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Abstract 
 
The paper reports the methodology used for the realisation of a GIS based model to estimate the 
value of water demand for irrigated agricultural areas in Italian southern regions. 
Aim of this study is to develop a GIS based system for supporting infrastructural works raising 
the improvement of water resources efficiency. 
The evaluation method requires different databases and their harmonization: land use, soil, 
climate, statistical data and crop coefficient used to calculate crop evapotranspiration.  
The land use map is based on the photo-interpretation, using ortophotos and satellite images, 
and testing field campaigns. The classification system is based on a modified CORINE Land 
Cover nomenclature in order to have more details about agricultural irrigated areas.  
Climatic database is organized on the basis of the spazialization of 375 climatic stations data, 
aggregated by monthly average minimum and maximum temperature, and cumulative rainfall 
values. The result of climatic station data spazialization is the creation of 11 homogeneous 
climatic zones in Southern Regions.  
GIS-data have been intersected with agricultural statistical data and the different crop 
coefficient Kc calculating during the different culture growing periods. 
Agricultural statistical data have been used to define the different crops percentage present in 
the province of south Italy in relation with land use map. 
The crop coefficients used to calculate crop evapotranspiration have been derived from field 
measurement during the different culture growing period, where available, and from scientific 
literature. 
The result is a validated calculation model able to quantify the water demand in the agricultural 
areas, assessing the economical and environmental sustainability of irrigation and providing 
useful tool to support water management activity. 
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Introduction 
 
The necessity of a sustainable irrigation is recognized like a strategic objective of primary 
importance. In the Mediterranean area, agricultural irrigation represents about 60% of the total 
water consumption and the agricultural areas with private water distribution networks are still 
increasing. Water is therefore a vital element, required by farmers timely, at a reasonable price 
and in the requested quantities. However in Southern Italy water is relatively scarce and is not 
uniformly distributes: regions or areas with the most intensive agricultural crops have limited 
water availability. Furthermore, there is a very strong competition between irrigation and other 
uses of water (urban areas, industries and tourist resorts).The optimization of water use in 
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agriculture is a key factor in rural development and agri-environmental management. The full 
utilization of the available water means the possibility to improve the irrigation performance 
and reducing the environmental and social impact of water use. 
Aim of this study is to realize a GIS based model for taking into specific consideration the 
interaction between irrigated land use, irrigation soil sustainability and crops characteristics. 
This method will produce a final model able to quantify the water demand in the agricultural 
areas, to be used as supporting decision system. 
 
Materials and Methods 
 
The evaluation method requires different databases that were harmonized: land use, climate and 
soil data, statistical data and crop coefficient. 
The land use map (Fig.1) is based on the photo-interpretation, using ortophotos and satellite 
images, and testing field campaigns. The land use map was realized interpreting summer cover 
Landsat images of 2005 at 1:50.000 scale as thematic support, using the ortophotos as base for 
geometric delineation. 
The editing phase was realized in GIS environment using the ESRI ArcView 3.2 and ESRI 
ArcGis 9.1 software. The classification system is based on a modified CORINE Land Cover 
nomenclature in order to have more details about agricultural irrigated areas. 
A specific land use database was built extracting only the irrigated classes. The irrigated mixed 
areas were interpretated again to define the effective percentage of irrigated areas. 

1088



IAALD AFITA WCCA2008         WORLD CONFERENCE ON AGRICULTURAL INFORMATION AND IT  

Fig.1- Extract of land use map with relative legend 
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Climatic database was organized on the basis of the spazialization of 375 climatic stations data 
of southern Italy, aggregated by monthly average minimum and maximum temperature, and 
cumulative rainfall values, over a 44 year climatic period (1960-2004). After the spazialization, 
on a grid cell of 250 m, two agro-climatic indexes have been obtained: the Annual Summation 
of Growing degree days and Annual Water Potential Deficit (WPD). Finally, by cluster analysis 
of the agro-climatic indexes, 11 homogeneous climatic zones were obtained and assigned to 
soilscapes groups. 
The main characteristics of the climatic zone are described in the table below: 
 

ID Description 
Area 

(kmq)

Mean rainfall (mm) 
Mean temperature 

(°C) 

MIN MAX 
MEA
N 

MI
N 

MA
X 

MEA
N 

11 sardegna alto collinare 7658 595 1279 817,7 10 17,9 14,71 
12 murge e sicilia alto collinare 15404 484 1420 717,9 7,3 19,3 15,13 
21 campidano di cagliari 5765 471 1158 596,4 12 18 16,57 
22 piane costiere siciliane 6647 295 761,5 531 15 18,7 17,62 
31 Sicilia e Sardegna basso collinare 15365 410 1241 669,5 10 19,3 16,08 
32 basso tavoliere 2250 496 786 551,6 14 16,6 16,06 
33 arco ionico tarantino; piana di sibari 3169 503 938,1 656,8 12 18,6 16,92 
41 colline sassaresi e nuoresi 5919 580 1134 708,6 12 17,9 15,87 
42 Salento, medio tavoliere, basse colline ioniche calabre 13530 488 1326 691,8 7,6 19,4 16,07 
60 collinare abruzzo molise e campania 6277 487 1759 975,9 8,1 16,7 12,64 
70 alto abruzzo e molise, alto aspromente e alto etna 4167 557 2138 1111 6,9 16,7 9,313 
81 costiero adriatico 3351 471 1157 774,4 11 16,7 14,42 
82 parte del costiero e retrocostiero campano 4142 773 1708 1113 9,5 18,5 14,17 

90 costiero tirrenico campano calabro e fascia interna 
appenninica; 

17772 469 1518 909,3 7,4 18,6 14,6 

100 montano calabro lucano, sila 6281 667 1862 1072 6,9 17,9 10,91 

110 alto collinare e montano abruzzo; gargano, sila, 
aspromonte, nebrodi e etna 

5474 577 2073 1080 6,9 16 10,31 

 
This methodology was applied only for the year 2004, because only for this year we have all the 
statistical data. For this year climatic parameters (Et0, effective monthly rainfall, DIP) have 
been extracted. 
Soil evaluation was performed by using data treated by National Soil Database (CRA-ISSDS). 
About 9.700 soil profiles until 1.5 m of depth were extracted and organized in Soil Typological 
Units (STU), according to stational features (parent material, land use, soil management, etc.), 
Soil Classification (USDA ST 2006), and dataset of hydrological qualities and characteristics 
(hydrological group, saturated hydraulic conductivity Ks, characteristic retention pF curve, 
available water capacity). Soil Typological Units were assigned to the soilscapes geography at 
1:250.000 scale, following the relationships already made into the soil map of Italy at the same 
scale. 
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Fig.2 Climatic zones in the South Italy 
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The layers related to these three databases were intersected with the layer of the provincial 
administrative boundaries and a map was created where every polygon correspond to a 
typology pedo-climatic and a defined land use. 
Agricultural statistical data were collected from the National Institute of Statistics (ISTAT) for 
the 5° General Census of Agricultural in Italy made in 2000. These data were used to define the 
percentage of different crops present in the provinces of South Italy. For each crop the crop 
coefficients (Kc) was collected. The coefficients were measured in the field during the different 
culture growing period, where available, and from scientific literature. 
 
The crop evapotranspiration, ETc - is based on the methodology proposed by the FAO, trough 
the water consumption evaluation of the most important crop present (derived from land use 
map) and the assessment of the effective rainfall. 
The methodology applied is based on the crop evapotranspiration (ETc) computing from 
meteorological data, towards a so called "two step approach". 
1. Reference evapotranspiration ( ETo) computing 
2. Crop coefficient (Kc) application, which account the differences in the crop canopy and 

aerodynamic resistance relative to the hypothetical reference crop. 

cc KEToET ×=  
 
where  
ETc crop evapotranspiration [mm d-1], 
Kc crop coefficient [dimensionless], 
ETo reference crop evapotranspiration [mm d-1]. 
 
ETo computing is based on Hargreaves - Samani equation (Penman-Monteith equation is not 
applicable due the missing data of solar radiation, relative humidity and wind speed at 
meteorological station located in the study area)  

 
where: 
C = empiric constant, normally fixed at 0.0023 value 
Ra = extraterrestrial radiation [MJ m-2 d-1] 
Δt = thermic monthly range [°C] 
λ = latent heat of vaporization [MJ kg-1] 
T = monthly average temperature [°C] 

 
Most of the effects of the various weather conditions are incorporated into the ETo estimate. 
Therefore, as ETo represents an index of climatic demand, Kc varies predominately with the 
specific crop characteristics and only to a limited extent with climate.  
Agricultural statistical data related to different province have been associated with database of 
the land use-pedo-climatic map, to define the percentage of several crops inside every polygon 
belonging to different land use classes. The monthly crop efficient was associated with the 
percentage of every crop to calculate the monthly crop water requirement (Cwr). 
 

( )8.170 +⋅Δ⋅= TT
R

CET A

λ
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Fig. 3 Water demand mc/ha/year  
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Results and Discussion 
 
The results for all the southern Italy, evaluated over a total irrigated surface of 579.812 ha, 
show that the water demand in the 2004 was of 709.064.658 mc, that corresponds whit a mean 
value of 1.250 mc/ha/year. The higher value is of 6.062 mc/ha/year is present in the province of 
Caltanissetta (Sicily) in the pedo-climatic area described as “Sicily and Sardegna low hill” in 
the land use class of fruit garden. The lower values are present in several irrigated areas 
distributed in different climatic zones where the main culture are orchards. From the result thus 
obtained, the water demand results low, maybe because the year 2004 was very rainy and crops 
didn’t have an important water deficit. 
The innovative aspect of this methodology is the use of data derived from different statistical 
surveys. These data in conjunction with the land use map can characterize the agricultural area 
of study. The result is a validated calculation model able to quantify the water demand in the 
agricultural areas, assessing the economical and environmental sustainability of irrigation and 
providing useful tool to support water managing activity. 
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