
1. Introduction
In southern Europe, the

impact of climate change
in agriculture mainly re-
gards the reduction of land
productivity and the con-
sequent changes in the ge-
ographical distribution of
crops because of the lack
of water and the ever more
frequent heat waves (Ole-
sen and Bindi, 2002).
Moreover, increasing drou-
ght severity and worsening
climate aridity may drive a
progressive reduction in ir-
rigated areas in regions
where the agriculture is
most heavily affected by
competition with industrial
and urban uses of water
(Rodriguez Diaz et al.,
2007). Land could also
suffer from negative im-
pacts in the form of ero-
sion and hydro-geological
damage for the increased
rainfall intensity, and in
terms of salinization, as a
result of the excessive ex-
traction of water from un-
derground. Some of the
low input farming systems currently located in marginal ar-
eas of the Mediterranean may therefore be the most severe-
ly affected by climate change (Sivakumar, 2007). Coupled
with climate changes, Land Degradation (LD) is a complex
phenomenon that includes the aforementioned processes
and others of socio-economic origin. LD occurs in many
forms including soil salinization, erosion, compaction, pol-
lution, and sealing. It often induces deforestation, degrada-
tion of rangelands, and other ecological problems (Le

Houerou, 1993; Veron et
al., 2006;  Montanarella,
2007). Fol  lowing a gener-
al increase of both climate
aridity and human pres-
sure, a growing land vul-
nerability to degradation
has been observed in the
Mediterranean basin over
the last few decades. Un-
der these conditions, there
is certainly scope to ex-
tensively study the impact
of LD on the economy.
The relationship between
Agricultural Productivity
(AP) and LD, assessed in
some previous studies at
farm scale (e.g. Boell-
storff and Benito, 2005;
Atis, 2006; Hein, 2007),
needs to be explored also
at regional scale.

Several papers address-
ing the problem of LD at
national, regional, and lo-
cal scales provide a basis
to investigate the impact
of this environmental
phenomenon on the pri-
mary sector (e.g. Tan-
rivermis, 2003). 

Mesoscale approaches,
even if empirical and cross-sectional, may stimulate further
studies designed to address, at a fine scale, the complexity
of the environment-agriculture relationship in a LD context.
The aim of this paper is therefore to integrate the environ-
mental information on LD collected in Italy in the last few
years with disaggregated economic data recorded over the
same period. Even if this study preliminarily provides fur-
ther information to make hypotheses on the possible impact
of LD on rural development at regional scale, it also stimu-
lates the integrated analysis of crucial variables from dif-
ferent ecological and socio-economic themes in order to
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link/de-link agricultural productivity to the increasing land
vulnerability to degradation. Strategies aimed at reducing
the impact of agriculture on the Mediterranean landscape
were finally discussed.

2. Methods

2.1. Study area, data, and indicators
The analysis presented here was based on a cross section

of environmental and economic indicators estimated on 784
Local Labour System (LLS) districts covering the entire I-
talian territory. They were identified on the basis of data rel-
ative to daily labour mobility utilising the 1991 Population
Census data and reflecting economically homogeneous ar-
eas (ISTAT, 1997). 

Land vulnerability to degradation was estimated here
through the Environmental Sensitive Area Index (ESAI). In
this model, climate, soil quality, and vegetation variables
produce a composite index called ESAI (Basso et al.,
2000). Following the indications provided by Jollands
(2006), selected variables were chosen according to a num-
ber of requirements influencing the reliability of the out-
come. Climate was described by rainfall, temperature, and
reference evapotranspiration. Climatic values of such vari-
ables for the period 1961-2000 were calculated using daily
data measured at about 500 stations belonging to the na-
tional meteorological networks (Venezian-Scarascia et al.,
2006). To obtain a regional distribution and spatial cover-
age of the three variables over the investigated periods
(1961-1990 and 1971-2000) kriging and cokriging (with el-
evation, latitude, and distance to the sea as ancillary vari-
ables) procedures were applied to precipitation and temper-
ature respectively. The average annual reference evapotran-
spiration rate was calculated using the Penman-Montieth
formula (Salvati et al., 2008). Soil data were taken from an
Italian database of agricultural soil characteristics, with ad-
ditional information collected from ecopedological and ge-
ological maps of Italy, the EU soil quality map, and a Dig-
ital Elevation Model at 20 m resolution (Salvati and Zitti,
2008). Variables depicting soil properties like texture,
depth, slope, and the available water capacity were select-
ed. According to Basso et al. (2000), soil quality can be
considered static over the investigated period as the consid-
ered variables change slowly or rarely and by their nature
are infrequently measured or mapped.

The impact of land-cover changes was assessed by way of
four standard ESAI variables: fire risk, protection from soil
erosion, drought resistance of vegetation, and plant cover.
These indicators were obtained through elaboration of
Corine Land Cover maps available for the whole Italian ter-
ritory in the early 1990s and early 2000s. Finally, the im-
pact of human pressure on land use and thus on LD was ex-
pressed, at its simplest level, in terms of population densi-
ty, measured at the municipality level in 1991 and 2001 by
the National Census of Household. A demographic varia-
tion index calculated for a period of ten years (1981-1991

and 1991-2001) was further defined at the same geograph-
ical scale. Lastly, an estimation of the agricultural intensifi-
cation developed from Corine Land Cover maps (Salvati et
al., 2007) was considered in the analysis.

A score system based on the degree of correlation that the
various classes have with LD was applied to each variable.
Three partial indicators, depicting environmental quality in
terms of climate, soil quality, and land use, were estimated
as the geometric means between the different scores of each
variable. ESAI was thus estimated as the geometric mean of
the three partial indicators. Areas were classified as not af-
fected (ESAI < 1.17), potentially affected (1.17 < ESAI <
1.225), fragile (1.225 < ESAI < 1.375), and critical (ESAI
> 1.375). ESAI was computed at the LLS level separately
for the two study periods. Computation was based on the
use of original ESAI raster maps: an average ESAI score
was attributed to each LLS by ‘zonal statistics’ tool provid-
ed by ArcGIS software (Salvati and Zitti, 2008).

Economic indicators were estimated in the early 1990s
and early 2000s at the same district scale. Original data (de-
rived from national accounting and agriculture censuses
and provided by Italian National Institute of Statistics) in-
cluded per capita income (INC), share of agriculture (AGR)
and industry (IND) in total product, agricultural productiv-
ity (AP), and labour productivity (FP) of the agriculture. AP
and FP were respectively obtained as the agricultural value
added per hectare of utilised agricultural area (UAA) and
the ratio of agricultural value added to work units (Trisorio,
2005).

2.2. Statistical analyses
Exploring the relationship between AP and LD should

take into account different driving forces (Mendelsohn and
Dinar, 2003). On the one hand, rural development influ-
ences the environmental quality (Mendelsohn et al., 2007)
because income growth in agriculture is generally accom-
panied by crop intensification (Cacho, 2001) with increas-
ing environmental pressure (through mechanisation, poor
water management, and soil pollution risk due to pesticides
and fertilisers). On the other hand, the role of LD in the pri-
mary sector is also multiple (Pender, 1998; Cuffaro, 2001;
Pender et al., 2004). LD acts as a negative externality re-
ducing output and productivity of man-made capital and
labour in agriculture, which is sensitive to losses in soil fer-
tility and water shortage (Shortle and Abler, 1999). Howev-
er, the relationship between LD and rural development
would be also influenced by exogenous variables such as
traditional production factors, policies, and site-specific
variables. Based on a simplified Ricardian model we spec-
ified two equations for AP as follows:

log (APt) = a + b1(AGRt) + b2 log(FPt) + b3 log(ESAIt) + e (1)

log (APt+1/APt) = a + b1(AGRt+1 - AGRt) + b2 log 

(FPt+1/FPt) + b3 log(ESAIt+1/ESAIt) + e (2)
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Due to the restricted availability of economic data at the
spatial level used in this paper, in these specifications AP at
the initial time and its change in output are function of an
indicator of labour productivity and, indirectly, of the tech-
nological progress in the primary sector (FP), its share in
total product taken as a proxy of the level of per capita in-
come (AGR), and land vulnerability to degradation (ESAI),
which specifies the aggregated, average effect of climate
variability, soil quality, and other ecological variables on
AP (Mendelsohn and Dinar, 2003). 

Equations were separately esti-
mated in three geographical areas
(northern, central, and southern I-
taly) by using the stepwise linear re-
gression. 

Weighted regression analysis was
applied in order to take into account
the different surface areas of the
LLS districts. Predictors entered
each model according to the results
of F test with a probability level
fixed to 0.01; e represents the error
term. Results report the variables
entered each model with significant
coefficients. Collinearity among variables was checked
throughout by way of variance inflation factor and condi-
tion index.

A Principal Component Analysis (PCA) was performed in
order to detect changes of the agricultural productivity in
the Italian region where LD is potentially more severe. 

The procedure was separately applied for the two study
years to the matrix composed by 6 variables (INC, AGR,
IND, AP, FP, and ESAI) measured on the most vulnerable
area of the country (365 districts from southern Italy). Six
dummies identifying the NUTS-2 region of each district
(Abr: Abruzzo; Mol: Molise; Cam: Campania; Apu: Apulia,
Bas: Basilicata; Cal: Calabria; Sic: Sicily; Sar: Sardinia)
were included as supplementary variables. The dataset
structure was explored by computing loadings (i.e. the cor-
relation between the original variables and the factors ex-
tracted by PCA).

Finally, a SWOT analysis (Hill and Westbrook, 1997)
was implemented for two partitions of
the whole investigated area that are
contrasting in both socio-economic
and environmental terms (i.e. north-
ern/central vs. southern Italy). The S-
WOT framework is a strategic plan-
ning method used to evaluate the
strengths, weaknesses, opportunities,
and threats of a defined territorial con-
text. It involves specifying the objec-
tive of the study and identifying the
internal/external forces that are
favoura ble/un favoura ble to achieving
that objective (in this case, the sus-

tainable development of the Italian regions). Strengths and
Weaknesses are attributes of the system that are respec-
tively helpful or harmful to achieve the objective. Oppor-
tunities and threats are external conditions that are respec-
tively helpful or harmful to achieve the objective.

3. Results
The analysis of economic indicators by regions reveals

that a complex pattern of rural development exists in Italy
(Table 1). In southern regions, the importance of agriculture

in the whole economy is locally high, but low profitability
of the production factors suggests that the efficiency of this
sector could improve in the short-term. The opposite condi-
tion was observed in northern and central Italy. This is like-
ly a result of the different development paths that have
characterised the two areas in the last fifty years. 

The estimates of equations 1 and 2 are reported in Table
2. At the beginning of this study, AP was positively associ-
ated to FP in all geographical areas and the regression co-
efficient increased from north to south. In northern and cen-
tral Italy, LP positively correlated with AGR; only in north-
ern Italy a higher level of AP was also associated to a high-
er vulnerability to LD. Increasing levels of LP were
throughout associated to a consistent increase of FP and A-
GR over the study period. In southern Italy only, increasing
AP was also associated to a consistent increase in LD. In
other words, increasing agricultural productivity is obtained
in both northern and southern Italy by a contemporary in-
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Table 1: Economic and environmental indicators by geographical area in Italy (2000).

Table 2. Estimates of stepwise regressions among AP (as the dependent variable) and some e-
conomic-environmental variables in Italy by geographical area (standard errors are reported in
brackets; one and two stars indicate significance at p < 0.01 and p < 0.001, respectively).
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crease in land vulnerability. However, gaining productivity
at the expenses of land quality was observed later in the
southern region compared to the northern one. This is like-
ly due to the different path of economic growth occurred in
the two regions.

Figure 1 showed the main results of PCA (i.e. indicator’s
loadings with the two principal axes). Factor 1, accounting
for 16% of the total variance, depicted a gradient of LD
based on ESAI. Regions positively associated to this axis
included Apulia, Sicily, and Sardinia, where land vulnera-
bility to degradation is more evident. Factor 2, which ac-
counted for 15% of the total variance, was regarded as a
proxy of regional development. Notably, INC was associat-
ed to the positive values of this axis and AGR, a variable re-
lated to disadvantaged economic conditions, showed the re-
verse pattern. Arrows indicate, on a time basis, the most im-
portant indicator’s changes on the factorial plane. ESAI
showed a positive shift along the first axis going towards
the positive values. This indicated that the ecological con-
ditions determining LD became worse over the last few
years especially in the more vulnerable districts. AP move-
ments were consistent with ESAI, confirming the outputs of
the regression analysis. Finally, AGR showed a similar pat-
tern by moving towards the positive values of the first axis.
This suggests that the agriculture’s share in total products
maintained high in the more vulnerable southern areas,
while decreasing in less vulnerable and more developed
districts.

4. Discussion
The results of the present study suggest that a complex re-

lationship exists between agricultural productivity and land

vulnerability to degradation in I-
taly. It was likely due to the dif-
ferent impact of the environmen-
tal drivers of LD acting in north-
ern and southern regions. This
claims important implications for
rural development of especially
disadvantaged (and more vulner-
able) regions (Hein, 2007). As
observed during the early nineties
in northern Italy, a higher agricul-
tural productivity is compatible
with increasing LD in the short
term. This could be possible
thanks to good natural capital in
term of climate and soil as well as
to the technological progress. As
a matter of fact, evidences from
previous studies indicate that LD
occurred in northern and central I-
taly only over limited surfaces of
rural areas depending on human
causes, as ecological conditions
are generally good in terms of

both climate and soil quality (Salvati and Zitti, 2008). More-
over, as expected for a developed area, the agricultural share
in total product is considerably low in northern and central I-
taly and thus, negative effects of LD on AP through losses in
soil fertility are difficult to assess at the aggregate scale (Tan-
rivermis, 2003). Although in the seventies and eighties the
lowlands in northern Italy experienced a process of agricul-
tural intensification that contributed to the increase of land
vulnerability, increasing levels of AP were observed during
the most recent years without any significant relation with
LD severity (Salvati et al., 2007).

A different economic path was observed in southern Italy,
one of the less developed areas in the European Union with
important land surfaces prone to LD risk (Wilson and Junt-
ti, 2005). Increasing land vulnerability was especially ob-
served in the driest zones of Apulia, Sardinia, and Sicily. In
these areas (i) the level of agricultural intensification is gen-
erally lower than in northern Italy; (ii) labour productivity
of agriculture is correlated to AP; (iii) both the agricultural
share in total product and the percent of workers in the a-
gricultural sector are higher than those observed in northern
and central Italy; and, finally, (iv) increasing AP is associ-
ated, on average, to a significant increase in land vulnera-
bility to degradation over the study period (see Table 3).
Under this condition, agricultural intensification may accel-
erate LD through multiple impacts, ranging from heavy
mechanisation and irrigation spreading to unsustainable
water management and growing livestock density. These
processes may increase the risk of soil salinization, erosion,
compaction, and pollution (Simeonakis et al., 2007). Cou-
pled with high population density, urban sprawl, industrial
concentration, and tourism growth along the ecologically
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Figure 1. Principal component analysis of the economic and environmental indicators in southern
Italy as revealed by the loading plot.
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fragile coastal areas, this factor exacerbates the environ-
mental conditions in terms of water shortage and soil degra-
dation, reflecting a reduction of land productivity in the
short-term (Tanrivermis, 2003; Atis, 2006; Hein, 2007). 

Based on these considerations, the process of agricultural
intensification observed in the few  last years in some
southern areas could be only partially sustainable in the
long term. In fact, two contrasting paths are possible in the
near future: (i) land extensivation (Olesen and Bindi, 2002)
with considerable income loss and growing marginalisation
of inland and rural districts, and (ii) further intensification
of low-sustainable crops, based for instance on water over-
exploitation. Both paths, if poorly controlled, may enhance
environmental degradation. Multi-scale monitoring, based
on scenario analyses at the country scale, quantitative pan-
el models at the regional scale, and qualitative social en-
quiries at local scale (Makhzoumi, 1997; Iosifides and Poli-
tidis, 2005; Onate and Peco, 2005) are needed to disentan-
gle the most probable economic path and the possible in-
terrelations with the environment.

In the present context, policy is increasingly concerned
with reducing the generation of negative agricultural exter-
nalities (Hubacek and van der Bergh, 2006). Traditional a-
gricultural policies, however, have attempted to achieve ob-
jectives related to farm income, agricultural price, and trade
(Shortle and Abler, 1999). A production context favourable
to LD implies that actions are taken to increase current a-
gricultural production at the expense of future soil produc-
tivity and thus future production, as the analyses carried out
in this paper suggest. Considering that LD is a dynamic en-
vironmental process, the matter is to assess if this strategy
is sustainable from the environmental and economic points
of view in both the short- and the long-term. In fact, a pos-
sible downward spiral between agricultural productivity
and LD in the more fragile dry areas should be avoided
(Pender, 1998; Shortle and Abler, 1999). This paper pro-
vides first evidences that a risk to enter this spiral exists for
southern Italy. Some facts tend to support such an hypothe-
sis. First, LD is locally severe and has been increasing over
the last few years; second, agricultural intensity is lower

(but rapidly increasing) than in
northern and central Italy; third,
the sensitivity of AP to FP is the
highest observed in Italy; and
forth, increasing AP negatively
impacts, on average, on land vul-
nerability.

European agricultural policies
have partially encouraged the
flexibility of land use, crop pro-
duction, and farming systems.
Further efforts are needed by
considering more strictly the
multifunctional role of agricul-
ture and by striking a variable
balance between economic, envi-

ronmental, and social functions at both regional and local s-
cales. The possible strategies to be undertaken in order to
mitigate possible externalities of the agriculture causing LD
include both in situ actions and measures applicable at re-
gional level (Zalidis et al., 2002; 2004). The former group
includes technical and biological measures (e.g. crop rota-
tion, tillage techniques, diversification of irrigation meth-
ods) that will be useful in addressing the problems of soil
salinization (Atis, 2006; Perez-Sirvent et al., 2003). Im-
proving technical skills of farmers through adequate educa-
tion scheme can also play a role in motivating conservation
of land resource at farm level (Tanrivermis, 2003). The lat-
ter group includes financial resources which should be pro-
vided to encourage the active involvement of farmers in soil
conservation, especially in marginal, inland areas subjected
to erosion (Hein, 2007). Penalties to discourage unsustain-
able soil conservation practices are finally important incen-
tives to motivate efforts against LD.

These measures can mitigate desertification by contribut-
ing to the different causal chains which characterise this
complex environmental phenomenon.
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