoption. Such norms have repre=ska strong discontinuity element, especiallpnnarea
like Lombardy Region, where the share of farms pid#ly affected by this policy is more relevanathin
other territories (Cavicchioli and Bertoni, 2015miho et al, 2015).

Given the above mentioned considerations, evereggnt results should be interpreted with caution,
the estimated discontinuities in farmland uses rbayviewed as the consequence of greening rules;
furthermore they would be consistent with previensante evaluations on the same area (Cortigetaai,
2017; Solazzo and Pierangeli, 2016; Solaztzal, 2016).

In the present analysis it was found, for some syrapsignificant discontinuity in land use tramsiti
probabilities after 2015, compared to previous qeeriFor those crops in which discontinuities haeerb
found, in-flows and out-flows have been examinetbufgh transition matrices 2013/2014-2014/2015.
Among cereal crops, discontinuities in land useditégon probabilities have been found for maize diteige
and wheat. In particular, after 2015, maize faxgal decrease significantly its monoculture (intenae “self
rotation” rate), in favour of other crops suchiafa-annual rotation ryegrass-maize for silageeathbarley
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and soybean. Farmland devoted to wheat increaiggglyslits monoculture rate, diminishes its traisit
toward maize and increase the transition in soylaeanto a smaller extent, to horticultural cropss Wworth
remembering that even if maize for silage is usedi¥estock feeding, it is classified as maizeaf@de crop)
for greening commitments (crops diversification dBEA). Nevertheless, such crop is among the most
important sources of self-produced feed for daaryris and represent the main staple feed crop irethen.
For this reason, allocation of land for maize slag often necessary for livestock farms. Terrdtori
concentration of such crop (see Figure 1) overtag@tly to the areas where dairy farms are conatutr
(provinces of Cremona and Lodi and plane portioh8@&gamo and Brescia). A possible solution for
livestock farms (that relies on maize for feeditg)omply with greening commitments is to switchthe
intra-annual rotation ryegrass-maize for silageinasuch a case ryegrass is considered the mamiicrie
year considered. Being ryegrass a fodder crop, sucdrannual rotation contributes to reach thrédshoo

be exempted by greening commitments.

Unlike maize for silage, maize for other purposamifly grain maize) shows homogeneity in
farmland transition over the period 2013/14 and4203 and a weak inhomogeneity in the comparison
2013/14-2015/16 (p-value = 0.10). Such patterrorgyouent with two possible explanations. The fnse is
a decreasing trend in area devoted to such crappdabably to a decline in selling prices, in pléaogh
before and after the adoption of greening. In #emse, the reduction trend of maize area would be
homogeneous before and after greening introduclibe.second one is related to different uses oteniai
each area within the region. In those areas wheestbck production is the core farming activityaiae
represents the main (and less expensive) souricefafm feed; for this reason, and for the recexquamsion
of biogas plants (Barto#t al, 2016, Demartinét al,, 2016), the demand for maize has locally increaaed
it is therefore difficult to replace such crop wikhers. While in other areas of the region, wreremal
productions are not prevalent, maize monoculturéess frequent and it may enter more frequently in
rotation with other crops, making its producers encompliant to crops diversification commitmentnfrthe
start. Nevertheless, Figure 1 shows that after 2604Ze monoculture has decreased in livestock-daireses
of the region, where it was initially predominalmt.face of this fact, transition trends in areasmhmaize
monoculture was predominant (table 6) have bedadefnding a significant discontinuity. Interewgly, in
livestock-dense areas, maize monoculture decrdéastssour of a bigger frequency of land devoted to
soybean, that enters in crop rotation more fredyehboking at land use dynamics of soybean andifalf
such crops increase their area considerably dféeintroduction of the greening, as predicted byuations
of Cortignaniet al. (2017) and Solazzet al. (2016). For soybean this is due to a certain disgoity in its
transition probabilities, that resulted on the ¢r@ad in a slight increase in its monoculture (idtsh ad
higher frequency in “self-succession) and, on ttieelohand, in higher transition probabilities frather
crops (maize, other cereals, and horticultural syoepward soybean. Area allocated to alfalfa ineesaas a
consequence of a bigger share of monoculture ih suop. In the light of greening rules, increases i
nitrogen-fixing crops may be explained by the faifint of both arable crops diversification and EFA
commitments, even if for the latter obligation thednversion coefficient is only 0.7. Furthermoogizean
enjoys a coupled payment that provides a furtheeritive for its cultivation. Among the other more
representative land uses, it is observed an inergagansition dynamics in horticultural crops,ina for
potato, tomato and melon. They reduce transitiabgbilities toward their self and toward maizefamwour
to increased transitions toward wheat and soybean.

Even if the main part of present results are comsiswith previous ex-ante analyses carried out in
Lombardy region, some findings are not in line witrt of the literature. The main example is regnésd
by permanent grassland areas that do not showfisgti changes, while Cortignaet al, 2017 forecasted

19



505
506
507

508

509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545

their increase. Further analyses are needed t@rexpiansition dynamics toward landscape elememts a
wooded areas, acknowledged to fulfil EFA requiretsegaven if such land uses are quite limited inarea
examined.

6. CONCLUSIONS

The aim of this paper has been that of assessaamgition dynamics among different crops and land
uses over the period before the introduction okgieg (2011-2014) and over the two subsequent years
(2015-2016) of adoption of such new toll of the CAB carry out such analysis it has been explatéatge
georeferenced dataset of about 700.000 farmlantklsalocalized in Lombardy Region, in Northernytal
Land uses of each parcel have been registered yemrhbetween 2011 and 2016. Transition probability
matrices for each crop/land use toward each otrad Use have been computed. Such computations have
been made for each couple of year from 2011 to 20ib6for each of 23 land use categories (that ragsc
or crops groups). Then, using stationarity testefxh crop, possible inhomogeneities in land tsesition
after the introduction of greening have been testmmnpared to the previous period. Results show a
significant discontinuity in land use transitioqminting to a decrease in maize areas, in favountioér
cereals and legume crops like soybean.

Reaffirming the preliminary nature of this analystiat does not pretend to provide a direct
guantification or to isolate the “pure” effect afegning, nevertheless it is detected a deep diseiiytin
land use dynamics after greening introduction,nragea with strong diffusion of maize monocultunel an
high share of farms potentially affected by sucligaltions. For the above mentioned reasons, Itlman
stated with a fair degree of confidence, that laed discontinuities observed in the presence anadys
mainly caused by the introduction of greening.

Some limitations of the present analysis shouldalken into account. First of all, the lack of caohtr
for some factors that may affect farmland use chasgch as farm size and other farm characteristics
selling price of farm products, the presence ofpbedl payments and the penalities for non-complying
greening rules. In particular, farmland disconasitdetected may be stronger if the analysis woellihfited
to bigger farms, as they are subject to greenidgsru-urthermore, there are some issues in land use
attribution. In building up the dataset, when acphishowed multiple land uses at the same timeag
attributed the main land use (in terms of area @l)e Such choice may have led to an under-repratsam
of marginal land uses, such as fallow land, landepments and wooded areas

The next step and natural evolution of the preaeatysis is to isolate and quantify the “pure” effe
of greening in terms of land use change, taking axtcount all those observable elements that mag ha
affected cropland allocation choices before aner dffte adoption of greening rules.

Finally, it is worthily to be mentioned the poséiproperties of the adopted methodology to diagmost
farmland transitions discontinuities, considerirgghbspatial and temporal dimension. Indeed, suold kif
analysis may represent a useful tool for public iatstrations (national, regional and EU authoriiés
assess the degree of farmland diversification @stdlzlition in a given region. This is particulaiftpportant
when considering the current greening rules wilpbabably included (under another guise) in the-2620
CAP Reform, within the “new enhanced conditionélififuropean Commission, 2018). Finally, the results
of the present analysis highlight that the intrdihuc of greening in a region with high density of
monoculture has led to strong discontinuities imiand allocation; such result is relevant, if cargd to a
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certain widespread opinion that considered greenites quite ineffective at EU level (European Gafr
Auditors, 2017).
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Annex | — Greening rulés applied in Italy (following EU Regulations No13@013, 639/2014 and

1001/2014)

Greening Practice

Affected farms

Constraints

Exempbns

Farms with 10-30| At leasttwo arable 1. arable land entirely cultivated with
hectares of arablgl  crops; the main crops under water (rice);
land crop<=75% of the 2. at least 75% of farm eligible
arable land agricultural area is represented by
grassland, forage crops or crops under
water and the remaining arable land|is
Arable crops Farms with more At least three <= 30 hectares; ,
diversification than 30 hectares of arable crops; the 3. at least 75% of farm arable land is
. ' represented by forage crops or falloyw
arable land main crop<=75% land and the remaining arable land is
of the arable land; <= 30 hectares.
the two main crops
<=95% of the
arable land
Permanent Farms with The share of
grassland permanent permanent
maintenance grassland grassland on the
total agricultural
area has not to
decrease by more
5% at the national
level
Ecological Focus | Farms with more | 5% of arable land | 1. at least 75% of farm eligible
Areas (EFA) than 15 hectares of has to be devoted agricultural area is represented by
arable land to ecological focus grassland, forage crops or crops under
water and the remaining arable land|is
areas
<= 30 hectares;
2. at least 75% of farm arable land is
represented by forage crops or fallow

land and the remaining arable land i
<= 30 hectares.

1°2}

IThese rules covers the period 2015-2016; Reguléfith No 1155/2017 has subsequently made furthargegsato the greening
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697  Annex |l — EFA conversion and weighting factbegpplied in Italy (following EU Regulations No 629/14
698 and 1001/2014)

Features Unit of Conversion | Weighting | Ecological
measurement factor factor focus area
(UM) (sgm/UM) (sgm/UM)
Land lying fallow Sgm na 1 1
Terraces Sgm 2 1 2

Landscape features

- Hedgerows, tree rows m 5 2 10

- Groves Sgm na 1.5 15

- Isolated trees Unit 20 15 30

- Ponds Sgm na 15 15

- Ditches m 3 2 6

- Dry stone walls m 1 1 1
Buffer strips m 6 15 9
Hectares of agro-forestry Sgm na 1 1
Strips of eligible hectares along forest m 6 15 9

edges (without production)

Strips of eligible hectares along forest m 6 0.3 1.8
edges (with production)

Areas with short rotation coppice Sgm na 0.3 0.3
Afforested areas (by'2pillar measures) Sgm na 1 1
Areas with catch crops or green cover Not applineldaly

Areas with nitrogen-fixing crops Sgm na 0.7 0.7

699 IThese rules covers the period 2015-2016; Reguléfith No 1155/2017 has subsequently made furthemggsato the coefficients
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