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A physical land suitability evaluation model for 
traditional grape varieties in South Italy: a case-
study for “Mantonico” grape

by Francesco Barreca1, Carmelo Riccardo Fichera1, Luigi Laudari1

and Giuseppe Modica1

Physical land suitability evaluation is crucial to rural spatial planning, as 
it directly contributes to designing successful and sustainable interventions. 
This paper deals with a physical land suitability evaluation model for Man-
tonico2, a historical and traditional grape variety of the south of Calabria 
(Italy), which is showing a considerable decline in its cultivation, owing to 
the abandonment of this cultivar in favour of others that are certainly more 
quantitatively productive, yet less valuable from a traditional and cultural 
point of view. The developed evaluation model was based on consolidated 
MCE (Multi-Criteria Evaluation) procedures integrated with GIS tools and 
showed that the choice of the factors, which describe the physical land suit-
ability for a niche product, is important and delicate. In fact, it is not always 
easy to establish how territorial characteristics may influence the develop-
ment of the cultivation of an agricultural product. In this paper, the choice 
and, above all, the values associated to the factors, adequately represented 
real conditions and, as a consequence, the results of the model showed a 
clear coherence between suitability gradients and lands with similar cultiva-
tions. 

1 DiSTAfA – Department of Agroforestry and Environmental Sciences and Technolo-
gies, Mediterranean University of Reggio Calabria (Italy).

2 The Project “Strutturazione di un modello atto alla definizione delle aree potenzi-
almente investibili da vitigni della qualità Mantonico sui territori dell’alto jonio reggino”
[Structuring a model for the definition of areas potentially suitable for Mantonico grape, lo-
cated along the northern Jonian coast of the province of Reggio Calabria] has been funded 
and supported by Sector 10 (Farming, Hunting and Fisheries) of Reggio Calabria Provincial 
Administration.

Copyright © FrancoAngeli 
N.B: Copia ad uso personale. È vietata la riproduzione  (totale o parziale)  dell’opera con qualsiasi mezzo effettuata 

e la sua  messa a disposizione di terzi, sia in forma gratuita sia a pagamento. 



© E
diz

ion
i F

ra
nc

oA
ng

eli
 

 

648

Introduction

Current rural spatial planning strategies are increasingly aimed at sus-
tainability criteria and characterized by approaches which integrate the use 
of territorial resources by enhancing the complex and multifunctional char-
acter of rural areas (Barreca, Di Fazio and Modica, 2004). The land suita-
bility evaluation for a specific land use is based on the explicit identifica-
tion of constraints and opportunities for the conservation and future devel-
opment of the territory (McHarg, 1969; FAO, 1976, 1993; Steiner, 1983), 
through a process composed of two phases (Di Fazio, Malaspina and Modi-
ca, 2005; Fichera and Modica, 2007): physical land suitability evaluation 
(suitability is an intrinsic characteristic of the examined area) and usability 
evaluation (usability is the current possibility to use the present resources). 
As remarked by Steiner, McSherry and Cohen (2000) suitability techniques 
are essential for informed decision-making.

One of the most common procedures in spatial planning decision-
making processes is still the GIS-based Multicriteria Decision Analysis 
(GIS-MCDA) (Malczewski, 2006). This procedure prevails because it al-
lows to consider, at the same time, the objectives of the analysis and the 
different criteria which influence land suitability in relation to a specific 
land use. In the model implementation phases, this characteristic simplifies 
the weighting of the criteria that concur to the final judgment, overcoming 
the excessive rigidity and schematism of Land Evaluation (FAO, 1976, 
2007), which is still the international reference procedure for territorial 
analysis and evaluation studies.

Over the last twenty years, multicriteria evaluation models have played 
an increasingly important role, also thanks to their integration into GIS de-
cision-making tools (Pereira and Duckstein, 1993; Malczewski, 1999, 
2006). As a matter of fact, the introduction of GIS tools in physical land 
suitability evaluation (Ceballos-Silva and Lòpez, 2003; Shahadat Hossain 
et al., 2010), which was concomitant with the scientific and technological 
advance of such tools, has enabled to see the whole spatial planning ap-
proach from a new perspective (Malczewski, 2006), owing to their evolu-
tion towards a graphic interface of immediate use and to the possibility to 
employ suitable decision support systems that allow to process not only 
spatial data, but also judgments, scales of values, etc..

In the last few years, these models have proved to be applicable and re-
liable, above all when they are adopted in consolidated agricultural produc-
tive contexts. Their use has proved to be more difficult in limited, niche, or 
strongly declining productions. The objective of this paper is to develop 
and validate a multicriteria model for the analysis, evaluation, planning and 
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sustainable management of rural areas with diversified farming systems. In 
particular, the model aims at the revival and development of niche products 
with a high traditional and qualitative value. The model proposed was ap-
plied and validated in the Jonian area of the province of Reggio Calabria, 
Italy, where a high-quality wine, which risks disappearing today, is pro-
duced, though in small quantities: the Mantonico. The intrinsic value of this 
wine is related to the ancientness of its grape variety, to the historical and 
cultural characteristics of the territory and to the traditional forms of wine-
making. These elements risk disappearing because the cultivation of this 
grape variety is being abandoned. 

Materials and methods

The model proposed in this paper refers to the empirical model-
ling/quantitative approach (Rossiter, 1996). This approach starts from the 
observation of the relations existing between the characteristics of a certain 
part of the territory and its potential productions and then extends such rela-
tions to the whole area.

Specifically, the model was designed so that it can be open, updated and 
adapted to the different territorial needs and to the varied characteristics of 
the examined productions, and is based on the principles of GIS-based mul-
ticriteria analysis, which is part of SDSS (Spatial Decision Support Sys-
tems) macro-categories (Matthews and Sibbald, 1999). The procedure can 
be considered as a Single Objective Multi Criteria Evaluation able to de-
fine, in a simple manner, the best suitability conditions for the management 
of specific productions. 

MCE (Multi-Criteria Evaluation) is an approach that includes a rich va-
riety of techniques based on the same pattern: to explicitly define the con-
tributions of the different options to the different criteria or attributes and to 
follow the same succession of phases.
- Choice of the criteria, divided into factors and constraints (Eastman, 

2001), and their normalisation.
- Weighting criteria in MCE procedures (Saaty, 2000). 
- Aggregation of results with commonly called OWA operators (Ordered 

Weighted Averaging) (Yager, 1988). 
- Sensitivity analysis (Malczewski, 1999).
- Selection and location of suitable areas.

The first phase of the research was the implementation of a geodatabase 
using existing and derived raster and vector data. The multicriteria analy-
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sis3 was carried out by means of an AHP (Analytical Hierarchy Process)
procedure (Saaty, 2000), applying a data reference scale included in the 
closed interval [0,1] and a normalisation and reclassification of data 
through fuzzy logic. Since the attributes of the factors analysed were de-
structured according to different hierarchical levels, their values were nor-
malized through the implementation of an ANP (Analytical Network Pro-
cess) using the software ExpertChoice®. The normalisation of the factors 
through fuzzy logic was carried out by choosing those membership func-
tions which best fit the physical quantities examined (Fig. 3a-b-c), by using 
two (monotonic) or four (symmetric) control points. 

Application and validation of the land suitability evaluation model

More or less evident traces of the presence of Mantonico grape were 
gathered from historical surveys and from inspections in situ. They were 
found in a wide geographic area of some 120,000 ha (Fig.1) that includes 
38 municipalities of the Jonian coast of the province of Reggio Calabria, 
which are involved in the rules and regulations for the Regional Geograph-
ical Indication Locride4. The territory is characterized by a remarkable alti-
tude variability that results in the heterogeneous climate conditions of the 
area. Though, according to De Martonne classification, climate can be gen-
erally considered Mediterranean, it is mild-hot (hot and very dry summers) 
at lower altitudes, while it is mild-cold (mild and dry summers) at an alti-
tude of over 800 m. In order to implement this model, data from 15 thermo-
pluviometric stations with a 30-year historical series were used5. The elab-
orated data allowed to establish that the yearly average temperature of the 
area statistically ranges between 4.3 and 18.3 °C; that of the coldest months 
ranges between -4.7 and 10 °C; while the yearly average rainfall ranges be-
tween 900 and 1,870 mm and is strongly concentrated in autumn and win-
ter. The model (Fig. 2) schematizes the organisation of the information lay-
ers which were taken into account for the evaluation of land suitability for 
the cultivation of Mantonico grape, as well as the operations of normalisa-
tion carried out to ensure their comparison and interoperability.

3 The multicriteria analysis was implemented in an Idrisi environment, using MCE 
(Multi-Criteria Evaluation) and MOLA (Multi-objective Land Allocation) modules. 

4 Ministerial Decree of 27/10/1995 and Ministerial Decree of 31/07/1996.
5 Thermo-pluviometric database of the Meteorological, Hydrographic and Marigraphic 

Functional Centre of the Region Calabria (http://www.cfcalabria.it/). 
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Fig. 1 – Territorial location of the study area.

The preliminary phase of the choice of the factors is particularly deli-
cate, since most of the compliance of the model depends on it. The number 
of factors should be defined so that they do not make the application of the 
model excessively dull, yet they should allow to effectively describe the re-
lations between the characteristics of the territory and its productive poten-
tials. Therefore, it is fundamental to have an in-depth knowledge of the 
laws governing agricultural production. However, in the case of niche pro-
ductions, e.g. of Mantonico grape, they have not often been specifically 
studied and, as a consequence, they are still only empirically or descriptive-
ly known. In this paper, in order to establish such correlations, the collabo-
ration of experts in the field, ethnic and historical bibliographies, infor-
mation from farmers and connoisseurs of the area and accounts from old 
farmers were used. In the specific instance, input data were divided into 
two classes:
- constraints, i.e. all the factors that do not allow to cultivate the Mantoni-

co grape on the territory, owing to structural or normative aspects;
- factors, i.e. those elements that, individually or aggregately, define the 

potential land suitability for the cultivation of Mantonico grape. 
The following is a short description of the above-mentioned factors. 
Land use: land cover was analysed starting from the cartography of the 

EU Project Corine Land Cover (IV level), which was properly updated in 
order to obtain more details on the territory concerned by the research. 
Land use classes were gathered in eleven groups (vineyards, arable lands, 
pasture lands, shrublands, permanent crops, woodlands, sparse vegetation, 
inland waters, wetlands, beaches, settled areas) corresponding to the most 
representative contexts of the territory and analysed through AHP proce-
dure in relation to their suitability for the cultivation of the grape variety 
concerned. 
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Fig. 2 – Model for the definition of the suitability map for the cultivation of Mantonico 
grape.

Altitude: the thermal variations related to this parameter have a very 
important direct influence on the phenology of a crop; altitude was mapped 
by means of a DEM with a geometric resolution of 20 m. In order to inte-
grate elevation data into the model, they were normalized with fuzzy logic 
through a monotonically decreasing J-shaped curve (Fig. 3a). Optimal con-
ditions for the cultivation of Mantonico variety were found up to 600 m of 
altitude. Above that altitude they were considerably less suitable because of 
the remarkable energy investments necessary to manage the vineyard.

Aspect: the aspect of versants directly influences the amount of solar ra-
diation to the soil surface during the growing season. Therefore, this factor 
plays a crucial role for Mantonico variety, which requires very high sugar 
content for its oenological transformation. The qualitative gradient of the 
aspect was investigated through a direct reclassification by assigning higher 
levels to southern, eastern and western aspects and lower values to northern 
aspects.

Slope: the slope of versants influences the limits of practicability of ag-
ricultural activities. This factor was also investigated through a Fuzzy logic 
procedure and normalized through a monotonically decreasing J-shaped 
curve (Fig. 3b). It is important to notice that optimal conditions for the cul-
tivation of Mantonico grape were found with slopes of up to 25%. Beyond 
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such a value, mechanisation operations would be too expensive or imprac-
ticable.

Heat index: the heat gradient is one of the most important elements for 
the definition of land suitability for oenological production. It was shown 
(Fregoni, 2003) that the thermal performance during the growing season 
directly impacts the production of sugars in grapes and that this element al-
so influences the type and quality of the wines produced. To that end, the 
thermal data of the territory examined were spatialised over the whole 
study area and, through an IDW (Inverse Distance Weighted) procedure, 
they were turned into input data for the calculation of Winkler heat index 
(1944). This index, also known as heat sum, expresses the summation of 
the daily average temperatures (Tmed) throughout the growing season of 
the vine (which, in the case study, was from May 1st to September 30th) and 
does not include values lower than 10°C (i.e. the temperature below which 
the physiological processes of the vine halt). This index originates from the 
experimental observation that the higher the heat input during the period of 
development of bunches, the higher their content in sugars.

The data obtained for the study area were then normalized through 
Fuzzy Logic with a symmetric sigmoid function (Fig. 3c). 

a) b) c)
Fig. 3 – Monotonically decreasing j-shaped curves (altitude and aspect factors); symmetric 
sigmoid function (heat index factor).

Pedological factors: pedological factors (ARSSA, 2003) include the 
chemical and physical characteristics of the soils that directly influence the 
definition of the optimum growing conditions of Mantonico grape (Texture, 
Depth, pH, Carbonates and Drainage capacity). All the examined elements 
were normalized through an AHP methodology in order to highlight the 
change occurring in the suitability for each factor as the characteristics of 
Mantonico grape change. Then, they were related (through an ANP meth-
odology) to define the gradient of influence of the pedological characteris-
tics on the whole study area. Certain factors are more closely related than 
others to the vegetation characteristics of the crop analysed. In the specific 
case of Mantonico, land drainage is fundamental to prevent the develop-
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ment of oidium and grape mildew (phytopathologies to which Mantonico 
grape is particularly susceptible if humidity is stagnant). Soil depth is 
equally important because “thin soils” (presence of limiting horizons below
25 cm of depth) hamper the growth of the fascicled root system of the vine.

Tab. 1 – Technical description of the constraints.
Constraint Description

Protected areas Pursuant to the Framework law on the protected areas (Framework Law 
394/1991 and subsequent amendments and additions), no anthropic activity is 
allowed in integral reserves.

Urbanized areas Based on the layer “Urban Centres” of the dbprior 10k produced by the Carto-
graphic Centre of Region Calabria.

Archaeological 
areas

Pursuant to the Code of cultural and landscape heritage (Legislative Decree no. 
42 of 22/01/2004).

Altitude over 
600 m a.s.l.

In line with field literature and considering that, though the cultivation of Man-
tonico grape is still possible at higher altitudes, high-impact external interven-
tions would be needed to obtain a qualitatively significant product. 

Landslide areas Based on the “Charter of Risks” of the Hydrogeological Structure Plan and de-
fining the areas of the territory where the risk of damage to people, facilities, 
activities and environmental heritage is high.

Earth flows Based on the “Charter of Risks” of the Hydrogeological Structure Plan and de-
fining the areas of the territory where the risk of earth flows and of damage to 
people, facilities, activities and environmental heritage is high.

Outcrop areas Based on the “Charter of Risks” of the Hydrogeological Structure Plan and de-
fining the areas of the territory where there are ongoing particular and intensive 
erosion phenomena.

Flood expansion 
fields

Based on the “Charter of Risks” of the Hydrogeological Structure Plan and de-
fining on the territory the channels of “fiumare” (typical Calabrian streams) 
serving as flood expansion fields.

Wooded areas Pursuant to the Code of cultural and landscape heritage (Legislative Decree no. 
42 of 22/01/2004).

Coastal con-
straint areas

Pursuant the Code of cultural and landscape heritage (Legislative Decree no. 42 
of 22/01/2004) and considering the presence of protected dune phytocoenoses 
along the coast of the territory concerned.

Tab. 2 – Matrix of paired comparison between factors (CR, Consistency Ratio = 0.059).
Factors Land use Pedol. 

Fact.
Heat
index Altitude Slope Aspect Normal.

weight
Land use 1 0,25 0.14 2.00 0.33 1.25 0.075
Pedol. Fact. 4.00 1 0.50 5.00 1.25 4.00 0.253
Heat index 7.00 2.00 1 5.00 0.50 3.00 0.294

Altitude 0.50 0.20 0.20 1 0.25 1.00 0.054

Slope 3.00 0.80 2.00 4.00 1 2.00 0.248

Aspect 0.80 0.25 0.33 1.00 0.50 1 0.075
1

The factors, which had been individually normalized, were then aggre-
gated in a single evaluation matrix through an ANP methodology. In the 
overall evaluation, the weight of each element was defined by paired com-
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parison. The weighted linear combination of the above-mentioned factors 
allowed to obtain the spatialised level of the land potential suitability for 
the cultivation of Mantonico grape (Tab. 2).

As in other experiences (Fichera and Modica, 2007), the aggregation of 
the evaluation results was obtained through an OWA procedure (Yager, 
1988), with a substantially pessimistic appro
approach was justified by the goal itself of the research, i.e. the selection of 
the most valuable areas by highlighting the influence of the most limiting 
factors.

Fig. 4 – Map of land suitability gradients for the cultivation of Mantonico grape.

The superposition of constraints (Tab. 1) with the spatialisation of the 
above-stated potential suitability allowed to map the level of land suitabil-
ity for the production of Mantonico grapes (Fig. 4). 

The model was validated by comparing the real geographical distribu-
tion of vine growing, regardless of the cultivar actually grown, to the suita-
bility value obtained by spatialising the model results. Validation results 
are shown in the paragraph below. Although this validation procedure is 
simplified because, owing to the limited number of areas currently under 
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Mantonico grape cultivation, the control points correspond to vineyards 
where generic cultivars are grown, it however allows to carry out important 
and significant evaluations on the methodological correctness of the model.

Results and conclusion 

Analyses show that the overall study area of 121,684 ha is composed for 
around 47% (57339 ha) of territories where the cultivation of Mantonico 
grape is not allowed because they are occupied by areas under constraints. 
About 34,687 ha of these areas (around 60% of all the excluded areas) are 
made up of territories located at an altitude of over 600 m a.s.l., and 22,652 
ha consist in territories under all the other forms of constraint (around 39% 
of all the excluded areas).

The remaining part of the study area is composed of null suitability are-
as, for 1,308 ha (around 1%); of low suitability areas, for 9,459 ha (around 
8%); of medium suitability areas, for 41,504 ha (around 34%); and of high 
suitability areas, for 12,073 ha (around 10%). With reference to the areas 
which are not under constraint, the most representative areas show a medi-
um suitability for the cultivation of Mantonico grape (41,504.3 ha, i.e.
64.5% of the territory without any constraint). They are followed by high 
and low suitability areas (12,073.4 ha, 18.7%, and 9,459.1 ha, 14.7%, re-
spectively) and by null suitability areas, which occupy only 1,308.2 ha 
(2.03%). Such a distribution shows that the whole examined territory is 
suited to the cultivation of Mantonico grape and that the greatest barriers to 
this cultivation are not adverse vegetation conditions, but objective regula-
tory and structural restrictions.

Moreover, the model validation phase allowed to obtain particularly re-
assuring data on the methodological correctness of the evaluation model 
proposed. In fact, the comparison between current vine growing areas and 
the values obtained from the model clearly shows that the vine-growing 
sites of the study area are included within medium and high suitability clas-
ses (with values of 36.2% and 47.6%, respectively) (Fig. 5), while the vine-
growing sites included in low and null suitability classes are insignificant 
(with values of 1.5% and 0.03%, respectively).

The considerable presence of vine-growing areas in the territory under 
constraints is due to the cultivation of grape varieties in areas of high hy-
drogeological risk (especially in case of slope instability) and, to a very 
limited extent, to those grape varieties cultivated in areas with restrictions 
established by the Code of the Cultural and Landscape Heritage (Legisla-
tive Decree 42/2004). 
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The results of the validation process allowed to formulate a first positive 
judgment on the validity of the model. Certainly, the model verification 
should be carried out considering the current productions, in terms of 
amount of grapes, but also in terms of quality of the wine produced. Only 
when the first productions are obtained will it be possible to perform this 
verification and properly adjust and improve the model. 

Fig. 5 – Graph of the model validation comparing the current vine-growing areas distribu-
tion to the suitability classes defined.

Therefore, it is important not to forget that, in general, even complex 
and refined evaluation models should be considered as tools guiding and 
supporting planners in their evaluations and that they cannot and must not 
replace man’s interpretation and sensibility when making choices and deci-
sions on the development of a territory.
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