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Does land fragmentation affect farm performance?
A French Breton case study

Abstract

Agricultural land fragmentation is widespread ambuhe world and may affect farmers’
decisions and therefore have an impact on the jeagioce of farms, whether in a negative or
in a positive way. In this paper we test whetherrdlationship is positive or negative for the
French western region of Brittany in 2007. The treteship between land fragmentation and
farm performance is investigated with economeggressions applied to several performance
indicators (production costs, yields, financialules and technical efficiency) calculated with
Farm Accountancy Data Network (FADN) farm-level alatand several fragmentation
descriptors calculated at the municipality levahgsdata from the cartographic field pattern
registry (RPG). The various fragmentation descrgptenable to account not only for the
traditional number and mean size of plots, but &sotheir scattering in the geographical
space. Our analysis highlights that the measurdamf fragmentation usually used in the
literature reveal less significant relationshipghwfarm performance than more complex
measures accounting for distance. Our results atelithat farms experience higher cost of
production, lower crop yields and lower financiabults where land fragmentation is more
pronounced, and that technical efficiency is oolysely related to land fragmentation.

Keywords: agricultural land fragmentation, farm performan@eancial results, technical
efficiency, France

JEL classifications:Q12, Q15, D24
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Does land fragmentation affect farm performance?

A French Breton case study

1 Introduction

Fragmentation of agricultural land is widespreaduad the world and originates from
various institutional, policy, historical and sdogical factors, such as inheritance laws,
collectivisation and consolidation processes, tatisn costs on land markets, urban
development policies, and personal valuation ofl lawnership. Farm land fragmentation
(LF) is a complex concept that encompasses fiveedsions: i) in terms of number of plots
farmed,; ii) in terms of plot size; iii) in terms pfots’ shape; iv) in terms of distance of the
plots to the farm buildings; v) in terms of distarfeetween the plots (or plot scattering). In a
public economics perspective, LF may generate po#itive and negative externalities: it
may increase biodiversity and the society’s ecogovaiue of landscape but, by contrast, it
may induce additional trips by farmers which magulein extra roadwork, road safety issues,
greenhouse gas emissions, etc. However, LF mayafd foremost affect farmers’ decisions
and therefore have an impact on the performandarofs. On the one hand, the impact may
be negative for several reasons. Firstly, it tak®ee to travel from one parcel to the other
when the labour force could be dedicated to mooelymtive tasks. Secondly, it may require
more equipment —in quantity and/or quality—, seewmpdfarm buildings and/or external
service expenses. Thirdly, it may restrict the chobf productions and constrain the
management practices, especially in terms of headagement. This could be particularly
true for regions where dairy production prevailsstsas the French western region Brittany.
Fourthly, investments for soil quality improvemesuch as drainage may be reduced on
remote plots. On the other hand, LF may contribout@rm performance, in two ways. Firstly,
greater LF may imply an increased diversity of lapglity and therefore potentially higher
overall yields by optimizing which crop goes to walhiplot. Secondly, LF enables risk
diversification, and production risk consequendeb@farm level may be decreased with LF;
for example, pest may spread on contiguous plolg smthat merely part of a fragmented

farm would be affected.

Several authors have tested empirically the effettsF on the performance of farms. For
example, Jabarin and Epplin (1994) study the imp&tF on the production cost of wheat in
Jordan. In China, Nguyest al. (1996) consider the effect of LF on the produtyiaf major
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crops, Wan and Cheng (2001) investigate how craputsi produced by rural households are
affected, while Taret al. (2010) focus on the technical efficiency of ricegucers in the
South-East of the country. Kawasaki (2010) exambwh the costs and benefits of LF in the
case of rice production in Japan, similarly to Rahnand Rahman (2008) in Bangladesh.
Parikh and Shah (1994) investigate the influencdaofl fragmentation on the technical
efficiency of farms in the North-West Frontier Piriee of Pakistan. In Europe, di Falebal
(2010) analyse how land fragmentation affects farafitability in Bulgaria and del Corragt

al. (2011) study the impact of LF on the profits ob8gh dairy farms.

However, with a few exceptions (e.g. Tanal, 2010, and Kawasaki, 2010 who consider,
respectively, the average distance of the ploteeédhomestead and the Simpson Index), most
of these papers define LF by two variables onlg, nimber of plots and their average size,
which do not account for all dimensions of LF anaymot capture all the constraints that LF
imposes on production systems. Gonzaleal. (2007) provide more elaborated measures of
LF which account for the size, shape and dispersioplots, but the authors apply such
measures to study the productivity gains from laodsolidation for a hypothetical dataset of

farms.

The objective of the paper is to analyze the imfageof LF on the performance of farms in
the case of one French region, the Western redi@ritany. As in many other regions and
countries, agricultural land is very fragmentedBnttany. For example, according to the
cartographic field pattern registry (‘Registre Rdiaire Graphique’ or RPG) put in place in
France since 2002 following the European CounciguReion No 1593/2000 (European
Commission, 2000), Breton farms were composed @mage of 14 plots in 2007 and the
mean of plot sizes was 4.35 hectares; 25% of tlmesf@dad 18 plots or more and 25% of these
plots exhibited an average area of 2.42 hectareless. The relationship between land
fragmentation and farm performance is investigébedhe year 2007 with the help of several
performance indicators (production costs, yieldsaricial results and technical efficiency)
calculated from farm-level data, and several LRdatbrs calculated at the municipality level
using data from the cartographic field pattern sggi The various fragmentation indicators
enable to account not only for the traditional nueas of plot number and mean size of plots,

but also for the scattering of plots.
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2. Data and methodology
2.1. Measuring farm performance

We investigated the relationship between farm perémce calculated at farm level for a
sample of farms, and LF in the municipality whehe tsample farms are located. The
underlining assumption is that a farm’s LF is pesiy correlated with the LF in the
municipality where the farm is located. The studeuns are extracted from the French Farm
Accountancy Data Network (FADN) 2007 database. FA®N database, managed by the
French Ministry of Agriculture, contains bookkeepimformation for a five-year rotating
panel of professional farms. In 2007 480 farmshefEADN sample were located in Brittany.
Among those 480 farms we could relate 266 farmthér municipality’s LF situation, and
among those 266 farms we excluded 6 farms whicll zseo land. Figure 1 shows the

location of the municipality of the 260 FADN Bretéarms we used.

(Insert Figure 1 around here)

Table 1 describes the sample of the 260 farms deresil to analyse the relationship between
farm performance and LF. It shows the distributadnthese farms according to their main
production, which is the one constituting at lesd thirds of the farms’ gross standard
margin (see the definition of the type of farming European Commission, 2010). The
distribution reflects Brittany’s agriculture whedairy, poultry and pig breeding prevail: 32%
of the sample specialise in dairy production, ad#cdn granivores production. Mixed crop
and livestock farming (generally the productioncofv milk and field crops) accounts for
14% of the sample, and breeding of other grazimgstock (goats and sheep) for 14%.
Finally, 8% of the sample farms’ main productioriigdd crops, and for another 8% the main
production is other crops than field crops (mawgetables). Figure 2 shows the distribution
of Breton municipalities according to the main progions produced on each municipality
based on the 2010 Agricultural Census. Granivoaes$ are located principally in central
and eastern Brittany, while crops are mainly preduon the coast and grazing livestock
breeding is mainly in the western part of the ragiBour percent of the farms in the FADN
sub-sample used are located in environmentallyeralle zones (‘areas with a structural

nitrogen surplus’) subject to zoning regulationalflé 1). In 2007 the studied farms used on

5
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average 65.3 hectares (ha), which is greater thétamy’s all farm population average of
47.3 hectares but close to the average of 60.Gatesctor Brittany’s commercial farm sub-
population (2010 Agricultural Census). They used awerage 2.5 full time equivalents
calculated as Annual Working Units (AWU; where 1 A\Worresponds to 1,200 hours of
labour per year), also more than the region’salinfaverage of 1.65 AWU and close to the
region’s commercial farm average of 2.10 AWU (2Adricultural Census). The average
number of livestock units (calculated with specdmefficients applied to each livestock type
head) on the farms was 212.1. This relatively Highre is due to the numerous livestock
specialised farms in Brittany, and in particulartihe poultry and pig head numbers. Farms
rented in 76.8% of their utilised area on averagel employed 14.3% of hired labour force.

They cultivated on average 4.6 different cropsygar on their farm area.

(Insert Table 1 and Figure 2 around here)

Farm performance was analysed with respect to aewalicators. Firstly, various categories
of production cost were calculated per unit of isgidl area: cost of fertilisers, seeds,
pesticides, fuel, intermediate consumption anddhia®our. Secondly, two production yields
were used: wheat yield in tons of wheat producedhpetare of wheat cultivated, and milk
yield in litres of cow milk produced per cow. ThHiydfour financial results were considered,
also related per unit of utilised area: the farmsgr product made up from farm sales,
subsidies, and insurance compensations; the fanssgnargin calculated as the farm gross
product minus variable cost specific to crop anedtock production; the farm operating
surplus calculated as the farm gross margin miand,llabour and insurance costs; and the
farm pre-tax profit calculated as the farm opegasurplus minus depreciation and interest
before taxes are deducted; note that these foandial indicators were calculated excluding
subsidies. Finally, farm technical efficiency arzhle efficiency were analysed. Technical
efficiency assesses how far farms are located filtenmaximum production frontier for a
given combination of inputs. It is a more complegasure than productivity as it relates all
outputs produced to all inputs used. Technicatedfficy has two components: one that arises
from how farmers operate their farm, and one thigea from the scale of production. The
former is called pure technical efficiency and tager is called scale efficiency. Technical

and scale efficiencies were calculated with the-parametric method Data Envelopment

6



6eémes JRSS, Toulouse (France), December 13-14, 2012

Analysis (DEA) which constructs with linear prognaang a frontier that envelops the data
used (Charnest al, 1978). The FEAR package (Wilson, 2008, 2009) sofRware was used
(R Development Core Team, 2010). Efficiency scaietmined are between one —for a fully
efficient farm (.e, a farm ‘on the frontier)- and zero, and loweorgs indicate lower
efficiency. Because the efficient frontier dependghe sample used and the efficiency scores
may be overestimated if the most performing farite population are not included, we did
not construct the efficient frontier on the 260nfaronly, but we used the whole Brittany
FADN sample (480 farms) to calculate efficiency reso The DEA model was output-
oriented and had one single output, namely the faumput produced in Euros, and four
inputs: the utilised area in hectares, the labsedun AWU, the intermediate consumption in
Euros, and the capital value in Euros.

Table 2 presents the descriptive statistics ofpisormance indicators. Farms produced on
average 5.4 tons of wheat per hectare and 7,0@3 laf milk per cow. They generated on
average 2,279 Euros of pre-tax profit without sdiesi per hectare. Their technical efficiency
score was 0.696 on average, indicating that thelddacrease their output by 30.4% without

increasing their input use.

(Insert Table 2 around here)

2.2. Measuring land fragmentation

Land fragmentation was first measured at the fagmell thanks to the cartographic field
pattern registry (‘Registre Parcellaire GraphiggeRPG) put in place in France since 2002
following the European Council Regulation No 15@®Q (European Commission, 2000).
This is a Geographic Information System (GIS) dasabwhich is maintained by the ‘Agence
de Service et de Paiement’ (ASP), a public adnratisin which gathers the field patterns
declared by farmers who apply for support in thenfework of the Common Agricultural

Policy (CAPY and which delivers subsidies to farmers basecheset declarations. In fact,

farmers are not requested to delineate each af itdividual fields but rather each of their

! For more information on the RPG, see the dedicpaggs on the website of the ASP.
(http://lwww.asp-public.fr/?q=node/856).
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‘plots” which we will define for the rest of the jpar as follows: a ‘plot’ is a set of contiguous
fields cultivated under the same crop or underedsfit crops, and it is delimited by easily
identifiable landmarks (such as agricultural waysds, rivers, another plot, etc.) and stable

from year to year.

We used the 2007 registry (‘RPG anonyme ASP 20fw#')the four NUTS3 regions (the
‘départements’) of Brittany (namely ‘Coétes-d’Armpr’Finistere’, ‘llle-et-Vilaine’ and
‘Morbihan’, see Figure 1), which identifies 450,7@6ts exploited by 31,921 farms for these
four regions. Among these farms, three situationse i) farms registered in one of the four
Breton ‘département’ and whose plots were all ledanside this ‘département’; ii) farms
registered in one of the four Breton ‘départemént whose plots were partly located outside
this ‘département’ and; iii) farms registered odésBrittany but whose plots were totally or
partly located inside one of the four Breton ‘déparent’. We considered all farms and plots
were located, or farms which were registered ire oh the four NUTS3 regions directly
neighbouring Brittany (namely ‘Loire-Atlantique’, Maine-et-Loire’, ‘Manche’ and
‘Mayenne’, see Figure 1), excluding farther NUT®8ions. For those farms, we considered
not only their plots located in Brittany but al$wir plots located in the directly neighbouring
NUTS3 regions outside Brittany. Finally, we exclddthose farms whose total area as
declared by the farmer was above the sum of theis area by at most 0.02 hectares, in order
to assure that we dealt with ‘entire’ farms onlytte end, the database constructed for use in
this paper consisted of 29,433 farms and 418,488 pl

Ten fragmentation descriptors were computed foh daom i, which were each relating to
one of the five dimensions of LF as described @itttiroduction (the formal definitions of the

descriptors are given in the appendix):

1. LF descriptors relating to the number of plots; descriptor was used, the number of

plots on the farmrplot;);

2. LF descriptors relating to the shape of plots; thescriptors were used: the weighted
average of the shape index of the plotsHsq;) and the average of the areal form

factor @form,);
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3. LF descriptors relating to the size of plots; thdsscriptors were used: the average
plots size §upls;) and two more elaborate indices, the Simpson ir(gliaxps;) and

the Janusewski indexdnus;);

4. LF descriptors relating to the distance of plotthfarm; three descriptors were used:
the average distance of an hectawedha;) and two more elaborate indices, the

grouping index §rpgi;) and the structural indextt-ui;) (Marie, 2009); and

5. LF descriptors relating to the scattering of pl@tse distance between plots); one

descriptor was used, the normalized average naaggibour distanceignnd,).

As we did not have any information in the registoncerning the location of the farmsteads,
we first computed the centroid of each plot (ttstiis geometric centre) and deduced the
barycentre of each farm (that is, its ‘centre osslawith the ‘mass’ associated to each plot of
the farm being the plot's area); where relevantthen replaced the distance to the farmstead

by the distance to the barycentre of the farm.
Note that the relation between each LF descriptdrland fragmentation is as follows:

» descriptors positively related to Lk¢g, for which a higher value indicates higher
fragmentation): the number of plots, the weightagtrage of shape index, the
Simpson index, descriptors relating to distancéheobarycentre and the normalized

average nearest neighbour distance;

» descriptors negatively related to LFe( for which a higher value indicates lower
fragmentation): the average areal form factor,Jeuszewski index and the average

plots size.

Table 3 reports descriptive statistics for the 39,4arms considered in our database. On
average, the farms registered outside Brittany wbee largest (their average area was
75.51 ha) and the farms registered within Brittamgre relatively similar across NUTS3
regions in terms of average area (around 50 ha avittandard deviation of about 40 ha).
Among the four Breton NUTS3 regions, ‘Cotes-d’Arimappears as the most fragmented one
for most LF descriptors, followed by ‘Finisterelfllé-et-Vilaine’ and finally ‘Morbihan’. The
situation of farms registered outside Brittany wasre contrasted: those farms were relatively
fragmented when considering most descriptors, wimecontrast, their mean size of plots
was higher than that of farms registered insidétd8ry, suggesting a lower fragmentation
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level. This opposite picture may be explained fiecause these farms composed a smaller
sample and, second, because when considered todhthe constituted a heterogeneous
category (the structure and production orientatibfarms in the northern ‘Manche’ are quite
different of these in ‘Loire-Atlantique’ in the Sib).

(Insert Table 3 around here)

In order to derive the aggregated fragmentatiorcrgesrs at the level of each municipality
we computed the weighted average of each desciptwidering all farms exploiting at least
one plot inr, with each weight being the ratio of the farm aifes was located in to the

total area operated m or, formally:
1
Xy = A_rZiErAirxi (1)

wherex stands for one of the ten fragmentation descispidy. represents farmi operated
area that is located within municipality and A, = Y,;¢,- A, IS the total farmed area in
municipality r. Note that, because the RPG only includes farmghwlpply to CAP
payments and because we excluded almost 8% ofathes (2,488 out of 31,921) from the
initial database during the sample selection pm¢sese above), the descriptors calculated at
the municipality level should be viewed only asxes for the true farmland fragmentation of

municipalities.

Table 4 reports descriptive statistics for the Zh&nicipalities which are used in the
performance calculations with the FADN data, aslwad for all the 1,255 Breton
municipalities for which we had RPG data. It appeom this table and from a further
examination of the distributions for all LF des¢ogs that our sample is skewed toward
higher values but that the discrepancy is nevestiseVery slight. Our sample can therefore be

regarded as representative of Brittany with goaafidence.

(Insert Table 4 around here)

10
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2.3. Explaining farm performance with LF

The influence of LF on farm performance was ingzdgd with econometric regressions
(Ordinary Least Squares), where the dependent blasiawere, in turn, each of the
performance indicators described above. Variouslaggory variables were used: the
farmer’s age; a farm size dummy based on classesasfomic size (the dummy is equal to 1
if the farm size is above 100 Economic Size UridSY), with 1 ESU equivalent to 2,200
Euros of standard gross margin; and O if the sszbelow 100 ESU); a farm legal status
dummy (the dummy is equal to 1 if the farm is indual, and O if not); the share of rented
land in total UAA; the share of hired labour inaolabour used; the capital to labour ratio; a
farm location dummy (the dummy is equal to 1 if them is located in an area with structural
nitrogen surplus subject to pollution restrictiorad O if not); and farm specialisation
dummies. The ratio of farm operational subsidietatm output was also included, except in
the regressions with the financial results per drectas the dependent variables where the

subsidies were included as subsidies per hectdsé\Af

All LF indicators were introduced in turn in thegressions as a supplementary explanatory
variable. Therefore there werg5 x 10 = 150 regressions, differing by the dependent

variable (each performance indicator) and the Ldiciator considered.

3. Results

Due to the large number of regressions that wer@nmeed, we synthesize the results by only
reporting in Table 5 the signs and significanceele\of the regression coefficients obtained
for each LF descriptors (detailed results for eesgression are available from the author

upon request).

(Insert Table 5 around here)

Our results first show that, from a methodologjeaint of view, each LF descriptor relates to
one or some performance indicators but not to &lthem and that, reciprocally, each
performance indicator is explained by one or sofRaléscriptors but not by all of them. This

11
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comforts our using a wide set of variables for baithensions. However, if one had to retain
only one LF descriptor, the optimal choice woulda@aly be the structural indextfui;), as

it is related to the highest number of farm perfanece indicators on all components but
yields, and especially with financial results wiahhigh level of significance. The more
traditionally used LF descriptors, the number atplfiplot,) and the average size of plots
(avpls,), prove to be second best choices only since tiedgte to fewer performance
indicators and either fail to relate to one impotteomponent (efficiency for the number of
plots) or exhibit lower levels of significance (fibre average plots size). Eventually, some LF
descriptors appear to be poorly related to farnfopmance: the average distance of an
hectare §vdha,) shows no significant relation while the normatizaverage nearest
neighbour distancen@gnnd,.), the grouping indexgipgi,) and both plots shape descriptors

(wshsq, andaform,) only relate to very few performance indicators.

Most results regarding the detailed links betwe&ndescriptors and performance indicators
conform to agronomic and economic intuition. Prdaurccosts are positively related to the
number of plots, to their shape and to their distaio the farm but decrease with plot size. LF
seems to play no role in determining the yield atkrbut the yield of wheat is negatively

influenced by the shape of plots and their distatwethe farm. All financial results

significantly decrease with the distance to thenfaand, as far as the pre-tax profit is
concerned, are negatively related to the numb@laié but positively related to the average
size of plots. Finally, technical efficiency proviesbe related to very few LF indicators but

the average size of plots and the distance of pbatse farm do seem to play a role.

4. Conclusion

In this paper we investigated the relationship leetwagricultural land fragmentation (LF)
and farm performance in 2007 in the French NUTS@iore Brittany. Various farm
performance indicators (in terms of costs, yieltsancial results and technical efficiency)
calculated for a sub-sample of FADN farms wereesged on several explanatory variables,
including average LF descriptors computed for thenicipalities where those farms are
located. Among the LF descriptors we used, we cdemed not only the number of plots and
the mean size of plots which are traditionally usethe economic literature investigating the

impact of LF on farm performance, but also otherenmomplex indices, in order to account

12
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for the shape of plots, for (a proxy of) the diseetween plots and farmsteads, and for the

distance between plots themselves (or plots saadler

In our view, our analysis first highlights that,ofn a methodological perspective, the
measures of land fragmentation traditionally usethe literature, namely the number of plots
and the average plots size, may not reveal alomduithset of significant relationships with
farm performance because they do not capture alewsions of land fragmentation. In
particular they exclude distance considerationghig respect, the structural index used here
seems to be more powerful. However, circumventiggabsence of information regarding the
location of the farmsteads by computing distane&sive to the farm barycentre, as we did in

this paper, may introduce some bias that would tethamvestigating.

Considering only the significant relationships, #malysis of farm performance and LF shows
three main findings. Firstly, it appears that LFomy loosely related with technical efficiency
as measured with the DEA method. Secondly, whatidneelLF descriptor considered, similar
conclusions are reached as regards the impact maf feagmentation on the various
components of farm performance. Thirdly, those tmions are fourfold: i) LF tends to
increase production costs; ii) LF has a negativeaich on crop yields; iii) LF tends to reduce
financial results of the farm and; iv) technicaldascale efficiency appear to be mainly
influenced by the size of plots and their distatacthe farm, while the other dimensions of LF
(namely the number of plots, their shape and theattering) seem to play only a marginal
role. Such findings that land fragmentation is alleharmful to farm performance are

consistent with those found in the previous literaton the subject.

Even though these results sound reasonable androoitd intuition, our analysis suffers two
major limitations which should still prevent to cider them without due care. Firstly,
endogeneity issues would have to be investigateefidy: although we can be relatively
confident that the relationship between varialdesainly in one direction from a static point
of view, namely that municipalities’ LF influencpsrformance of specific farms, it might be
that, in a dynamic perspective, efficient farms a@e likely to be in a position to decrease
their fragmentation at the expense of neighboufargns. Secondly, drawing any causal
conclusions would mean assuming a direct link betwtibe LF of the municipality where the
considered farm is located, and the LF within therf itself: though the approach adopted
here —due to data limitation— indeed relies on higpothesis that the higher the LF of the

municipality, the higher the probability for therfiato be fragmented, it may happen that low

13
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(respectively highly) fragmented farms may be ledain a highly (low) fragmented
municipality. Finding a way to gain access to a snea of fragmentation at the individual
level for the farms in our sample constitutes aamahallenge for future work. Although our
analysis sheds some light on the relationship bertvilee performance of a farm and LF in the
municipality where it is located, further investiiga is therefore needed, especially before

any policy recommendations could be drawn.

14
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Table 1: Main characteristics of the farms in the ADN sample used (260 farms)

Share of farms in the sample (%)

According to their main production

Field crops 8

Dairy 32

Other grazing livestock 14

Granivores 24

Mixed (crops and livestock) 14

Other crops 8
In areas with structural nitrogen surplus 4

Mean Std. deviation Minimum Maximum

Utilised agricultural area (hectares) 65.3 45.2 20.1 242.0
Number of full time labour equivalents 25 2.6 1 21
Number of livestock units 212.1 279.4 0 2,083.3
Share of land rented in (%) 76.8 32.3 0 100
Share of hired labour (%) 14.3 24.5 0 92.8
Number of crops cultivated 4.6 1.9 0 10.0

Source: French FADN 2007 database — authors’ clonk

Table 2: Performance of the farms in the FADN sub-ample used (average values)

Number of observations 260
Production costs per area unit (Euros / hectare)
Fertilisers 288
Seeds 861
Pesticides 190
Fuel cost 156
Intermediate consumption 13,621
Hired labour cost 3,947
Yields
Wheat yield (tons / hectare) 5.4
Milk yield (litres / cow) 7,092
Financial results without farm subsidies per anaiti(Euros / hectare)
Gross product 24,207
Gross margin 10,586
Operating surplus 5,441
Pre-tax profit 2,279
Efficiency scores
Technical efficiency 0.696
Pure technical efficiency 0.727
Scale efficiency 0.959

Source: French FADN 2007 database — authors’ cilonk
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Table 3: Descriptive statistics of the fragmentatio descriptors at the farm level

22 29 35 56  Other’ Al
Number of farms 7,942 6,149 8,653 6,298 391 29,433
Average farm area (ha) 49.13 54.85 47.49 52.92 175.5 51.00
(34.98) (41.64) (38.72) (39.60) (40.96) (38.82)
Number of plots#plot;) 15.11 14.55 12.24 12.32 14.93 13.55
(11.10) (11.10) (10.09) (9.62) (9.24) (10.56)
Weighted average plot shape index 1.34 1.32 1.31 331 1.37 1.33
(wshsq;) (0.19) (0.17) (0.18) (0.19) (0.18) (0.19)
Average plot areal form factor 0.044 0.044 0.044 040. 0.042 0.044
(aform;) (0.006) (0.006) (0.006) (0.006) (0.005) (0.006)
Average plots sizeafpls;) 3.67 4.41 4.53 4.90 5.74 4.37
(2.45) (3.53) (14.58) (3.65) (3.32) (8.36)
Simpson indexsimps;) 0.77 0.77 0.72 0.73 0.80 0.75
(0.22) (0.21) (0.25) (0.24) (0.15) (0.23)
Januszewski index¥dnus;) 0.37 0.37 0.42 0.41 0.34 0.39
(0.19) (0.18) (0.21) (0.20) (0.13) (0.20)
Average distance of an hectare 1,221 1,373 1,246 0841, 3,115 1,256
(avdha;) (1,823) (1,917) (1,844) (1,392) (3,452) (1,814)
Grouping index §rpgi;) 8.93 8.92 8.74 6.84 18.01 8.55
(12.68) (11.86) (13.35) (10.33) (17.45) (12.41)
Structural indexgtrui;) 3.93 3.42 3.15 2.19 4.13 3.23
(11.52) (7.67) (7.83) (5.21) (5.56) (853
Normalized average nearest neighbor 1.47 1.32 1.66 1.40 2.18 1.49
distance fannd;) (3.90) (3.76) (4.89) (3.53) (5.23) (4149

@ Except for the number of farms, averages are piteseand standard deviations are shown in brackatsitalic font.

® Farms registered in NUTS3 regions directly neighirBrittany (namely ‘Loire-Atlantique’, ‘Maine-dtoire’, ‘Manche’
and ‘Mayenne’, see Figure 1) and whose plots arkea@st partly located in one of Brittany’s NUTS3 i@tg (“22” stands
for ‘Cotes-d’Armor’, “29” stands for ‘Finistere’, “%” stands for ‘llle-et-Vilaine’ and “56” stands fofMorbihan’).

Source: ‘RPG anonyme ASP 2007’ database — autbal®ilations
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Table 4: Descriptive statistics at the municipalitylevel

Std.

Mean o Min Max
deviation
Studied municipalities (215 observations)
Number of farms 62.29 31.45 9 200
Farmed area (ha) 3,718.58 1,988.61 359.36 11,811.04
Number of plots#plot;) 19.18 6.26 8.84 45.16
Weighted average plot shape indexksq;) 1.345 0.062 1.213 1.542
Average plot areal form factoaform;) 0.043 0.002 0.038 0.049
Average plots sizeafpls;) 4.76 1.62 1.24 9.54
Simpson indexsimps;) 0.841 0.041 0.732 0.931
Januszewski indednus;) 0.302 0.045 0.187 0.416
Average distance of an hectamwdha;) 1,677 469 951 4,339
Grouping index §rpgi;) 9.490 2.592 4.821 23.549
Structural indexdtrui;) 2971 2.208 0.901 23.938
Normalized average nearest neighbor 0.982 0.263 0.557 2.181
distance fannd,;)
All municipalities in Brittany (1,255 observations)
Number of farms 45.67 28.72 1 200
Farmed area (ha) 2,781.25 1,704.15 9.01 11,811.04
Number of plots#{plot;) 20.97 8.34 3.00 85.18
Weighted average plot shape indexksq;) 1.347 0.075 1.084 1.848
Average plot areal form factoaform;) 0.043 0.002 0.026 0.056
Average plots sizeafpls;) 4.87 15.23 0.31 540.57
Simpson indexsimps;) 0.850 0.049 0.404 0.973
Januszewski indexdnus;) 0.290 0.052 0.124 0.668
Average distance of an hectamwdha;) 1,670 562 217 6,854
Grouping index §rpgi;) 9.358 3.207 1.976 43.073
Structural indexgtrui;) 3.075 2.620 0.582 47.152
Normalized average nearest neighbor 0.937 0.350 0.289 5.344

distance fannd;)

Source: ‘RPG anonyme ASP 2007’ database — autbal®ilations
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Table 5: Fragmentation descriptors and FADN farms’performance: sign and significance of regression efficients for LF indicators @

Number

of plots’ Plots’ shape indicators Plot size’s indicators

indicators

Performance indicator weighted average . .
number lot lot areal average Simpson Januszewski
of plots average plo po plots size (ha) index index
(nplot,) shape index  form factor (avpls,) (simps,) (janus,)
’ (wshsq,) (aform,) ! ! !

Production cost
Fertilisers per area unit + ** -ns +ns -ns + * —*
Seeds per area unit +ns + *xx — rxk -ns +ns -ns
Pesticides per area unit + xxx +ns +ns —* + *xx — rxk
Fuel cost per area unit -ns +ns +ns -ns -ns +ns
Intermediate consumption per area unit +ns +ns +ns -ns -ns -ns
Hired labour cost +ns +ns +ns —* +ns -ns
Yields
Wheat yield -ns —* +ns +ns -ns +ns
Milk yield +ns -ns +ns +ns +ns -ns
Financial results without farm subsidies
Gross product per area unit +ns -ns + ** +ns -ns +ns
Gross margin per area unit +ns -ns + * +ns -ns +ns
Operating surplus per area unit -ns -ns +ns +ns -ns +ns
Pre-tax profit per area unit — ** -ns +ns + ** — xxk + xxx
Efficiency scores
Technical efficiency -ns +ns +ns +ns -ns +ns
Pure technical efficiency -ns +ns +ns +ns +ns -ns
Scale efficiency - ns +ns - ns + ** —* +ns

& The fragmentation descriptors (columns) are caltad at the municipality level (see text)
* xx kkksignificance at the 1%, 5%, 10% leveksspectively. ns: not significant.

Source: authors’ calculations
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Table 5 (continued): Fragmentation descriptors and~ADN farms’ performance: sign and significance of egression coefficients for LF

indicators @

Performance indicator

Indicators of plots’ distance to the farm

Indicators of plots’
scattering

average distance
of an hectare

grouping index

structural index

Normalized av.
nearest neighbour

(avdha,) (grpgi,) (strui,) distance
(nannd,)

Production cost
Fertilisers per area unit +ns +ns +ns —*
Seeds per area unit -ns -ns +ns -ns
Pesticides per area unit +ns +ns + ** -ns
Fuel cost per area unit +ns +ns +ns +ns
Intermediate consumption per area unit +ns +ns +ns +ns
Hired labour cost +ns +ns +ns -ns
Yields
Wheat yield -ns —* -ns -ns
Milk yield -ns -ns -ns -ns
Financial results without farm subsidies
Gross product per area unit +ns -ns — x* -ns
Gross margin per area unit -ns -ns — xxk -ns
Operating surplus per area unit -ns -ns — xxk -ns
Pre-tax profit per area unit -ns —* — xxk +ns
Efficiency scores
Technical efficiency +ns -ns —* -ns
Pure technical efficiency +ns -ns -ns -ns
Scale efficiency - ns - ns - ns +ns

& The fragmentation descriptors (columns) are calted at the municipality level (see text)
* xx kkksignificance at the 1%, 5%, 10% levekspectively. ns: not significant.

Source: authors’ calculations
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Figure 1: Brittany NUTS3 regions and studied munigpalities
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Figure 2: Main productions in Brittany’s municipali ties
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Source: Agricultural Census 2010 — authors’ cakoohs
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Appendix. Formal definition of the LF descriptors used

Considering:
- i anindex for the farms
- kl=1,..,K; an index for the plots of farin
- (xx, yx) the plane coordinates of the centroid of ot
- a the area of plok and4; = Z',fizl a,the total area of farm
- px the perimeter of plat

- Gy = (%Z’k(i:l QX ,%Zf"zl akyk) the plane coordinates of the barycentre of

farmi
The LF descriptors are defined as follows:

1. LF descriptors relating to the number of plots
- number of plots: nplot; = K;

2. LF descriptors relating to the shape of plots
- weighted average plot shape index: wshsq; = Zk 1

g —7— 4\/—
- average plot areal form factor: aform; = E2k=1_z
3. LF descriptors relating to the size of plots
- Average plots size: avpls; = 4
Ki 2
R ; . : — k=1%
- Simpson index: simps; =1 — —
- Januszewski index: janus; = K?/A_i
Zkil\/a_k

4. LF descriptors relating to the distance of pltighe farm
- Average distance of an hectare:
K;

1
avdha; = A_Z ak\/(xk —X)? + ik — yi)?
Yik=1

- Grouping index:

argmax,fil(\/(xk — %)%+ (v — ¥)?)

grpgi; =
1/ Ai/T[

- Structural index:

ngrpgi _ Ki.argmax, (Go = %)% + 0k = 30?)
avplsi Ai Al'/T[

strui; =

5. LF descriptors relating to the scattering of gslo
- Normalized average nearest neighbor distance:

Zlk(il argminfzil(\/(xk —x)% + (v — }’1)2)
KiJA/m

nannd; =

24



