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Abstract:  The Mediterranean climate has shown a significant trend towards the phenomenon of climatic extremes in which 
climate parameters show increasingly frequent and sensitive deviations from their historical trends. This condition is 
caused by climate change that amplify the effect of drought, which is a natural and recurrent phenomenon in all 
climate regimes. Different types of drought correspond to the various elements of the hydrologic cycle. The purpose 
of this study is a joint approach to assess meteorological and agricultural drought as a result of alteration of rainfall 
and temperature due to climate change. Two drought indices are employed: the Standardized Precipitation index (SPI) 
which is based only on precipitation, and the Reconnaissance drought index (RDI), which takes PET in to account. In 
order to facilitate the calculation process of the climatic indices the software DrinC (Drought Indices Calculator) was 
used. The run method is used to determine the characteristics of the drought phenomenon and to identify drought 
periods and drought average intensity. The proposed methodology provides an overview of drought phenomena at 
national level. As expected, the results showed that both indices exhibited an overall similar behavior especially in the 
North of Italy. This study highlights that, the joint application of the two indices, more accurately defined drought 
events. This information is extremely useful for the evaluation of drought risk through mitigation measures with the 
appropriate management of water resources. 
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1. INTRODUCTION 

Italy has been characterized by extreme climatic conditions over the past 10 years. The 
Mediterranean climate has shown a significant trend towards the phenomenon of climatic extremes 
in which climate parameters show increasingly frequent and sensitive deviations from their 
historical trends. This condition is caused by climate change that alters temperature and 
precipitation worldwide, these changes amplify the effect of drought, which is a natural and 
recurrent phenomenon in all climate regimes. The term drought, as well known, indicates “a natural, 
temporary and casual situation of strong reduction in water availability compared to normal values 
for a significant period of time and over a wide area” (Yevjevich, 1967). 

The primary cause of any drought is the lack of precipitation, and the duration, distribution, and 
intensity of this deficiency in relation to the existing water storage, demand, and use. Therefore, 
drought is a prolonged period of water deficit, and typically occurs when an area receives 
precipitation below usual levels for several months (Asadi Zarch et al., 2015). 

As it is widely known, drought can be classified into three different types (Dracup, 1980; Wilhite 
and Glantz, 1985): meteorological, agricultural and hydrological.  

Particularly the phenomenon of drought is basically of meteorological nature and it is identified 
as a precipitation deficit. The soil moisture deficit (agricultural drought), and the runoff deficit in 
surface and groundwater bodies (hydrological drought) are determined as a result of meteorological 
drought. The phenomenon is serious and complex. The consequences that it produces can give rise 
to multiple types of impacts on environment, economic and social sector (Yevjevich, 1967). 

The drought phenomenon is characterized by three dimensions: the severity or intensity, the 
duration and the areal extent (Rossi et al., 1992). The intensity of drought corresponds to a 
significant reduction in water availability compared to the so-called “normal conditions”. In 
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mathematical terms drought intensity is generally characterized by the calculation of indices related 
to climatic variables. Many Authors have proposed indices for assessing the drought phenomena, 
each of these indices is relevant to a specific type of drought: Decili (Gibbs and Maher, 1967), 
Palmer Drought Severity Index (Palmer, 1965; Guttmanet al., 1992), Surface Water Supply Index 
(Shafer and Dezman, 1982), Standardized Precipitation Index (McKee, 1995), Reconnaissance 
Drought Index (Tsakiris et al., 2007), Streamflow Drought Index (Nalbantis, 2008). 

Among these indices the most applied is SPI, especially in Italy by Government Agencies that 
are monitoring the drought phenomenon. Whereas those different types of drought correspond to 
the various elements of the hydrologic cycle, to have a complete drought framework, at least three 
indices should be used: one for meteorological drought, one for agricultural drought and one for 
hydrological drought. This approach could allow monitoring and quantifying drought regionally for 
better local management. Although the application of this approach requires a large number of data, 
especially those related to runoff deficits in surface and groundwater bodies. 

In fact, given the difficulty of finding data on a national scale, the purpose of this study is a joint 
approach to assess meteorological and agricultural drought as a result of alteration of rainfall and 
temperature due to climate change. Two drought indices are employed: the Standardized 
Precipitation index (SPI), and the Reconnaissance drought index (RDI) (Khalili et al., 2011; Asadi 
Zarch et al., 2015). 

SPI refer to the meteorological drought and use as main determinant the precipitation, measuring 
how much precipitation for a given period of time has deviated from historically established norms; 
RDI is used for the agricultural drought analysis, as it can adequately describe the water balance, 
and it is particularly useful when reference periods related to development stages of the crop are 
selected. Agriculture is one of the sectors that are most likely to be sensitive to the primary effects 
of climate change, such as changes in growing season, temperature, and precipitation. 

The mitigation of drought impacts is one of the most important challenges in the management of 
water resources and can only be properly realized through an integrated management of this 
phenomenon. Following the increase in the frequency of drought events recorded in recent years, 
the Italian Government has implemented measures to combat drought (reactive) and to prevent and 
monitor the adverse effects of drought (proactive) by applying appropriate water policies at national 
level. During 2016, the National Observatories of Water Uses (OWU) were established. At this 
moment the observers are in operation and are implementing the risk management policies with a 
proactive approach for effectively dealing with the consequences of the drought in Italy. For the 
agricultural sector, in particular, Observers conduct monitoring of water availability and cultivation 
needs, identifying possible actions to be taken to combat drought and its consequences. 

2. METERIALS AND METHODS 

The meteorological data considered in this investigation were taken from Agro-climatic 
Observatory of the Ministry of Agriculture (https://www.politicheagricole.it/flex/FixedPages 
/Common/miepfy700_riferimentiAgro.php/L/IT). The weather and climate statistics published are 
estimated with data of daily time series of meteorological stations of the National Agro-
meteorological Network (RAN). The estimate of weather and climate statistics of the areas of 
interest or geographic domain names is performed with a non-stationary geostatistical model that 
takes into account the location of the stations of both the trend and the geographical correlation of 
climatic factors. It was decided to use Italian provinces as a territorial reference (it is necessary to 
specify that the term province refers to the territorial unit of reference). The province, in Italy, is 
identify as local authority with a wide area whose territory is smaller than that of the region to 
which it belongs and is higher than that of the municipalities that are included in its constituency – 
Figure 3). For each of the 103 provinces, a meteorological station was selected. The monthly 
rainfall and potential evapotranspiration data from 2006 to 2016 and their long-term climatic 
averages for each station were used. Two drought indices are employed: the Standardized 
Precipitation index (SPI), and the Reconnaissance drought index (RDI). In order to facilitate the 
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calculation process of the climatic indices the software DrinC (Drought Indices Calculator) was 
used. This software was developed at the Laboratory of Reclamation of Works & Water Resources 
Management of the National Technical University of Athens (Tigkas et al., 2015). 

The SPI was developed by McKee et al. (1993), as a means to define and monitor drought 
events. As it can be easily understood SPI refers to the meteorological drought and uses as main 
determinant the precipitation. Computation of the SPI involves fitting a probability density function 
(gamma distribution) to total precipitations for the stations of interest. This index is more suitable to 
monitor the meteorological drought (Rossi, 2007). 

The RDI was developed by Tsakiris et al. (2007) and it is based on the relationship between the 
precipitation (P) and potential evapotranspiration (PET); it represents the intensity of water 
consumption in a given system, which varies in time and space but is entirely independent by crops, 
by the characteristics of the soil and also easily determined (only climatic parameters). For this 
reason the index is more suitable to monitor the agricultural drought (Rossi, 2007). In this study 
RDI was used in its standardized form (RDIst), for a comparison with SPI. 

The Run method was developed by Yevjevich (1967) and it identifies and characterizes drought. 
This method is based on the comparison between the time series of the hydrological variable of 
interest and a representative threshold of “normal” conditions. The method characterizes, in an easy 
and immediate physical sense, droughts in terms of duration, cumulative deficit and/or intensity 
(Rossi, 2007). 

The Run Method was applied directly on RDIst and SPI value to identify drought periods (Dp), 
and average intensity (Iavg). Dp represents the number of years in which RDIst or SPI assumed 
negative values. Accordingly for each drought period Iavg was calculated as ratio between 
cumulative deficit Dc and the number of years of drought (N). 

As SPI and RDIst perform in a similar manner, their results can be interpreted in a similar 
manner as well. Therefore, the values of RDIst could be compared to the same thresholds as that of 
the SPI, as shown in Table 1. For the determination of the threshold of “normal” conditions, 
according with the criteria of Table 1, for both indices, values equal to or less than -1 were chosen. 

 
Table 1. Drought classification thresholds 

	
*values	 from	 -0.50	 to	 -0.99	may	be	 considered	 as	 a	 different	 category	
characterized	as	“Mild	drought”	

3. RESULTS OF RDI APPLICATION 

Table 2 shows, for the period 2006–2016 the annual values of SPI and RDIst. Of 103 provinces 7 
were selected (Asti, Belluno, Latina Trapani Frosinone Grosseto and Nuoro), one for Hydrographic 
Districts. Provinces have been selected according to the most drought years determined by the run 
method (with the largest number of SPI and RDIst equal to or less than -1). This choice is due to the 
fact that the duration of drought events is an important aspect, as even mild periods of drought can 
cause serious problems if they last for several years (Tigkas, 2008). 

As can be seen, in general, the two indices are in agreement, with a very small difference 
between them. Some discrepancies can be observed, with respect to the sign taken by both. Figure 1 

RDIst or SPI value Category
2.00 or more Extremely wet
1.50 to 1.99 Severly wet
1.00 to 1.49 Moderately wet

0 to 0.99 Normal condiotions - wet
0 to -0.99* Normal condiotions - dry

- 1.00 to -1.49 Moderate drought
- 1.50 to -1.99 Severe drought
- 2.00 or less Extreme drought
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shows a comparison between the trends of the two indices. For example for the year 2012 and for 
the provinces of Frosinone and Grosseto, RDIst assumes negative values, while SPI assumes 
positive values. This is due to the fact that probably in that year crop water consumption was 
particularly intense. On the other hand, for the province of Nuoro for the year 2015, RDIst assumes 
positive value since water consumption was probably limited in order the presence of resistant crop 
to water deficit and a negative SPI value, due to lack of precipitation.  
 

Table 2. Annual value of RDIst and SPI modelled by DrinC and drought characteristics for the selected Provinces 

 
Dp= Droughts Period; Dc= Cumulative Deficit; Iavg = Average Intensity according Run Method (Yevjevich, 1967; Rossi, 2007) 

 
Figure 1. Comparison of annual time series values (2006-2016) of SPI and RDIst for the provinces of Asti, Belluno, 

Grosseto, Latina, Frosinone, Nuoro and Trapani. 

SPI and RDIst indicate less agreement since PET plays an important role in characterizing the 
occurrence of drought based on RDIst. Remarkable rising trends of temperature in recent years have 
caused positive trends of PET in considerable parts of the country and have resulted in higher 
drought prone areas indicated by RDIst than SPI (Figure 3). 

In Figure 2 it is easier to identify the drought events and its severity for each provinces. For 
example during the year 2006 for SPI index drought events occurred in all the selected provinces 
classified within the mild (only for the province of Nuoro) or moderate drought levels; while for 
RDIst index drought events occurred in all the selected provinces classified within the moderate 

RDIst SPI RDIst SPI RDIst SPI RDIst SPI RDIst SPI RDIst SPI RDIst SPI
2006 -1.17 -1.10 -1.13 -1.35 -1.14 -1.14 -1.23 -1.24 -1.06 -1.13 -1.11 -1.08 -1.18 -0.82
2007 -1.64 -1.64 -1.14 -1.01 -1.86 -1.72 0.32 0.62 -1.80 -1.70 -1.72 -1.79 -0.77 -0.49
2008 0.60 0.56 0.81 0.98 0.32 0.65 -1.19 -0.98 0.51 0.63 0.53 0.70 0.20 0.24
2009 0.34 0.58 0.20 0.03 0.66 0.66 1.41 0.96 0.95 0.91 0.32 0.27 -0.80 -0.87
2010 0.66 0.55 0.24 -0.09 1.34 1.10 1.69 1.39 1.43 1.23 1.28 1.09 1.00 0.93
2011 -0.32 -0.15 -1.10 -0.99 -1.24 -1.29 -0.25 -0.36 -1.09 -1.08 -1.32 -1.43 1.18 1.11
2012 -0.23 -0.15 0.24 0.55 0.05 0.47 -0.68 -0.44 -0.31 0.28 -0.06 0.20 0.60 0.76
2013 0.89 1.05 0.58 0.82 0.84 1.08 0.66 0.94 0.86 1.14 0.71 0.91 1.86 1.73
2014 2.00 1.90 2.00 1.96 1.26 1.04 -0.02 -0.14 1.08 0.82 1.48 1.33 -0.62 -1.34
2015 -1.04 -1.01 -1.30 -1.16 0.01 -0.13 0.63 1.01 -0.12 -0.17 -0.46 -0.39 -0.17 0.08
2016 -0.09 -0.59 0.61 0.26 -0.24 -0.72 -1.34 -1.74 -0.46 -0.92 0.36 0.19 -1.30 -1.35
Dp 3 3 4 3 3 3 3 2 3 3 3 3 2 2
Dc -3.85 -3.75 -4.67 -3.52 -4.24 -4.15 -3.75 -2.98 -3.95 -3.91 -4.16 -4.30 -2.48 -2.68
Iavg -1.28 -1.25 -1.17 -1.17 -1.41 -1.38 -1.25 -1.49 -1.32 -1.30 -1.39 -1.43 -1.24 -1.34

NuoroAsti Belluno Latina Trapani Frosinone Grosseto
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drought level. During the year 2007 for both indices drought events occurred in the provinces of 
Asti, Grosseto Latina and Frosinone classified within the severe drought level. During 2014 for SPI 
drought events occurred in the province of Nuoro, in contrast to other provinces, classified within 
the moderate drought level, while for RDIst index drought events classified within the mild drought 
level; for the same province during 2016 drought event occurred classified within the moderate 
drought level. In general, Figure 2 shows the same trend for both SPI and RDIst, and three dry 
periods, more or less, are identified (not for all provinces in the same way). 

Table 2 shows the results of the run method application. Also in this case, in general the two 
index are in agreement: the number of years in which both indices assumed negative values, 
identifying drought periods (Dp), is quite similar except for the provinces of Belluno and Trapani 
provinces. For the province of Belluno 4 years of drought have been identified for RDIst, but 3 years 
of drought have been identified for SPI. It is worth noting that during 2011, SPI assumes the value 
of -0.99, immediately above the threshold to identify the first level of drought (Table 1). In fact, for 
identifying drought periods, values equal to or less than -1 were assumed. The same applies to the 
province of Trapani, 3 years of drought have been identified for RDIst, but 2 years of drought have 
been identified for SPI. During 2008, SPI assumes the value of -0.98, immediately above the 
threshold to identify the first level of drought (Table 1). The Iavg was determined and classified 
within the moderate drought level for all selected provinces. 

 

	

	

Figure 2. Drought condition for periods 2006 – 2016 
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Figure 3 shows the global distribution of the Iavg drought intensity. The Iavg values, of SPI (Figure 
3b) and RDIst (Figure 3a), are mapped to show the spatial distribution of drought in different 
country zones. Once again the results show that both indices exhibit an overall similar behaviour 
especially in the North of Italy. As it can be seen, there are some clear differences between the 
droughts identified by the two indices for South of Italy.  

This study highlights that the joint application of the two indices defines more accurately 
drought events. For example focusing on Sicily, as illustrated in Figure 3a, the results show extreme 
and severe average intensity for those provinces where water consumption was particularly intense. 
These are areas of intense agricultural activity. In Figure 3b, the results show an extreme and severe 
average intensity in those provinces where precipitation was very low.  

This application tested the scenario of drought events of the past decade, so the time series 
analyzed is not enough to identify significant trends. In fact, the selected provinces are indicative of 
a general condition of moderate drought that can be extended to the whole country considering that 
they have been selected for the most drought years.  
 

(a)	 (b)	

Figure 3. Global distribution of the Average drought intensity (Iavg) calculated according run method for RDIst (a) 
and SPI (b) for periods 2006 – 2016, for the provinces of Asti, Belluno, Grosseto, Latina, Frosinone, Nuoro and 

Trapani. Provinces have been selected according to the most drought years determined by the run method. 

The differences are more evident when even a single high value, within the time series, affects 
the determination of average intensity.  

This is due to the fact that, over the past decade, the Mediterranean climate showed a significant 
trend toward the so-called phenomenon of climate extremes showing more and more frequent and 
sensitive deviations from historical trends of climate parameters. This analysis demonstrates that 
rainfall is the primary factor that controls the drought whereas other climatic factors such as high 
temperatures and relative humidity may amplify its intensity. 

It can be concluded, therefore, that in order to identify and capture all drought events 
appropriately, there is a need for more drought indices, which use optimally all elements of the 
hydrological cycle, through the joint use of different information to define the characteristics of 
drought events. 
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4. THE RESPONSE OF ITALIAN GOVERAMENT: REACTIVE AND PROACTIVE 
MEASURES AGANIST DROUGHT  

The impacts caused by the drought are well known. The consequences that it produces may give 
rise to a multiple types of impacts, in particular on the environment, economic and social sector. 
The magnitude of the impact depends on the vulnerability of the different sectors affected.  

Particularly at the level of water supply systems, the risk of water scarcity is also connected to 
the structural measures, management, administrative actions, economic support, which are adopted 
both proactive measures and emergency reactive measures, that is, when the phenomenon has 
already manifested. During 2016, the Italian Government of Water identified measures to prevent 
and monitor the negative consequences of drought. According Water Framework Directive (WFD), 
the National Observatories of Water Uses (OWU) were established. The OWUs were included 
among the measures provided in the River Basin Management Plans for each Italian River Basin 
Districts (Figure 4). Members of the OWU are the public water authorities: 

§ Water district authorities; 
§ Ministry of Agriculture (MIPAAF); 
§ Ministry of Environment (MATTM); 
§ Civil Protection Agency; 
§ Regional Administrations; 
§ Italian National Institute for Environmental Protection and Research (ISPRA); 
§ Council for Agricultural Research and Economics (CREA); 
§ Italian National Institute of Statistics (ISTAT). 

 

	
Figure 4. Extent of the River Basin Districts in Italy. 

 
The observatories are operating bodies in charge of monitoring the water uses and coordinating 

the management responses in case of drought events. For the identification of different levels of 
severity of the drought phenomenon, the World Meteorological Organization (WMO) defines the 



56 R. Zucaro et al. 

specific indexes related to some of the cumulative effects of a prolonged and abnormal moisture 
deficiency. Identifying appropriate indices and triggers (specific values that can define a level of a 
drought plan and associated management responses) based upon the local climate and data 
availability is a critical aspect of drought management. The WMO defines three levels of severity as 
well as the resulting measures to implement for each of these levels. In Table 3 the aspects 
involving the irrigation sector are outlined. 

 
Table 3. Relations between levels of drought and measures for risk management 

Drought severity level Definition Measures for irrigation 
Normal situation No drought • Monitoring water usage/volumes in the water district 
Mild drought Water demand is fulfilled but drought 

indices and weather forecasts show a clear 
worsening 

• definition of impact scenarios for agricultural sector 
• evaluation of drought mitigation strategies/measures 
• monitoring 
• notices on climatic situation, its evolution and related 

risks 
• ex-post analysis of the drought events 
• ex-post evaluation of strategies/measures adopted 

Moderate drought Water demand is not fulfilled, river flows 
and reservoirs are lower than the average. 
Economic losses are foreseen  

Same of the mild drought but having a higher intensity 
and a higher frequency 

Severe drought Crops are suffering damages. State of 
calamity 

Support the civil protection in the event management 

 
The drought indices which mark the severity levels are defined by a Technical Committee (TC) 

at national level. TC has been established last October and is currently working on the indices 
definition and a common format for the notices provided by the OWU during the drought events. 

In addition to those administrative actions whose aim is to cope with draught events, Italian 
government programmed structural measures to help the agricultural sector to adapt to drought. 
With respect to the 2014-2020 UE programming for Rural Development, the Italian Ministry for 
agriculture, in addition to the 21 Regional Rural Development Programmes, developed a National 
Rural Development Programme that finances irrigation investments to implement the efficiency and 
to modernize the national irrigation system; this Programme will be integrated by the Plan financed 
by the Development and Cohesion Fund. Both programmes have been elaborate in the respect of the 
new guidelines of the European Commission on water resources. So they are strongly oriented 
towards the pursuit of an efficient and sustainable use of water resources, setting eligibility 
conditions and selection criteria for the investments to be financed strongly oriented to the 
protection of the resource and in line with the needs emerging from the River Basin District Plans. 
So water saving and quality of water bodies are considered. The aims of those Programmes are to 
make water use for agriculture more efficient in agriculture, to improve water storage capacity by 
adapting and / or creating new reservoirs, and to pursue the reduction of distribution losses. The 
increase in water availability is also pursued through the diversification of supply sources using 
unconventional waters and by financing, therefore, interventions for the reuse of waste water for 
irrigation; those investments should avoid to increase the irrigated areas. 

The National Programme also finance risk management for agricultural farmers. The measure 
pursues the objective of promoting the supply and use of risk management tools in agriculture 
through support for the continuation and development of the subsidized insurance system and the 
introduction of innovative risk management tools, such as mutualistic funds. During the summer 
2017 also the National Solidarity Fund, whose aim is to compensate agricultural farms that suffered 
damage to production and structures because of drought, has been activated. In addition, to ensure 
liquidity for farms, the Italian government asked the European Commission to authorize the 
provision of advances of at least up to 70% for direct payments and at least up to 85% for support 
granted under rural development measures; and to apply a derogation on greening to allow farmers 
to use the land left to rest for grazing / mowing even in periods when this practice is prohibited. 
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5. CONCLUDING REMARKS 

The mitigation of drought impacts is one of the most important challenges in the management of 
water resources, therefore understanding and quantifying drought occurrence and its consequences 
is very important. It is well known that the determination of the risks of drought is rather difficult 
and complicated, but the development of numerous drought indices for the determination of its 
characteristics and its monitoring often helps as an important basis. 

Drought can be classified into three different types, corresponding to the various elements of the 
hydrologic cycle: the phenomenon of drought is basically of meteorological nature and it is 
identified as a precipitation deficit. The soil moisture deficit (agricultural drought), and the runoff 
deficit in surface and groundwater bodies (hydrological drought) are determined as a result of 
meteorological drought. With regards to this concept, the purpose of this study was to assess a joint 
approach using different indices to evaluate meteorological and agricultural drought as a result of 
alteration of rainfall and temperature due to climate change. Two drought indices are employed: the 
Standardized Precipitation index (SPI), and the Reconnaissance drought index (RDI). 

The proposed methodology provides an overview of drought phenomena at national level. As 
expected, the results showed that both indices exhibited an overall similar behaviour especially for 
the North of Italy. This study highlights that, the joint application of the two indices, more 
accurately defined drought events. In order to identify and capture all drought events appropriately, 
there is a need for more drought indices, which use optimally all elements of the hydrological cycle, 
through the joint use of different information to define the characteristics of drought events. 

The management of drought impacts is one of the major challenges in water management. An 
important element to implement an effective drought management strategy is to identify in advance 
the measures to be taken to prevent the adverse effects on the water supply system, the productive 
sectors and the environment. These strategies must be based on a preventive approach. Moreover, 
the planning tools for risk management must be identified and the combination of better short- and 
long-term measures should be selected. 

The Italian Government of Water identified measures to prevent and monitoring the negative 
consequences of drought. During 2016, the National Observatories of Water Uses (OWU) were 
established. At this moment the observers are in operation and are implementing the risk 
management policies with a proactive approach for effectively dealing the consequences of the 
drought in Italy.  

It has been shown that the joint application of two different indices, the Standardized 
Precipitation Index and the Reconnaissance Drought Index, is a useful tool to improve the 
management of water resources. It can also be used by OWUs for drought monitoring. In fact this 
analysis is the starting point to improve this approach and for further investigation.  
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