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Abstract: Diversity has been extensively studied in ecological systems and its relationship with
resilience has been well recognized. In social and ecological systems, in fact,
diversity is considered key to determining resilience where resilience is defined as
system’s capacity to learn and adapt in the face of internal or external perturbations.
However, although human and ecological systems are dynamic, interacting and
interdependent, little attention has been given to social systems diversity and its
implications. The interest in diversity and resilience of social-ecological systems is
increasingly growing, particularly in the rural contexts, due to its possible effects on
social and economic development and livelihoods. In this paper we define
an analytical tool, the Rural Diversity Index (RDI), to assess the role of natural,
economic and social diversity in determining alternative rural socio-ecological
developmental patterns. The application of the RDI in pilot areas of Southern Italy
showed that, in specific socio-ecological systems, higher natural-socio-economic
diversity leads to higher degree of rural development, as measured through standard
socio-economic indicators.
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1. Introduction

The concept of diversity has gained early attention in the field of ecology as related to
the effects of biodiversity on ecosystems stability. The basic principle is that diversity, i.e. more
types of species/elements in an ecosystem, makes ecosystems less vulnerable to
environmental shocks and external threats (Kempener et al., 2009). Diversity enhances
the stability and resilience of eco-systems because a small number of different elements is
more vulnerable to disturbances and destructive oscillations than larger numbers (McCann,
2000). This fundamental principle remained largely unchallenged until the early 1970’s when
few authors began to argue that not all forms of diversity are positively associated with
ecosystem resilience (McCann, 2000). It was later reported that more than the sheer number of
species within an ecosystem, stability was largely affected by the interactions between
the species and the number of functional groups (McCann, 2007).
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Inspired by ecologists, the concept of diversity was subsequently adopted in a variety of fields to
test whether greater diversity brings greater stability in other “systems”, including social-,
economic-, agro-systems and institutional settings (Kempener et al., 2009). Considering that
any eco-system is very much intertwined with and dependent on the economic and social
components of its local area, diversity began to be studied in the broader context of whole
social-ecological systems (SES). It is now generally accepted that diversity in all its forms,
including biodiversity, economic diversity (Wagner, 2002; Wagner and Deller, 1998) cultural
diversity and social diversity, as well as institutional diversity (Ostrom, 2005) is a key
requirement for long term sustainable functioning and adaptability of ecological and socio-
economic systems (Folke et al., 2002; Walker et al. 2006; Chavas and Di Falco, 2012; Chapin
et al., 2009; Naeem et al., 2009).

Diversity can improve resilience in response to a variety of perturbations ranging from climate
changes to economic crises. Many studies have been undertaken to address the relationship
between diversity and ecosystem resilience, showing that biological diversity appears to
enhance the resilience of desirable ecosystem states (Chapin et al., 1997; EImqvist et al., 2003;
Ives and Carpenter, 2007) and to support the flow of ecosystem goods and services under
changing environmental conditions (Walker et al. 1999). Such perspectives on biological
diversity have stimulated attempts to address institutional diversity and redundancy (Low et al.
2003; Ostrom, 2005; Folke, 2006). In addition to these benefits, diversity may involve some
costs in both ecological and social contexts. As some scholars have pointed out (Anderies,
2006; Anderies et al., 2007; Janssen and Anderies, 2007; Janssen et al., 2007) effective
governance under uncertainty must include the ongoing analysis of trade-offs between foregone
short term benefits of high efficiency under narrowly constrained circumstances and the long-
term persistence of the existing regime with reduced costs of crisis management (Anderies et
al., 2006). Biggs et al., (2012) point out that particularly high levels of diversity can weaken
the productivity of SES and thereby reduce resilience in the longer term. Diversity can also
render systems less efficient which, in turn, leads to increased system stagnation (Lietaer et al.,
2010; Ulanowicz et al., 2009). As diversity increases, the number of elements in the system also
increases and, in time, this could lead to an exponential increase in the number of possible
interactions between system elements (Ives and Carpenter, 2007). Social diversity, for instance,
may weaken the capacity for collective action in resource management (Waring, 2011). In some
circumstances, biological diversity may delay the ecosystem responses to adapt after
a disturbance (Kinzig and Pacala, 2002). These costs have only been marginally addressed
with respect to costs of social diversity (Nelson et al., 2011). The key to keeping resilience of
SES is finding the right balance between system brittleness (associated with low levels of
diversity) and system stagnation (associated with high levels of diversity) (Biggs et al., 2012).
Because both efficiency and resilience are “indispensable for long-term sustainability and
health, the healthiest flow systems are those that are closest to an optimal balance between
these two opposing pulls. Conversely, an excess of either attribute leads to systemic instability.
Too much efficiency leads to brittleness and too much resilience leads to stagnation: the former
is caused by too little diversity and connectivity and the latter by too much diversity and
connectivity. Sustainability of a complex flow system can therefore be defined as the optimal
balance between efficiency and resilience of its network” (Lietaer et al., 2010).

Compared to simple eco-systems, in which diversity is directly related to genetic or biological
diversity, SES present an additional level of complexity due to the coexistence of more
diversities including those associated with knowledge, institutions, human opportunities and
economic activities. Standard terminology within socio-ecological systems literature mainly
refers to two categories: 1) Functional diversity, i.e. the number of functionally different groups
present in a system and their effect on its performance; 2) Response Diversity, i.e. the range of
responses the system possesses to disturbances (Walker et al., 2006). In this context, rural
areas can be considered socio-ecological systems (Ambrosio-Albala and Bastiaensen, 2010;
Apeldoorn et al., 2011; Heijman et al., 2007; Schouten et al., 2009). For rural socio-ecological
systems the level of complexity has a particular significance since these areas have been
increasingly exposed in recent years to a vast array of changes and challenges ranging from
disruption of fragile eco-systems to pressures on the stability of agricultural and forestry sectors.
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For these systems the functional role of diversity on resilience and rural development is largely
unknown.

Methods to quantify diversity in socio-ecological systems should simultaneously consider
economic, ecological and social determinants. This requirement is essential when the effects of
diversity are addressed in rural areas, where the interdependency of natural, economic and
social conditions is critical to determine different developmental patterns. Indeed, the concept of
“rural diversity” itself is difficult to quantify, since it could refer to the number of different farms in
a given geographical area or to the number of incomes generated within different categories of
farms (Heijman et al., 2007). Junge (1994) has proposed a general concept to quantify diversity
as the “apportionment of some quantity into a set of well-defined classes”. While appealing for
its simplicity, this definition does not fully reflect the multifaceted aspect of diversity. Stirling
(1999, 2007) distinguishes at least three principal subordinated questions related to
the quantification of diversity: the first is how many categories should constitute a set (variety);
the second is how to characterize the nature or degree of apportionment between categories
(balance); the third is what criteria should be used to make “well-defined” distinctions between
classes (disparity). This general principle has been adapted to different fields based on specific
needs. In economic literature the term diversity often coincides with the term “variety” (Stirling,
1999), since economic diversity is usually considered as the variety of industry, employment or
economic activities in the economic system under assessment (Metcalfe and Gibbons, 1988;
Metcalfe, 1992; Kirman, 1992; David and Rothwell, 1996). Ecologists on the other hand rely on
defined species to resolve the problem of category distinction and therefore also tend to focus
more on variety, or number of categories to be measured, and balance to characterize
the degree of apportionment between categories. In contrast, conservationists look at disparity
to identify well-defined categories including unique features of certain species so as to promote
biodiversity. There have been various attempts to integrate different aspects of diversity in order
to create a more general index of diversity (Simpson, 1949; Mclintosh, 1967). The term “dual
concept diversity” coined by Junge (1994) implements two properties of diversity: variety and
balance. A family of indices to quantitatively measure dual concept diversity comes from
the field of mathematical ecology (Hill, 1973). These indices include two of the most well-known
functions to measure dual concept diversity: the Shannon-Wiener index and the Simpson index.
Both indices can be applied to a variety of disciplines in order to “articulate quantities which are
directly analogous to variety (i.e. an integer) and balance (i.e. a set of fractions which sum to
unity)” (Hill, 1973).

Despite the extensive literature on the quantification of diversity, little attention has been
devoted to the development of indices able to capture the degree of diversity of the different
components of rural areas. In the following sections an index, the Rural Diversity Index (RDI), is
proposed to assess the diversity in rural socio-ecological systems. The proposed index
intrinsically considers the effects of presence/absence of different diversity determinants
(variety) and their relative weight (balance) and is able to provide a synthetic value referred to
the natural, economic and social components of a socio-ecological rural system. The Rural
Diversity Index tries specifically to incorporate the assumption that diversity increases resilience
when the correct balance between the brittleness/efficiency of low resilience and
the stagnation/inefficiency of high resilience is reached (Biggs et al.,, 2012). The RDI can be
then used as a methodological tool to monitor diversity-driven rural development paths and, as
stressed above, to assess a key component of SES resilience. In Section 2 an analysis of
the various forms of diversity in rural socio-ecological systems, focusing on their implications in
terms of development is provided, and the attributes of the components of rural systems
(natural, economic, social and institutional), which are relevant in determining the various forms
of diversity are outlined. Section 3 presents the Rural Diversity Index (RDI) and its calculation in
a Mediterranean rural area.

2. Rural diversity and development

Rural diversity has been typically referred to three different aspects: 1) the diversity of
agricultural activities within a rural region; 2) diversity of non-agricultural activities of farmers,
3) the variety of economic activities within a rural region, whereby agriculture is seen as one of
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the possible economic activities. These diversities are associated with different potential
developmental patterns with respect to both production and societal organization systems.
However, the rural context is a complex system defined by natural, economic, social and
institutional variables, which define altogether the specificity of the rural environment. A first set
of characterizing attributes is described in Table 1 (more attributes can be defined).
The diversity of each attribute contributes to the whole complexity of the socio-ecological-rural
system. In the following sections the fundamental principle of diversity in ecology (i.e. greater
biodiversity makes eco-systems more resilient) underlies the RDI development and it is applied
to rural systems, in order to test whether increasing diversity in rural areas components would
create a greater ability to respond to shocks, thereby becoming more resilient and stable

(Kempener et al., 2009).

Perspectives

Capitals Diversity of Diversity of non- Diversity of
agricultural agricultural economic activities
activities activities

Natural Cropping mix (Di Falco  Availability of Availability of
and Chavas, 2008; Fraser  Territorial Natural Territorial Natural
38?'3'1 éouojr;ﬁtt’:gz d‘“'t al.  Resources (Sachsand  Resources (Sachs and
Salvié, 2000: Cabell and Warner, 1995) Warner, 1995)

Oelofse, 2012; Ellis, 1999;
Lin, 2011)

Irrigation Water
availability

Economic Physical size of farms  Farm diversification Specialization Index
(Garmestani et al., 2006; (Van der Ploeg et al., (Bryden et al., 2011;
Reidsma and Ewert, 2008) 2000; Kempener et al., Marsden, 2009)

2009; Marsden, 2009; Tourism flow
Fonte, 2006)

Social Educational level Family members off- Employment profile
Wage workers farm job

Institutional Land tenure Farm patrticipation in Land protection

cooperatives,
associations, etc.

Tab 1. Perspectives and attributes. Source: own elaboration.

2.1 Diversity of agricultural activities

The first interpretation of rural diversity argues that a greater variety of agricultural activities
promotes stability and better protects rural areas from economic stresses. Di Falco and Chavas
(2008) argue that crop diversity will also prove important in protecting against potential future
climatic changes. Wider genetic variety may be better able to respond to shocks such as
changes to rainfall or temperatures and might prevent the risk of decreasing yields in the long
term. Over the last sixty years the global agri-food industry has been moving towards
an increasingly specialised model with large, capital intensive farms dominating the industry
(Horlings and Marsden, 2011). This specialisation came in response to the drive for efficiency,
increased vyields, economies of scale and reduced costs of production. Evidence suggests that
the degree of specialisation in the agricultural sector is resulting in less resilient farms (Fraser et
al., 2003) which are more vulnerable to income volatility (Abson et al., 2013). As a result there
may have to be a trade-off between high yields and economic efficiency and resilience in
modern agricultural systems.

A good example of the benefits of diversity in agricultural practices comes from the lessons
already learnt from highly specialized agricultural production, agricultural policies which heavily
promote intensive production, the re-organization of primary sector production driven by
technological progress and revenue shortfalls compared with other economic sectors,
the globalization of markets and the need to stay competitive. Despite the high-yields and
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economic efficiency of this production system, mono-cropping creates unsustainable pressure
on eco-systems in the form of soil erosion and nutrient imbalances, increased fertilizer and
pesticide use leading to an increased risk of pollution of water tables, loss of biological diversity,
atmospheric degradation and increased risk of plant disease epidemics due the concentrated
presence of a single cultivar (Quaranta and Salvia, 2000). In contrast, diversity of agricultural
activities "dilutes" the risk for farmers as it provides different sources of income with differing
risks. For example, rural areas practicing mono-cropping would be particularly vulnerable in
a bad year (adverse weather conditions or exceptional spread of disease/s), whereas areas with
diversified agricultural activities would likely have alternative sources of income under similar
unfavourable conditions (Cabell and Oelofse, 2012). Furthermore, diversity of agricultural
activities can also improve the efficiency of labour utilization by generating alternative sources
of income in off-peak periods (Ellis, 1999). In this case, the specific attributes for such diversity,
based on Table 1, refer to the cropping mix and irrigation water availability for the natural
component, to farm size for the economic component, to educational level and wage workers
availability for the social component. The institutional component mainly refers to the type of
property (land tenure).

Studies on crop diversification (cropping mix in Table 1) have attempted to show the positive
effects of crop diversity on ecologic resilience. However, crop diversification has proved difficult
to implement for two main reasons. Firstly, economic incentives often favour the production of
few, specific crops; secondly, farmers are generally reluctant to abandon specialized
monoculture cropping systems that usually guarantee higher incomes (Lin, 2011).

The presence of farms with irrigation and without irrigation (Irrigation Water availability in Table
1) in rural areas guarantees a greater variability of cropping systems, which require different
levels of specialization and knowledge. In non-irrigated farming systems this knowledge is often
associated with traditional agricultural practices and local know-how.

Size diversity is critical for firms in order to remain resilient to fluctuating markets and economic
changes (Garmestani et al., 2006). Greater functional diversity of firms corresponds to their
greater capability to maintain steady employment. Farm size, together with land use types and
intensity, is one of the factors taken in consideration by Reidsma and Ewert (2008) in
developing their Regional farm diversity index in the study of vulnerability of food production to
climate change. The use of regional farm diversity suggests that the diversity in farm size and
intensity, particularly high in Mediterranean regions, reduces vulnerability of regional wheat
yields to climate variability.

The presence of different levels of education (Educational level in Table 1) in the population
allows rural areas to meet the needs of various types of employment.

The presence of farms with waged and non-waged workers reduces the inherent drawbacks
associated with having either an exclusively waged or exclusively non-waged workforce. The
mix of waged and non-waged labour also reduces the need for farms to use an external
workforce, thus avoiding problems related to fluctuations of labour costs and availability. This is
particularly important to family-run farms for which the flexibility in the choice of cropping
systems relies on the valorisation of family labour. With respect to land tenure, farms using
rented land can respond to and more easily adapt scale of production to fluctuating market
conditions and therefore maintain competitiveness. On the other hand, farms with owned land
tend to have higher investment rates, which ultimately increase the land value and the income
for the farm under stable market conditions.

2.2 Diversity of non-agricultural activities

In the second interpretation of rural diversity the central consideration is the innovative use of
farmers’ resources, through such activities as agri-tourism enterprises, organic farming, nature
and landscape management and high-quality production, in an attempt to overcome
the continuing cost of production/price squeeze which is characterising modern ‘productivist’
agriculture (Van der Ploeg et al., 2000). As has emerged from the EU IMPACT project
(http://www.rural-impact.net), the paradigm of modernization that once dominated policy,
practice and theory is being replaced by a new rural development paradigm where rural
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development is considered as a multi-level, multi-actor and multi-facetted process rooted in
historical traditions. The new expectations that society has of rural areas, along with the need to
react to an ever smaller economic base has pushed farmers to innovate with new quality
products, services and efficiency savings in an attempt to drive down production costs. Rural
development therefore is largely a self-driven process in which agriculture will continue to play
a key role, although the exact nature of the role may be subject to change.

In the second interpretation of rural diversity, it is argued, thus, that farmers practising one or
various non-agricultural activities are more flexible to changes. In times of agricultural
difficulties, these activities provide alternative sources of income and, ultimately, contribute to
the performance of the rural region as a whole. The term “diversification” is commonly used in
this context and is defined as “farmers enhancing their household income from sources other
than conventional farming production through diversifying their business activities” (Kempener
et al., 2009). Examples of this type of diversification include forms of entrepreneurial activities,
such as agro-tourism, recreational activities or retailing. Diversification has already proved
popular amongst farmers. Recent studies estimate that in Europe at least half of farmers are
actively engaged in more than one rural development practice (Marsden, 2009). It has been
reported that in some labour markets diversification can cause disparities among farmers with
different levels of income. This occurs because the better-off are able to diversify more
effectively than poorer farmers, who necessarily can only rely on part-time and unskilled work,
limited organizational tools and have low investment potential. This is usually the case for
developing countries (Ellis, 1999) where the role of migration and reliance on remittances is,
however, to be considered important as they provide a form of income diversification for
households and represent an important survival strategy for many poor rural households.
Another risk associated with the development of this type of rural diversity is the need for
additional specialization and labour skills. The expansion of local agro-food economies of
traditional products to distant and larger mass markets requires a standardization of
the production techniques which has to comply with food hygiene, health and safety regulations
as well as certification systems (Protected Designation of Origin (PDO), Protected Geographical
Indication (PGI) or Traditional Speciality Guaranteed (TSG). This may call for the need to
involve experts to work in collaboration with local producers. Nevertheless, there is a risk that
such collaboration on certification processes leads to negative social effects if overall control
is not given to local actors. In this case local producer knowledge may become expropriated
rather than integrated with scientific knowledge and the resulting valorisation of local products
may benefit external actors rather than local actors. For example, in the Mesenikola region of
Greece, local wine producers were unable to profit from the emergence of a quality-certified
wine production, which benefited instead only non-local entrepreneurs who transferred their
business into the Protected Designation of Origin area (Fonte, 2006). In other cases, local
producers, especially poor farming families, may lack the knowledge or resources to navigate
the bureaucracy surrounding the certification procedure for hygiene norms, health and safety
requirements and regulations for authentic production techniques. Even with the support from
Non-Governmental Organizations or local knowledge sharing initiatives, small local producers
often cannot cover the costs of the certification systems and, as a result, are driven away from
the markets (Fonte, 2006).

Availability of territorial natural resources, i.e. the proportion of the territory's surface area
covered by woods, plains, hilly land, surface water bodies, accounts for the diversity of natural
resources, which is essential for the diversification of economic activities. However, some
instances can be found of development (productive and diverse economic activities) in regions
that face a low diversity of natural resources, as Singapore (Sachs and Warner, 1995).

With respect to farm diversification, the presence of in-farm and off-farm product sales makes
rural areas less vulnerable to fluctuations of the markets as well as less dependent on rural
tourism fluxes.

An additional level of diversification is attributable to the composition of rural family employment,
i.e. the presence of family members employed solely in agriculture or also working in other
sectors. In the first case there is greater supervision of farming activities, particularly those
which require the constant presence of a labour force (e.g. animal husbandry). In the second
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case job diversification within the family may bring other sources of income, which are not
dependent on agricultural markets. Furthermore, off-farm jobs could strengthen the innovation
rate of the farm through the transfer of know-how, new forms of organization and technologies
acquired outside by family members. Finally, the presence of farms that are active in
associations and co-operatives and farms which are not guarantees more diversified decision-
making processes in the territory.

2.3 Diversity of economic activities

For the third interpretation of rural diversity the focus is on the economic diversification of rural
areas. Rural areas are today facing exciting new development opportunities thanks to
the spread of globalization and greatly increased mobility and accessibility. Natural capital,
landscapes, intact natural environments and local productions all represent the type of public or
quasi public goods which can be used to diversify and strengthen rural economies and maintain
the social, economic and cultural services needed to keep local resident population stable. We
can hypothesize that a broad range of economic activities within a rural system, as a whole, will
better protect the system from stress and disturbances. For example, poor performance in
the agricultural sector would leave rural areas strictly dependant on agriculture especially
vulnerable. Alternatively, rural areas with diversified economic activities are more resilient to
shocks or fluctuations of the system. The TOPMARD project, for example, through
the development of an interdisciplinary-based model of agriculture and rural development and
adopting a system dynamics approach, analysed the dynamics and interconnectedness of
the agronomic, ecological, economic and social dimensions of rural regions (Bryden et al.,
2011). However, increased residential, touristic and labour migration as a result of economic
expansion in rural areas could pose new threats to rural social-ecological systems (Marsden,
2009). Particularly in those rural areas close to large urban centres, the flow of people and
capital to the country can cause both identity lost and unsustainable pressure on natural
resources, reduction of utilized agricultural surface and increased soil sealing, as well as
inflating house prices as the rural residential housing market becomes more exclusive due to
the purchase of land to build second homes/retirement homes by urban and ex-urban residents
(Marsden, 2009).

A broad range of economic activities within a rural system will better protect the system from
stress and disturbances. Various typologies of tourism in the territory allows this industry to
better react and adapt to fluctuations in the market and possible future dips in demand of one or
another particular type of tourism. Similarly, the presence of people with different employment
profiles allows the rural area to easily adapt and counterbalance shocks in different labour
markets. Finally, the presence of protected (parks) and non-protected land in the territory
guarantees fewer limitations to land-use, whilst increasing awareness of the culture of
“protection”.

2.4 Linking perspectives, attributes and indicators

Table 2 reports the set of the selected indicators according to perspectives and attributes.
The way the RDI was constructed means the resulting value is influenced neither by the number
nor typology of indicators, therefore the list of indicators is a first attempt made to operationalise
attributes and it is based also on the generally available data from official sources.

Quantitative statistical data from official sources can be integrated with qualitative data collected
from extensive local stakeholder interviews and workshops, for example. The quantitative and
qualitative approaches to data collection, of course, can provide for a much deeper and more
nuanced understanding of the changes that take place within SES than statistics alone could
supply.

A trade-off should be made between the cost, both in terms of economic resources and time,
associated with data quality and quantity, and the objective of the analysis. When the objective
of analysis is the dynamics of a socio-ecological system along a wide spatial and temporal scale
an indicator such as the RDI fed only with statistical data could be sufficient.
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PERSPEC | ATTRIBUTE ACRONYM | INDICATOR

TIVES
Cropping mix CM proportion of arable land; permanent crops; pasture on
total agricultural land
Irrigation water availability 1A proportion of irrigated and unirrigated farms on total
farms
Physical size of the farms PS proportion of number of farms belonging to different

Utilized Agricultural Area (UAA) classes on total UAA

Educational level EL proportion of various educational qualifications on total
educated population

Diversity of agricultural activities

Wage workers ww proportion of wage workers on total agricultural labor
Land tenure LT proportion of the hired and property land on total farm
land
Availability of Territorial TNR proportion of forest surface and not on the total
c Natural Resources municipality surface
2 T 4 Farm diversification FD proportion of farm with alternative activities (agro-
s2Z tourism, energy, etc.) and farms without on total farms
_?é > Family members off-farm job | OF proportion of farms with family members having off-
=T farm job and farms without on the total number of
s @° farms
a Farm participation in coop, FP proportion of farm associated and farms not on
association etc the total number of farms
Specialization index Sl proportion of Added Value (AV) of each sector on
the total AV
Tourism flow TF proportion of beds per each touristic typology (hotel,

agro-tourism etc.) on total beds; proportion of presence
per accommodation typology (hotel, agro-tourism etc.)
on total presence.

Employment profile EP proportion of different typologies on total employed

Diversity of economic
activities

Land protection LP proportion of protected and not protected land on total
municipality surface

Tab 2. Selected indicators to operationalise attributes. Source: Authors elaboration.

3. Measuring diversity: the Rural Diversity Index - RDI

The need for a synthetic indicator, able to simultaneously take into consideration all the drivers
of diversity in rural socio-ecological systems, led to the definition, development and application
of the Rural Diversity Index (RDI). The RDI is an index that measures the diversity of rural
socio-ecological systems on the basis of the three dominant perspectives of rural diversity:
1) agricultural diversification; 2) non-agricultural diversification; 3) diversification of the rural
economy as a whole, and four capitals: 1) natural; 2) economic; 3) social and 4) institutional,
which make up rural socio ecological systems.

The RDI is an attempt to produce a tailor-made index, able to effectively measure diversity
exclusively in the context of rural socio-ecological systems. The index has been designed to be
user-friendly, it is based on relatively straightforward calculations and ranges between 0 and 1,
where 1 corresponds to maximum diversity and O corresponds to the lowest degree of diversity.
The RDI aims at providing a general picture of the current state, and changes over time, of
diversity within rural areas.
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The RDI can be defined as follows:

v
P
RDI = Z 7/ RDLP; = [0,1]
j=1

where

v = indicator considered to describe diversity attribute

n

p=| [l ]n

i=1

P; represents the geometric mean of frequency classes (fj) multiplied by n to constrain RDI
between 0 and 1.

n = number of classes

fi =a;/m

a; = value of indicator for each class considered

m=Zai

i=1

An RDI value of 1 would indicate an ideal situation where all possible values of each indicator
have the same weight. In addition to its simplicity and immediacy, the RDI is also highly flexible
and can be used in different rural systems regardless of the number and nature of their
attributes and related indicators®. This is particularly useful when the available indicators cannot
be easily compared due to different units of measurement (for example, farm size and level of
education of family members).

This index can:

1) Process indicators with differing class numbers.

2) Assess indicators from different time scales.

In order to operationalise the RDI the following steps are needed:

- Select a number of indicators/variables relevant to identify socio-ecological diversity
in the SES under study, according to the perspectives under which diversity has to be
measured and the relative attributes (Table 2)

- Define the classes for each indicator/variable.

The first criterion to define number of classes for each indicator is based on the functionality
of each class. For example, the division of farm classes can be based on the organizational
and managerial characteristics related to farm size or the role these farms plays within
arural area. The second criterion to define the number of classes is to avoid excessive
fragmentation of classes. This criterion is to prevent empty and/or redundant classes which
could turn out a lesser degree of diversity. This is caused by the fact that the product

% The way the index is constructed allows for the easy introduction of different weights for single attributes (indicators)
although this operation could introduce arbitrary elements into the analysis. For this first development of the RDI no
weights were applied to any attribute (indicator).
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operator calculates all empty classes as having a value of nil, in keeping with a principle of
caution based on which the absence of possible values for indicators indicates a reduced
level of diversity rather than a specialization.

- Calculate the frequency of each class and apply the formula.

3.1 Calculation of the RDI

The RDI has been first empirically tested in the Alento River basin, Southern Italy. This area has
been proved to be a socio-ecological system within the EU funded LEDDRA project* as an area
in which both physical and socio-economic components are integrated and the use of resources
is shared. This area has an extension of ~55,000 hectares and a population of
44,000 inhabitants.

The RDI was calculated for each municipality belonging to the SES for the years 1970 to 2000,
thereby taking into account the period of greatest socio-economic change for the area
(economic boom, industrialization, mass out migration, intensive farming practices etc.).
Municipality represents the minimum unit where official data are collected.

An example is provided to illustrate the steps needed to calculate RDI (Table 3). It refers to
a single year (2000) and one municipality.

municipality: CASTELNUOVO CILENTO; year: 2000

Persp Capit v a; m n P DT CA
al a2 a3 a4 ab a6 a7 CAn CAe CAs CAi
AA N CM 329 486,5 393 1329 3 0,86
AA N 1A
AA E PS 208 75 43 14 12 4 3 359 7 0,39 65%
AA S EL 526 705 478 101 1810 4 0,81 0
AA S WW
AA | LT 1161 2214 1382 2 0,73
NA N TNR 99,3 1429 1528 2 0,49
NA E FD 3 356 359 2 0,18
NA S OF Le
NA | FP
EA E Sl
EA E TF
0,
EA S EP 86 172 365 623 3 084 0%
EA | LP

RDI 0,61 100% 31% 13% 38% 17%

LEGEND
Persp Perspectives Capit Capital
AA Diversity of agricultural activities N Natural
NA Diversity of non-agricultural activities E Economic
EA Diversity of economic activities S Social
I Institutional
CM cropping mix LT Land tenure
al arable land (hectares) al Owned
a2 permanent crops (hectares) a2 Others
a3 pasture (hectares) m Total hectares

* LEDDRA project —-FP7-ENV-2009-1 Collaborative project (SICA, Grant Agreement No. 243857. LEDDRA analyses
the fit of responses to land degradation and desertification in ten socio-ecological systems from EU, China and
Morocco.

170/201



m total agricultural land

PS Physical size of the farms TNR Availability of Territorial Natural
Resources

al farms without agricultural land al Woods

a2 farms 1-2 hectares a2 Cultivated land

a3 farms 2-5hectares m Total territorial surface

ad farms 5-10 hectares

a5 farms 10-20 hectares FD Farm diversification
farms with agri-tourism

a6 farms 20-50 hectares al structures
farms without additional

a7 farms over 50 hectares a2 activities

total

m farms m total farms

EL Educational level

al people completing elementary school EP Employment Profile

a2 people completing middle school al Agriculture

a3 people completing high school a2 Industry

a4 people with a university degree a3 Other activities

m total with educational qualification m Total employed

Contribution of Diversification strategies to

DT RDI - % CA Capital contribution on RDI %
Natural capital contribution to
CAn RDI
Economic capital contribution to
CAe RDI
CAs Social capital contribution to RDI

Institutional capital contribution
CAi to RDI

Tab 3. Calculation of the RDI

According to data availability (official sources) seven attributes (tables 3) out of 14 (Table 2)
have been calculated. Specifically cropping mix, as proportion of arable land; permanent crops
and pasture on total agricultural land; Physical size of the farms, as proportion of nhumber of
farms belonging to different Utilized Agricultural Area (UAA) classes on total UAA; Education
Level, as proportion of population with different educational level on total population with
degree; Land Tenure as proportion of the hired and property land on total farm land. All these
indicators specify attributes relative to the perspective “Diversity of agricultural activities”.
Availability of Territorial Natural Resources, expressed as proportion of forest surface and not
on the total municipality surface and Farm Diversification, as proportion of farm with alternative
activities (agro-tourism, Energy, etc) and farms without on total farms have been calculated for
the “Diversity of non-agricultural activities” perspective. Finally Availability of Territorial Natural
Resources, as described before, and Employment, i.e. the proportion of different typology on
total employed has been referred to “Diversity of economic activities” perspective. Table 3
shows the necessary information to calculate the RDI. The v column shows the attributes (with
the relative indicators) effectively calculated based on data availability for that year and
municipality. The next column shows the absolute values of the different indicators in each class
identified (a;) whilst the total value is shown in the column marked m. These information are
sufficient to calculate the Product Operator relative to each attribute (P). The sum of the Product
Operators divided by the number of attributes calculated (v) gives the value of the RDI.

The RDI can be used to carry out a more in depth analysis by taking into account both
the dynamics of the three diversity perspectives and single capitals (Table 1) within the SES. In
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the first case, development trajectories can be identified by assessing the effect of
differentiation and/or diversification in the agricultural sector or in the social-economic context of
the SES (column DT in table 3). An analysis of the four capitals, on the other hand, allows us to
identify processes which may simplify or increase the complexity of the rural economy (column
CAin table 3).

3.2 Linking RDI with resilience and economic performance

The values of the RDI for each municipality in 1970 and 2000 were compared with the average
RDI values within the SES for each year taken into consideration. The distribution of the RDIs
for the municipalities within the four quadrants of Figure 1 reflects their position with respect to
the mean in both considered periods. The intersection of the axes represents the average value
of the SES in both periods analyzed (1970-2000).

The top right quadrant can be defined as Highly-Stable and identifies the municipalities which
have a higher RDI than average for both periods. The bottom right quadrant can be defined as
Decreasing and includes the municipalities where RDI is higher than average for 1970 but
register a RDI below the SES average for the year 2000. The bottom left quadrant, Low-Stable,
includes the municipalities where diversity was below the average values of the SES for both
1970 and 2000. The top left quadrant, Increasing, identifies municipalities which registered
below average RDI values compared to those of the SES in 1970 but registered an increase in
RDI values compared to the SES average values in 2000.

@ 0
RDI 2000
A
# Salento

0,64

# Perito

] | * .
San M’auro Cilentéastelnuovo Chlento @5 Sessa Cilento
0,59 &
Ascea
Cas?alvelino
Moio della Civiteli@ Pollica
0,54
*— >
0,57 0,62 067 | Orria 0,72 0,77 RDI 1970
Cannalonga
0,49 PY
2 .Gioi
Stella Clﬁ;anto
&
Omignano
0,44
|
Novi VElia
4
Cuccaro Veterp |
] 0,39 |

Fig 1. Rural Diversity Index (RDI) 1970 and 2000.

These values of RDI therefore identify four trajectories within the Alento rural SES which
express four different strategies of adaptation and/or transformation in respect to the exogenous
and endogenous dynamics that have characterised and shaped the SES over the last 50 years.
The municipalities in the top right quadrant, which maintain constant overall diversity in the time
frame considered, show a part of the SES which has “resisted” the shock wave brought about
by the progressive simplification/homogenisation of cropping systems in farming over the last
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fifty years, both through farm diversification and the maintenance of a diversified mix of crops,
and has preserved a balanced combination among the different productive sectors.

The top left quadrant, on the other hand, shows the territories which have reacted to
the changes underway by introducing elements of diversity into their natural, economic, social
and institutional matrices. This quadrant is, in fact, home to those municipalities, such as San
Mauro Cilento, which have shown a good degree of farm diversification, diversified agricultural
activities and especially good management practices. Also in terms of social and institutional
capital there has been a strengthening of intra and extra community relations and a greater
degree of collaboration and cooperation between private and institutional actors.

The bottom quadrants show territorial strategies with low diversity values (bottom left) and
simplification/homogenisation of socio-economic, institutional and natural fabric (bottom right).
In the first case there are the municipalities which are characterised, especially under the profile
of natural capital, by their uniformity due to the predominance of woods which have shown
a high degree of persistence over the last fifty years. Finally, the bottom-right quadrant shows
the communities whose reaction to external pressures has been the simplification of cropping
and productive systems and, in some cases, the de-activation of economic activities entirely
and dramatic processes of depopulation (for example Stella Cilento). Although an in-depth
examination of the relationship between the values indicated by the RDI and the resilience is
not the direct aim of the current analysis, it is worth highlighting how the construction of the RDI
allows the verification of what Wilson (2012) identified as a possible measure of community
resilience, or rather the balance between the three different types of capitals which make up
an SES (natural, economic and social capital, including also institutional capital in
the component social capital). Rural resilience, as outlined above, can be defined as the ability
of a rural territory to adapt, maintain or re-configure the balance between its environmental,
economic and social components and functions following shocks to the system (Heijman et al.,
2007).

Socio-ecological resilience is therefore predicated on an understanding that a socio-ecological
system, such as a rural territory, for example, cannot be considered in isolation but rather as
a complex interplay of interdependent components and processes acting and operating across
multiple spatial and temporal scales where change in one component or process can lead to
change in others and ultimately to change in the resilience of the SES. Maintaining such
resilience in a rural SES is vital for its long-term survival.

The territorial unit of Alento River Basin is characterized by uneven levels of socio-economic
development. The variation in per-capita disposable income amongst the 18 different
municipalities in the territory highlights the diverse economic performance within the territory.

As such the area is well suited to show another intrinsic possibility of the construction of
the RDI, or rather its capacity to verify to what degree the strategies of diversification adopted in
a rural context are connected to its economic performance. In other words a relationship
between diversity (of rural strategies) and economic development can be established.

In order to apply the RDI, indicators capable of measuring the various attributes of diversity and,
thus, the three perspectives, as described in section two and above, were identified. Figure 2
match the values of RDI for the year 2000 with per-capita disposable income (DI).

The results revealed a positive relationship between RDI and per-capita disposable income
(Figure 2). As shown by the Figure 2, municipalities that show a higher RDI reveal also a higher
per-capita disposable income. An in-depth analysis of the values of the RDI could easily identify
to what degree the three diversification strategies adopted by the different territories have lead
to different economic performances.
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Fig 2. Disposable Income (DI) and Rural Diversity Index (RDI) 2000.

4. Conclusions

An analytical tool for measuring diversity of rural socio-ecological systems was defined.
The Rural Diversity Index (RDI) takes into account the different definitions of diversity and
the capitals specific to given rural area contexts. The RDI does, however, have the advantage
that it can be built with data that can be easily sourced from official statistics. The index has
been calculated in a rural Mediterranean area showing the ability to capture resilience patterns
and socio-economic performances in rural areas. The RDI is highly flexible and able to evaluate
data with different units, which is essential in measuring diversity in complex contexts such as
rural socio-ecological systems. In this respect, currently available ecological and socio-
economic indices are less effective at measuring diversity in rural SES as compared to the RDI
because these indices measure specific single aspects of diversity depending on the context in
which they are applied (biodiversity, economy etc.). In contrast, the RDI is able to provide
an integrated assessment of various types of diversity in the context of rural socio-ecological
systems. The index also has another important application beyond measuring the diversity of
rural areas which is to assist policymakers in weighing optimal policies in relation to their
capacity to influence and/or change the dynamics of diversity. Since the index allows to identify
the various characteristics of single components of the RDI, it may represent an important tool
for policymakers who wish to assess where and how to best intervene in order to facilitate
development in a given territory.

This work is a first step in the direction to better understanding the link between diversity in
a socio-ecological systems and its resilience. The RDI helps analysis to what degree a territory
is able to diversify all its components (natural, economic, social and institutional) in a balanced
manner. The index also opens up further questions in the direction of investigating in greater
detail to what degree the different strategies of diversification in place in rural territories, or lack
thereof, impact economic performance and rural development patterns.
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