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Abstract: Farm abandonment and over-extensification trends in less-favored livestock breeding
areas in the Mediterranean have led to socio-environmental issues that are difficult to assess and
address, due to the characteristics of these areas (e.g., poor data availability and reliability). In a study
case that presents many of the characteristics common to these areas, we combine qualitative and
quantitative approaches to assess (i) the relationship between livestock production and land-cover
change and (ii) the drivers of farmer decisions, concerning the types of livestock they breed. We show
that the Common Agricultural Policy’s objective of open-landscape preservation cannot be achieved
through the observed livestock management practices, with the most heavily CAP subsidy-dependent
activities (e.g., suckler-cow breeding) having one of the weakest contributions to this objective. We also
econometrically show that suckler-cow breeding is more likely to be adopted as a complementary or
main activity in farms facing a labor scarcity and land abundance context. These results complement
the literature and contribute to the discussion regarding the design of CAP support for less-favored
Mediterranean areas.

Keywords: Mediterranean mountainous landscape; farmer choice drivers; extensive livestock
systems; Common Agricultural Policy; land-use change; less favored areas (LFA)

1. Introduction

In Mediterranean agricultural landscapes, a dual trend of intensification and extensification of
livestock farming systems has been generally observed over the last few decades [1–5]. Intensification
has occurred in the most accessible, easily mechanizable, and fertile lowland, while extensification has
occurred in remote, sparsely populated, steep, or poor soil areas [6–8], where farming systems were
already rather extensive (e.g., traditional sheep and goat breeding). In many regions of southern Europe,
these extensive rangeland grazing systems (i.e., permanent pastures, generally of low productivity,
often with a mix of herbaceous and non-herbaceous forage) represent a large proportion, or even the
majority, of all farmland [9–12]. At the beginning of the 2000s, around 25%, 40%, and 10%, respectively,
of the total E.U. sheep, goat, and cattle populations were bred in the EU-15 Mediterranean less-favored
areas (LFA) [8]. In the last year, where not abandoned, marginal areas have experienced a shift toward
low-input, pasture-based, and labor- and capital-extensive farming practices [1,3]. Despite the diversity
of local contexts, these Mediterranean systems share common features. One of them is a specialization
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trend toward activities that require less labor, such as very extensive beef cattle [2,13,14] or meat-lamb
farming [7], rather than dairy activities. Management practices are kept as simple as possible, with low
monitored herds and the abandonment of labor-intensive activities, such as the shepherding of livestock
or fencing/hay-making [7,11,12]. Increases in herd size have also been observed [7,11], which can be
explained by two factors: The availability of land and Common Agricultural Policy (CAP) subsidies.
Indeed, an increase in herd size was initially allowed by the possibility of accessing new grazing
areas—at low cost or even free of charge—when some rangeland became available after rural exodus
and a consequent decrease in the number of farms [7,11]. In these systems, it is common that part of
the land used by farmers does not belong to or is not rented by them. In this local context, there is
a large amount of common land [12] or a number of informal arrangements with owners or with
other users (when owners are absent, which is very common) [7]. The abundance of land, the low
security of tenure, and the low expectations of profit in relation to certain extensive activities do not
encourage maintenance investments in such areas [14,15]. Subsidies based on the number of animals
and/or the area of rangeland, such as the CAP, also explain both the increase in herd size and the
resurgence of interest for rangeland by farmers in E.U. countries [11]. Thus, in the E.U., these systems
are usually characterized by low profitability (low costs but also low revenues) [7] and a high level of
CAP subsidy dependency [3,12]. Difficult access to market infrastructures is often also observed [5]
and, especially in dairy systems, on-farm and other small-scale processing is very important and
generates the largest value-added [12]. Some consequences of this over-extensification can be observed
in terms of vegetation cover and, subsequently, on landscape patterns. In fact, changes in both the type
of livestock and the low monitoring of large, unfenced herds grazing on large areas have led to the
disappearance of open spaces typical of extensive pasture. There has been a consequent loss of the
traditional landscape that was maintained by goat- and sheep-breeding activities [7,16]. This evolution
can increase the fire risk [17–21] and may also have an impact on functional biodiversity [8,18,22,23].
Moreover, the abandonment of agricultural management may also have an impact on the regulation of
ecosystem services, such as pollination [24,25] and water cycle regulation [26].

Through its evolution over the last few decades, the Common Agricultural Policy (CAP) has
become one of the main drivers of the dual trend mentioned above and its associated impacts on
landscapes [1,3,5,27].

Many studies have outlined the need, but also the difficulty, of designing extensive practice support
policies which are adaptable to landscape preservation objectives. This is particularly the case for
livestock farming systems in less-favored areas (LFAs) in the Mediterranean [1,5,6,28,29]. Indeed, due to
their specificities, these systems have low political weight at the European level, where support policies
are mostly negotiated and designed [3,6,12]. More flexibility seems necessary, given the system’s
diversity [30,31]. Moreover, notions usually used in agricultural support policy design are not always
relevant for such extensive systems in the Mediterranean. For instance, the notion of stocking rates
(number of livestock units per ha) might be too simplistic for Mediterranean rangelands [11]. Indeed,
it is often not relevant in large mountainous and forested areas, where herds are not geographically
stable throughout the year and they often graze larger areas than those declared for CAP support [32].

Assessing the role of these payments is a complex issue, as it plays in contradictory directions,
depending on the context [12]. Existing studies have reported that extensive practice support have
been mitigated or limited, according to the considered LFA. For instance, Caraveli [1] reported evidence
of increases in stocking densities in LFAs, which have sometimes led to overgrazing. Conversely, in
line with Bartolomé et al. [33], Bernués et al. [18] indicated that grazing pressure was not able to stably
maintain vegetation in the Mediterranean areas they analyzed.

Adequately designing and assessing the impacts of agricultural and agri-environmental policies
is also difficult, due to the difficulty involved in obtaining reliable information about such farming
systems. In fact, there is often a lack of official and reliable statistics about the figures and locations of
farms [1,4,12] and a lack of basic information about the extent and characteristics of grazing systems.
Different sources sometimes show very different statistics [12] probably because data collection
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methodologies are adapted to more common farming systems, but not to extensive grazing ones.
The latter might require a more qualitative approach for description [7], in a manner that would be
informative for policy design and assessment.

In this paper, we focus on Castagniccia, a remote, less-favored Mediterranean area that presented
many of the characteristics we have just mentioned, both in terms of over-extensification, livestock
orientation, and management practices, as well as in terms of data availability and reliability.

The objectives of this paper are twofold: First, we want to assess the relationship between the type
of livestock production and the change in land-cover over the longest period of available data. Our first
hypothesis (H1) is that, given their respective morphological abilities, diet preference, and the way
they are monitored, the landscape mosaic of forest and extensive pastures will be better maintained in
sheep and goat grazing areas than in suckler-cows areas. Second, according to the obtained results,
we aim to analyze the drivers of breeders’ decisions. In fact, if one type of production is found to be
better or more detrimental to the landscape, it is important to understand why some farmers opt for
this type of production and not others, given that they are located in the same LFA and are subject
to the same CAP incentives. Our second hypothesis (H2) is that suckler-cow breeding is more likely
to be adopted as a complementary or main activity in farms in the context of labor scarcity and land
abundance, while farms that are not in such a context, with the same CAP incentives, will opt for
other production activities. To achieve these two objectives, we collected data on land-cover and farm
characteristics for the early 1990s and 2012–2013 and analyzed their relationships.

The paper is organized as follows: First, we present our materials and methods by describing
our study area (Section 2.1), as well as the data collection on land-cover and farms (Section 2.2).
Then, we describe the strategy we adopted to analyze the relationship between livestock production
and land-cover change (Section 2.3) and the choices of farmers (Section 2.3). Next, we present the
results of the land-cover analysis and its relationship to farm characteristics (Section 3.1), as well as the
results concerning the drivers of farmer choices (Section 3.2). Finally, we present the discussion and
policy implications (Section 4).

2. Materials and Methods

2.1. The Castagniccia Area

Corsica is a mountainous island located in the French Mediterranean basin. Corsican agriculture
mainly consists of small ruminant dairy farming and beef cattle ranching in the mountains and
hills, with arboriculture and vine growing on the coastal plains. Castagniccia is a small area in the
northeastern part of Corsica. It is a very rural region, far from the main urban areas in the middle of
the northeastern Corsican mountains. This region has an extension of 45,015 ha (representing 5% of the
total Corsican area) and includes 69 municipalities (Figure 1). The current landscape of Castagniccia
was inherited from an ancient agricultural system based on terrace cultivation, chestnut growing, and
small ruminant breeding [34]. This traditional system required a large amount of manpower and thus
led to very high population density (more than 100 inhabitants/km2 in the 19th century). The system
collapsed at the beginning of the 20th century, leading to a decrease in population and to cultivation
being substituted by very extensive breeding or land abandonment [35]. The permanent population
of Castagniccia is now ageing, having a density of about 16 inhabitants per km2. About 16% of the
adult population works in agriculture. In this region, as in many Mediterranean LFAs, steep slopes
severely limit agricultural mechanization and labor-extensive suckler-cow breeding has developed
since the 1980s [31,36]. In Castagniccia, this activity has sometimes also replaced traditional breeding
(i.e., dairy ewe and dairy goat breeding). At present, agriculture in this area mainly consists of beef
cattle farming for meat, small ruminant dairy farming (sheep and goats), pig farming (in abandoned
chestnut orchards), and chestnut growing. Farms operate at a low level of capitalization on livestock
production. Most farms—except those with only cows—process (i.e., into cured meats, cheese, chestnut
flour, and pastry) and directly sell almost their entire production, which is the best way to improve
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value add [37]. Due to a lack of manpower, there have been few attempts to restore the chestnut
orchards, which gave the name “Castagniccia” to the entire area.
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2.2. Data Collection

As mentioned in the introduction, data availability and reliability are often an issue when studying
Mediterranean extensive livestock farming. Land properties are small and dispersed, often in joint
ownership between numerous landowners. Therefore, a farm often has multiple production sites with
unfenced animals grazing around them, thanks to informal agreements between land users. Moreover,
sources of information, such as the CAP’s Land Parcel Identification System (LPIS) or the French
Agricultural Census, do not always reflect the actual situation; especially concerning the number and
size of the holdings. Indeed, some non-agricultural workers (usually relatives of farmers) are registered
as individual farmers (heads of an agricultural holding), such that the large herds (and large associated
grazing areas) of the actual farmers are administratively split into several small herds that get more
subsidies than large ones. Therefore, identifying actual holdings is almost impossible without a deep
knowledge of the field and the people living there. Consequently, combining heterogeneous sources
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of information is necessary, in order to ensure a comprehensive and reliable description of the study
area. We used the following methods: (i) remote sensing techniques, in order to access land-cover
change over the last few decades; (ii) field surveys of farmers; (iii) data on animals and areas declared
by farmers corresponding to CAP subsidies.

2.2.1. Land-Cover Data Collection and Processing

We monitored vegetation cover changes for the years 1994 and 2012 by performing a remote sensing
analysis. We acquired a series of satellite images on the two dates and processed them using specific
classification methods, in order to obtain two detailed land-use maps. In particular, we used SPOT®

imagery, which comes from a constellation of satellites combining optical and panchromatic sensors
to acquire cartographic, agricultural, urban planning, and environmental management information.
The SPOT images have a spatial resolution of 20 m, allowing for the detection of mainland-cover on a
landscape scale. The selected images were from August 1994 and June 2012. The software used for the
classification was Multispec©. We obtained land-cover maps showing six main different land-cover
types: bare soil, grassland, low scrub (mainly cistus), high scrub (mainly heather), deciduous forest,
and evergreen forest. The validation of these land-cover maps was performed. For 1994, we used
Agripast–Sodeteg mapping of the pastoral areas of Corsica, dating from 1981 and updated in 1994, as a
secondary source of information. For 2012, we validated the land-cover map through a field campaign,
in which we acquired point co-ordinates and their land-cover types. We checked 60 field control
points in the area, representing the different land-cover types. These points were used to calculate
the classification performance. For 2012, we obtained an overall classification performance of 95.5%.
These results were also confirmed by experts during several meetings in the field, as well as through
comparison with other geographical sources (e.g., Google Earth, aerial photographs) or cross-checking
with land surveys.

In order to assess the changes in land-use between the two dates, we built a transition matrix
comparing the initial and latter state in each pixel of the two land-use maps [38–40]. Considering our
particular interest in pasture areas, we aggregated the two classes “deciduous forest” and “evergreen
forest” under the general type “forest”. In fact, breeding activities can prevent scrubland from turning
into forest, through grazing. However, if vegetation turns to forest, grazing activities are unable to
impact the kind of forest that appears—which is mainly determined by the soil—or impact the height
of vegetation in already wooded areas; however, some animals, such as goats, can limit brushwood
expansion in the undergrowth.

2.2.2. Farm Data Collection

The main sources of information about farm characteristics and management in the study area
were a series of farm surveys and CAP declarations, field survey data, and a very detailed version of
the 2012 Land Parcel Identification System (LPIS) database

Field surveys were conducted in spring of 2013, in order to obtain an exhaustive list of existing
farms at the data collection time.

For each farm, the location of the production sites and their characteristics were collected
(types of production, size of herds, number of workers, and seniority). Farmers were also asked
about the historical development of the farm (owned by themselves or someone else) in the early
1990s (before 1994) and the types of production on the farm at this time. Participants were also asked
for information on farms and production sites that no longer existed in the surroundings, in order
to obtain the best possible picture of the situation in the early 1990s (Table 1). After cross-checking
this information and comparison with LPIS data, we can say that the farm information for the early
2010s is accurate and reliable. The information on early 1990s production sites (location and type of
animal) was also considered reliable. Conversely, we believe that the information about the farms
these production sites were used by in the past was far less accurate, as well as information regarding
the changes in production at the farm level over time.
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Table 1. Number of sites of production and farms by type of production in early 1990s and 2012.

Type of
Production

Number of
Sites of

Production
(Early 1990s)

Number of
Sites of

Production
(2012)

Change
1990s–2012

Number of
Farms with

This Kind of
Production

(Early 1990s,
Approximate)

Number of
Farms with

This Kind of
Production

(2012)

Change
1990s–2012

Pigs 101 129 ↗ 73 81 ↗

Sheep 40 53 ↗ 23 21 ≈

Goats 75 119 ↘ 34 36 ≈

Suckler-cows 95 123 ↗ 42 40 ≈

Chestnut trees 75 63 ↘ 50 36 ↘

Total number of farms according to field surveys 184 177 ↘

We also relied on the 2012 Land Parcel Identification System (LPIS) database. This database is
generated each year by the E.U. “Agency for services and payments”, on the basis of farmer’s CAP
declarations. It contains declared areas (i.e., the areas that farmers claim to be using and for which they
can benefit from CAP subsidies). It also reports the subsidies that each farm receives, corresponding to
various CAP measures. CAP measures are divided into two pillars: In the first pillar, animal premiums
and Single Farm Payments (SFPs) are the most relevant for the study area. Animal premiums depend
on the type and number of animals. SFPs (introduced by the 2002 CAP reform) are granted to farmers
whose farm is of a certain size and who are decoupled (i.e., they do not depend on the production type
and volume). In France, they are calculated for every farm based on historical references. In the second
pillar, “rural development”, the only relevant payment to consider in the study area is the less-favored
area support scheme. LFA support is granted per hectare used to feed animals, up to a ceiling of
50 ha, and its amount depends on certain stocking rate conditions (see Table 2). To reconstitute actual
holdings, we needed a version of the database which is more detailed than the publicly available one.
We only had access to the detailed version for the year 2012.

Table 2. Main CAP subsidies in Castagniccia, 2012.

Subsidies Type of Subsidies Amounts 2012 (€/Year) Source

Animal premiums
for suckler-cows First pillar, coupled

EUR 200 per suckler-cow up to 40 cows,
EUR 175.85 per suckler cow over 40 cows.
Having at least 3 suckler-cows is required.

Direct communication
from local agriculture

and forestry
administration.

Animal premiums
for dairy goats First pillar, coupled

EUR 8.68 per adult dairy goat (EUR +3 per
adult dairy goat under specific conditions), if at

least 25 adult dairy goats. No more than
400 adult dairy goats can receive the premium.

Animal premiums
for dairy ewes First pillar, coupled

EUR 21 per adult dairy ewe (EUR +3.22 per
adult dairy ewe under specific conditions), if at

least 50 adult dairy ewes.

SFPs First pillar,
decoupled

In our study area (for farms receiving SFP):
Mean value 219 €/ha, Median Value: 93 €/ha.

Support requires very basic
agro-environmental maintenance.

Our data: CAP parcel
register, 2012 for

Castagniccia.

LFA subsidies (for
animal feed areas*)

(EUR)
Second pillar

274 EUR/ha under 25 ha, 183 EUR/ha up to
50 ha of area used to feed animals; premium
increased by 30% for the first 25 ha if 50% of
livestock units (LSU) are goats and/or sheep.

These amounts are granted for areas where the
stocking rate is from 0.8 to 1.2 LSU per

declared ha. LFA support per ha decreases
outside that range.

Direct communication
from local agriculture

and forestry
administration.
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2.3. Assessing the Relationship between Livestock and Land-Cover Changes (H1)

In this phase, we aimed to assess if land-cover in 1994 and 2012 and land-cover change between
these two dates were related to the livestock production type. Around each production site, the area
in which land cover is likely to be impacted by the presence of animals depends on the physical
characteristics of the animals (i.e., mobility and diet preferences leading to grazing a rather large or
small area) and on the livestock management practice (e.g., parking, shepherding). According to
the animal behavior and management of the Corsican herds reported in the literature and expert
knowledge [20], we drew different buffers around the 1990s and 2012 production sites: small buffers
around pig production sites (15 ha), medium-sized buffers around sheep production sites (70 ha),
and large buffers around goat and suckler-cow production sites (150 ha). After the first assessment,
we did not consider pig production sites, as this livestock type does not really have an effect on
vegetation management and is completely different from the breeding characteristics of the other
livestock typologies. Figure 2 shows these buffers around the 2012 production sites.
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Then, we analyzed land-cover and land-cover change for the following:

• The whole study area (WA);
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• The area that was neither impacted by livestock breeding activities in the early 1990s nor in 2012,
according to our data (hereafter NI area—i.e., “non-impacted area”), as a benchmark to assess the
impact of livestock breeding activities;

• The areas that were assumed to have been impacted only by one kind of breeding activity over
the period, in order to analyze the animal-specific impacts.

According to the literature and expert knowledge about livestock management practices in this
area, we expected a stronger impact of goats and sheep, in terms of limitation of vegetation growth.
Indeed, dairy sheep herds need to be located in human-maintained low-vegetation areas, while the
behavior of goats is well-known to limit scrub encroachment and brushwood expansion into the
undergrowth [41]. Both kinds of herds need to be rather closely monitored, such that daily milking
is possible and productive. On the contrary, suckler-cow herds are barely monitored in this region
and research has not been conducted extensively. This leads very low actual stocking densities.
Given this density and due to the physical capabilities and diet preferences, we believe that cow
breeding, as performed in the region, cannot contribute to decreasing the level of vegetation and,
thus, prevent afforestation.

2.4. Analyzing Production Decision Drivers (H2)

In the particular context of Corsica, as farms operate at a low level of capitalization, the main farm
inputs include labor, available land, and livestock. Permanent labor can be approximated as a fixed
factor as, when there are several permanent workers on a farm, they are most of the time associate
farmers, not employees. Concerning land, we know the declared area; however, this area might be
smaller (and not always located exactly in the same place) than the actual area used by non-fenced and
non-stationary livestock to graze. However, the quantity of land either declared or used by a farm
depends on the local context. In fact, when a farmer needs land (for instance, to comply with required
stocking densities to get LFA subsidies), they must arrange with other farmers to use and declare
land that is usable and eligible (i.e., covered by low-vegetation), but which is not already used and
declared. Most of the time, these areas are the ones that have been abandoned by former farms [7,11],
where forest has not had the time to grow and the area is covered by low scrub. Given that all farms are
subject to the same CAP incentives and that the animal-specific level of capitalization is low, the choice
of the types of animals (goats, sheep, pigs, cows) essentially depends on the compatibility between
the land and labor requirements of those animals and the availability of land and labor at the farm
level. Consequently, we focused on the role of these labor and land characteristics on the production
choice decision.

Our hypothesis is that suckler-cow breeding is more likely to be adopted as a complementary
or main activity in farms in the context of labor scarcity and land abundance, whereas farms that
are not in such a context, under the same CAP incentives, will opt for other productions. Indeed,
suckler-cow breeding requires less labor than dairy goat or sheep breeding, such that this activity may
interest farms with few workers. However, the value-adding that can be generated by the extensive
suckler-cow breeding is very low. In this context, the main incentives to breed suckler-cows in the area
seem to be related to CAP subsidies [3,30]. However, to get the maximum subsidies, farms need to
declare larger areas of land for cow breeding, than for sheep- or goat-breeding. To test this hypothesis,
we estimated a multinomial logit model, in which the dependent variable “Ranch” is a categorization
of farms: those with only-suckler cows, those with cows among other productions, and those without
cows. To consider the eligible/usable land availability, we considered the following as explanatory
variables (all the variables are resumed in Table 3):

• The variation in production site density around the farm (proxy of land abandonment) and the
percentage of low scrubland area around the production sites (proxy of farm’s access to areas that
are usable without human intervention, especially by cows) and the area declared by farmers in
2012 (proxy of farm’s access to eligible land);
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• The number of full-time workers in the farm and, as a proxy for opportunity cost of labor,
the demographic characteristics of the municipality where the holding of the farm is located and
those of the surrounding municipalities. Indeed, proximity to a relatively populated municipality
might increase the relative scarcity of labor through a higher opportunity cost, while remoteness
might increase its absolute scarcity.

Table 3. Main characteristics of the model variables.

Name Variable Description Source Ranch Mean Sd Min Median Max n

pct_lscrub
Area of low scrubland in 1994 as a
percentage of the “holding area”

in 2012

0 0.5 1.4 0.0 0.0 12.0 103
1 6.2 12.2 0.0 0.2 58.0 31
2 12.8 22.1 0.0 0.7 92.5 31

∆Dsites
Percentage change in the number of
production sites in the municipality

where the farm is based

0 37.7 44.5 −84.6 28.6 200.0 103
1 18.7 39.0 −84.6 18.2 90.9 31
2 5.7 50.3 −84.6 16.2 100.0 31

area_d
Area declared to CAP

administration (ha) LPIS
0 28.0 44.3 0.0 0.0 218.1 103
1 148.8 92.3 3.0 137.2 355.3 31
2 116.4 96.3 6.3 90.3 479.6 31

n_workers Number of workers per farm
Our data

combination
on farms

0
1 w. 2 w. 1–2 w. 3 w. 4 w. 3–4
96 4 100 2 1 3

1
1 w. 2 w. 1–2 w. 3 w. 4 w. 3–4 w.
23 6 29 2 0 2

2
1 w. 2 w. 1–2 w. 3 w. 4 w. 3–4 w.
24 7 31 0 0 0

Popgrowth_
munneigh

Percentage change in the
population of a municipality and its

neighbors from 1990 to 2010
INSEE

0 23.9 22.3 −21.4 28.1 66.6 103
1 20.8 19.7 −21.4 23.0 53.7 31
2 34.5 16.7 −15.3 34.0 66.6 31

We checked for the absence of outliers and collinearity. We also checked for the independence of
irrelevant alternatives (Hausman test), to ensure that an ordered multinomial logit might not have
been more suitable. We performed a Wald test to check if the three alternatives (no suckler-cow = 0;
suckler-cows among other productions = 1; suckler-cows only = 2) were actually different (otherwise,
a binomial model might have been more appropriate).

3. Results

3.1. Vegetation Cover Changes and Correlation with the Livestock Type

Figure 3 shows the percentage of each type of land-cover in 1994 and 2012 for the different types
of areas. The very small differences between the whole (WA) and the “non-impacted” (NI) areas can
be explained by the fact that the NI area represents 72% of the WA area. In 1994, the percentage of
forest was the highest for the goat-only areas, while the lowest was for the sheep-only area (in line
with empirical field knowledge).

The change in area of each land-cover from 1994 to 2012 indicated a decrease in bare-soil, grassland,
and high scrubland areas, with an increase in low scrubland and forest areas for WA, NI, sheep- and
cow-only categories. There was also a general increase in forested areas concerning each kind of area,
except for goat-only areas. For the goat-only areas, 35% of the area impacted was no longer forested in
2012; however, this was probably due to fire, rather than grazing (see below).

In order to better understand the underlying dynamics, we analyzed the transition matrix. Table 4
shows the dynamics for the whole area.
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Table 4. Transition matrix and associated calculations for the whole area.

1994 Bare
Soil in Grassland Low

Scrublands
High

Scrublands
Forest Total % of the Area

Covered in 20122012

Bare soil 1032 486 667 799 147 3132 7.0%
Grassland 2194 297 175 430 1298 4395 9.8%

Low scrubland 1105 1997 713 2371 616 6801 15.1%
High scrubland 264 1558 418 2116 527 4884 10.8%

Forest 1215 1185 294 3563 19,549 25,807 57.3%
Total 5811 5524 2266 9280 22,137 45,018 100.0%

% of the total area
covered in 1994 12.9% 12.3% 5.0% 20.6% 49.2% 100.0%

According to local knowledge, deforestation had not occurred due to an increase in livestock
pressure; thus, we did not consider changes in forested areas from 1994 to 2012 as being the result
of animal impact. Indeed, the change from forest to a lower level of vegetation seems mainly to
be the consequence of fires—which are frequent in this area—and could be an indirect land-cover
change induced by livestock management practices. In fact, a reduction in the grazing effect and the
consequent non-controlled and non-managed reforestation can increase the risk of wildfire. However,
considering this as a secondary effect, we did not insert this change into our analysis. Therefore, we
rather focused on changes that occurred over areas that were “low-covered” (i.e., bare soil, grassland,
low scrubland, and high scrubland) in 1994. We identified three main types of changes: first class (1),
“favorable” transitions included a decrease in the level of vegetation, such as transitions from low
scrub to grass, from heather to grass or cistus, and the maintenance of the same level of vegetation
(for grassland and low and high scrubland). These transitions may be a consequence of the maintenance
of agricultural activities with an adapted level of extensification for the maintenance of landscape
mosaic. We also included the transition from bare soil to grassland in these changes. The second class
(2), “unfavorable” transitions, included increases in vegetation cover, such as transitions from grassland
to high scrubland or forest, or from low and high scrubland to forest. This transition may have been
the consequence of over-extensification or the abandonment of agricultural activities. We also included
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the appearance of soil that was no longer protected from degradation (e.g., erosion) by vegetation
cover due to these changes; that is, transitions from grassland or low or high scrubland to bare soil.
In fact, these transitions may be the consequence of locally higher “stocking densities” (as observed,
for instance, around some feeding points). Finally, the third class (3), “intermediate” transitions,
included the other transitions that were considered intermediate in terms of open-space/extensive
pasture preservation, such as the changes from bare soil and grassland to low scrubland and from low
to high scrubland. Areas that remained bare soil from 1994 to 2012 (1032 ha) were not considered in
these three categories of changes, as we assumed that these areas were either artificialized areas (sealed
soils, buildings) or rocky areas. Figure 3 shows the percentage obtained for each land change class in
the study area. Furthermore, we detail the transitions found for each category of the 1994 vegetation
cover and each mode of livestock production in Figures 4 and 5.Land 2020, 9, x FOR PEER REVIEW 11 of 18 
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The land-cover analysis shows that, in 1994, goats were mainly located in forested areas, while sheep
and cows were located in areas with lower cover, corresponding to their preferences in terms of grazing
areas, according to expert opinion. Transitions observed in the 1994 low-covered area (Figure 4) showed
that sheep-only areas had the highest percentage of class 1 transitions and the lowest percentage of
class 2 ones. Cow-only areas showed percentages close to, but slightly better than, those observed
for the non-impacted area, suggesting the negligible (or, at least, weak) impact of such production on
low vegetation growth. Sheep and goats performed better on grassland (Figure 5), followed by cows.
Concerning low scrubland, sheep followed by cows performed better than others, while goats had a
similar impact on vegetation to that observed in the WA and NI areas. Finally, the goat-only areas had
the worst impact on high scrubland, while sheep breeding performed the best.
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Figure 5. Each graph describes the change observed from 1994 to 2012 for a given category of area
(WA, NI area, or “animal”-only areas). The total area of each of 1994′s land-cover is mentioned above
each bar (as well the percentage of the total area of each category it represents).

3.2. The Contribution of CAP Premiums to Farm Income and Drivers of Farmer Choices

Table 5 shows the results of the multinomial logit model. The p-values of the Hausman test
for IIA were above 0.5, which means that an ordered multinomial logit was not necessary. As we
found a low level of significance for the difference between alternatives 1 and 2 (0.1 < p-value < 0.05),
we also performed a binomial logit that estimated the choice between having cows or not (Table 6).
The binomial logit model showed similar effects to the multinomial ones.
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Table 5. Estimation results of the multinomial logit model.

Heteroskedasticity-Robust Multinomial Logit Estimation (Number of Obs = 165)

Hausman test of IIA * chi2 df P > chi2
H0: Odds (Outcome-J vs. Outcome-K) are independent of

other alternatives
0 0.232 2 0.891
1 1.139 2 0.566
2 −9.516 6 .

Wald tests for combining alternatives * chi2 df P > chi2
H0: All coefficients except intercepts associated with a given
pair of alternatives are 0 (i.e., alternatives can be combined)

0&1 0&1 35.329 5 0.000
0&2 0&2 31.863 5 0.000
1&2 1&2 10.103 5 0.072

Wald Chi2 (10) = 600.55; Prob > chi2 = 0.0000; Log-pseudolikelihood = −93.764158; Pseudo-R2 = 0.3839

Endogenous variable: Ranch Odd
ratio Coefficient Std. Err. Z P > |z|

0 Base outcome

1

n_workers (3_4) 0.036 −3.334 1.686 −1.980 0.048 **
Area_d (ha) 1.034 0.034 0.008 4.210 0.000 *

pct_lscrub (%) 1.109 0.104 0.069 1.490 0.135
∆Dsites (%) 0.985 −0.015 0.006 −2.290 0.022 **

popgrowth_munneigh 0.980 −0.021 0.015 −1.340 0.182
Intercept 0.076 −2.579 0.668 −3.860 0.000 ***

2

n_workers (3_4) 3.08–8 −17.295 1.435 −12.050 0.000 ***
Area_d (ha) 1.030 0.030 0.008 3.660 0.000 ***

pct_lscrub (%) 1.141 0.131 0.069 1.900 0.057 *
∆Dsites (%) 0.988 −0.012 0.006 −1.990 0.047 **

popgrowth_munneigh 1.031 0.031 0.017 1.840 0.066 *
Intercept 0.023 −3.766 0.754 −4.990 0.000 ***

Akaike’s information criterion and
Bayesian information criterion

Obs ll(null) ll(model) df AIC BIC
165 −152.1967 −93.76416 12 211.5283 248.7997

* Calculations made from non-heteroskedasticity-robust model with R and Stata software. Note: 0 = No cows, 1 = cows among other productions, 2 = cows only. Level of significance: * if
p < 0.1 (significant at 10% level); ** if p < 0.05 (significant at 5% level); *** if p < 0.01 (significant at 1% level).
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Table 6. Estimation results of the selected binomial logit model.

Heteroskedasticity-Robust Binomial Logit Estimation (Number of Obs = 165)

Wald chi2(5) = 26.61; Prob > chi2 = 0.0001; Pseudo-R2 = 0.4621; Log-pseudolikelihood = −58.75

Variance inflation factor *
n_workers Area_d pct_lscrub ∆Dexp popgrowth_munneigh
1.404422 1.513635 1.029434 1.281444 1.122359

No Studentized residuals with Bonferonni p < 0.05 Largest |rstudent|:
rstudent Unadjusted p-value Bonferonni p

12 −3.016446 0.0025576 0.422

Ranch = having suckler (1) cows or not (0) Odd Ratio Coef. Std.Err Z P > |z|
n_workers (3_4) 0.017 −4.072 1.559 −2.610 0.009 ***

Area_d 1.032 0.031 0.008 4.020 0.000 ***
pct_lscrub 1.119 0.113 0.063 1.790 0.074 *

∆Dsites 0.987 −0.013 0.005 −2.410 0.016 **
popgrowth_munneigh 1.004 0.004 0.013 0.300 0.767

Intercept 0.101 −2.293 0.618 −3.710 0.000 ***
Note: 0—failures; 1—success completely determined.

Akaike’s information criterion and Bayesian information criterion Obs ll(null) ll(model) Df AIC BIC
165 −109.2216 −58.75505 6 129.5101 148.1458

* Calculations made from non-heteroskedasticity-robust model with R and Stata software. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Concerning the overall performance, the multinomial logit had a pseudo-R2 of 0.38 (which is
relatively high for such a model) [42] and the binomial logit had a pseudo-R2 of 0.46. In both models, all
variables were significant at least at the 10% level (p-value < 0.1), except for the percentage of population
growth around the headquarters of the holding (popgrowth_munneigh) in the binomial logit.

A higher (3 to 4) number of workers had a significant and negative effect on the probability
of having suckler-cows (in combination with other productions or alone), rather than not having
them. These results confirm our hypothesis: When labor is abundant, income comes from more
labor-intensive activities. When labor is scarcer, suckler-cow breeding becomes an interesting way to
complement agricultural income or is the only way to have an income.

As expected, the declared area had a positive and very significant effect on the probability of
having cows, as a spatial pre-condition of a sufficient minimum size for cow breeding farms. In fact,
each model highlighted that any extra declared hectare multiplies the likelihood of having cows, rather
than not having cows, by about 1.03 (or an increase of 3%). This hypothesis was also confirmed by the
Chi2 test of independence between the two variables “Ranch” (having or not cows) and the number
of workers, which indicated that the area was a great predictor. With regard to the initial land-cover
classes that can favor the choice of suckler-cow production, the largest effects were observed when
considering the percentage of low scrubland. This effect was positive and significant on the probability
of having cows alone, rather than no cows. The percentage of change in the number of sites in the
municipality had a negative and significant effect: when the density of sites increased, choosing to
breed suckler-cows was less likely. As for the declared area, the magnitude of the effect was larger when
cows were present alongside other livestock types than when cows were the only production. This is
because, in order to have cows, farms need additional land to that needed by other production methods.
These effects validate our hypothesis of suckler production developing on abandoned land, which is
usually no longer grassland, but still has low land-cover, due to its relatively recent abandonment.
Finally, increases in the municipal population and in the population of neighboring municipalities
had positive and significant effects on the probability that farms located in this municipality will only
have cows. This suggests that, in the most demographically dynamic areas, the higher opportunity
cost (due to non-farm better-paid job opportunities, which might be more numerous) leads to farmers
opting for this labor-extensive production method.

4. Discussion

The first hypothesis of this work was that maintaining extensive pasture land-cover would be
observed in sheep and goat grazing areas rather than in suckler-cow ones, given their respective
morphological abilities, diet preference, and the way that they are monitored. According to the
land-cover analysis, this hypothesis was partially verified: On the one hand, sheep-breeding is
generally associated with extensive pastureland-cover; however, this is not the case for goat-breeding.
In general, goats tend to select a higher proportion of shrubs than other herbivore species [41] but, in this
case, we can attribute the unexpected low performance of goat-breeding to the insufficiency of the
actual stocking densities in impacting the vegetation growth and/or to the non-visibility of this impact
due to the methodology we used. A similar effect of herd size on vegetation control, particularly for goat
grazing, has been reported in other previous studies [42,43]. On the other hand, suckler-cow breeding
had a very limited—almost negligible—impact on vegetation growth. Similar studies developed in
other agro-environmental regions [44] have obtained comparable results. For example, [45] showed
that the reduction in goat and sheep grazing in northern Spain contributed to an increase in wood and
shrub vegetation, consequently affecting fire risk. In the Mediterranean area, contrasting dynamics
have been observed. In some cases, strong grazing intensification substituting for the traditional
agroforestry and pastoral systems have caused land degradation [46,47]. In other cases, extensive cattle
grazing did not really preserve the existing open landscapes, with remarkable increases in woody
and shrub vegetation [48–50], as was the case in our work. This limited impact of extensive pastures
on preserving the open landscape from abandonment and reforestation questions the relevance of
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the landscape management rationale of subsidies for suckler-cow breeding. Thus, compliance with
the requirements of actual management and stocking densities for cows and goat breeding and/or
compliance with remote (for cows) and on-field (for goats) vegetation growth conditions would be
recommended [51,52].

Our second hypothesis was that suckler-cow breeding would be more likely to be adopted as a
complementary or main activity in farms in the context of labor scarcity and land abundance. On the
contrary, farms that were not in such a context, under the same CAP incentives, would rather opt for
other production methods (leading to a less CAP subsidy-dependent income). The multinomial and
binomial logit regressions showed that this hypothesis was verified. Labor scarcity (low number of
workers, high labor opportunity cost) and the availability of low-cover (both suckler-cow “usable” and
“CAP-declarable”) land significantly increased the probability of having suckler-cows (in combination
with other production methods or alone). The impact of land availability and field area on bovine
systems has already been demonstrated in previous studies [53,54]. In accordance with our results,
Gourdouvelis et al. [55] pointed out that high pasture availability, in terms of land, implies a
lower reliance on external subsidies in a Mediterranean internal area of Greece. Complementarily,
we highlighted the importance of CAP subsidies in the income of farms with suckler-cows. In terms of
policy recommendations, our results confirm the need for a more effective targeting of areas eligible for
CAP premiums, as underlined by Pe’er et al. [56]. This could be achieved, for instance (as advocated by
Cocca et al. [5] for the Italian Alps), according to criteria such as altitude or targeted animal production
practices. Subsidies should be redesigned, such that they (i) are more favorable to production that
has the most positive impact on vegetation, such as sheep (or goats if actual minimal stocking rates
or equivalent criteria are imposed); (ii) ensure that the decrease in certain premiums does not lead
to even less maintenance of the landscape. Thus, subsidies should only be given if they encourage
effective maintenance. Another option is to use biomass characteristics or locations that have the
highest ecological/patrimonial/fire risk prevention interests. In fact, the real stocking rates might be
different from theoretical ones and difficult to monitor; thus, the eligibility conditions should rather
rely on biomass state or change.

A reformed CAP was implemented in 2014; that is, just after the end of our study period. Although
trade-offs had to be made, in order to ensure political acceptance, the 2014 changes were in line with
our observations, regarding the inadequacy of the requirements of stocking rates in such very extensive
areas and the need for more suitable conditions regarding biomass. Indeed, with the 2014–2020 version
of the CAP, as implemented in our study area, stocking density is no longer considered. In addition,
an even wider range of areas (in terms of biomass characteristics) can now benefit from subsidies.
However, there is a stronger scaling factor in the amount granted according to biomass characteristics,
as associated with stricter field controls.

5. Conclusions

In this paper, we focused on Castagniccia, a remote, less-favored Mediterranean area. This area
presents many of the characteristics common to extensive Mediterranean livestock breeding areas,
both in terms of over-extensification, livestock orientation, and management practices (with their
associated socio-environmental and policy design issues), and in terms of data availability and reliability.
These characteristics necessitated the adoption of a multidisciplinary approach, which combined
qualitative and quantitative methodologies to assess: (i) the relationship between the type of livestock
production and the change in land-cover; (ii) the drivers of farmer decisions concerning the types of
livestock they breed.

Our results show that Mediterranean ranching systems use agricultural land abandonment
to maximize personal income, together with CAP premiums (despite low agricultural profits).
Consequently, in areas with a low farm density, the objective of the CAP premiums to maintain
agricultural landscapes does not seem to be achievable under the current levels of human and livestock
pressure. A new CAP reform is currently being discussed for implementation in 2021. In fact,
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the European Commission released legislative proposals in June 2018 [57]. Aside from a likely decrease
in the total CAP budget and a willingness to pursue decoupling and convergence in the amount of
direct payments (CAPeye, 2018), these proposals would provide Member States with more flexibility
in deciding on financial allocations (including transfers between pillars). Member States would be
more able to develop tailor-made programs that most effectively address their farmers needs and those
of the rural communities. These programs are subject to EC approval and the results will be monitored
closely. Supporting small- and medium-sized farms and protecting the environment are also among
the priorities of the proposal [58]. Nonetheless, these proposals are quite controversial [59] and, in our
opinion, are still too general to allow us to make relevant comments regarding our research focus.
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