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•  Drought is a recurrent meteorological phenomenon.  

•  Drought can cause economic, social and natural 
damages.  

•  Significant water shortage, due to extreme drought 
events, can affect agriculture, industry, tourism, 
recreation and the environment. 

•  The scope of its impact largely depends on the 
vulnerability of the affected system. 



•  In recent decades, droughts have increased in number 
and intensity in some parts of Europe. 

•  Drought has in the past had a major impact on the 
economy of all countries in the SE Europe region, as well 
as on the environment and society in general.  

•  Slovenia is no exception: recent more frequent, more 
severe and longer lasting droughts have emphasized the 
vulnerability of Slovenian economy to shortages of water 
supply, especially in agriculture. 



The intensity of droughts is determined by the rate of 
water deficit in 8 main agricultural areas in Slovenia. 

(Source: Environmental Agency of the Republic of Slovenia, 2010) 



•  Is a direct response to the growing concern about the 
impact of future climate change on water resources 
and agriculture drought. 

Drought Management Centre for SE Europe (DMCSEE) 
 initiates different activities: 

•  One of the DMCSEE objectives is a conduction of a 
drought risk assessment, which includes GIS based 
drought vulnerability assessment. 



•  We have started with a pilot study of the “Goriška” 
subregion in the west part of Slovenia in 2008, which has 
later been extended to the entire area of Slovenia. 

•  Main objective: to develop a methodology for drought 
vulnerability assessment and mapping for agriculture at 
the country level. 

•  Agricultural areas exposed to droughts were modelled by 
Geographic Information Systems (GIS) software. 



•  The vulnerability model was adjusted to the available 
and appropriate data with the use of GIS software Idrisi 
Taiga (Clark Labs).  

•  The multi-criterial valuation (MVC) - weighted linear 
combination method was used.  

•  Input factors were combined by applying a weight to 
each followed by summation of the results to yield a 
vulnerability map: 



Input data 
•  Factors influencing drought vulnerability in agricultural systems are 

numerous, and their inclusion depend on data availability and 
reliability. 

•  We have selected parameters that can be divided into the following 
main categories: 
–  environment (out of farmers control): 

•  Solar illumination radiation [MJm–2] 
•  Soil water-holding capacity [mm] 
•  Slope inclination [%] 

–  agricultural and irrigation practices (which can be altered within 
certain limits) 

•  land use  
•  irrigation 

–  Defined with Geographical Units of Agricultural Land (in Slovene: 
GERK) database. GERK is defined location and area of unified piece of 
agricultural land with same land use, which is cultivated by one owner on 
the base of aerial orto-photo images of Slovenia. 



1) Solar illumination radiation [MJm–2] 



Solar illumination radiation [MJm–2] 

Spatial resolution: 100 x 100 m 



2) Soil water-holding capacity [mm] 



Soil water-holding capacity [mm] 

Spatial resolution: 100 x 100 m 



3) Slope inclination [%] 

•  gg 



Slope inclination [%] 

Spatial resolution: 100 x 100 m 



4) Land use (GERK) 
    GERK is defined location and area of unified piece of 

agricultural land with same land use, which is cultivated 
by one owner on the base of aerial orto-photo images of 
Slovenia. 

Source: http://rkg.gov.si/GERK/viewer.jsp 

Agricultural Land Use  

Shape (polygon) file → conversion to raster file 



Advantage of GERK 
•  Available past data on-line in digital form. 
•  GERK data are frequently updated. 
•  Available data about: Level of estimated damage due 

to drought for 2006 to the spatial unit GERK (Source: 
Commission for Remedying the Effect of Damage to Agriculture, 
2007) 



Land use (GERK) 

To improve estimation of the objective assessment of the 
vulnerability according to the land use, e.g. individual plants, 
which are representatives of the vulnerability classes, we used 
Irrigation scheduling model IRRFIB (developed at AgMet 
Department of Meteorological sector of Hydrometeorological Institute of 
Slovenia). 



Calculated maximum period of consecutive 
days with stress per year with IRRFIB model 

IRRFIB model calculates water consumption by crops during their growing 
and ripening season, taking into account soil characteristics, phenological 
phases of crops, rooting depth and naturally atmospheric conditions. 



5) Irrigation (GERK) 
6.659 ha of irrigated agricultural area in Slovenia. 

GERK is defined location 
and area of unified piece 
of agricultural land with 
same land use, which is 
cultivated by one owner 
on the base of aerial 
orto-photo images of 
Slovenia. 

Shape (polygon) file → conversion to raster file 



Irrigation (GERK) 

Final spatial resolution: 100 x 100 m 



Weight assessment 

On the basis of literature review and expert assessment. 



Model scheme of multi-attribute 
decision analysis 
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On the basis of the vulnerability 
model and spatial data, 
vulnerability levels were 
estimated (modelling + expert 
assessment of data in the 
model). 



•  The model output was drought vulnerability map with a 
colour-coding categorization of draught vulnerability of 
the GERK spatial units. 

•  Results indicate the most vulnerable areas to 
agricultural drought in Slovenia. 

•  Spatial resolution is 100 m x 100 m. 







Level of estimated damage to the spatial unit 
(GERK) during the occurrence of drought in 

2006 (in %) 

Data were obtained from Agency for disaster relief, R. of Slovenia. 



Comparison of vulnerability assessment 
results and past data on draught damage 

to agriculture in 2006 
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To be able to assess the vulnerability as accurately as 
possible, we planed to take into the account also climate 
information/data. Input layer should in this case reflect 
deviations from mean values (i.e. anomalies) and not the 
average values themselves.  



•  Lower layer: land use map – shape (black) 
•  Upper layer: vulnerability map – raster (colour) 

Smaller resolution 10 x 10 m? 



•  inclusion of climate data, smaller resolution 
•  accuracy assessment → sensitivity of results  
•  vegetation period → different phenological stages 
•  before its application to other areas of SE Europe, the 

assessment scheme will probably need some 
modifications 

•  With improvements, the map of agricultural drought 
vulnerability could provide decision makers and 
stakeholders information about which agriculture areas are 
more vulnerable to drought. 




