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Abstract

Climate change (CC) is a major threat to agriculture, the sector that supports the territorial
economy in the Pays Haut Languedoc et Vignoble (PHLV) region (south France). In this
region, farms have been facing the negative effects of CC for several decades. The imple-
mentation of agriculture adaptation policies requires a coherent and integrated tool that
mobilizes approaches for territorial development, vulnerability assessments, and feasibility.
The purpose of this research is to provide a multi-criteria assessment of farm vulnerability
to CC in the PHLV region. An index of farm vulnerability was developed based on the
classic model of vulnerability, which is the product of exposure and sensitivity divided
by adaptive capacity. This assessment was conducted at the farm level, by combining
biophysical variables (such as soil type and irrigation) and socioeconomic variables (such
as agricultural experience and crop insurance), selected based on a literature review and
interviews with local stakeholders and local experts. To solve the weighting problem, we
differentiated between a “calculated vulnerability”, without any specific weighting of the
vulnerability variables, and a “declared vulnerability” that integrates the scores assigned
to the importance of each variable for each farmer surveyed, based on their awareness.
Afterward, a discriminant analysis was used to identify the factors that determine the
vulnerability classes. Our results show that (i) the majority of the surveyed farms have a
relatively high vulnerability index, but wine farms and cereal farms are the most vulnerable;
(ii) for all farms the “declared vulnerability” is lower than the “calculated vulnerability”,
showing that farmers underestimate their vulnerability; (iii) there is an interesting link
between the low level of vulnerability and the adaptation efforts already made over the
past ten years by certain farms that have changed or introduced crops and improved their
agricultural practices.

Keywords: vulnerability; climate change; agriculture; vulnerability index; Mediterranean
region

1. Introduction
At the local level, CC can cause severe disruption to the functioning of societies and

ecosystems, resulting in significant human, material, economic, or environmental losses and
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impacts that exceed the systems’ capacity to cope with them using their own resources [1–3].
It affects territories in different ways based on their specific context related to the geography,
local socioeconomic conditions, and historical aspects [4] and amplifies disparities between
poor and rich territories [5,6]. It is therefore important to adopt a contextual approach
to CC [4]. In this way, the CLIMATOR project has provided robust and representative
local data on the impacts of CC in France on local agro-ecosystems. Various studies have
highlighted the importance of integrating these data into territorial development policies
and developing specific multidisciplinary research [6–8].

The effects of CC are expected to impact the entirety of functions and operations of the
agricultural sector. The main effects are predicted to affect production quantity and quality,
increased crop diseases and pests, and modifications to biophysical conditions, such as
soil and water quality and quantity, etc. Beyond the sectoral effects, these transformations
are also regarded as impacting the ecosystem services provided by agriculture mainly in
terms of the biodiversity, landscape, and others [9–14]. Although the agricultural sector is
recognized as particularly vulnerable to the effects of CC [15–18], territorial public policies
are yet oriented towards energy-based approaches in terms of energy saving or establishing
territorial energy autonomy (e.g., PCAET: Territorial Climate-Air-Energy Plan) [19,20]. The
main focus is on mitigating without compromising the need to adapt measures for the
agricultural sector and rural territories [21–24]. Indeed, the main advanced options for
agriculture and the rural territories usually relate to the production of renewable energy
from biomass and energy crops, as well as to monitoring and intensifying carbon sequestra-
tion [22,25–27]. Faced with these challenges, studying adaptation measures for agriculture,
especially for vulnerable farms, remains a major difficulty for local authorities and soci-
eties. This challenge requires an integrated approach involving territorial development,
vulnerability assessments, and the feasibility and acceptability of adaptation measures.

The growing CC awareness and its potential impacts on the agricultural sector have
been increasingly encouraging scientists to focus on vulnerability studies and adaptation
measures. The majority of these publication focus on exploring vulnerability with a
wide range of approaches [28–38]. Two concepts of vulnerability have been developed
by the IPCC [39,40]. The main objective of the first concept is to calculate and provide
information on the level of vulnerabilities in countries and regions, while in the second
concept, vulnerability is a primary factor in climate risk.

Identifying particularly vulnerable farms provides crucial information for agricultural
and territorial stakeholders to understand and address processes in order to improve agri-
culture’s ability to adapt [41]. The importance of stakeholder engagement and awareness-
raising requires an understanding of how well farmers know the vulnerability of their farms
(or even their broader territory) and the contributing factors [41–46]. Some approaches have
explored these aspects using sociological or economic approaches, particularly focusing on
risk perception [47–49]. As a result, specific frameworks related to adaptation perceptions
have been developed [41,44,50–52], some of which argue that integrating perceptions is nec-
essary due to their significant impact on behavior [43,53,54]. Asrat and Simane (2018) and
Deressa et al. (2009) [42,55] point out that farm adaptation involves two crucial phases: the
first being the perception of risks and the second being the choice to implement adaptation
measures. Indeed, incentives for adaptation are closely linked to how risks (more generally,
vulnerability) are perceived [41,45,53], which are a crucial factor in farmers’ involvement in
adaptation actions [41], to avoid any obstacles that may be caused by a lack of awareness
or, more generally, constraints on innovation [42,46,56].

Farms’ vulnerability levels have a direct impact on adaptation choices, and taking
into account farmers’ perceptions can improve vulnerability assessments by considering
cognitive biases. Recognizing these interactions is an innovative way to enhance public



Land 2025, 14, 1388 3 of 28

decision-making. In this study, we adopted a combined approach that integrates a farm vul-
nerability assessment (using physical, economic, and social indicators) with an evaluation
of how farmers perceive the importance of these various contributing factors. Our contri-
bution is to provide an assessment of territorial vulnerability, exploring and discussing
the two vulnerability definitions provided by IPCC and linking formal calculations to
actors’ perceptions: in the case of the territory of “Pays Haut Languedoc et Vignoble (PHLV)”,
farm vulnerability assessments intervene in a specific territorial context due to the area’s
marked rural character and significant climate challenges. This article aims to assess the
vulnerability of different farms types in that specific territory while taking into account the
farmers’ perception of the vulnerability components.

2. Theoretical Background
2.1. Definition of Vulnerability

Vulnerability is a concept mostly used in literature relating to natural disasters, food
security and poverty [57,58], and several other disciplines. The most widely used definition
originates from the fourth IPCC report [39], which defines vulnerability as “the degree to
which a system is susceptible to, and unable to cope with, adverse effects of CC, including climate
variability and extremes. Vulnerability is a function of the character, magnitude, and rate of CC and
variation to which a system is exposed, of its sensitivity, and of its adaptive capacity”.

There are significant differences and new aspects in the IPCC’s Fifth Assessment
Report (AR5) concept compared to the IPCC’s Fourth Assessment Report (AR4). The
final outcome of both AR4 and AR5 is determined by the combination of all components,
including vulnerability in AR4 and risk in AR5 (Figure 1). In the AR4, vulnerability is
viewed as a function of the exposure, sensitivity, and adaptive capacity. However, in the
AR5, the IPCC has changed its approach to an assessment framework that focuses on
risk, with risk being defined as a result of hazard, exposure, and vulnerability. Due to the
review and separation of exposure in the AR5 report, vulnerability was reconceived as a
function of sensitivity and capacity to cope and adapt. The IPCC AR4 and AR5 concepts
often include identifying components that lead to negative consequences caused by CC
and climate-related extremes on natural or social systems. Both concepts make it clear
that external climate-related causes (in AR4 ‘exposure’ and in AR5 ‘hazard’) and system
attributes are distinct.

Several studies have noted that the revised vulnerability concept (AR5) has received
little attention, while the classic vulnerability concept (AR4) continues to dominate and be
used across vulnerability studies [59–63]. In particular, Estoque et al. [60] have conducted
a systematic review of climate-related vulnerability studies published between January
2017 and December 2020, and they have shown that the revised vulnerability concept
has not been extensively used in climate-related vulnerability studies in most sectors
worldwide, and its effect in the field of climate-related assessment has been minimal. Out
of the 464 research articles reviewed, 43% employed the AR4 vulnerability concept, 24%
employed other vulnerability concepts, and only 3% employed the AR5 vulnerability
concept [60].

The majority of vulnerability studies did not provide an explanation for why a specific
vulnerability concept or model was chosen and implemented [60,64,65]. Many related
studies in the agriculture, ecological, forestry, and fisheries contexts have adopted the
classical vulnerability concept (AR4) [66,67]. They have employed a wide range of methods
based on IPCC-contributing factors exposure, sensitivity, and adaptive capacity to quan-
titatively assess vulnerability at different scales. Similarly, in this research, we have used
the classic vulnerability concept and keep the exposure in mind to contextualize and treat
vulnerability in detail.
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Figure 1. (a,b) Comparison of the components of CC vulnerability (AR4) and climate risk (AR5). The
figure is derived from the research conducted by Das et al. (2020) and Zebisch et al. (2021) [64,65].

2.2. The Components of Vulnerability

In most of the research articles assessing vulnerability, vulnerability to CC is de-
fined as a function of the system’s exposure to CC, its sensitivity, and its adaptive
capacity [29,31,37–40,58,68–71]. Exposure usually depends on external hazards, while
sensitivity and adaptive capacity depend on internal factors [40]. Exposure is defined with
respect to susceptible hazards that can cause damage to people, species or ecosystems,
resources or environmental services, infrastructure or economies, or social or cultural
goods [40]. It is closely linked to climatic parameters. The sensitivity in turn refers to a
system’s intrinsic characteristics, which make it particularly vulnerable, hence referring to
its reactivity to climatic hazards. Sensitivity usually results in a propensity to be affected,
favorably or unfavorably, by a hazard. The more sensitive a system is, the higher the rate of
damage [35,40], knowing that sensitivity can also vary considerably across systems. Finally,
adaptive capacity refers to a system’s capacity to evolve to better manage its exposure
and/or sensitivity to CC. The 2014 IPCC report [40] provides a similar conceptual definition
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of vulnerability as in the 2007 IPCC report, where vulnerability is “The propensity or pre-
disposition to be adversely affected” and “Vulnerability encompasses a variety of concepts
including sensitivity or susceptibility to harm and lack of capacity to cope and adapt”. Still,
the purpose is to inform on climate risk and impacts more than on vulnerability per se, and
the concept of vulnerability shows significant evolution as it is integrating the adaptative
capacity and the sensitivity as its two main components, leaving apart exposure as another
component of climate risk.

In the majority of vulnerability studies, adaptive capacity is always considered as a
set of factors that determines the ability of a system to generate and implement adaptation
measures. It is worth noting that in most of empirical studies [28,29,55,72–74], the authors
have differentiated between the biophysical and socio-economic components of vulnera-
bility to allow for a measurable assessment, often the calculation of a multidimensional
vulnerability index of the vulnerability, rather than exploring the multidimensionality of
both sensitivity and adaptative capacity. They all rely on the identification of the relevant
indicators of the components of vulnerability. The main approaches used also mobilize
spatialization, perceptions of vulnerability components through scoring, or modeling.

Vulnerability components, including exposure, sensitivity, and adaptive capacity, are
often overlooked and inadequately integrated into farm vulnerability assessments. While
many studies focus on exposures such as climate variability or market shocks, they often
neglect how specific farm characteristics (like crop diversity, soil quality, labor availability)
affect sensitivity to these stressors. Similarly, adaptive capacity is often superficially consid-
ered, with little attention paid to social capital, technology, institutional support, or farm
experience, which impact farmers’ ability to adapt. The inability to address the interactions
between the different components of vulnerability is another commonly observed limita-
tion in vulnerability [29,41,55,75]. To address these shortcomings, it is necessary to have a
balanced approach that gives equal attention to all vulnerability components and includes
both quantitative and qualitative data that reflect the lived experiences of farmers.

2.3. Vulnerability Factors

Vulnerability to CC is multidimensional and is determined by a complex interrelation
between multiple biophysical and socio-economic factors [76]. The choice of variables
generally depends on the literature, context, and availability of data [28,29,31,55,72–74].
In practice, the selection of indicators is an iterative process that progressively reduces
a reference list according to the context and data. Several studies provide interesting
classifications of vulnerability factors [30,77,78], of which the United Nations (2004) [78],
for example, distinguish four groups of vulnerability factors including the following:
(i) physical factors that describe the exposure of vulnerable elements, (ii) economic factors
that describe the economic resources of individuals, population groups, and communities,
(iii) social factors that determine the wellness of individuals, population groups, and
communities, such as the education level, security, fundamental human rights, and good
governance, and (iv) environmental factors, which depend on the state of the environment
in a specific region.

The agricultural sector’s vulnerability concepts have been criticized due to their limi-
tations, applicability, usefulness, and political implications [41,52,75,79,80]. The limitations
are specifically linked to the spatial extent of the data, the selection and quantification of
variables, and the incorporation of vulnerability into agricultural policies [37,81–83]. A risk
of redundancy and collinearity can be created by the variety of variables considered. Finally,
as with any multi-criteria approach, the issue of identifying relevant variable thresholds is
always a complicated task. In truth, setting thresholds is a crucial factor in determining
the validity of outcomes [75], and it is important to adjust both the variables and their
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thresholds to the specific challenges and scale of the study [82,84,85]. In order to address
these methodological weaknesses, it is important to use interdisciplinary approaches, par-
ticipatory methods, and more rigorous data integration to guarantee that vulnerability
assessments are both comprehensive and contextually sensitive.

2.4. Approaches and Methods for Assessing Vulnerability

Three main conceptual approaches exist in literature: a socio-economic
approach [30,31,57,68,86,87], which focuses on social, economic, and political aspects,
where vulnerability is studied mainly on the basis of socio-economic variables (educa-
tion, gender, wealth, health status, access to credit, access to information, and technology,
etc.); a biophysical approach [38,74,88–90] that studies physical damage from biophysical
variables. The latter approach relates to how impacts are most often estimated based on
climate predictions or sensitivity indicators. These may practically apply to effects on yields,
for example, which can be analyzed by modeling the relationship between crop yields and
climate variables [29,37,55,76], an approach used by O’Brien et al. [76], for instance to map
agriculture vulnerability. While the limits of the first two approaches stem from the fact
that they focus on only one aspect of vulnerability, another integrated approach emerges
from the integration of both biophysical and socioeconomic variables.

This diversity of methods for assessing vulnerability to CC is also due to the metrics
used, which most often incorporate econometric and multi-criteria approaches based on
indicators [31,55]. Indeed, the econometric method is based on the reconstruction of an
economic model for a given system (as a household, country, region, etc.). It allows for an
assessment of the expected and observed effects of a particular issue (as CC). Several studies,
for example, show how vulnerability may be understood as the probability of a person
becoming poor if he/she is not currently poor versus the probability of a person’s ongoing
poverty if he/she is already poor [91,92]. The multi-criteria approach based on indicators
thus allows for quantification of the vulnerability by selecting certain indicators for which
their combination help to determine the respective vulnerability indices [55,57,76,87,93,94].
Two cases are therefore possible depending on whether or not the various indicators are
weighted, knowing that the choice of weights is a delicate step for which, for example,
Deressa et al. [55] proposes to use the results of a principal component analysis.

A vulnerability assessment is considered a key tool in guiding adaptation needs by
supporting the identification and the selection of specific adaptation strategies [35]. It plays
a fundamental role in adaptive decision-making by identifying the characteristics of the
vulnerable system, establishing priorities, evaluating alternatives decisions, and effectively
implementing a particular adaptation policy or measure.

Various assessment methods are now frequently used to measure the vulnerability
levels of various studied systems. While numerous techniques exist, it is important to
remember that their specificities and assumptions strongly influence the results. Most
approaches aim to identify several classes of vulnerability and to perform comparisons
between systems or regions based on vulnerability levels. However, the quantitative nature
of these assessments can make their configuration difficult and can quickly lead to analytical
complexity. However, these quantitative assessments can make their configuration difficult
and can quickly lead to analytical complexity. An effective assessment thus requires a deep
understanding of the relationships between different explanatory variables (qualitative and
quantitative) and the various components of vulnerability.

This research aligns with such approaches by proposing a detailed and a multi-criteria
farm-scale (within a given territory) vulnerability assessment that combines quantitative
and qualitative dimensions. The objective is not only to evaluate vulnerability levels but
also to propose a methodological framework that incorporates farmers’ risk perception.
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The motivation for combining these two concepts lies in the significant influence that
perceptions exert on farmers’ behavior and on the acceptability of adaptation policies,
particularly in the domain of risk management, where numerous studies have highlighted
this effect [95,96]. Accordingly, the combined vulnerability assessment seeks to uncover
any potential cognitive biases among farmers in their response to risks induced by CC [97].

3. Materials and Methods
3.1. Description of the Study Area

The Pays Haut Languedoc et Vignobles (PHLV) territory is located west of the Hérault
department in south France (Figure 2). PHLV comprises 102 municipalities divided into
4 communes, a total population of 79,000 [98], and a surface area of 1912 km2. It is
characterized by a privileged and diversified natural geographic heritage including rivers,
mountains, and plains. The PHLV territory is highly rural with 63% of the territory occupied
by forests against 34% dedicated for agricultural land. It is also noted that the agricultural
sector accounts for 12% of the total employment, equivalent to four-fold more than the
department average [98]. PHLV’s agricultural sector is characterized by small farm sizes
averaging less than 15 ha in monoculture. Historically, it is wine grapes that constitute the
main cultivated crop with an area of 22,135 ha covered, equal to 53% of Utilized Agricultural
Areas (UAAs). However, the number of farms has greatly decreased by 60% between the
years 1988 and 2010 from 6625 to 2628, coupled with a similarly sharp drop in total UAA
from 53,684 ha to 43,028 ha. This decline therefore generates challenges relating to the
abandonment of agricultural land, as well as to land access for new farmers. This is mainly
embodied through wasteland, which gradually gets overtaken by the forest. In addition,
this territory has a low proportion of irrigated areas due to its difficult topography, which
itself makes it subject to several natural hazards, such as floods, drought, spring frost,
and hail.

CC has caused a 0.5 ◦C increase in temperature in the PHLV territory every 10 years,
and there is a significant annual and interannual variation in rainfall [99]. In this Mediter-
ranean climate, adaptation to CC poses a real challenge for the territory and must be taken
into account in the context of local development.

The PHLV territory’s economy is based on the valorization of natural resource agri-
cultural activity [100,101]. In this region, agriculture is a particularly vital sector, in terms
of food, income, and regional development [102,103]. It is particularly vulnerable to CC,
water stress, and agroecosystem degradation (viticulture, arboriculture, livestock farm-
ing, cereal crops, etc.) and has been exacerbated by CC in this region, which has also
led to an increase in the frequency of extreme climatic events, particularly droughts and
floods [104,105]. The social consequences of CC will be significant, as the population’s
income is highly dependent on agricultural activities and the exploitation of natural re-
sources [1,68,89].

Agriculture’s ability to improve its productivity and ensure sufficient income in an
uncertain climate will depend on its territorial embeddedness and its capacity to adapt.
This research is conducted in a rural region where agriculture is confronted with the issues
of CC. Our research was carried out in close collaboration with local stakeholders who are
faced with significant challenges in adapting agriculture to this type of territory, as they
need accurate and relevant information about the factors contributing to vulnerability and
the link between potential adaptation options and decision-making processes.



Land 2025, 14, 1388 8 of 28

7.5 7.5

Figure 2. Presentation of the study area (PHLV territory) and the locations of farmers surveyed.

3.2. Estimation of Integrated Vulnerability Index and Vulnerability Calculation Methods

Vulnerability is usually understood as a concept that focuses on assessing the impact
of climate events on agricultural production under human intervention. The agricultural
vulnerability index is usually expressed as the positive function of exposure and sensitivity
index but the negative function of the adaptive capacity. The aim is to compare both the
potential impact (exposure and sensitivity) and the adaptive capacity. The vulnerability
index calculation formula does not have a standard form (Table 1), and the majority of
studies did not support its decision. It is possible that this is because the goal of this
integrated index is to identify the factors that contribute to vulnerability.

Table 1. Formulas that can be used to calculate the vulnerability index.

Formula References

V = 1/3 (E + S + 1 − AC) [106]
V = (E − AC) × S [107,108]

V = (E * S)/AC [66,109–112]
V = E + S − AC [67]

Where, V is vulnerability, E is exposure, S is sensitivity, and AC is adaptive capacity.

In this research, we have adopted the classic vulnerability concept (AR4). The Farm
Vulnerability Index (VI) was determined as a functional relationship among exposure (E),
sensitivity (S), and adaptive capacity (AC) indices.

VI = f (E, S, AC) =
E × S

AC
(1)
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where V is vulnerability, E is exposure, S is sensitivity, and AC is adaptive capacity.
Each component’s determining variables were measured using the survey’s results.

To create a standardized scale (0 to 1), quantitative variables were normalized with the
min-max method and qualitative variables were normalized with the categorical scale’s
method. The rating of each variable increases from negative to positive values. Furthermore,
farmers were asked to rate each variable on a scale of 0 to 10, based on their experience and
knowledge and how each variable affects their farm’s vulnerability.

A simple linear model was used to model the interactions between variables in each
vulnerability component, with two options for assessing calculated and declared vulnera-
bility. In the first case, the farm’s vulnerability is determined based on a simple average of
all the variables, which all have the same weight, and each component is calculated based
on the average of the variables. The equation for an X component is as follows:

Xcalculated =
∑n

i=1 yi
n

(2)

with yi representing the calculated value of variable i and n representing the number of
variables.

In contrast, the declared vulnerability involves assigning different weights that vary
according to the scores given by each farmer regarding their importance in their farm’s
vulnerability. In this case, the equation for an X component is as follows:

Xdeclared =
∑n

i=1 nti ∗ yi
∑n

i=1 nti
(3)

with yi representing the calculated value of variable i, n representing the number of
variables, and nti representing the score given to variable i by the farmer.

Incorporating farmers’ perceptions into vulnerability assessments is crucial to under-
stand how climate variability and extreme events are affecting agricultural livelihoods
and the nuanced and localized impacts of CC on agricultural systems. Farmers possess
experimental knowledge and are often the first to notice shifts in rainfall patterns, tem-
perature fluctuations, or changes in pest and disease outbreaks, which directly impact
agricultural production. Incorporating these perceptions into assessments can make them
more informed, context-specific, and responsive to the real risks faced by farmers, making
adaptation strategies more appropriate. This participatory approach can also improve the
relevance and acceptability of proposed adaptation strategies.

Despite the value of farmers’ perceptions in local knowledge, using them in vulner-
ability assessments presents several challenges. One major issue is the subjective nature
and variability of perceptions, which can be influenced by recent experiences, cultural
beliefs, and limited access to scientific information and can result in biased or inconsistent
data. Additionally, the way climate impacts are perceived and reported can be influenced
by differences in education levels, socioeconomic status, and gender, leading to biased or
incomplete assessments. Moreover, there can be a discrepancy between perceptions and
scientific data, which can complicate vulnerability assessments. In some cases, farmers
may attribute climatic changes to non-climatic factors, making it difficult to differentiate
climate-specific vulnerabilities.

In order to overcome these challenges, it is necessary to have a comprehensive and
interdisciplinary approach that combines local insights with scientific data to obtain a
better understanding of vulnerability. Integrating farmers’ perceptions into vulnerability
assessments is a challenge, but they offer valuable insights. However, this approach needs
to be carefully designed to take account of potential biases and ensure the involvement of
diverse farms, particularly those of smallholders, and marginalized groups.
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4. Variable Identification and Data Collection
The elaboration of the approach was carried out by crossing bibliographic references

and available databases for the study area with an exploratory initial survey of a sample
of farmers and stakeholders in the study area. The survey aimed to identify the most
important vulnerability factors and expert perspectives per crop type. On one hand, the
collected data allowed for an identification of the main characteristics of the territory
(demography, employment, agriculture, resources), the potential of agriculture in territorial
development, the variation in climatic parameters, and the corresponding impact on
agriculture (variation in rainfall, variation in temperature, severe weather events, damage,
etc.). On the other hand, the data also helped adapt the study methodology and the
validation of farm vulnerability variables.

To complete the vulnerability assessment, several data sources were consulted, in-
cluding large-scale secondary and generic data, as well as specific farm-level data. The
initial step was to conduct preliminary surveys with key stakeholders in multiple mu-
nicipalities within the PHLV territory. Afterward, experts were interviewed to obtain
their opinions on our methodological approach and confirm certain choices. In the end, a
detailed questionnaire was completed by 90 farmers.

4.1. Scoping Interviews with Local Stakeholders

This step, which was carried out over a period of 2 months within the PHLV’s mixed
syndicate (a public institution that functions as a development agency for the territory of
PHLV), focused primarily on collecting available data for the study area (statistics, maps,
reports) and on interviews with resource stakeholders in the PHLV territory (local elected
representatives, development officers, park managers, etc.). The main objectives of this
initial data collection were to

• Understand the main characteristics of the area (demographics, employment, agricul-
ture, resources) and identify the main challenges and development opportunities;

• Know how the territory is affected by CC and to understand how this climatic variation
has impacted the agricultural sector;

• Study the role of agriculture in territorial development;
• Understand the priorities of different stakeholders regarding CC adaptation, depend-

ing on their professions and level of involvement in local development;
• Know how the climatic issues are integrated in the design of the territory’s develop-

ment strategies and actions, and to know the territory’s future outlook for adaptation;
• To investigate if local public policies aim to support the agricultural sector in ter-

ritorial development by reducing its vulnerability and creating new opportunities
for adaptation.

To address these different points, we have developed an interview guide outlining
the key topics to be covered during our exchanges. Some questions were explored in
more detail, depending on the function of the respondent. Following these interviews, the
research question was clarified. To develop the vulnerability assessment methodology, it
was necessary to consult experts.

4.2. Expert Consultations

During this phase, semi-directive interviews were conducted with experts specializing
in the crops present in the study area. These interviews were structured around several
themes: approaches to evaluating vulnerability in agriculture; key vulnerability factors for
agriculture and main adaptation strategies in the study area; the relevance and feasibility
of our methodological framework and the selected variables for evaluation. It is crucial
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because it leads to the selection and validation of variables that form the basis of the
vulnerability assessment protocol, which is a key part of the methodology.

4.3. Farmer Questionnaire

The interviews conducted with local stakeholders and experts helped to appropriately
design the survey conducted with farmers and establish a representative sample of the
farms. Designed as a questionnaire, this survey aimed to collect specific data on the
vulnerability factors of agricultural operations and the farmers’ adaptation preferences.
These surveys were conducted face-to-face with 90 farmers representing the production
systems of the territory. The farmers were randomly selected and differentiated according
to the orientation of their production and their location, either plain or mountain.

The questionnaire was organized into several modules, covering general characteristics
of the farmers (age, education level, experience, etc.) and the farms (cultivated area, soil
type, etc.), farming practices (soil preparation, weeding, irrigation, etc.), perceptions of
CC, and farmers’ views on the importance of vulnerability factors. The survey took
approximately two hours.

A sampling plan (Table 2) for the farm vulnerability survey was next formulated based
on the above elements. A total of 90 farmers were surveyed after being randomly selected
from the different strata defined in the area (mountain, plain) and crop types.

Table 2. Sampling plan of surveyed farms per crop type and geography.

Geography

Main Farmed
Crop

Wine Farms Fruit Tree Farms Field Crop Farms Vegetable Farms Mixed-Crop Farms Total

No. % No. % No. % No. % No. % No. %

Mountain 27 54% 4 45% 2 22% 6 60% 5 42% 44 49%
Plain 23 46% 5 55% 7 78% 4 40% 7 58% 46 51%
Total 50 100% 9 100% 9 100% 10 100% 12 100% 90 100%

Variables (Table 3) were identified following an integrated approach combining socio-
economic variables (age, training, crop insurance, etc.) and biophysical variables (soil type,
tillage, irrigation, etc.). Selected variables were validated according to literature, expert
opinions, and available data of the study area (diagnosis, preliminary interviews). Two
types of variables were identified, those which are simple and directly measured (as age,
experience, etc.) and composite variables, which are measured from the average of other
sub-variables. The latter includes variables as the soil management of perennial crops, for
example, which is estimated by soil cover, tillage, and amendment. Additionally, certain
variables differed according to their scale of measurement whereby some are measured
at the farm scale while others are measured at the crop scale mainly for sensitivity and
technical adaptive capacity. Measurements at the crop scale would then be extrapolated to
the farm scale according to the proportion of each culture in the whole farm UAA. Table 3
presents the variables retained for each component of vulnerability.

4.4. Farm Exposure to CC

Historical studies and climatic variables in the area were used to identify climactic
hazards with local stakeholders, leading to the identification of four hazards: drought,
flood, hail, and spring frost. They were calculated based on the average annual number of
climatic events from 2009–2018.
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Table 3. The main vulnerability variables retained for each vulnerability component with references.

Variables References

Exposure

Number of average annual climatic events (flood, spring
frost, hail, and drought) over the period 2009–2018 [31,55]

Sensitivity

Soil type [37,38,113]

Trees age (for perennial crops) (Agricultural cooperative technicians)

Plot orientation (for perennial crops) (Agricultural cooperative technicians)

Crop diversification [37,41,114]

Varietal diversification (varieties, rootstocks) [37,41,114]

Adaptive capacity linked to human capital

Training [37,115]

Agricultural experience [37]

Age of farmer [116,117]

Agricultural Network [29,33]

Adaptive capacity linked to economic capital

Product marketing [118,119]

Off-farm income [120–122]

Legal status (Chambre d’agriculture)

Land status [123]

Crop insurance [49,119,124]

Adaptive capacity linked to technical capital

Soil management [125,126]

Irrigation [119,127]

Plant management [114,128]

Agro-ecological infrastructure [129]

Droughts and floods were quantified from the annual number of natural disasters decrees
acquired from the CCR database [130], while hail and frost episodes were quantified from
climatological and hydrological records acquired from the Departmental Council of Hérault
database [131]. Due to the lack of historical data on the farm scale, the study assumed that the
farms were under the same climatic conditions as the PHLV territory scale.

Exposure is determined by the principle that farms are more likely to be exposed to a
hazard if it has a higher average annual event between 2009 and 2018, leading to a high
level of exposure.

4.5. Farm Sensitivity to CC
Sensitivity refers to constraints within farms that are linked to climatic variations.

In general, it refers to variables that change little over time, like the soil type. Here,
sensitivity was assessed at the crop scale using biophysical variables specific to each crop
type. According to the production cycle, for perennial crops, it is evaluated based on the
soil type, plot orientation, tree’s age, varietal diversity, and crop diversity. For annual crops,
it is only evaluated according to the soil type, varietal diversity, and crop diversity.

The farm-level sensitivity was then determined based on the amount of each crop in
the total UAA.



Land 2025, 14, 1388 13 of 28

4.6. Farm Adaptive Capacity to CC

To be clear, adaptive capacity is the term used to describe how a system can evolve to
manage its exposure and/or sensitivity to CC [41,132]. Most vulnerability studies refer to
adaptive capacity as a set of factors that impact a system’s ability to design and implement
adaptation measures.

Therefore, farm adaptive capacity is usually measured in terms of resource availability,
which was defined in the study as the set of livelihood factors that each farmer has to
cope with for CC [133,134]. Three types of capital (human, technical, and economic) were
distinguished and measured. Human and economic capitals were measured at the farm
scale, and technical capital was measured at the crop scale. The overall adaptive capacity
was therefore determined from the average of the adaptive capacities of different capitals.

4.6.1. Adaptive Capacity Linked to Human Capital

Human capital is made up of knowledge (training, experience, etc.), skills, and health
status (age) characterizing individuals [135,136]. On the basis of this definition, three
variables were selected for the study: farmer training level, age, and agricultural experience.
The agricultural network variable was selected for social capital, which is usually the most
difficult to measure [136].

4.6.2. Adaptive Capacity Linked to Economic Capital

Always, economic capital refers to all the economic resources of a company. The
adaptive capacity linked to economic capital was defined as a set of resources, strategies,
and decisions used to guarantee and improve a farm’s income. Five variables were thus
defined: product marketing, off-farm income, legal status, land status, and crop insurance.

4.6.3. Adaptive Capacity Linked to Technical Capital

Technical capital is defined as the set of farming practices and facilities (tillage, irriga-
tion, etc.) that allow for the managing of crops. Irrigation, agro-ecological infrastructure,
soil management, and plant management were chosen as variables to assess this capital.

5. Data Analysis and Characterization of the Different Farm
Vulnerability Groups

After identifying the indicators for each component, we have analyzed the data
through descriptive and inferential statistics. The farm’s exposure to current climate
variability and extreme events, as well as its sensitivity, capacity to adapt to climate
variability, and vulnerability, were measured by calculating minimum, median, mean,
and maximum values. In addition, comparisons between indicators and groups were
performed. Three farm vulnerability groups (low, medium, and high) were created with a
minimal variance in each category.

The Discriminant Analysis (DA) method was then conducted using the statistical
software SAS (9.4 version) to study the relationships between the groups and a set of
explanatory variables (vulnerability assessment variables and others). The aim of this
method is to study the difference between groups taking into account multiple variables
simultaneously. The DA minimizes the number of important indicators and highlights
the most relevant elements among a large number of associated sub-components within a
collection of uncorrelated variables.

6. Results
This research made it possible to establish a framework for assessing the agricultural

vulnerability to CC and to validate it through a survey of a representative sample reflecting
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the diversity of farms in the PHLV territory. By creating a synthetic vulnerability index
using discriminant analysis, it was possible to identify the main factors of vulnerability
and determine three categories of increasing vulnerability (low, medium, and high). This
is a multi-criteria approach that aims to develop relevant adaptation measures but more
generally should help to inform territorial projects in the sense that adaptation to CC
and sustainable development are increasingly interrelated. The results show that this
assessment framework is operational and can be applied to different systems and contexts.

6.1. The Importance of Vulnerability Variables According to Farmers’ Declarations

The importance of different vulnerability variables can be assessed through farmers’
declarations, depending on their experience and knowledge. Table 4 shows the scores
allocated for the different vulnerability variables by the interviewed farmers. For each
variable, this score is equal to the sum of the ratings assigned divided by the maximum
ratings possible. According to the variables and for all farms, this indicator varies from
a minimum of 0.147 for floods to a maximum of 0.844 for product marketing. Drought
is ranked as the most significant climatic issue for the exposure component with a score
of 0.749. The next two events are hail and spring frost, which each score 0.394 and 0.299,
respectively. However, flooding is the lowest overall score (0.147) despite having a 34%
frequency for climatic events [131]. By incorporating farmers’ declarations, we can assess
the distinct impact on the production of different hazards, not just their recurrence. Farmers
point out that drought is the most vulnerable event because it affects the whole farm and it
can last for days, while other hazards can be more specific and/or limited (like hail that
can impact only one plot).

Table 4. Scores of different vulnerability variables according to farmers’ declarations and depending
on vulnerability components and farm types.

Component Variables Wine
Farms

Fruit Tree
Farms

Field Crop
Farms

Vegetable
Farms

Mixed-Crop
Farms

All
Farms

Exposure

Drought 0.766 0.733 0.778 0.690 0.717 0.749

Floods 0.134 0.211 0.189 0.190 0.083 0.147

Spring frost 0.300 0.289 0.311 0.370 0.233 0.299

Hail 0.412 0.433 0.322 0.380 0.358 0.394

Sensitivity

Soil type 0.782 0.777 0.755 0.73 0.72 0.758

Trees age of perennial crops 0.708 0.766 --- --- 0.646 0.704

Plots orientation 0.562 0.267 --- --- 0.277 0.423

Crop diversification 0.416 0.689 0.644 0.890 0.733 0.561

Varietal diversification 0.758 0.8 0.733 0.940 0.744 0.765

Adaptive
capacity

Human

Training 0.546 0.544 0.422 0.450 0.408 0.504

Agricultural experience 0.844 0.867 0.778 0.870 0.808 0.838

Age of the farmer 0.482 0.322 0.389 0.470 0.400 0.444

Agricultural network 0.720 0.722 0.622 0.740 0.650 0.703

Economic

product marketing 0.846 0.867 0.778 0.890 0.833 0.844

Off-farm income 0.688 0.733 0.822 0.770 0.542 0.696

Legal status 0.302 0.211 0.244 0.260 0.292 0.281

Land status 0.606 0.700 0.200 0.550 0.583 0.566

Crop insurance 0.342 0.233 0.133 0.280 0.117 0.273

Technical

Soil management 0.796 0.810 0.730 0.900 0.740 0.790

Irrigation 0.542 0.720 0.166 0.880 0.616 0.575

Plant management 0.738 0.744 0.700 0.770 0.748 0.740

Agro-ecological infrastructure 0.412 0.400 0.333 0.510 0.308 0.388
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The varietal diversification variable has been identified as the most important variable
(average score of 0.765) for all farms in terms of sensitivity. The results of other sensitivity
variables vary depending on the farm type, with the importance of crop diversification
scoring high in vegetable farms (0.890) and low in wine farms (0.416).

For AC related to human capital, scores are very homogeneous across all farms. The
training and age variables have average indices of 0.504 and 0.444, respectively, while those
relating to agricultural experience and the agricultural network reach higher values of
0.838 and 0.707, respectively. AC related to economic capital is closely linked to product
marketing (0.844), off-farm income (0.696), and land status (0.566), while the scores for
legal status and insurance are very low (0.281 and 0.271, respectively). Finally, for the
technical dimension, the scores for soil management (0.790), plant management (0.740),
and agro-ecological infrastructures (0.1388) are all extremely homogenous across all crops.
However, the role of irrigation in the farm vulnerability varies according to the farm type,
as low for field crop farms (0.166), medium for wine and mixed-crop farms (0.542 and 0.616
respectively), and high for fruit tree farms (0.720) and vegetable farms (0.880).

6.2. Assessment of Calculated and Declared Farm Vulnerability

The farms’ calculated vulnerability varies globally between 0.167 and 1.232, with an
average of 0.636, while the declared vulnerability varies between 0.178 and 1.275, with an
average of 0.601 (Table 5). This difference reflects an underestimation of sensitivity and
an overestimation of adaptive capacity by farmers. For declared vulnerability (similarly
to the calculated vulnerability), it is the wine farms that have the highest vulnerability
level (0.712), ahead of field crop farms (0.646), followed by fruit tree farms (0.487), mixed-
crop farms (0.474), and finally vegetable farms with the lowest recorded vulnerability
(0.263). The calculated exposure showed no differences due to its calculation at the
territory scale, while declared exposure varies from 0.511 to 0.778, with an average of
0.628. Moreover, farms that cultivate annual crops are less sensitive than those cultivating
perennial crops regardless of the calculation method. This difference is explained by the
fact that it is very difficult to modify the sensitivity variables of perennial crops, which
involve a heavy investment in resources and time. It is the vegetable farms that are the
least sensitive with an average declared sensitivity of 0.223. This can be explained by
important crop and variety diversification, as well as due to their size characteristics,
being small areas benefiting good soil quality and being less sensitive. While field crops,
mixed-crop, and fruit tree farms have a medium sensitivity level, it is the wine farms that
have the highest sensitivity levels (0.558), mainly due to low diversification and having
poor and dry soils (schist and sandstone). Finally, results show that fruit tree farms have
the highest recorded level of adaptive capacity (0.555), followed by mixed-crop farms
(0.529) and wine and vegetable farms (0.504), whereas field crop farms reflect the lowest
adaptive capacity (0.407).

6.3. Creation of a Farm Typology Based on the Vulnerability Index

Based on the declared vulnerability index and minimizing the within-class variance,
three vulnerability classes can be defined: low (average declared vulnerability = 0.332),
with 24% of farms, medium (average declared vulnerability = 0.612), with 57% of farms,
and high (average declared vulnerability = 0.919), with 19% of farms (Figure 3).



Land 2025, 14, 1388 16 of 28

Table 5. Index (declared and calculated) of vulnerability and its various components on different
farms type.

Wine
Farms

Fruit Tree
Farms

Field Crops
Farms

Vegetable
Farms

Mixed-Crop
Farms

All
Farms

Calculated
assessment

Exposure 0.580 0.580 0.580 0.580 0.580 0.580

Sensitivity 0.588 0.457 0.445 0.231 0.441 0.501

Human AC 0.506 0.448 0.397 0.472 0.495 0.484

Economic AC 0.490 0.468 0.346 0.365 0.460 0.456

Technical AC 0.425 0.650 0.331 0.601 0.545 0.473

Global AC 0.474 0.522 0.358 0.479 0.500 0.471

Vulnerability

Average 0.742 0.506 0.730 0.281 0.518 0.636

Maximum 1.232 0.621 0.866 0.489 0.763 1.232

Minimum 0.416 0.347 0.493 0.167 0.294 0.167

Declared
assessment

Exposure 0.629 0.629 0.637 0.607 0.634 0.628

Sensitivity 0.558 0.429 0.403 0.223 0.394 0.470

Human AC 0.519 0.451 0.403 0.463 0.489 0.490

Economic AC 0.541 0.558 0.444 0.433 0.538 0.521

Technical AC 0.451 0.656 0.376 0.619 0.561 0.498

Global AC 0.504 0.555 0.407 0.505 0.529 0.503

Vulnerability

Average 0.712 0.487 0.646 0.263 0.474 0.601

Maximum 1.275 0.596 0.848 0.425 0.736 1.275

Minimum 0.386 0.392 0.402 0.178 0.319 0.178
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Figure 3. Different farm types based on their vulnerability level to CC.

The analysis (Appendix A) identifies 16 significant discriminating variables out of a
total of 31 variables tested with a margin of error of less than 5%. Table 6 shows a compari-
son between the different classes in relation to all significant discriminating variables. We
note that the whole set of sensitivity variables are significant, with a rather low sensitivity
level for class 1 (0.318), medium for class 2 (0.524), and high for class 3 (0.670). However,
only three variables of adaptive capacity are significant (legal status, irrigation, and soil
management). Overall, they are high for class 1, medium for class 2, and low for class
3. The other variables allow for a better characterization of the different classes. Class
1 is overall constituted by vegetable and mixed-crop farms (80% of farms), whereas the
other classes are characterized by the dominance of wine farms, especially in class 3 (94%
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of farms). Most plain farms are moderately vulnerable with significant UAA (class 2),
while mountain farms are characterized by a small UAA. The latter may be either slightly
vulnerable (class 1) or very vulnerable (class 3). Thus, it is noted that the geographical
location and farm size have distinct effects on vulnerability. Finally, it is noted that the
least vulnerable farms have recorded active changes over the last 10 years, with adaptation
measures implemented by the majority of farms in class 1 “low vulnerability” (96%, against
57% for class 2 and 24% for class 3). Similarly, the majority of farms in class 1 have actively
changed their crops in the last 10 years by either introducing new crops or abandoning
others coupled with an increase in labor needs. The latter factors are, however, stable for
most farms in the other classes, especially those in class 3. This is why class 1 demonstrated
a positive dynamic adaptation to CC based on crop changes and improved crop practices
(increased labor needs).

Table 6. Characteristics of different farm classes and major factors of heterogeneous farm vulnerability.

Variables Class 1 Class 2 Class3

Average declared vulnerability 0.333 0.612 0.919

Number of farms 22 51 17

Percentage 24% 57% 19%

Vulnerability variables

S (soil type) 0.350 0.428 0.670

S (varietal diversification) 0.291 0.473 0.583

S (crop diversification) 0.256 0.693 0.810

S (trees age of perennial crops) 0.229 0.425 0.486

S (plot orientation) 0.241 0.466 0.742

AC (legal status) 0.331 0.380 0.165

AC (irrigation) 0.646 0.344 0.191

AC (soil management) 0.594 0.435 0.398

Other variables

Overall vulnerability score
assigned by farmers 0.527 0.631 0.688

UAA 13 30 17

Farm types 80% of vegetable and mixed-crop
farms 61% wine farms 94% wine farms

Geographical location 60% of farms in the mountain 65% of farms in the plain 77% of farms in the mountain

Current adaptation measures 96% of farmers have taken
adaptation measures

57% of farmers have taken
adaptation measures

24% of farmers have taken
adaptation measures

Labor need The labor need has increased for
73% of farms

The labor need has increased for
37% of farms

The labor need has increased for
24% of farms

Crops introduced during the last
10 years

68% of farms have introduced
new crops

24% of farms have introduced
new crops

24% of farms have introduced
new crops

Crops abandoned during the last
10 years

59% of farms have
abandoned crops

16% of farms have
abandoned crops

12% of farms have
abandoned crops

Adaptation policies should be
favored by public policies

77% of farmers have chosen
policies that promote crop

diversification

69% of farmers have chosen
policies that promote varietal
diversification and irrigation

82% of farmers have chosen
policies that promote varietal

diversification

7. Discussion and Policy Implication
Our study was aimed at assessing farm vulnerability in a specific territory and identi-

fying different farm types [67,106,107,110]. Most vulnerability assessment studies, like this
one, involve the development of synthetic vulnerability indicators [37,41,55,72,137,138].
They usually rely on a selection of the most relevant variables that reflect the factors in-
volved in sensitivity, exposure, and adaptive capacity; using the principal component
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analysis method, expert scoring and then hierarchical classification, they determine the
weight of each variable and finally calculate the level of vulnerability [37,55,138]. Their
operational scales range from farm household [37], to village [139] and region [55]. Our
study calculates the level of vulnerability of the farm households surveyed, as well as
that of each production system in a specific territory. In the end, and compared to most
available studies, vulnerability appears to always be contextual to the area studied, making
it difficult to draw comparisons between areas. The choice of indicators must be sufficiently
comprehensive to allow for replication from one area to another and sufficiently sensitive
to the different and contextual impacts on harvests and production. Thus, from one study
to another, some indicators are absent or weighted differently, while others remain present
such as yields in particular.

Our second intention was to compare between a calculated vulnerability level (ob-
jective) and a declared one (subjective), in line with work showing the importance of risk
perception for the acceptability of adaptation policies [95]. Thus, this joint assessment of
measured and perceived vulnerability aimed to identify farmers’ possible cognitive biases
in the face of the risks generated by CC [97]. It is worth noting that most studies rely
on either an assessment based on indicators [37,55] or on the perceptions of stakeholders
both to enrich and adapt vulnerability component indicators and to qualitatively assess
them [41].

From our results, on the one hand, there is a fairly small difference between the
average indices derived from the two approaches to vulnerability, and on the other, there is
a correspondence between the classes of measured and perceived vulnerability. There is
therefore a good match between vulnerability measurements based on farm characteristics
and practices and those that incorporate farmers’ perceptions. This finding is remarkable,
compared to the frequent discrepancies commonly observed [95], which generally lead to
an underestimation of vulnerability by the most exposed populations and which stem from
the existence of a bias described as optimism by risk psychologists [96,140]. This small gap
reflects a good local knowledge of the situation in the area and the limits and constraints
associated with the choice of technical itineraries. It argues in favor of taking farmers’ local
knowledge into account, as recommended by a growing body of work linked to the need
to both contextualize and facilitate the acceptability of implemented measures [53,141,142].

A more detailed analysis of the differences between the two assessment methods
according to the components of vulnerability shows that, for all farmers regardless of the
crop type, they tend to overestimate their ability to adapt and underestimate their sensitivity.
Although the differences are not significant, the result is that perceived vulnerability is
systematically lower than measured vulnerability. The variables for which perceptions
diverged the most mainly concerned farmers’ legal status, insurance, and age, in the case
of adaptive capacity, and sunshine and crop diversification, in the case of sensitivity. By
carrying out these two types of assessment, we can identify the themes that are over- or
under-valued by farmers and thus identify the training and awareness-raising needs that
need to be put in place to support regional policies in favor of agricultural adaptation.

The last originality of our approach is to detail the components of adaptive capacity
according to the different types of capital characterizing farms, in line with the theory of
multiple capitals showing the multi-dimensionality of development factors [136]. However,
this type of assessment, which identifies the weight of each type of capital based on
farm vulnerability, does not address the issue of interactions between capitals, which is
a limitation. Indeed, it is also through the interactions between different types of capital
that the overall characteristics of a farm’s capital are defined, as well as its potential for
development and, consequently, adaptation [143]. Finally, we have not considered the
specificity of social capital, which has been integrated with human capital, as is often the
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case, following the example of the World Bank in its assessment of the wealth of nations
and their components, which in fact includes all intangible capital [144,145]. Nevertheless,
inclusion in networks and more generally the influence of social capital is a determining
factor in the appropriation of adaptation principles, knowledge of the behaviors of loved
ones within the profession, and the changes in representation that are necessary to adopt a
logic of resilience in line with transformational adaptation frames of reference [4,146,147].

The vulnerability analysis by farm type and the classification of the sample into three
vulnerability classes highlight the strong distributional impacts of CC. As vulnerability
is unequally distributed and generally greater for disadvantaged farms, these aspects
need to be taken into account when designing adaptation policies and interventions. The
social consequences for the different vulnerability groups should be taken into account
during adaptation planning in order to produce more equitable interventions or to identify
specific measures targeting the most disadvantaged farms [148,149]. For example, the
World Bank has used risk and vulnerability indices to justify development aid priorities in
certain countries [150]. Nevertheless, very few adaptation studies examine and consider
distributional impacts in the design of adaptation policies at the territorial level [148,149],
despite the existence of such work at the international level between developed and
developing countries. According to Watkiss and Cimato (2016) [148], this issue has been
acknowledged but has not been integrated into adaptation plans. In the PHLV region,
considerations related to distribution could be integrated through the use of “distributive
weightings” [148] based on vulnerability classes or farming systems, so that the most
vulnerable systems or farms receive greater attention in policy design. This approach helps
improve social utility [148], particularly for highly vulnerable farms, and supports the
development of more inclusive policies.

8. Conclusions
The main objectives of this research were to assess the current state of knowledge

regarding farm vulnerability, to identify key issues that need further study, and to raise
awareness among farmers, local stakeholders, and policymakers about the challenges of
adaptation and new ways of designing adaptation policies. On an operational level, the
aim of this research is to design a decision-support tool for agricultural chambers and
local policymakers, enabling them to assess the farm vulnerability to CC and to anticipate
the adaptation measures to be implemented. It provides a means of identifying the most
vulnerable agricultural areas and systems, an essential step for estimating financial support
needs and for defining and calibrating adaptation measures. The results enable strategic
thinking at the territorial level, allowing for precise targeting of the area and farm type
to be supported as a priority. Finally, the analytical framework developed and validated
for this region was designed to be easily transferable to other agricultural systems and
rural territories.

As observed, the territory is particularly exposed to drought. The sensitivity of farms
is mainly linked to relatively poor soils and low levels of varietal and crop diversification.
The high vulnerability of farms can be linked to limited resources, according to existing
literature regarding AC, and practically, the weakness of human capital is primarily due
to an underdeveloped agricultural network and a low level of training. The agricultural
network’s significance as a factor of vulnerability is particularly significant for farmers
in the sample. A low level of economic capital is also associated with the dominance of
individual legal status, the lack of off-farm income, and the absence of crop insurance.
Finally, poor soil management and limited irrigation use are directly related to the low
level of technical capital.
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The analysis of vulnerability levels reveals differences across farm types. According
to both assessment methods (declared and calculated vulnerability), wine farms and field
crop farms are the most vulnerable, followed by fruit tree farms and mixed-crop farms.
Due to their low sensitivity, vegetable farms have the lowest vulnerability scores, while
vineyards have the highest. The highest adaptive capacity is found in fruit tree farms and
mixed-crop farms, while field crop farms show the lowest adaptive capacity.

The farm-level assessment results align with the broader territorial diagnosis con-
ducted through the stakeholder survey on recent agricultural changes in the area. In this
territory, the number of farms dropped from 4325 to 2583 between 2000 and 2010. Only
vegetable farms saw an increase during that same period. Given that CC is a major issue
in this region, this decline could intensify in the coming decades due to its impacts. Wine
farms and field crop farms are the most vulnerable to CC, as they are generally established
on poor soils and have limited access to irrigation. These findings are consistent with the
high vulnerability observed for wine farms and field crop farms. Our results for the PHLV,
also confirm the perspectives of local stakeholders, who linked vineyard vulnerability to
delays in varietal changes, limited water resources for irrigation-based solutions, and soil
management practices.

The farm typology also shows that the least vulnerable farms have actively imple-
mented adaptation measures such as irrigation, diversification, sustainable land manage-
ment, etc. Since the study results have validated the vulnerability assessment framework, it
is therefore possible to apply the approach to other types of agricultural systems operating
under different contexts. Conversely, this typology shows that the most vulnerable farms
have not taken any adaptation measures. In the case of the territory studied, we note
that it is rather the farms located in the more difficult mountain areas, which are already
involved in a logic and a process of adaptation to CC. However, while these practices are
positive in the sense that they help to legitimize changes in favor of adaptation, it should
be stressed that in the cases observed, these changes have resulted in an increase in pro-
duction costs, notably in labor requirements, which is a major constraint for implementing
adaptation policies.
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Appendix A. Discriminant Analysis Output (SAS)
The DISCRIM Procedure

Total Sample Size 90 DF Total 89

Variables 31 DF Within Classes 87

Classes 3 DF Between Classes 2

Number of Observations Read 90

Number of Observations Used 90
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Average R-Square

Unweighted 0.1329693

Weighted by Variance 0.0794961

Univariate Test Statistics

F Statistics, Num DF = 2, Den DF = 87

Variable
Total Standard
Deviation

Pooled Standard
Deviation

Between Standard
Deviation

R-Square R-Square/(1-RSq) F Value Pr > F

Overall vulnerability
score assigned by farmers

1.6507 1.5724 0.6757 0.1130 0.1273 5.54 0.0054

Farm income 0.9969 0.9877 0.2446 0.0406 0.0423 1.84 0.1650

Farm Type 1.4491 1.1667 1.0683 0.3664 0.5782 25.15 <0.0001

Geographical location 0.5027 0.4798 0.2027 0.1096 0.1231 5.35 0.0064

S (soil type) 0.2147 0.1869 0.1331 0.2591 0.3498 15.22 <0.0001

S (varietal diversification) 0.2991 0.2190 0.2514 0.4762 0.9092 39.55 <0.0001

S (crop diversification) 0.1828 0.1551 0.1211 0.2960 0.4204 18.29 <0.0001

S (trees age of
perennial crops)

0.2302 0.2124 0.1150 0.1681 0.2020 8.79 0.0003

S (plots orientation) 0.3331 0.2929 0.2004 0.2440 0.3227 14.04 <0.0001

AC(age of the farmer) 0.2319 0.2283 0.0644 0.0521 0.0549 2.39 0.0977

AC (training) 0.1703 0.1713 0.0212 0.0105 0.0106 0.46 0.6320

AC (agricultural
experience)

0.2160 0.2158 0.0411 0.0244 0.0250 1.09 0.3415

AC (agricultural
network)

0.1294 0.1306 0.009715 0.0038 0.0038 0.17 0.8474

CA (legal status) 0.2551 0.2446 0.0990 0.1016 0.1130 4.92 0.0095

CA (land status) 0.2596 0.2602 0.0432 0.0186 0.0190 0.83 0.4411

AC (product marketing) 0.1707 0.1703 0.0336 0.0261 0.0269 1.17 0.3158

CA (crop insurance) 0.2525 0.2524 0.0473 0.0236 0.0242 1.05 0.3532

AC (off-farm income) 0.1574 0.1570 0.0323 0.0283 0.0291 1.27 0.2868

CA (soil management) 0.1486 0.1304 0.0901 0.2476 0.3291 14.32 <0.0001

CA (plant management) 0.1613 0.1616 0.0277 0.0198 0.0202 0.88 0.4188

CA (irrigation) 0.2768 0.2298 0.1926 0.3262 0.4841 21.06 <0.0001

CA (agro-ecological
infrastructure)

0.2504 0.2464 0.0705 0.0534 0.0564 2.45 0.0919

UAA 27.5160 26.7199 9.3727 0.0782 0.0849 3.69 0.0289

Variation in farm size 0.6516 0.6534 0.1039 0.0171 0.0174 0.76 0.4712

Labor type 0.5156 0.5128 0.1142 0.0331 0.0342 1.49 0.2316

Labor need 0.4983 0.4715 0.2143 0.1247 0.1425 6.20 0.0030

Current adaptation
measures

0.4926 0.4358 0.2909 0.2350 0.3073 13.37 <0.0001

Future land project 0.4788 0.4820 0.0557 0.0091 0.0092 0.40 0.6712

Crops introduced during
the last 10 years

0.4814 0.4482 0.2289 0.1524 0.1799 7.82 0.0008

Crops abandoned during
the last 10 years

0.4447 0.4082 0.2275 0.1764 0.2142 9.32 0.0002

Adaptation policies
should be favored by
public policies

0.9738 0.8318 0.6352 0.2869 0.4023 17.50 <0.0001
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Multivariate Statistics and F Approximations

S = 2 M = 14 N = 27.5

Statistic Value F Value DDL Num. DDL Res. Pr > F

Wilks’ Lambda 0.09591817 4.10 62 114 <0.0001

Pillai’s Trace 1.27983296 3.32 62 116 <0.0001

Hotelling–Lawley Trace 5.50813992 4.98 62 102.22 <0.0001

Roy’s Greatest Root 4.66913860 8.74 31 58 <0.0001

NOTE: F statistic for Roy’s Greatest Root is an upper bound

NOTE: F statistic for Wilks’ Lambda is exact.
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