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PREFACE

Dr. Lazar Chirica
Vice - Minister of Environment 

of the Republic of Moldova

This study analyzes the adaptive potential and shortcomings of 
drought risk assessment and management, and introduces new 
drought products to facilitate decision making in the drylands. Over-
all goal of the investigation is a more effective use of the climate in-
formation in drough risk assessment/management and alignment of 
current tools and models with the stakeholders skills to meet their 
needs and to reduce the missing link between science information 
and its utilization by end users. Effective drought Decision Support 
Tools (DST) for designing more resilient drought warning and planning 
programs are suggested. Transformation of sophisticated drought in-
formation and development of drought decision-support tools have 
been undertaken on the example of the Republic of Moldova, the 
country located in the South-Eastern part of Europe with a dry cli-
mate and high frequency of droughts. Geographical distribution of 
climate conditions in Moldova is attributed to a considerable extent 
to topographic effects and their particularities are often not accurate-
ly captured by the monitoring network systems. Therefore, statistical 
and spatial interpolation have been implemented to be effective in 
identifying and mapping Drought Sensitive Areas (DSAs) for accurate 
spatial presentation of the drought potential risk at high resolution.
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Four drought indicators that are used for operational purposes 
(Hydro-thermal Coefficient (HTC), Standardized Temperature and 
Precipitation Index (STPI), Standardized Precipitation Index (SPI), and 
Drought and Aridity Index (DAI) have been evaluated. Their compara-
tive analysis has been performed, based on drought events and cat-
egories in time and space from 1946 to 2012, and the perspectives of 
their practical application in a changing climate have been assessed. 
The need to consider the temporal aspects of precipitation over a dry 
period is discussed and a new drought index is introduced. Develop-
ment of the new index is based on water balance concept that uses 
commonly available climate records and, therefore, can be easily cal-
culated. Unlike those already in use, the new drought index incorpo-
rates temporal properties of precipitation over a designed time pe-
riod, which is one of the fundamental aspects of climate at any loca-
tion. Comparative analysis of drought indices has enabled identifying 
their disadvantages, as well as their strong properties and perspec-
tives of using them in practical applications in a changing climate. 

The study provides the first analysis of droughts in the most prone 
area of Moldova, taking advantage of the extreme value modeling. A 
return level of 5, 10, 20, 50 years and the finite level of drought sever-
ity that cannot be overcome in current climate have been derived. An 
average (f (t) = 0.50) and confident or assured (f (t) = 0.95) return time 
of the most recent and devastating drought has been established. 
The proposed systems of estimates and inferences are aimed at en-
suring more effective use of the actual and modeled drought data in 
terms of aligning them with management design information, which 
is essential for preparedness planning and optimal response strate-
gies, including the drought national adaptation strategy.
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1. INTRODUCTION

The potential value of the information on extreme weather and 
climate for various practical applications in a changing climate is 
supported by significant body of climate and social science research 
(Daradur et al., 2007; Hellmuth et al., 2011; Mase and Prokopy, 2014). 
A range of governmental and civil society organizations related to the 
drought issues are also aware of the value of climate information and 
actively recognize the role that climate science can play in risk reduc-
tion, early warning and actions. However, the experience of practical 
implications of climate information in the most vulnerable sectors, 
such as agriculture, as well as the dialogue with the stakeholders 
clearly identify that current tools and models are not appropriately 
aligned with the stakeholders’ skills and do not meet stakeholders’ 
needs (Mase and Prokopy, 2014; Daradur et al. 2014). One of the rea-
sons for a missing link between climate information and its utilization 
by the end user farmers is reduced ability of the farmers to apply 
it. This information needs to be designed in a more usable manner 
that would promote farmers’ motivation and ability to use it to al-
leviate agricultural decision making. In this context, translation of the 
climate data and modeled information into simple and, at the same 
time, effective decision support tools (DST) can provide incentives for 
designing more sustainable land management plans (Cazac and Dara-
dur, 2015). 

Drought is one of the most common and devastating extreme cli-
mate events. It has a wide range of impacts across all sectors of de-
velopment, especially in more affected dryland areas. However, the 
most vulnerable sector is agriculture which, in terms of human and 
economic development, is of vital importance to many developing 
countries. With the majority of the rural population both poor and 
dependent on the agricultural sector for their livelihood, improved 
drought assessment and management is the highest priority for the 
affected countries (UN, 2012).
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The concept of drought usually has no generally accepted defini-
tion. In the scientific literature there are more than a hundred in-
terpretations of this term. As a complex natural phenomenon with 
important environmental and socio-economic impacts, drought pro-
vides room for different interpretations. Drought as an atmospheric 
phenomenon can be considered regardless of the object which it af-
fects. To estimate its harmful effects, drought needs to be applied to 
certain objects, each of which differently responds to meteorological 
drought conditions. Therefore, drought is more than a meteorologi-
cal phenomenon, since it is determined by the impact on a variety 
of natural and socio-economic factors often exacerbated by human 
activity, such as land degradation and desertification (Daradur et. al., 
2007).

One can distinguish a conceptual and an operational definition of 
drought. The conceptual definition of drought helps to understand 
drought, which is treated as a lack of or little precipitation over a dry 
period (Willeke et al, 1994; Daradur, 2001, Dai, 2012). In this sense, 
deviation of precipitation from the average climate (precipitation 
anomalies) is considered, as it is associated with a large-scale or gen-
eral circulation of the atmosphere. Short periods of time, when some 
area receives little or no rain at all, usually are not considered. 

The more general concept of drought defines it as a “period of 
abnormally dry weather long enough to cause a serious hydrological 
imbalance” (IPCC, 2012, p.167). Consequently, drought is treated as a 
relative term and should not be mixed with aridity, which describes 
the general dryness of a climate. As a recurring event, drought can 
be inherent to any climate and it is defined with respect to the aver-
age climate of the given region (Daradur, 2001, Heim Jr., 2002; Dai, 
2012). At the same time, the relative concept of drought which de-
fines it as an “abnormally dry weather due to precipitation deficit or 
high temperatures relative to normal”, cannot be applied to describe 
drought conditions of a location with specific moisture conditions. 
For example, the question arises whether it is possible to consider 
any combination of these weather conditions as a drought. Anyway, 
for the wet zone with sufficient or even excess moisture it is not obvi-
ous (Koster et al., 2004; Daradur et al., 2007; Seneviratne et al., 2010). 
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Application of the relative approach to drought characterization in 
the dryland areas with uneven and low precipitation can also lead to 
misleadingly estimations (especially at short time scales) in the form 
of unreasonable values of the indices (Daradur, 2001; Lloyd-Haghes 
and Suanders, 2002).

Operational understanding of droughts determines drought con-
ditions (the time of onset and end, its intensity, spatial extent, im-
pacts, etc.) and is described by drought indicators. Large diversity 
in the approaches to a functional definition of drought has made it 
very difficult to establish a unique and comprehensive drought indi-
cator and has led to developing a large number of them (Heim, 2002). 
Identification of drought by precipitation anomalies (in some form 
of standardization) from the long-term average climate (usually 30 
years) is one of the common approaches. Herewith, the thresholds 
or triggers for drought identification are usually chosen empirically 
and often lack statistical basis, which impedes objective estimation 
of drought and defining optimal management actions (Daradur et al., 
2007; Vicente-Serano et al., 2010). Thus, in spite of availability of nu-
merous techniques for the operational definition of drought, select-
ing indicators and quantifying drought conditions, which is impera-
tive for drought planning, represents a challenge. 

Drought indices may emphasize different aspects of drought and 
should be carefully selected with respect to the drought character-
istic in mind. In particular, some indices have specific shortcomings, 
especially in the context of climate change. For this reason, an assess-
ment of the drought variability with climate change should consider 
several indices including a specific evaluation of their relevance to 
the addressed question to support robust conclusions (IPCC, 2012). 
Therefore, the choice of indicators for drought monitoring and risk 
assessment in a specific location is usually based on the ability of the 
index to consistently detect spatial and temporal variations during a 
drought event and the quantity of climate data available. The use of 
a multiple indicators approach is often more effective in detecting 
drought onset and intensity (Morid and Paimozd, 2007).

At present, of all the indicators, Selyaninov’s Hydrothermal Co-
efficient (HTC) of (1958), the Palmer Drought Severity Index, PDSI 
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(Palmer, 1965), the Standardized Precipitation Index, SPI (McKee et 
al., 1993), the China-Z index (CZI) are well known. The listed indices 
are in a different degree of practical application and are used for 
drought monitoring and risk assessment in many countries. The most 
widely used in the Republic of Moldova is Selyaninov’s Hydrothermal 
Coefficient (HTC) (1958). In recent years the SPI and Si or Standardized 
Temperature and Precipitation Index (Pedi, 1975) have been applied 
in the context of drought variability and regional climate monitor-
ing (Daradur et al., 2007, Potop, 2010; Nedealcov, 2013). However, 
a comprehensive analysis to support the use of these indicators for 
drought monitoring and risk assessment in the specific conditions of 
the Republic of Moldova has not been made. 

This investigation is a first attempt to examine the advantages 
and weaknesses of the conventional drought indicators that are used 
for operational purpose in the Republic of Moldova with the aim to 
assess the perspectives of their practical application in a changing 
climate. The overall goal is to improve drought monitoring as an es-
sential component of drought risk management and planning. A new 
meteorological index for the operational definition of drought is in-
troduced and the comparative analysis of drought indicators in the 
context of a drought identification and assessment in a changing cli-
mate is performed. 
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2. DATA AND METHODOLOGICAL 
APPROACH

2.1. Study area
 
The investigation has been done using the example of the Republic 

of Moldova, the country located in the South-Eastern part of Europe 
with a typical dry sub-humid and semi-arid climate and high frequen-
cy of droughts. It is a small (33,371 km²) and beautiful country that 
occupies an area between the Dniester and Prut rivers and a narrow 
strip on the left bank of the Dniester River. Moldova is characterized 
by temperate continental climate, formed mainly by the Atlantic air 
mass and modified by the proximity of the Black Sea and the intru-
sion of warm air from the Mediterranean. The main particularity of 
the Moldovan climate with clearly defined seasons is a high level of 
spatial and temporal variability. About 75% of the Moldovan territory 
are under a high risk of drought and degradation processes and more 
than 85% of its population dwell in the drylands (Daradur et al., 2015). 
Lengthy dry spells, combined with high temperatures, especially in 
late summer, create a great challenge for the environment and all 
development sectors in the country. 

2.2. Estimation of aridness of the Moldovan climate and 
extent of drylands

The UNCCD approach (FAO, 2008) based on the ratio of precipita-
tion to potential evapotranspiration (P/PE) has been used to reveal 
general dryness of Moldova’s climate. In the complex terrains of the 
Republic of Moldova geographical distribution of aridity is attributed 
to a considerable extent to topographic effects and the estimates of 
aridness tend to be regional or even local; their particularities are not 
accurately and uniquely captured by the observation network system 
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(Mangul, 1998; Constantinov and Jucov, 1992). Therefore, to produce 
accurate spatially-distributed estimates of aridity, quantified values 
of the geographical and topographical factors derived for a 90 m x 90 
m gridded surface have been used. The statistical and spatial interpo-
lation has been implemented and found to be effective in identifying 
and mapping Drought Sensitive Areas (DSAs) in the complex topogra-
phy of the Moldovan territory at high spatial resolution. 

In this study we have also used the Precipitation Deficiency (PD) 
for measuring the aridity conditions. PD is a difference between ac-
cumulated effective precipitation (∑p’i P) and potential evapotranspi-
ration (∑Е0i ). Unlike the UNCCD index, the PD gives the estimates in 
absolute values (in mm or in liters), which is important for practi-
cal implementation. Accumulated values of the precipitation deficit 
(∑PDi) are an equivalent to the amount of water that is necessary to 
be added to reach water balanced climate, and it is considered an im-
portant tool for drought management and planning (Daradur, 2001; 
Vincente, 2010; Salinger and Porteous, 2013). Optimum moisture lev-
els for obtaining the potential of agroecosystems productivity can be 
reached, for example, by irrigation. These estimates are also repre-
sented at high resolution since Moldovan complex orography gives 
specific climate response to spatial variability in PD as well. 

2.3. Data and indicators for drought assessment

Drought indicators were calculated based on daily precipitation 
and air temperatures over 14 Moldovan hydro-meteorological sta-
tions for the period 1946-2012. Data quality control was performed 
by the Climate Department of the State Hydro-meteorological Serv-
ice of Moldova. The most common drought indices that are in use in 
the Republic of Moldova were chosen for comparative analysis with 
the newly introduced index: Selyaninov’s Hydro-thermal Coefficient 
(HTC) (Selyaninov, 1958), Pedi’s Standardized Temperature and Pre-
cipitation Index (STPI) (Pedi, 1975), and the Standardized Precipita-
tion Index, SPI (McKee et al., 1993). 
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Hydro-Thermal Coefficient, HTC is the main indicator used in the 
current drought and agrometeorological monitoring systems of Rus-
sia and other countries of the post-Soviet area, including the Republic 
of Moldova. This index has been the base of the drought variability 
analysis of the twentieth century in these countries (Sofroni, 2000; 
Daradur et al. 2007; Ealuation report ..., 2008). The HTC is calculated 
as (Selyaninov, 1958): 
                                         HTC = P/ 0.1ΣT≥ 10° C, 	 (1)
where P and T mean the consecutive daily precipitation and air tem-
perature above 10 °C respectively. HTC drought triggers categoriza-
tion is represented in Table 1 (Section 2.4.3). 

Standardized Temperature and Precipitation Index, STPI  
(Si in original abbreviation) in a difference form. STPI was originally de-
veloped by Pedi (Pedi, 1975). Its calculation begins with transforming 
initial temperature and precipitation data by subtracting the mean 
from each record and dividing the result by the standard deviation 
of the distribution, a procedure known as standardization (equiva-
lent to the statistical Z-score). Then, the value of STPI is calculated 
by subtracting Z-scores of the mean monthly temperatures and the 
cumulated monthly precipitation:
                                            Si = ∆Ti /σТ - ∆Pi /σ P 	 (2)

where ∆Ti =(Ti – T) and ∆Pi =(Pi – P).

Usually STPI is calculated for a 3, 6, 9, 12 month scale. Negative 
STPI values indicate greater than median wet conditions, and posi-
tive values indicate droughty conditions. Four severity categories of 
drought that are discerned using the STPI index are represented in 
Table 1.

Standardized Precipitation Index (SPI) is based on precipitation 
alone, and it also represents the standardized anomaly, equivalent to 
the statistical Z-score, for a multiple time scale (3, 6, 9 or 12 months), 
relative to climatology (McKee et al., 1993). Calculation of the SPI is 
based on the transformation of a long term record of precipitation 
data to a standard normal distribution. Usually the procedure consists 
in fitting gamma or other distribution to data and then transforming 
them to an equivalent SPI value based on the standard normal distri-
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bution (Guttman, 1999). In this study it was assumed that SPI comes 
from lognormal distribution with 95% and higher confidence level:
                                         SPIi = Z = (xi – ˆμ) /ˆσ, 	 (3)
where ˆμ and ˆσ are sample estimates of the population mean and 
standard deviation respectively.

To assess how well a given distribution describes the data, it is 
possible to compare the empirical cumulative probability distribution 
with the corresponding theoretical cumulative probability distribu-
tion. Positive SPI values indicate greater than median precipitation, 
and negative values indicate less than median precipitation. SPI also 
discerns four severity levels of drought. 

2.4. Developing a new Drought and Aridity Index (DAI)

 2.4.1. Background

As mentioned above, the key approach of drought characteriza-
tion is a lack of or little precipitation over an extended period of time 
associated with large-scale circulation of the atmosphere. Most cur-
rent drought assessment techniques use a monthly or longer (3, 6 
and 12 months) time scale accumulation of precipitation to charac-
terize drought in terms of intensity and spatial/temporal variability. 
Perhaps the most accepted currently is the SPI. Unlike the PDSI, the 
SPI is based on precipitation data only, which considerably facilitates 
calculations and promotes extension of the geography of its practical 
implication. By this, the SPI eliminates the weaknesses of many indi-
ces which have a complicated calculation mode and require extended 
volume of data. Practical applications of the SPI have been wide lately, 
ranging from studies related to agriculture, drought and climate mon-
itoring (Daradur et al., 2007; Dai, 2012), to assessing water resources, 
hydrology (Shahabfar and Eitzinger, 2013) and ecosystems (Capra et 
al., 2013) in a changing climate. At the same time, its simplicity and 
the fact that it solely uses precipitation constitute its main criticism 
(detailed examination of advantages and disadvantages of the SPI, as 
well as other common indices used to assess drought severity is given 
below in Section 2.4.4) 
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However, when quantifying the drought at a given location, the 
potential of evaporation is also important to consider, since the mis-
balance between precipitation and the radiation potential expressed 
by evaporation defines the severity of dryness conditions. Mean-
while, the SPI does not consider this important meteorological driver 
of drought and, therefore, often does not demonstrate a consistent 
behavior during a drought course (Daradur, 2001; Morid et al., 2005; 
Dai, 2012). In comparison to the precipitation based methods, the 
complex approach (supply and demand concept) allows to assess 
drought conditions more objectively and, consequently, to design 
optimal response measures. Along with the method based solely 
on precipitation, the original indicator (Selyaninov, 1958) and the 
difference or standardized forms (Palmer, 1965; Tsakiris et al. 2007; 
Vicente-Serano et al., 2010) of the complex indicators are also widely 
applied to assess drought. 

Besides, compared to the SPI, an indicator based on precipitation 
only, the indicators based on the complex concept are more sensi-
tive to drought in a changing climate (Vicente-Serano et al., 2010). 
High sensitivity to climate change is considered to be an important 
feature of the drought indicators, since the latter has already had a 
dramatic impact on drought in many regions of the planet. However, 
the definitional issues of drought lead to a significant difference in 
indications of drought trends on global and regional scale, depend-
ing on the chosen indicator. A global approach based, for example, 
on the analysis of the complex Palmer Drought Severity Index (PSDI) 
suggests that since the 1970s extreme dry areas (PDSI<-3.0) have in-
creased from 12% to 30% of the global land surface (Dai et al., 2004; 
Trenberth et al., 2007). According to Dai (2012) the PDSI indicates an 
increase in drought occurrence for most of the European continent, 
whereas values based on the Standardized Precipitation Index (SPI) 
do not show any significant changes in extreme drought conditions 
over Europe, except for the Mediterranean region. 

With a view of improving drought monitoring, some efforts have 
been undertaken in the recent decade to establish new multi-period 
indicators and triggers (Gonza´lez and Valde ś 2006; Keyantash and 
Dracup 2004; Tsakiris et al. 2007; Vicente-Serano et al., 2010) or to 
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improve the existing ones (Wells et al. 2004). Some research has at-
tempted to compare drought monitoring by single and multiple indi-
cators (Morid and Paimozd, 2007). The results showed that the sensi-
tivity of the multiple indicators method to drought severity and onset 
is more significant. 

Inconsistencies of the inferences on drought conditions in the Re-
public of Moldova are also clearly seen. For example, previous stud-
ies define some years in the Republic of Moldova as dry using the 
HTC criteria to determine drought conditions, which on closer con-
sideration do not correspond to the HTC drought criteria. Therefore, 
depending on different sources, we have the estimates of years with 
drought in Moldova vary from 19 to 28% (Agroclimate Resources…, 
1982; Sofroni, 2000, Lupascu, 1995; Daradur, 2001). This scatter in 
the estimates indicates an expert approach based on rather subjec-
tive considerations than following the strict quantitative HTC criteria 
of drought identification. In this regard, experts have repeatedly not-
ed that the HTC in some cases is not objective in the determination of 
the intensity and spatial/temporal extent of drought, which makes it 
difficult to reach the desired management goals. 

Besides, the HTC, as well as the SPI and other drought indicators 
that are widely in use, do not take into consideration temporal dis-
tribution of precipitation within a given time period, which is a fun-
damental aspect of the climate at any location. In some drought in-
cidences the situation might occur when over the most part of the 
designed period the dry conditions had been prevailing, but 1 or 2 
heavy rainfalls with a high amount of precipitation could reach or 
even exceed the average climate. While the actual conditions might 
have been dry, nonetheless formally this time period cannot be at-
tributed to the dry category. At the same time, to attribute it to the 
period with the normal or wet category would be wrong as well, since 
the actual climate has been dry. In this regard, an analytical expert 
approach is suggested to assess the triggers and select an indicator to 
activate drought mitigation response, rather than follow the formal 
provisions (Daradur, 2001; Steneman, 2003; Morid and Moghaddasi, 
2010).
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As an example, Figure 1 illustrates monthly distribution of precipi-
tation for two years (1992 and 1994) with nearly equal cumulated val-
ues (415 mm and 417 mm) and close to the average climate, but with 
intra-annual variation: in 1992 precipitation was distributed quite 
evenly, whereas in 1994 nearly 50% of it were registered in August 
(201 mm, which exceeded fourfold the average climate value in that 
month). 

Figure 1. Example of intra-annual variation of precipitation 
                 distribution (Chisinau meteorological station records)

When such incidence occurs, it can be challenging to assess 
drought conditions and their environmental and development im-
pact adequately. Often an analytical expert approach is implemented 
to finalize the selected approach to activating drought mitigation 
response, rather than following the formal provisions. However, it 
can lead to subjectivity in the drought risk assessment and decision 
making. We have already noted different estimates of drought prob-
ability depending on source of information. To avoid this, the cor-
responding quantitative generalizations are required to incorporate 
temporal properties of precipitation in drought risk assessment and 
management.
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2.4.2. Introducing the new index

In 1962 Gibbs and Martin developed an index to measure diversi-
fication of employment in the industry by category using the follow-
ing expression: 
                                               1-∑ xi 

2/ (∑xi)
2 	 (4)

where x is the number of employees in a given industrial category. 
They showed that industrial diversification could vary from 0 – no di-
versification to a value approaching 1 in the case of maximum diver-
sification. This simple expression can be directly applied for climate 
purposes to establish an index, a Precipitation Distribution Coefficient 
(PDC) to quantify how evenly the precipitation is distributed. The PDC 
can be used for quantifying both the temporal and the spatial par-
ticularities of precipitation at any area for any predefined time scale 
period. 

Application of the PDC to the precipitation data of 1992 and 1994, 
for example, given in the figure above clearly distinguishes distribu-
tional particularities of the precipitation data: 0.90 and 0.73 respec-
tively. Higher value in 1992 indicates relatively even distribution of 
annual precipitation, whereas decreased index value in 1994 points 
out high concentration of annual precipitation in one month. The fact 
is that 1994 in the Republic of Moldova, formally characterized by 
nearly average moisture conditions (102% of the average climate), 
was very dry. In addition, heavy and intensive rainfalls at the end of 
August caused a flood with a wide range of negative environmental 
and development impacts (Daradur, 2001). 

Quantifying temporal distribution of rainfall over a dry period 
(monthly, seasonal, yearly, etc.) is very important and has an inde-
pendent meaning. For example, reversed scale of expression 4, con-
ventionally called Precipitation Concentration Index (PCI) was used as 
a substantive approach to climate assessment (Oliver, 1980; Daradur, 
2001, Luis at al., 2011) and erosivity (Michiels et al., 1992). Recogniz-
ing the importance of the rainfalls timing, it is nevertheless worth to 
note that the PCI, as well as PDC cannot objectively assess climate 
conditions without cumulative values of precipitation over dry peri-
ods. It appears that the discussion of the temporal aspects of rainfalls 
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in case of their minimum accumulation (for example, from biological 
and agricultural terms) or no rain at all, seems redundant, because in 
these cases drought will evidently be caused by precipitation deficit 
or even the total lack of it. 

To cover this weakness of the PDC, a complex parameter that 
combines both cumulative values of rainfalls and their distributional 
particularities in one variable was suggested (Daradur, 2001):

                                          ∑p’I =∑pi*PDCi 	 (5)
The ∑p’ is a strong parameter, it can be used independently as 

a tool for drought monitoring and risk assessment since it consoli-
dates the important climate aspects (accumulated precipitation and 
its temporal distribution), which defines developing drought as a cli-
mate phenomenon (see Section 5.3). In essence, the values ∑p’i are 
an “effective precipitation” since they are corrected though the PDC 
on “unproductive” precipitation that is lost mainly through surface 
runoff in case of its uneven distribution and considerable concentra-
tion in time. 

Using equation 5 the PDC can be easily incorporated into the In-
dex of Aridity. Hence, based on the supply and demand concept the 
Drought and Aridity Index (DAI) can be represented in a very conven-
ient form of the ratio:

                              DAI = (∑pi*PDCi) /Е0i = ∑p’i /∑Е0i; 	 (6) 
where ∑Е0i is accumulated potential evapotranspiration for a pre-

defined time period. 
Expression 6 is an original expression of the new index that pro-

vides a handy and simple tool for assessing moisture conditions at 
any location. A difference form of the index that has been convention-
ally called Precipitation Deficiency (∑PD) is also established as a useful 
tool for aridity and drought assessment: 

                                            ∑PD = /∑p’i - ∑Е0i / 	 (7) 
The accumulated values of Precipitation Deficiency (PD) show the 

amount of water that is needed to be added by irrigation to reach 
water balanced moisture conditions for obtaining agroecosystems 
potential productivity. Since PD is expressed in the absolute units 
(mm or litres per sq. m), it is a highly convenient tool for drought 
monitoring and management in the areas with intensive agriculture 
(Dardadur et al, 2015).
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To calculate Е0i empirical relationship between measured Е0 and 
monthly air temperature was used (Thornthwaite, 1948):

			   	 (8)

where m is the months, Nm is the monthly adjustment factor related 
to hours of daylight, Tm is the monthly mean temperature (oC), I is the 
heat index for the year, given by: 

                             5 m 1...12I i T 1.5

m
m= = =    	 (9)

The main advantage of this simple approach is supported by the 
readily available data to enable calculation of Е0i. 

∑p’ and Е0 were accumulated monthly for the vegetation active pe-
riod, starting from April to September. Since the PDC values depend 
on the specific time scale, it was calculated according to the equation 
(Daradur, 2001; Luis et al., 2011): 

                            1 p / p * 0.50PDC 2
i

2
i= - ^^ h h// 	 (10)

2.4.3. Establishing triggers and categorization of drought 
            severity

Drought triggers are interpreted as threshold values of the drought 
indicator that differentiate drought conditions into severity catego-
ries. Determination of drought indicators and triggers is an important 
issue of drought planning, since they define the timing and type of 
management actions, such as granting relief from the required meas-
ures. Several categories such as “mild”, “moderate”,” severe”, and 
“extreme” are mostly defined to represent severity of the drought 
(Table 1). 
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Table 1. Drought categories for the meteorological indicators

Drought 
severity HTC STPI SPI DAI*

Extreme 
drought 0.4 or less 3.0 or more -2.0 or less

0.23 or less  
(1 in more than 
50 years)

Severe 
drought 0.5 to 0,41 2.0 to 2.99 -1.5 to -1.99 0.29 – 0.24 

(1 in 21 -50 years)
Moderate 
drought 0.6 to 0.51 1.0 to 1.99 -1.0 to -1.49 0.34 – 0.30  

(1 in 11 -20 years)
Mild 
drought 0.9 to 0.61 0 to 0.99  0 to -0.99 0.47 - 0.35  

(1 in 5-10 years)

Note:
* It is assumed that DAI comes from lognormal distribution with 95% and 

higher confidence level; The given estimates are based on average 
values in the most drought prone areas of Moldova

Figure 2. Empirical cumulative distribution functions for graphical 
                 interpretation of drought categorization according to the 
                 DAI criteria 
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However, since each index was established for a specific geographi-
cal area, distinguishing drought into categories often lacks a consistent 
statistical basis and is not comparable among indicators. (Karl et al., 
1992; Lohani et al., 1998, Daradur, 2001; Steinemann, 2003). 

The established index (as well as the HTC, SPI, and STPI) also dis-
cerns four severity categories of drought. However, it has originally 
been based on percentiles and the value of each category of drought 
corresponds to return levels of 5, 10, 20 and 50 years. A graphical 
interpretation to explain the approach for defining the DAI drought 
classes is presented in Figure 2. Herewith it was assumed that the 
DAI comes from lognormal distribution (with 95% and higher confi-
dence). This categorization approach provides more flexible and eq-
uitable statistical basis for defining drought categories and takes into 
account specific climate conditions in the assessed areas.

 2.4.4. Rationale of establishing a new drought indicator 
            and how it works

Drought and Aridity index (DAI) closely correlates (R2 = 0.96 - 0.98) 
to the other common indices, in particular, to the HTC which is a ba-
sic indicator for drought management and activation of mitigation 
responses in the Republic of Moldova. Figure 3 below, for example, 
shows the relationship of the DAI and SPI with a high correlation be-
tween two indicators on all spectrums of values.

Figure 3. Linear regression (R2>0.98) DAI vs SPI 
                 (Comrat meteorological station, 1946-2012)
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However, the use of any drought and aridity index implies a ration-
ale of how it works and why that index is preferable to those already 
in use. Note that the established index relates to climate and drought, 
a field, as it has been already noted, closely examined by various cli-
mate and environmental specialists, who have proposed a number 
of indices. In this study only those widely used in Moldova for opera-
tional purposes are examined.

Several drought indices are applied in the Republic of Moldova: 
Hydrothermal Coefficient, HTC (Selyaninov, 1958), Standardized Pre-
cipitation Index, SPI (McKee et al., 1993), Standardized Temperature 
and Precipitation Index, STPI (Pedi, 1975), and Drought and Aridity In-
dex, DAI (Daradur, 2001). However, lack of a consistent statistical ba-
sis to assess drought conditions and of comparability of the drought 
categories among the indices makes achieving the desired monitoring 
and management goals challenging (Daradur et al., 2007). 

Table 2. Drought indicators used in the Republic of Moldova
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1. 2. 3. 4. 5. 6. 
2. Standard-

ized Tem-
perature 
and Pre-
cipitation 
Index, 
STPI (Pedi, 
1975)

Water 
supply 
and 
demand 
concept

Complex approach; 
Easy to calculate;
Multi-scalar;
High sensitivity to 
climate change;
Relates to probability

Overestimation of 
temperature factor; 
Inadequate assess-
ment of extreme 
drought categories 
in a short time scale 
(1-3 months); 
No consideration 
of distributional as-
pects of precipitation

Regional

3. Standard-
ized Pre-
cipitation 
Index, SPI
(McKee et 
al., 1993)

Precipi-
tation 
based 
concept

Simplicity;
Easy to calculate;
Standardized nature;
Multi-scalar;
Relates to probability

No consideration of 
evapotranspiration; 
No consideration 
of distributional 
aspects of precipita-
tion; Inadequate as-
sessment of extreme 
drought categories 
in a short time scale 
(1-3 months); Weak 
sensibility to climate 
change 

Global, 
regional

4. Drought 
and Aridity 
Index 
(Daradur, 
2001)

Water 
supply 
and 
demand 
concept

Complex approach;
Incorporates distri-
butional properties 
of precipitation;
Easy to calculate;
Multi-scalar; High 
sensitivity to climate 
change; Relative, ab-
solute and standard-
ized form;
Relates to prob-
ability

Requires calculation 
of variation of 
rainfalls within 
designed time scale

Regional

Source: 				    Indicator number in the table:
Daradur, 2001 				    1,4
Daradur et al., 2007, 2014 		  1, 2, 3, 4
Lloid-Hughes and Saunders, 2002 		  3
Pedi, 1975 				    2
Selyaninov, 1958 			   1
McKee et al., 1993 			   3

Source: Daradur et al., 2015 
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The design concept and the advantages, as well as disadvantag-
es of the indicators that are in use for the operational purposes in 
Moldova are summarized in the table 2.

The newly introduced index is designed on the water balance con-
cept, which is based on the ratio of water and radiation resources 
expressed by potential evapotranspiration. The resulting index, with 
its limits, permits climate classifications and, therefore, is a conven-
ient tool for aridity and drought evaluation across locations. The DAI 
within the values:
	close to 1 indicates water balanced climate conditions;
	DAI >1 meets wet climate conditions, and; 
	DAI with the values <1 indicates dry climate conditions. 

However, the main value of modifications presented above is that 
the proposed index incorporates temporal properties of precipitation 
over the designed time period, which is one of the fundamental as-
pects of climate at any location. The illustrative case of how the DAI 
works is given in the tabulated and graphical form (see table and fig-
ure below), where a comparative assessment of a response to distri-
butional differences of hypothetical precipitation data is shown. 

Accumulated values of precipitation (∑P =300 mm, which is close 
to multiannual amount for the most prone areas of the Republic 
of Moldova) are equal for all scenario cases, starting from smooth 
monthly increments (scenario A) to the extreme monthly distribution 
(scenario F). Note that the UNCCD index (P/PE), as well as other in-
dicators (HTC and SPI) provide no insight into temporal differences 
with equal precipitation. Conversely, the DAI demonstrates a clear 
response to changing distributional properties of rainfalls, gradually 
indicating an increase of the intensity and lasting dryness conditions 
with a high monthly distribution. 
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 Table 3. Comparative response of various drought indices 
                to hypothetic precipitation datasets *

Month of the 
growing period A B C D E F

April 50 60 75 100 150 300

May 50 60 75 100 150 -

June 50 60 75 100 - -

July 50 60 75 - - -

August 50 60 - - - -

September 50 - - - - -

∑P 300 300 300 300 300 300

HTC 1.0 1.0 1.0 1.0 1.0 1.0

SPI 0.0 0.0 0.0 0.0 0.0 0.0 

P/PE 0.50 0.50 0.50 0.50 0.50 0.50

DAI 0.46 0.45 0.43 0.42 0.37 0.0

Note: 
* 	 The accumulated synthetic values of precipitation (∑P =300 mm) and 

the indices were calculated based on datasets chosen close to the 
multiannual average in the most drought prone areas of Moldova. 

Note: Shading and color change from “cool” (blue) to “warmer” 
           (yellow-orange-red) indicate greater dryness.
Source: Cazac and Daradur, 2015
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Figure 4. Graphical representation of comparative response of 
                 drought indicators in use in Moldova to distributional 
                 differences of hypothetic precipitation datasets 
                 (6-month time scale period)

Note: 	   Shading and color change from “cool” (blue) to “warmer” 
                (yellow-orange-red) indicate greater dryness.
Source:   Cazac and Daradur, 2015

2. 5. Statistical approach 

2.5.1. Probabilistic analysis of droughts 

Climate is a statistical term that reflects a relative stability of 
weather characteristics in the given (but limited) historical time pe-
riod. Determination of this time period is related to the variability 
of climate parameters, but it is usually defined within 30 years (Cli-
mate Change, 2012). In other words, climate is an average state of the 
weather conditions at a given location within a limited time period. 
Therefore, a statistical analysis of climate variability and change has 
often been concerned with averages of climate parameters. How-
ever, when some climate depended factor X has been studied in the 
context of a given climate, the probability distribution P(X) can give 
comprehensive information on this factor. Herewith the issue of cli-
mate variability/change impacts could be given to compare the prob-
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How the DAI works?
Comparative responce of drought indices to hypothetic precipitation with equal 

accumulated value (300 mm) and different temporal distribution
The scenarios (6-month time scale period) take 
into account only distributional differences. 
Accumulated value of precipitation is equal to  
300 mm for all scenarios. 
Scenarios: A – precipitation distributed evenly 
during each month of growing period; B – 1 month 
no precipitation; C – 2 months no precipitation; 
D – 3 months no precipitation; 4 – four months no 
precipitation; 5 – file months no precipitation.

Note that the UNCCD index, as well as other 
indicators provide no insight into temporal 
differences. Their values are equal for all scenarios 
cases, starting from smooth monthly increments 
to the extreme monthly distribution. Conversely, 
the DAI demonstrates a clear response to changing 
distributional properties of rainfalls, gradually 
indicating on an increase of the intensity and 
lasting dryness conditions with a high monthly 
distribution.
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ability distribution P’(X) and P’’(X) related to different time periods of 
climate evolution and (or) climate projections (Daradur, 2001). The 
main inference that confirms informational content of the probabi-
listic approach is the fact that any climate change impacts not only 
the average state of the depended factor, but also other distribution 
characteristics which are often more climate sensitive and, what is im-
portant, may have a greater environmental and development impacts 
(Daradur, 2001; Gilleland and Kats, 2006; IPCC, 2012). Therefore, the 
particularities of a dynamics of unusual climate phenomena that go 
far beyond the average weather have come to close attention of the 
climate change risk assessment studies in recent years. 

A demonstrative technique which illustrates the expediency and 
the informational context of the probabilistic approach to drought 
examination is represented in Figure 5. To quantify the changes of 
the mean and the other distributional characteristics of climate de-
pended factors we make use of Climate Risk Shift Index (CRSI) - a non-
dimensional parameter that represents the ratio of the numerical 
distribution characteristics calculated for the compared samples of 
climate (Daradur, 2001):

                                               CRSI=A”
i /A”

i 	 (11)
where under Ai the mean, variance, quintiles and other numerical 
distribution characteristics calculated for the compared samples of 
climate are understood. Comparing these changes in pairs we can 
note that the changes in the frequency of extreme values that go 
far beyond the average are much more pronounced than the related 
changes of the mean (F(t)=0.50). In particular it may be asserted that 
more expressed changes in extremes lead to corresponding “risk shift” 
of the large environmental and socio-economic failures. Hence, avail-
ability of information on statistical distributions is a prerequisite for 
further assessing the risks associated with climate and developing 
the optimal management strategies.
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Figure 5. Empirical cumulative distribution functions for two non 
                 overlapping periods as an illustrative example of the 
                 assessment of changes in the mean and in the intensity 
                 of drought by using Climate Risk Shift Index (CRSI) 

Note: The values of the CRSI >1 indicate an increase in the occurrence of 
            the event. CRSI <1 points out a decrease in the event frequency 
            in a given climate 
Source: Adapted from: Cazac and Daradur, 2015 

2.5.2. Extreme Value Theory (EVT) application
	
In the study both the traditional statistical approach (as it is repre-

sented in the figure above) and the extreme value theory (EVT) have 
been used to describe drought dynamics in the tested area. Classical 
approach consists in fitting indicators data series to lognormal dis-
tribution. To estimate the probability of droughts based on the EVT 
approach, the Poisson (Pm(τ)) and Generalized Extreme Value (GEV) 
distribution have been used.

Let λ denote the number of droughts over time (τ). Then λ has an ap-
proximate Poisson distribution with the intensity parameter τλ. So,

                              Pm (τ) = (( λ τ)m /m!)e -λτ, 	 (12)
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where m! =1, 2, 3, …., N; λ is a rate (intensity) parameter that has a 
physical dimension of occurrence of the event (drought) per unit time 
(year). It is similar to the point process model for estimating the prob-
ability of extreme events where large λ implies more frequent events 
(Rauner, 1976; Coles, 2001; Daradur, 2001, Nogaj et al., 2006). 

In our case an important characteristic of the drought dynamics is 
the interval of time τ between two droughts that comes from expo-
nential distribution with parameter θ = λ:

                                      f(τ) = θe-θτ ; τ > 0 	 (13)
The study is performed under the assumption of a stationary Pois-

son process (temporary constant of the θ parameter) that enables 
to estimate the return time (or recurrence interval) of a given cat-
egory of drought. In a stationary case the return time concept is a 
convenient tool to assess the risks associated with extreme events and 
is widely used in the decision making. In a non-stationary framework, 
their interpretation becomes rather non trivial and their discussion is 
inappropriate at this point. 

In the study the risk systems approach is implemented implying a 
set of drought decision support tools for facilitating decision making. 
Herewith, drought risk is understood as the exceedance probability 
of a given drought event category within a forestalling time period 
(Daradur, 2001). The average return time estimate of a given drought 
level has been defined as the inverse of its exceedance probability: 

                                       τ0.50 =1/P(X> xτ) 	 (14) 
where X is the drought intensity, P indicates probability, and xτ is the 
magnitude of a drought having a return period of τ. 

Apart from the average time (F(τ) =0. 50) of reoccurrence of a 
given drought category, a confident return time is established. This 
statistics represents a forestalling time interval during which the 
probability of the given category of drought is characterized by the 
value of F(τ)=0. 95 which can be considered practically ensured. For 
operational purposes the value of τ 0.95 can be calculated based on the 
average rate (λ= 1 year-1) of the Poisson distribution (Daradur, 2001): 

                                           τ 0.95 = 3.0*λ-1 	 (15)
This statistics, as well as the average return time period, is un-

derstandable, simple to handle and can promote developing drought 
yearly warning system. 
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The Poisson distribution describes the dynamics of a rare 
event, but it does not indicate the magnitude of the event. 
Analogous to the Central Limit Theorem that provides theoretical 
support for the normal distribution function when approximating the 
distribution of averages, it is possible to stabilize the distribution of 
many random variables so that asymptotically their extreme values 
follow specific distributions. There are two primary approaches to 
analyzing extremes of a dataset. The first approach reduces the data 
considerably by taking maxima of long blocks data, for example, an-
nual maxima. The second approach is to analyze excesses over a high 
threshold. Both approaches can be characterized in terms of a Pois-
son process, which allows for simultaneously fitting parameters con-
cerning both the frequency and intensity of extreme events. 

In this study the generalized extreme value (GEV) distribution that 
has theoretical justification for fitting to the block maxima of data has 
been implemented. The GEV distribution is given by (Coles, 2001): 

               1 log 1 , for 0 ,

log log 1 , for 0 .
z p

p
p =

=
	 (16)

 

where μ, σ and ξ are the location, scale and shape parameters, respec-
tively. The particular case of distribution for ξ = 0, (for −∞ < x < ∞) is 
the Gumbel distribution, while the cases ξ > 0 and ξ < 0 are known as 
the Frechet and the negative Weibull distributions, respectively. The 
GEV is a tailed distribution to describe the extremes of random vari-
ables, and it is a common approach traditionally implemented to the 
extreme weather and climate analysis (Coles, 2001; WMO, 2009). 

There exists a number of methods for parameter estimation in 
extreme value models. In this study the L-moment with the Maxi-
mum Likelihood Estimation (MLE) method was used to fit GEV dis-
tribution to the DAI extreme time series. To fit the seasonal mini-
mum values of the DAI (that is extreme dry conditions) to a GEV 
distribution, the usual methods for maxima apply by realizing that  
min{X1, . . . , Xn} = -max{-X1, . . . ,-Xn}. Inverting the equation (16) the 
return values (zp) for the distribution were determined (Coles, 2001): 
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		  ( ) ,              	 (17)
 
Delta method has been used to estimate approximate confidence 

intervals for zp (Rao, 1973; Coles, 2001). The return level associated 
with the return time period is 1/p. Return value for a given return (or 
waiting) time concept is a byproduct of the Extreme Value Theory and 
is widely used in the decision making, since, in a stationary case, the 
return level and return time are convenient tools to assess the risks 
associated with extreme events (Daradur, 2001; Tonini et al., 2012). 
Common interpretation of this concept consists in the average wait-
ing time for the exceedance of a particular return level and a return 
level that is expected to be exceeded once every time unit. 

2.5.3. Assessment of sensitivity to climate variability/change

To assess the indicators sensitivity to climate variability/change 
we make use of a graphical interpretation of drought events with a 
time-depended aggregated function F(τ) during two non-overlapping 
periods (1946-1980 and 1981-2012) according to the equation (Dara-
dur, 2001): 

  k
                                     F(τ) = Σ Nk(τ) θ0(τ – τk), 	 (18) 

 i = 1 
where Nk is the number of drought events for a given time interval, 
θ(τ – τk) – Heaviside function:

                                     1,
0,

,0 k
k

k

= $

#
j x x

x x

x x
-^ h )  	 (19) 

In this regard it is worth recalling that the ratio of the increment 
function (∆F/∆τ) with the time of observation is none other than the 
rate (λ= 1 year-1) of the intensity of the Poisson distribution (Cox and 
Lewis, 1966; Daradur, 2001). 
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2.5.4. Attribution of agroecosystem productivity to climate 
            and drought

The simple relationship between agroecosystems production and 
drought is likely to be veiled by practices used to increase productiv-
ity in affected areas. To eliminate climate component, the agroeco-
system productivity (Yi) has been examined through a sum of two 
components (Daradur, 2001):

                                        Yi = Yi (T) + Δ Yi (T), 	 (20)
where Yi (T) is a contribution of science and technology factors that 
lead to the gradual intensification of agriculture and include the im-
plementation of advanced agricultural practices and technologies, 
the use of high productivity varieties and fertilizers, irrigation, etc. 
These factors are expressed using a time depended function (trend) 
that describes the contribution of the socio-economic and scientific 
variables to the agroecosystems productivity in the average climate 
of a given location. Linear or nonlinear regression methods are usu-
ally used to assess the impact of these factors (Daradur, 2001, Ne-
dealcov et al., 2013; Taranu, 2014). 

The second (Δ Yi (T)) component is controlled by climate variabil-
ity. Herewith, it is assumed that in case of positive values of Δ Yi (T) 
there is no significant negative climate impact on the agroecosystems 
productivity, and, on the contrary, decreased (negative values) pro-
ductivity, exceeding the certain level, is conditioned by excessive or 
insufficient quantity of the main climate factors. Since the Republic 
of Moldova is sufficiently provided by heat resources and fertile soils, 
significant failure of the agroecosystem productivity is due to water 
deficiency and drought (Daradur et al, 2007). To evaluate crop pro-
duction under the climate variability ΔYi(T), the deletion of the sci-
ence and technology component of the agricultural ecosystems pro-
ductivity is used according to the equation (Daradur, 2001): 

                               ΔYi(T) = Yi - Yi (T)/ Yi (T) 	 (21)
As a criterion for identification of dry (wet) climate environment 

for crop production, values of the estimated errors of the techno-
logical component approximation (S Yi (T) %) have been accepted. This 
approach allows to eliminate a “climate mediocrity” that just compli-
cates getting a quick estimate for operational purposes.
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3. RESULTS AND DISCUSSION

3.1. Extent of drylands and Drought Sensitive Areas 
        (DSAs)

General dryness of climate is one of the main factors of developing 
desertification processes and drought phenomenon. In the drylands 
the balance of production and consumption often depends on mois-
ture conditions and, at times, extreme water deficiency can have a 
dramatic impact, reaching the scale of environmental and socio-eco-
nomic disasters. The UNCCD approach defines drylands as the areas 
with a dryness climate and with the ratio of annual precipitation to 
potential evapotranspiration (P/PE) between 0.05 and 0.65. 

According to the estimates (based on the average climate data 
within the landscape region), Moldovan landscapes relate to two 
moisture zones: wet sub humid with P/PE > 0.65 (North of the coun-
try and part of elevated Codrii region) and wet dry sub-humid lands 
(Baltsi region and plain regions in the Southern and South-Eastern 
part of Moldova) with the UNCCD index of 0.50-0.65 (Daradur et al., 
2015).
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Table 5. The ratio between the accumulated precipitation and 
                evapotranspiration estimates within landscape regions 
                of the Republic of Moldova (average for the period 
                1950-2012) *
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A. Forest-
steppe zone 

I. Region of 
elevations and 
forest steppe

393 557
0.71
(Wet sub humid with 
AI > 0.65)

II. Balti region of 
steppe elevations 
and plains

341 586
0.58
(Dry sub humid with 
AI =0.51- 0.65)

III. Region of Codrii 
forest deviations 409 579

0.71
(Wet sub humid with 
AI > 0.65)

B. Steppe 
Zone

IV. Steppe plain 
region of the lower 
Dniester terraces

305 601
0.51
(Dry sub humid with 
AI =0.51- 0.65)

V. Region of 
fragmentary plains 
of Bugeac steppe

315 605
0.52
(Dry sub humid with 
AI =0.51- 0.65)

Source: Daradur et al., 2015. 

However, in the complex terrains of the Republic of Moldova the 
extent of drylands tends to be regional or local. To produce accurate 
spatially-distributed estimates of the extent of drylands and mapping 
Drought Sensitive Areas (DSAs) at high resolution, statistical and spa-
tial interpolation has been implemented (Figure 6). 
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Figure 6. Desertification and Drought Sensitive Areas (DDSA) at  
                 high resolution and affected administrative regions (rayons) 
                 of the Republic of Moldova 
Source:  Daradur et al., 2015 
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About 75.5% of the Moldovan territory are under a high risk of 
drought and degradation processes. In accordance with the estimates 
the biggest part of the Moldovan territory (63.6%) relates to the dry 
land category with the dry sub-humid climate (values of P/PE=0.50-
0.65). Wet sub humid lands (P/PE>0.65) with relatively favorable mois-
ture conditions cover 24.5% of the Moldovan territory in the North 
and in the elevated areas in the Central part of Moldova. Examination 
at high resolution also delineates the areas with the UNCCD index of 
less than 0.50 which relate, according to the UNCCD classification, to 
the semiarid land classes with the highest risk of desertification proc-
esses and drought (Daradur et al., 2015). These lands cover 11.9% of 
the total area, located in the Southern and South-Eastern parts of 
the country predominantly with poor rural population; they are the 
most vulnerable to drought. Lengthy dry spells, combined with high 
temperatures, especially in late summer, create a great challenge for 
the environment and all development sectors in these regions. 

85.4% of population of Moldova dwell in the drylands. All admin-
istrative districts of the Republic of Moldova are sensitive to some 
extent (from 6% to 100%) to degradation processes. Taking into con-
sideration high concentration of poor rural population and weak eco-
nomic capacity of the most prone areas, improved climate risk moni-
toring and management is critical for supporting sustainable develop-
ment and poverty reduction in the Republic of Moldova.

Figure 7. Extent (%) of drylands (a) and population (b) of Moldova’s 
           drylands 

Source: Daradur et al., 2015
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3.2. Precipitation deficiency assessment at high 
        resolution

The estimates in this Section are an example of transforming 
drought information to facilitate decision making through a two-way 
dialogue between scientists and policy makers in order to ensure 
the delivery of policy-relevant information, knowledge and advice 
on desertification/land degradation and drought. In the dry areas 
where water resources are a limiting factor, precipitation deficiency 
approach is an important tool for drought risk assessment and man-
agement. For example, precipitation deficiency has been used as an 
indicator for aridity assessment and drought variability in Moldova 
(Daradur, 2001). Measuring the incidence and severity of drought 
in terms of precipitation deficit (instead of PD the term of potential 
evapotranspiration deficit is used) has also been undertaken in New 
Zealand (Salinger and Porteous, 2013), and as a global approach (Vin-
sente, 2010) using standardized form of the indicator. In essence, the 
accumulated values of the precipitation deficit are an equivalent to 
the amount of water that needs to be added by irrigation to reach 
agroecosystem potential productivity. In this investigation they are 
given in liters per square meter and are useful and usable for practical 
implications. Therefore, the PD examination is essential for designing 
smart agriculture, it provides an effective approach for rational use of 
limited water resources in the drylands with intensive agriculture.

Precipitation Deficit (PD) was calculated monthly and accumulated 
for each month over the growing period (April-September). Figure 8 
shows the values averaged over 63 years for the 90 m x 90 m gridded 
data. In the wettest regions (wet sub humid lands in the Northern 
part of the country and elevated areas) that have been defined us-
ing the UNCCD approach, PD values for the growing period are lower 
than 100 mm. The most of the country experiences the deficit of 100-
300 litres/m2 range. In the driest areas in the South and South-East 
(semi-arid lands) precipitation deficit reaches up to 400 mm, which 
exceeds fourfold the values in the wettest areas.
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Figure 8. High resolution evaluation of Precipitation Deficit (PD) 
                 within the UNCCD land classes (Republic of Moldova) 
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3.3. Dryness trends over the Republic of Moldova

Linear regression test, used for analyzing the drought indicators 
time series spanning from 1946 to 2012 did not identify any signifi-
cant (at 95% or higher confidence level) long-term trends toward pro-
gressive aridization of Moldovan climate. The exception is the STPI 
which reveals a relatively low (P=0.09) presumption against neutral 
hypothesis (see Table 6). That is due to the overestimated contribu-
tion of the temperature factor to aridity assessment inherent for this 
index. The test results given below, where along with the moisture 
indices, the average air temperature over the growing period (TG) is 
included, might serve as a confirmation of this statement. In particu-
lar, TG also shows an increasing trend, even with the stronger signifi-
cance (higher than 95% of confidence level). Thus, excepting STPI and 
air temperatures, there is no evidence of natural aridization of the 
territory of Moldova. To a first approximation, the given estimates 
suggest a stationary of the long-term dynamics of moisture condi-
tions in the Republic of Moldova. 

Meanwhile, despite the lack of a long term progressing tenden-
cy toward aridization, the fact is that the duration and intensity of 
droughts in Moldova have increased in the recent decade (Ministry 
of Environment & United Nations Development Programme, 2012, 
Cazac and Daradur, 2013; Taranu, 2014). Following the statistic test 
results, this can be attributed to warming of the regional climate, 
which leads to a rise in water demand due to increased evaporation. 
Air temperature influences evapotranspiration by determining the 
amount of moisture the air can hold, and the amount of radiation 
that is supplied to evaporating surfaces. Thus, higher air tempera-
tures increase the evapotranspiration potential and, as a result, the 
potential for increased drought risk (Daradur et al., 2015). 
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Table 6. Linear regression test for long term dynamics of moisture 
                and temperature conditions in the Republic of Moldova 
                (1946-2012)

Climate and  
drought/aridity index

Yearly 
average rate 

(1 year-1)

Changes for 
the period 
1946-2012

P- Value*

Precipitation, P mm -0.288 -18.71 0.30
Hydro - Thermal Coefficient, 
HTC -0.002 -013 0.30

Standardized Temperature 
and Precipitation Index, STPI 0.019 1.23 0.09*

Standardized Precipitation 
Index, SPI -0.005 -0/32 0.48

Drought and Aridity Index, 
DAI -0.0008 -0.052 0.43

Precipitation Deficit, PD mm -0.70 45.0 0.30
Average Air Temperature 
over growing period, TG, C

o 0.014 0.91 0.03**

Note: 
* Significant at 90% and; ** at 95% and higher confidence level 

3.4. Drought climatology and risk of certain drought 
        categories under current climate

According to the estimates based on recent data (1946-2012) and 
adhering strictly to the HTC criteria as a basic drought indicator in 
Moldova, the overall probability of lasting droughts spanning the en-
tire growing period (April-September) in Moldova constitutes 7%. It 
means that drought is registered on average once in 14 years. It ap-
pears that it is an underestimated value. The SPI approach assumes 
the long term drought recurrence value of 16% (once in 6 years). The 
estimates based on the DAI and STPI time series constitute 27% and 
22% correspondently, which means 1 drought every 4-4.5 years. 
Thus, there are considerable differences in the estimates depending 
on the index. 
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Herewith all indicators are uniform in the estimation of the driest 
year in the climate history of Moldova between 1946 and 2012. The 
data in Table 7 show that it was the drought of 2007. The top 10 driest 
years also include the recent droughts of 2000, 2009 and 2012. Thus, 
the period spanning 2000 to 2012 was one of the driest in the last 67 
years (1946-2012).

Table 7. Top 10 of the driest years identified by different indicators 
               (Chisinau, Republic of Moldova, 1946-2012)* 

Rank SPI HTC STPI DAI PD 

1 2007 -2.57 2007 0.4 2007 -3.51 2007 0.19 2007 -554
2 1951 -2.32 1951 0.5 2012 -3.35 1951 0.21 1951 -516
3 1973 -1.66 2009 0.6 1946 -3.04 2009 0.27 1946 -490
4 1990 -1.61 1999 0.6 1951 -2.70 1946 0.28 2009 -483
5 2009 -1.56 1946 0.6 2009 -2.56 1973 0.28 2012 -483
6 1999 -1.54 1973 0.6 1999 -2.56 1986 0.28 1999 -468
7 1981 -1.30 1990 0.6 1986 -2.03 1990 0.28 1986 -458
8 1946 -1.27 1986 0.6 1994 -1.97 1999 0.28 1990 -442
9 1953 -1.23 2012 0.7 1963 -1.83 1953 0.31 1973 -439

10 1986 -1.22 1953 0.7 2000 -1.67 2000 0.31 2000 -433

*Note: Full table of the 6-month time scale (April-September) time 
             series of the climate parameters and drought indices at the 
             Chisinau meteorological station (1946-2012) is given in Annex 1.

Discrepancies among drought indicators are also seen in the eval-
uation of the drought triggers that determine drought categories. To 
reveal these discrepancies the relative frequency of all drought cat-
egories has been estimated and compared in pairs with DAI (Figure 
9). According to the estimates the relative frequency of the “near nor-
mal” category for the HTC and SPI is larger than for the DAI, whereas 
for drought categories (moderate, severe, and extreme) the DAI dem-
onstrates higher values than those indicated by the HTC and SPI. In 
comparison to the HTC and SPI this suggests a greater sensibility of 
the DAI to variation of drought conditions. 
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The same analysis applied to the DAI and the STPI conversely in-
dicates the similar behavior in the near normal category. However, in 
case of determining drought conditions, the STPI behavior is unstable 
and varies depending on the categories with an unrealistically high 
sensitivity to the extreme drought category (2 times more often than 
“severe” category). The elevated frequency of the extreme category 
for the STPI is explained by the equalization of the contribution of 
temperature and precipitation in drought identification. For that the 
STPI has been repeatedly criticized since precipitation is the main 
driver of drought variability.
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Figure 9. Comparative assessment of drought frequency F(t) 
                 by categories (Semiarid lands, Republic of Moldova, 
                 1946-2012)

The estimates related to the DAI are even and at the same time 
high. The reason for that lies in the designing concepts of the DAI, 
which is based on water balance principles with incorporating precip-
itation distribution in time and response to changes in water supply 
due to evaporation caused by temperature fluctuations and trends. 
Besides, in case of the DAI the categorization of drought is based on 
a more equitable statistical basis, which assures smooth assessment 
considering the specific climate conditions of the tested areas. 
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4. CLIMATE CHANGE AND DROUGHT

4.1. Sensitivity to current climate variability and change

The frequency of recent droughts is uncertain because the values 
of the meteorological indicators (temperature, precipitation and soil 
moisture) have been exceptional in some years (State Hydrometeoro-
logical Service, 2012). Figure 10 was designed using the Climate Risk 
Shift Index (CRSI) implemented for drought categories and mean values 
of indicators. Calculation of the CRSI is based on comparing the distri-
butions of the current climate (1981-2012) and the previous historical 
climate data (1946-1980). Compared to the previous climate history 
an increase in the recurrences for all drought categories is evident 
(CSRI>1). Herewith the values of the CSRI rise with an increase of se-
verity of drought conditions. For example, according to the CRSI esti-
mates, probability of the moderate drought category has increased in 
recent time by 1.13 – 1.29, whereas for the extreme drought category 
these estimates have already reached the values of 1.3-1.7. 

Figure 10. Climate Risk Shift Index for selected drought categories 
                    and means (Current climate (1981-2012) vs historical 
                    drought data (1946-1980) 
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Thus, the recurrence of drought conditions has considerably in-
creased during the last decades, the fact confirmed by all indicators. 
Some experts tend to consider that increase in the frequency of 
drought conditions in Moldova is a result of ongoing climate change 
(Ministry of Environment & United Nations Development Programme, 
2012). It is expected that climate change will further increase the fre-
quency of droughts due to the rise in water demand as a result of 
evapotranspiration (IPCC, 2012). This will have even more dramatic 
impact on drought conditions in the dry regions. In this regard, the 
ability of drought indicators to detect this effect is considered an im-
portant advantage for improving drought risk assessment and man-
agement in a changing climate.

To reveal systematic changes in drought variability we have used 
the time depended function F(τ) of the accumulated drought events 
identified by the set of indicators. The data analysis represented in 
Figures 11 and 12 shows that the main feature of the accumulated 
function F(τ) is a stair-step character of its dynamics. This points out 
that strengthening and weakening of “failures” of the atmospheric 
processes contributes to the drought as a climatic phenomenon. At 
the same time, gradation curve F(τ) is pronouncedly irregular, which 
indicates weak “organization” of the original function and the ran-
dom nature of the drought variability in time. 
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Figure 11. Time-depended aggregated function F(τ) of the mild and 
                    greater intensity drought events and the 5-year running 
                    mean of the 6 months (April-September) average 
                    temperature, T5 

oC (Republic of Moldova, 1946-2012) 

 

Figure 12. Time-depended aggregated function F(τ) of the moderate 
                    and greater intensity drought events and the 5-year 
                    running mean of 6 months (April-September) average 
                    temperature, T5 

oC (Republic of Moldova, 1946-2012) 
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The ratio of the increment function with the time of observation 
(∆F/∆τ) is none other than the rate (λ=1 year-1) of the intensity of the 
Poisson distribution. Hence, a selection of sufficiently small sub-time 
scale of ∆τ enables us to analyze the differential value of the drought 
intensity rate λd(τ) and its variations over time. 

Beginning from the 1980s drought indicators are characterized by 
rapid increase in the F(τ) values, which suggests an increase in the in-
tensity of Poisson rate as an active response to the changing climate. 
As for the physical causes of this differentiation, we can point out 
that the increase of temperatures can lead to strengthening of the 
drought conditions. The variation of temperatures, also presented in 
the figures, gives some evidence to support this hypothesis: in the 
last decades (1980-2012) the average temperature over the growing 
period (April-September) has increased by 2oC (from 17oC to 19oC). 

The analysis of Figures 11 and 12 reveals an important feature of 
the F(τ) variability which consists in the fact that in the interval of 
intensification F(τ) starting from the 80s the differential value of λd 
differs considerably among the indicators. So, drought indices give a 
distinct response to the increase in average temperatures. It can be 
noted that a weak response is characteristic of the HTC and the SPI. 
Compared to those indices, the STPI and DAI have a high sensitivity 
response to the changing climate. Besides, the distinction in this re-
sponse between the two groups of indicators rises with the increase 
in drought severity. The largest response to climate change is char-
acteristic of the STPI due to the specific approach used for designing 
this indicator, assuming overestimation of the temperature factor in 
drought identification (Daradur et al., 2007). However, as it has al-
ready been noted, this high sensitivity to the temperature factor leads 
to unstable behavior with an unrealistic identification of drought cat-
egories. Sensitivity of the DAI to these changes is also high. However, 
unlike the STPI, its response is smooth and more agreed with the 
temperature factor, which is explained by the rise in water demand 
due to increased evaporation caused by temperature trends. 
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4.2. Return time of recent drought in the Republic 
        of Moldova

4.2.1. Return time of prolonged 6-month time scale 
            (April-September) recent droughts

Detailed estimates of the λd(τ) show that the frequency of dura-
ble (6-month time scale) droughts in the Republic of Moldova has 
increased considerably in the recent decade. For example, in the 
50s,70s and 80s on average one drought was registered in 5 years, 
whereas in the recent years the drought is registered on average 
once every 3 years (Figure 13). This serves as an illustrative confirma-
tion of the experts community assessments that suggest shortening 
of the return time of droughts in the Republic of Moldova in the last 
decades (State Hydro-meteorological Service, 2007, 2012; Ministry of 
Environment & United Nations Development Programme, 2012). 

Figure 13. The frequency (λ = 1 year–1) of the moderate and greater  
                          intensity drought events in the Republic of Moldova  
                          according to the DAI time series (1946-2012) 
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The fact is that just in the recent decade (2000-2012) Moldova has 
already experienced several (2000, 2003, 2007, 2012) droughts that 
have had a dramatic impact. The estimates of the individual return 
time of the recent droughts are also scattered among drought indica-
tors (Figure 14). 

Figure 14. Average return time* of the recent droughts (6-month 
                  time scale, spanning growing period from April to 
                  September) according to HTC, SPI and DAI time series 
                  (Republic of Moldova, 2000-2012) 

*Note: It was assumed that DAI, HTC and SPI come from 
             lognormal distribution at 95% and higher confidence level
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Table 8. System of risk estimates for recent 6-month time scale 
                drought in the Republic of Moldova based on DAI time series*

Dr
ou

gh
t 

Av
er

ag
e 

re
tu

rn
 ti

m
e 

(F
(τ

)=
0.

50
), 

N
 y

ea
rs

Pr
ob

ab
ili

ty
 o

f 
oc

cu
rr

en
ce

 in
 a

ny
 

gi
ve

n 
ye

ar
 (1

 ti
m

e 
in

 
N

 y
ea

rs
)

Ch
an

ce
 o

f 
oc

cu
rr

en
ce

 in
 a

ny
 

gi
ve

n 
ye

ar
 (%

)

Co
nfi

de
nt

 (a
ss

ur
ed

) 
re

tu
rn

 ti
m

e 
(F

(τ
)=

0.
95

) p
er

io
d,

 
N

 y
ea

rs
**

Ec
on

om
ic

 lo
ss

es
M

ill
io

n 
M

ol
do

va
n 

Le
i (

M
DL

) 

Ec
on

om
ic

 lo
ss

es
M

ill
io

n 
 $

 U
SA

2000 7 1 time in 7 years 13 21 2098, 1 169,7
2003 8 1 time in 8 years 12 24 - -
2007 217 1 time in 217 years 0.04 651 11970,0 987,0
2009 11 1 time in 11 years 9 33 - -
2012 9 1 time in 9 years 11 27 2500,0 200,5

*Note: Average return time or average recurrence interval - this does 
not mean for sure that the drought event will occur precisely once every N 
years. Over a long period of time such an event is expected to occur on av-
erage once in N years, but any separate individual events may occur closer 
or further apart in time. **Confident return time means that the drought 
event will occur precisely once within this time period at 95% and higher 
confidence level.

In accordance with these assessments the 2007 drought is one of 
the most severe in the climate history of Moldova with the average 
return time period of 200-250 years, which should be considered an 
unprecedented level in the current climate with the most devastat-
ing impacts in the last 7 decades (UN, 2012). The estimated losses 
caused by the 2007 drought reached 23% of the gross domestic prod-
uct (GDP) of the Republic of Moldova.

The statistics for drought risk examination given below have been 
calculated based on the DAI time series from 1946 to 2102. Their 
meaning is described in detail in Table 8. The average return time and 
the included related estimates are widely used in decision making 
for yearly warning systems to develop appropriate response manage-
ment strategies. 
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4.2.2. Return time of extreme seasonal (3-month time scale) 
            drought 

The top 10 driest seasons (3-month time scale drought) are rep-
resented in Table 9. The ranked estimates are different from those 
for the growing period (see Table 5 above). The differentiation is also 
seen among the moisture zones. 

 
Table 9. Top 10 of the driest seasons (3-month time scale drought) 
                identified by DAI time series (1946-2012)* 

Rank Wet sub-humid 
zone Dry sub humid zone Semi-arid zone

1 2009 0.21 2011 0.1 1953 0.14
2 1946 0.22 2000 0.12 1992 0.14
3 1967 0.22 1951 0.13 2000 0.14
4 1953 0.23 2007 0.15 1952 0.17
5 2012 0.23 1968 0.17 1946 0.2
6 1994 0.25 1990 0.17 1965 0.23
7 1952 0.26 1999 0.17 1967 0.23
8 1990 0.27 1953 0.18 1975 0.23
9 1950 0.28 1961 0.18 1987 0.23

10 1960 0.29 1992 0.19 1990 0.23

*Note: The estimates have been calculated based on data of  
                    Bricheni, Chisinau and Comrat stations

 
Extreme Value Theory (EVT) has been implemented to assess re-

turn time of the extreme drought conditions in a seasonal (3-month) 
scale in the Republic of Moldova. Seasonal extreme drought data 
were fitted to a Generalized Extreme Value (GEV) distribution by us-
ing a block maxima approach. Comparison between the theoretical 
and empirical distributions has been used as a goodness-of-fit test 
to estimate the GEV distribution fit to extreme seasonal droughts. As 
an example, the diagnostic plots from the proposed GEV distribution 
fitting for the extreme DAI data are shown in the figure below, where 
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the modeled cumulative probability and quintiles are compared to 
those from empirical estimates (Figure 15 a, b).

The diagnostic plots for all three defined climate moisture zones 
showed that the plotted data are close-linear, which suggests a good 
fit of modeled and empirical data. The return levels plot (Figure 16) 
shows return periods and associated return values estimates com-
bined with approximate 95% confidence intervals derived using the 
delta method. Return values estimates are also sufficiently correct 
since all estimates are inside the 95% confidence interval bounds.

 

Figure 15. GEV fit diagnostic probability (a) and quintile (b) plot for 
                   extreme seasonal DAI values at Chisinau station (semiarid  
                   moisture zone, Republic of Moldova, 1946-2012)

	

Figure 16. Return periods and associated return values estimates  
                   combined with approximately 95% confidence intervals  
                   derived using delta method (Extreme seasonal DAI values  
                    at Chisinau station; Republic of Moldova, 1946-2012).
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Maximum likelihood estimates of the fitted parameter values for 
the transformed DAI data are presented in Table 10. The values of 
the shape parameters are ξ < 0 and vary from -0.480 to -0.529 point-
ing out the bounded distribution above, which pertains to the GEV 
distribution type III or Weibull distribution. The estimates based on 
the results of Table 10 show that these finite values vary over the ter-
ritory of the Republic of Moldova from 0.11 (semiarid moisture zone) 
to 0.15 (wet sub humid zone). In the given climate conditions the DAI 
values cannot be lower than these estimates derived from the fitted 
distribution. 

Table 10. GEV parameter estimates and their standard errors from 
                  fitting seasonal extreme DAI values in climate moisture 
                  zones 

Land class Location, μ Scale, σ Shape, ξ Finite value 
of DAI 

Wet 
sub-humid -0.566 (0.029) 0.200 (0.023) -0.480 (0.11) 0.15

Dry 
sub-humid -0.408 (0.024) 0.173 (0.018) -0.529 (0.082) 0.09

Semiarid -0.388 (0.019) 0.138 (0.014) -0.496 (0.087) 0.13

 Return levels for the drought of 5, 10, 20, 50 and 100 years, as 
well as the finite level of drought severity are significantly different 
among the climate moisture zones. This suggests an objective de-
lineation of the moisture zones over the territory of Moldova based 
on the UNCCD approach. For example, the DAI will be lower by 0.20 
(which relates to severe dry conditions) on average every 10, 5 to 10 
and 20 years in the semiarid, dry sub-humid and wet sub-humid zone, 
respectively. 
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Table 11. Estimated return levels and 95% confidence intervals for 
                  selected return times of seasonal drought from fitted DAI 
                  data to the GEV distribution.

Land class and its 
extent (%)

Return 
period

 Return 
level 

Lower 
bound 

Upper 
bound 

Wet sub-humid
(24.5%)

2 0.50 0.44 0.53
5 0.35 0.31 0.37

10 0.29 0.24 0.31
20 0.25 0.18 0.27
50 0.21 0.13 0.25

100 0.19 0.10 0.22

Dry sub-humid
(63.6%)

2 0.35 0.33 0.37
5 0.23 0.22 0.27

10 0.18 0.17 0.23
20 0.15 0.14 0.20
50 0.12 0.11 0.17

100 0.11 0.09 0.16

Semiarid
 (11.9%)

2 0.35 0.34 0.30
5 0.23 0.24 0.21

10 0.18 0.20 0.17
20 0.15 0.17 0.14
50 0.12 0.15 0.11

100 0.11 0.14 0.09

4.3. Future climate changes and drought in Moldova
	
Despite the wide range of often controversial estimates, in the 

Moldovan scientific and expert society there are no doubts that at 
present the climate of Moldova is rapidly changing. The issue, in par-
ticular, that has relevance to the regional climate, is to correctly as-
sess and interpret the causes of ongoing and expected changes and 
their development implications. Formation of this category of knowl-
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edge, therefore, requires exceptional competence and responsibility, 
because it entails important implications in the context of environ-
mental policy.

A range of recent studies indicates the continuing and even accel-
erating historical trend of temperature in Moldova in the near future 
(Daradur et al., 2007; Sutton et al., 2013; Ministry of Environment, 
2013; Taranu, 2014). Note that although the overall warming trend is 
evident the uncertainty of the degree of warming remains, however, 
very high (see the figure below). Precipitation changes are much more 
uncertain than temperature changes since they are the most volatile 
and, very likely, the most sensitive to changes of the climate system. 
This important feature of precipitation essentially reflects one of the 
most important physical characteristics of atmospheric processes, 
the dynamics of which is subject to the basic laws of micro- and large-
scale turbulence processes having random nature (Daradur, 2001). In 
this context, it becomes clear why their forecast estimates have the 
greatest uncertainty - they differ not only in magnitude, but also in 
the overall sign of the trend (see the figure below).

According to Sutton et al. (2013) the average warming over the 
next 50 years based on 3 individual global climate models is expected 
to be 1.0-3.4°C. Compared with the observed increase of 0.91°C for 
the previous period (1946-2012, see Table 6 above, Section 3.3) the 
temperature is expected to increase at a greater rate than historical 
changes. 
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Figure 17. Effect of climate changes on temperature and 
                   precipitation in the most drought prone area of Moldova 

*Note:  High impact - Centre National de Recherches Météorologiques 
              Coupled Model 3 (France), IPCC SRES scenario A2; Medium impact - 
              Center for Climate Modeling and Analysis, Coupled GCM 3.1.t63 
              (Canada ), IPCC SRES scenario A1B; Low impact - Goddard Institute 
              for Space Studies, Model ER (US), IPCC SRES scenario B1

Source: Adapted from Sutton et al., 2013
	
The increase demonstrated by the number of individual climate 

models extends the range of the estimates and, hence, the uncer-
tainty of regional climate change. Such discrepancies in the climate 
projections make it difficult to judge the expected climate change 
in the region and complicate the elaboration of optimal response 
measures to reach desired climate change management goals. The 
preferable way to express the uncertainty of the modeled climate re-
sults is to give the estimates in terms of probabilities, when the most 
likely outcomes are derived from multiple climate model or ensemble 
simulations with the relevant guiding and indication of significant as-
sociated risks (Daradur et al., 2007). Users then can apply this infor-
mation to make decisions in accordance with their specific risks and 
experience.
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Figure 18. Distribution functions of ensemble simulations results of 
                   winter and summer precipitation using 9 global climate 
                   models for assessing the most likely values. 

Source: Daradur et al., 2007.

In this context, the issue arises of the selection of climate models 
for the probabilistic interpretation of the simulated results. The latest 
ensemble estimates for precipitation and temperature in Moldova 
use, for example, a set of 10 available global climate models relied 
on the most commonly used IPCC emissions scenarios: B1,A1B, and 
A2. (Sutton et al., 2013; Ministry of Environment, 2013; Taranu, 2014). 
Approaches for model selection are different. Sutton et al. (2013) se-
lected the climate models which are closest in consistency with the 
model mean of the Climate Moisture Index from the total readily 
available emission scenario–GCM combinations. Taranu (2014) pro-
ceeded using an approach consisted in the adoption of the climate 
models which more closely describe the current climate, assuming 
that they would also give the most robust projection of the future 
climate. The approach compares the main modeled and observed 
climate statistics and patterns which are projected to the same grid. 
The issue of the uncertainty of climate change assessments is solved 
by the ensemble prediction, using the most likely estimates from a 
group of projections. 

The recent findings suggest that the combined effect of temper-
ature and precipitation changes will likely lead to worsening of the 
moisture conditions and increase in the drought occurrence. Rising 
temperatures will promote the increase of potential evapotranspira-
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tion and the precipitation deficit which is going to be the main cli-
mate trend during the 21st century in Moldova (Daradur et al., 2007; 
Sutton et al., 2013; Ministry of Environment, 2013). An increase of the 
average of potential evapotranspiration (PE) by 40-45% for the grow-
ing period is expected. According to the examination based on water 
balance concepts, under the high impact of climate change the whole 
territory of the Republic of Moldova will meet the dryness conditions 
(HTC ≤ 0.7) by 2080, whereas in the current climate the HTC index 
ranges from 1.4 to 0.7 (Taranu, 2014). 

Figure 19. Geographical transformation of the projected multi-model 
                   ensemble values of HTC for three IPCC emission scenarios 
                   (2080-s vs baseline climate, Republic of Moldova).

Source: adapted from Taranu, 2014



62

new drought products:

Figure 20. Climate risk shift index and return time for average value  
                   of HTC and drought (HTC <=0.6). 

Note: *It is assumed that HTC comes from lognormal distribution  
             with 95% and higher confidence level; The given estimates  
             are based on values in the most drought prone areas of  
             Moldova.
Source: Adapted from Daradur et al., 2007.

This distinguishing trend in the climate of Moldova will lead to 
much more scaled changes in the drought incidence and correspond-
ing risk shift of large environmental and socio-economic failures. Ac-
cording to the estimates, the overall probability of six month droughts 
(April-September) with the HTC < 0.6 in the current climate of Moldo-
va constitutes about 7%, that means one drought incidence in 12-14 
years. Performed numerical experiments, aimed at assessing drought 
in accordance with the new climate (Daradur et al., 2007), show that 
in terms of predicted aridization of regional climate, in the 2020s the 
occurrence of these lasting droughts is expected to increase up to 2.8 
times, which means the frequency of 1 drought each 5 years (Figure 
20). At the beginning of the second half of the 21st century every 
second year is expected to be dry with the HTC value equal to or less 
than 0.6 in the most prone to drought areas of Moldova. 
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5. DROUGHT AND VARIABILITY  
OF AGRICULTURAL ECOSYSTEMS

 PRODUCTIVITY

5.1. Vulnerability of agricultural ecosystems 

The natural and socio-economic subsystems in the Republic of 
Moldova are highly vulnerable to drought owing to the high level phys-
ical exposure to weather and climate extremes, as well as insufficient 
capacity to manage risks. Accounting for 13% of the total number of 
climate hazards, droughts make up 67% of the economic losses from 
weather and climate related risks (Figure 21). Southern and South-
Eastern parts of Moldova are the most vulnerable and have already 
felt the increased devastating effect of the extreme drought. 

Figure 21. Attribution (%) of the economic losses to weather and 
                   climate related hazards in the Republic of Moldova. 

Source: Cazac and Daradur, 2013
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However, the sector most vulnerable to drought is agriculture 
which is of vital importance to Moldova, both in human and develop-
ment terms. Drought leads to wide spread failures of agroecosystem 
production and food shortages. Poorest households are the most 
vulnerable groups of population since poverty in Moldova still re-
mains mainly a rural issue - 28.1% compared to 9.9% for urban areas 
(WFP, 2012). Household production from home gardens, a mainstay 
of food supply for most rural families, is also reducing significantly. 
Drought impacts directly hit small holder farmers and agricultural 
workers whose income is 40-70% weather depended and comes from 
agriculture (WFP, 2012). Droughts reduce their savings considerably 
and worsen both the overall quantity and the composition of their 
nutrition. In addition, in rural areas where 45% of the population rely 
on wells as their main source of drinking water, negative social effects 
of droughts are exacerbated by reduced access to potable water. 

In some years, such as 2007, the negative impact of droughts may 
acquire the scales of a nationwide environmental and socioeconomic 
catastrophe. In monetary terms the losses for the agricultural sector 
were estimated at close to US $1 billion (Ministry of Agriculture and 
Food Industry, 2012). The greatest losses were experienced by fruit 
and vegetable growers (US $550 million), livestock producers (US 
$305 million) and cereal growers (US $132 million). 

Table 12. Impact area (%), duration and economic losses from recent 
                  droughts, 2000-2012 (Republic of Moldova) 

Drought 
of year

Affected 
area, % 

Duration,
seasons

Economic losses
Million Moldovan  

Lei (MDL) 
Million
 $ USA

2000 75 spring-autumn 2098, 1 169,7

2003* 86 summer-autumn - -

2007 78 summer-autumn 11970,0 987,0

2012 80 summer-autumn 2500,0 200,5

* No data
Source: Cazac and Daradur, 2013 
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5.2. Contribution of technological factors 
	
Examination of the linear trends of major agricultural crops pro-

ductivity over the recent decades shows a sustainable increase in the 
majority of crop yields before the 1990s (Daradur et al, 2007; Taranu, 
2014). By the beginning of the 1990s the contribution of the techno-
logical factors Yi (T) reached the historical maximum. For example, 
the average yield of winter wheat at the end of the 1980s was at its 
peak and varied over the territory of the country from 3.1 to 4.3 t/ha, 
which is a high attainment in the specific technological and climate 
conditions of Moldova. 

Figure 22. Yield (t/ha) of winter wheat at the level of the 1990 
                    agriculture technology and its trend component over 
                    the recent decades described by linear approximation 
                    (Republic of Moldova)

Source: Adapted from Daradur et al., 2007; 2014
	
Starting from the 1990s, a dramatic yearly decline in the resiliency 

of the agricultural ecosystems promoted a decrease in crops produc-
tivity. Non-linear approximation of the time depended agroecosys-
tem productivity clearly indicates such a dramatic trend (see figure 
below). The overall level of agricultural technology in Moldova has 
been turned 35-40 years back to the end of the 1960s with the aver-
age productivity of crops at the level of 1.5 - 2.0 t/ha. 
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The consequences and operative quantification of benefit losses 
due to degradation of agricultural technologies can be estimated us-
ing a trend extrapolation of the post 1990 period based on the ap-
proximation estimates for the previous period of time (1950-1990) 
and this hypothetical trend can be further compared with their ac-
tual values in the recent decades (Figure 23). If we accept the avail-
able statistics for the average annual acreage Sy (ha), then the cor-
responding annual losses of production, Ni Sy can be easily calculated 
using the expression:

                                    Ni Sy = Yi’ (T) - Yi (T)*Sy 	 (22)
 were Yi’ (T) is an extrapolated (hypothetic) trend of crop production. 

According to the available sources (Daradur et al. 2007) the bene-
fit losses for winter wheat production in the 1990s reached the value 
of 1.5 mln tons. 

 

Figure 23. Comparing the actual and hypothetic trends of the yield 
                   for operational estimation of crop production losses due 
                  to degradation of technological factors (Winter wheat, 
                  Republic of Moldova) 

Source: Adapted from Daradur et al., 2007;

This underperformance can be attributed to a set of drivers result-
ing from launching the land reform in 1991. Since the proclamation of 
independence (1991) Moldova has gone through an unprecedented eco-
nomic transformation which, due to the rapid and often chaotic transi-
tion process, has accelerated environmental degradation and has been 
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associated with increasing poverty and rural vulnerability. The post-So-
viet land reform has cardinally changed the agriculture land ownership 
and tenure pattern form. Transition to the new forms of management in 
agriculture has negatively affected the sector by promoting expansive 
overexploitation of the land resources and the unsustainable land use. 
Losses of benefit have been further exacerbated by the risks posed by 
the increased extreme drought frequency in the recent decade. Just in 
the recent years (2000-2014) the Republic of Moldova has already ex-
perienced several (2000, 2003, 2007, 2012) long lasting droughts which 
have created a challenging environment and had a dramatic effect on 
all development sectors. The challenges for agricultural ecosystems pro-
ductivity created by this unfavorable environment are expected to sig-
nificantly increase in the changing climate, making the issue of enhancing 
drought adaptation capacity highly relevant.

At present, despite the high level of natural soil fertility and fa-
vorable climate for the main crops, productivity of agricultural eco-
systems in Moldova is very low. This is best illustrated by comparing 
Moldova to other countries (Figure 24). For example, the compari-
son reveals that the total cereals yield in Moldova is approximately 
2 times lower than the average for the European Union countries. 
Compared to certain countries (Netherlands), the yields are 3 or even 
more times lower.

 

Figure 24. Comparison of the total cereals yield (t/ha) in the Republic 
                   of Moldova, Netherlands and the European Union. 

Source: Adapted from Daradur et al. 2014.
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5.3. Impact of climate variability and drought 
        on crop production

Temporal and geographical features of yield variability defined by cli-
mate components are given in the figures below. Note that the failures in 
yield production in Moldova tend to steadily rise in time, which indicates 
an increase of agroecosystem vulnerability to climate drought. 

 

Figure 25. Time depended contribution of the climate component 
                   to variability of agro-ecosystems productivity (maize, 
                    Republic of Moldova). 
Source: Daradur et al., 2007 

Unevenness and insufficiency of precipitation are the main drivers 
of significant failure of the agroecosystem productivity in the drylands. 
Due to their particular importance for the Republic of Moldova, the 
impact of the moisture conditions on agricultural ecosystems produc-
tivity has been closely examined by many climate and agricultural spe-
cialists (Constantinov and Jucov, 1992; Lupascu, 1995, Mangul, 1998; 
Sofroni et al., 2000; Daradur, 2001). It is evident that the higher the 
values and the more uniform distribution of precipitation, the more fa-
vorable conditions are developed for crop production and conversely, 
uneven and extreme monthly distribution of precipitation in an intense 
and heavy form leads to unproductive losses of precipitation through 
the surface runoff and contributes to soil erosion and land degradation 
(Daradur et al., 2007; Ministry of Environment, 2013). 
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Winter wheat

Figure 26. Contribution of climate to variability of agro-ecosystems 
                    productivity, ΔYi(T). 

Source: Adapted from Daradur et al., 2007

Maize
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Figure 27. Impact of accumulated precipitation (P, mm) and its 
                   timing distribution mode (PDC) on the yield of  winter 
                   wheat.

Source: Adapted from Daradur et al., 2007

Agricultural ecosystems in the drylands are highly sensitive to pre-
cipitation and its distributional properties in time. For example, an 
examination of the relationship between the crop yields and climate 
variables shows a clear response to both, the accumulated precipita-
tion and its timing mode (Figure 27).

 5.4. Impact of recent drought (2012) on crop production 

Throughout late 2011 and 2012, Moldova suffered the effects of a 
combination of extreme weather conditions. Exceptionally hot spring 
and summer of 2012 (in June-July temperatures were 3.5-5.0 Co high-
er than average) with extremely low precipitation (15 to 60% of the 
average climate) across the country had severe impacts upon crop 
production. The 2012 drought was part of a series of extreme drought 
events that have impacted the country in the past 12 years. Although 
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at the aggregate national level, the impact of the 2012 drought has so 
far been less severe than that of the previous major drought of 2007, 
in the South of Moldova the impact of the 2012 drought is reported 
to have been more intense (Ministry of Agriculture and Food Indus-
try, 2012). The Southern region registered the most severe drops in 
production in the country, in particular for the maize and sunflower 
crops. According to the assessment of the World Food Program (WFP, 
2012), in the areas visited in this regions, the situation was reported 
by all interviewed farmers and local authorities as worse than in 2007 
– the 2012 drought was described as affecting the full length of the 
yearly crop cycle, impacting most crops. The severity of the above de-
scribed weather conditions had grave impacts on most crops grown 
during both the winter and summer growing season: winter wheat, 
spring barley, maize and sunflower as well as household vegetable 
production, i.e. affecting food, fodder and cash crops. Full details can 
be found in the crop assessment of the 2012 report from the Ministry 
of Agriculture and Food Industry of the Republic of Moldova.

Table 13. Crop production of 2012 compared to the recent average of 
2009-2011

Crop Region Production,  
% from average 2011-2009

Wheat
North -4%
Centre -19%
South -31%

Barley
North -20%
Centre -33%
South -35%

Maize
North 34%
Centre -49%
South -86%

Sunflower
North -11%
Centre -51%
South -88%

Source: Ministry of Agriculture and Food Industry of the Republic 
               of Moldova, 2012; WFP, 2012.
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5.5. Future climate and productivity of agricultural 
        ecosystems 

The impact of climate change on agricultural ecosystems produc-
tion in the Republic of Moldova has been closely examined by many 
climate and environmental specialists. The first attempt of producing 
regional estimates of the climate change effect on agricultural eco-
systems was undertaken by Constantinov and Daradur (1994). The 
investigation examined the implications of the increase of the global 
temperatures by 0.5 Co and 1.5 Co. Herewith, regional changes were 
considered as a proportional to the assumed global changes of tem-
peratures. The research findings, in particular, revealed an increase 
of the active growing degree days and elongation of the growing pe-
riod that will promote a substantial decrease of the area with a high 
risk for thermophilic and late ripening varieties of agricultural crops 
in Moldova. 

Figure 28. The shift of the zone of risk for late ripening varieties 
                   of corn in Moldova under the warming of the regional 
                   climate by 0.5 оС. 

Source: Constantinov and Daradur, 1994.
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Recent studies summarize much more detailed information 
based on more powerful methodical approach (Corobov et al., 2004; 
Daradur et al., 2007; Sutton et al., 2013; Nedealcov, 2013; Taranu, 
2014). The findings show that the implications of climate change for 
Moldovan agricultural ecosystems could be significant. The most pes-
simistic scenario based on a high climate impact with driest condi-
tions (less rainfall and increased evapotranspiration due to higher 
temperatures) has the strongest impact on crop production. In case 
of less pessimistic climate scenarios in terms of dryness, the impact 
of climate change is a little less expressed. However, in general, the 
results indicate that all crop yields will decline under the expected cli-
mate changes. 

Using the recent record to near record drought as an analogue of 
future climate change enables to estimate the current actual adap-
tive capacity (ability of an agricultural ecosystem to adjust to climate 
change and variability) and therefore vulnerability (the degree to 
which it is susceptible or unable to cope with climate change). For 
example, the average climate in the second half of the 21-st century 
is expected to be comparable with that of the 2007 drought - most 
severe for several decades in Moldova. The negative implications of 
the impact of climate change on agricultural crops are given on the 
example of winter wheat in the figure below. The estimates show 
that the yield values of winter wheat in the 2080s are comparable to 
those of drought 2007. 
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Figure 29. Comparative estimates of seasonal temperatures (T, oC) 
                   and productivity (Y, t/ha) of winter wheat for drought 
                   2007 and high impact of climate change projections in the
                   most prone areas of the Republic of Moldova 

Note: No irrigation and adaptation measures to climate change
Source: Adapted from Daradur et al., 2007; Taranu, 2014

Therefore, improving the understanding of the current adaptation 
processes and identifying innovative adaptation options in reducing 
the vulnerability of agricultural ecosystems to the record and near 
record drought could provide the implications of primary response 
pathways for reducing exposure and sensitivity to drought events. 
Such approach by means of wide consultations and multi-stakehold-
er dialogue is critical for the relevance, ownership and a long term 
commitment to adapting to climate change and variability. 
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6. CONCLUSIONS  
AND RECOMMENDATIONS

The overall goal of the study is to improve drought monitoring as 
an essential component of drought risk assessment and planning to 
facilitate decision making. In particular, effective mapping of climati-
cally predisposed to drought risk areas (DRAs) at high spatial resolu-
tion has been suggested. Drought risk assessment at high resolution 
is an innovative task and is required by a variety of models and deci-
sion support tools that are essential for designing resilience for cop-
ing with this climate hazard at community level. 

High level of the physical exposure to drought, combined with in-
sufficient capacity to manage risks creates a challenge for the natural 
and socio-economic subsystems of the Republic of Moldova. Accord-
ing to the UNCCD land classification a major part of the Moldovan 
territory (74.5%) relates to semiarid (UNCCDAI < 0.50) and dry sub-
humid (UNCCDAI = 0.50-0.65) climate moisture zones with a high fre-
quency of droughts and associated risks. Taking into consideration 
the high concentration of rural population and weak economic capac-
ity of the most drought prone areas, improved drought monitoring 
and management is critical for supporting sustainable development 
and poverty reduction in the Republic of Moldova.

Trend examination has not identified any significant long-term 
trends (1946-2012) toward progressive aridity of Moldovan climate 
over all 3 moisture zones. At the same time, more detailed esti-
mates, based on drought events and categories in time and space, 
have shown a tendency to an increase in extreme drought frequency. 
Starting from the early 80s it has acquired a systematic character 
which can be attributed to the increase of the temperature as a re-
sult of climate change. However, expected changes of temperature 
and precipitation will likely lead to worsening of the moisture con-
ditions. Rising temperatures will promote the increase of potential 
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evapotranspiration and the strong precipitation deficit which is going 
to be the main climate and drought trend during the 21st century in 
Moldova. In general, the implications indicate that all crop yields will 
decline under the expected climate changes.

The study has also examined the weaknesses and advantages of 
the conventional drought indicators with the view of assessing the 
perspectives of their practical application in a changing climate. Com-
parative analysis showed that all of the indicators are closely related 
to each other (R2=0.96-0.98), which points out generally similar be-
haviour in the drought detection and monitoring in the climate condi-
tions of Moldova. All indicators uniformly defined the 2007 drought 
as the driest year in the history of Moldova between 1946 and 2012. 
The top 10 driest years also include the recent droughts of 2000, 
2009, 2012. Thus, the period spanning from 2000 to 2012 has been 
one of the driest for almost 7 decades. 

However, more detailed analysis indicates discrepancies between 
drought indicators related to the evaluation of drought triggers and 
categories that determine timing and management actions. The HTC 
and SPI are characterized by large values in the near normal conditions 
and conversely by small values in case of greater drought categories. 
This points out weak sensitivity of these indicators to drought con-
ditions. Detailed examination indicates substantial discrepancies in 
average return time estimates of intensive and prolonged droughts, 
especially on the unprecedented level. Since the intensification of 
droughts in recent years has been mostly caused by warming of the 
regional climate, the SPI, as an index based solely on precipitation, has 
weak sensitivity to prolonged droughts in those conditions. There-
fore, the use of this indicator for the identification of long lasting (6 
month time scale period or more) droughts in the climate conditions 
of Moldova is not recommended. 

The same analysis applied to the DAI and STPI indicates the simi-
lar behavior in the near normal category and high response of both 
indicators to greater drought intensity categories. The elevated sen-
sitivity of the STPI relates to overvalued temperature factors in the 
drought dynamics inherent to this indicator, which leads to unstable 
estimates and declaring “extreme drought” category unreasonably 
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frequently (2 times more often than “severe” category). The sensitiv-
ity of the DAI is even and at the same time high. It is explained by the 
designing concepts of the DAI, as it is based on water balance princi-
ples with incorporating the temporal properties of precipitation over 
the designed time period, which is one of the fundamental aspects of 
climate at any location. Besides, in case of the DAI the categorization 
of drought is based on more equitable statistical basis, which assures 
smooth assessment considering the specific climate conditions of the 
testing areas. 

Comparative analysis has also revealed an important feature of 
the response of indicators to drought variability, which consists in 
increasing discrepancies in the drought detection starting from the 
80s associated with rapid rising of the temperatures due to climate 
change. According to the estimates the HTC, which is widely used in 
the current drought and agrometeorological monitoring systems of 
the Republic of Moldova, appears to be undersensitive to the tem-
perature increase due to climate change. The SPI being designed only 
on precipitation data is undersensitive as well. Conversely, STPI is 
very sensitive, which leads to unstable estimates and unreasonably 
high frequency of extreme drought conditions. The response of the 
DAI is high and unlike the STPI, the sensitivity of the new index is pro-
nouncedly stable and realistic.

The study has upgraded the existing tools for drought early warn-
ing systems that can be used for more effective policy interventions 
at all levels of drought risk assessment and management. Using the 
advances in extreme value modeling the study provides the first re-
gional assessment of extreme droughts in the Republic of Moldova 
with the return level and waiting time concept, which is a convenient 
approach to developing suitable management strategies. GEV distri-
bution was implemented to enable the estimations, the waiting times 
for the given return values and the finite levels of drought severity 
inherent for each defined climate moisture zone. According to the 
fitted GEV parameters finite DAI values constitute 0.09, 0.13 and 0.15 
(for the semiarid, dry sub- humid and wet sub-humid zone, respec-
tively) and cannot be overcome in the current climate. Derived return 
levels for the droughts of 5, 10, 20, 50 and 100 years, as well as the 
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finite level of drought severity are significantly different among the 
climate moisture zones. This suggests an objective delineation of the 
climate moisture zones over the territory of Moldova with different 
extreme drought conditions and implementation of specific response 
measures for each zone.

The investigation has also ensured more effective use of the actual 
and modeled drought data in terms of aligning them with manage-
ment design information and decision support tools that are essen-
tial for preparedness planning and response strategies. The findings 
promote extended and new services in improving accessibility of the 
management design information for decision making. However, for 
the outputs leading to improving accessibility and increased aware-
ness to be more sustained, the efforts are underway to form a part-
nership with the key stakeholders in developing new design products 
based on real-time web-based services combined with integrating 
guide information. 
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ANNEXES

Annex 1. 6-month time scale (April-September) time series of the 
climate parameters and drought indices (Chisinau meteorological sta-
tion, 1946-2012)*

Year P P’ PDI HTC SPI STPI DAI
1946 216 194 0.9 0.6 -1.27 3.26 0.28
1947 298 256 0.86 0.91 -0.18 0.62 0.41
1948 628 515 0.82 1.99 2.34 -3.51 0.86
1949 485 427 0.88 1.6 1.47 -2.7 0.73
1950 269 231 0.86 0.8 -0.52 1.27 0.37
1951 158 141 0.89 0.45 -2.32 3.21 0.21
1952 342 260 0.76 1.05 0.29 0.05 0.42
1953 218 194 0.89 0.67 -1.23 1.25 0.31
1954 408 355 0.87 1.22 0.88 -0.12 0.56
1955 526 479 0.91 1.76 1.74 -3.35 0.83
1956 287 255 0.89 0.93 -0.31 -0.34 0.43
1957 255 230 0.9 0.77 -0.71 1.12 0.36
1958 382 336 0.88 1.21 0.66 -0.94 0.54
1959 270 243 0.9 0.86 -0.51 0.07 0.4
1960 277 247 0.89 0.89 -0.43 -0.1 0.42
1961 281 250 0.89 0.86 -0.38 0.71 0.4
1962 292 266 0.91 0.9 -0.25 0.44 0.43
1963 238 209 0.88 0.7 -0.94 1.85 0.33
1964 329 290 0.88 1.04 0.16 -0.28 0.47
1965 325 296 0.91 1.08 0.11 -1.09 0.5
1966 321 286 0.89 0.99 0.07 0.12 0.46
1967 257 226 0.88 0.78 -0.68 1.08 0.36
1968 310 264 0.85 0.93 -0.05 0.81 0.42
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1969 272 242 0.89 0.87 -0.49 0 0.4
1970 411 370 0.9 1.3 0.91 -1.23 0.61
1971 362 319 0.88 1.17 0.48 -1.02 0.53
1972 438 394 0.9 1.32 1.12 -0.67 0.63
1973 192 167 0.87 0.61 -1.66 0.99 0.28
1974 423 381 0.9 1.39 1 -2.03 0.65
1975 352 306 0.87 1.02 0.38 0.87 0.48
1976 358 311 0.87 1.2 0.44 -1.67 0.56
1977 314 283 0.9 1.06 0 -1.25 0.49
1978 386 347 0.9 1.35 0.7 -2.56 0.62
1979 388 353 0.91 1.22 0.71 -0.84 0.58
1980 425 383 0.9 1.49 1.02 -3.04 0.68
1981 214 193 0.9 0.7 -1.30 0.34 0.32
1982 235 204 0.87 0.75 -0.98 0.46 0.34
1983 462 407 0.88 1.41 1.30 -1.08 0.66
1984 401 361 0.9 1.33 0.82 -1.83 0.62
1985 422 363 0.86 1.34 1.00 -1.45 0.6
1986 219 177 0.81 0.65 -1.22 1.99 0.28
1987 349 314 0.9 1.15 0.35 -1.29 0.54
1988 365 329 0.9 1.16 0.51 -0.86 0.55
1989 360 320 0.89 1.13 0.46 -0.56 0.53
1990 195 176 0.9 0.61 -1.61 1.18 0.28
1991 505 444 0.88 1.63 1.60 -2.56 0.75
1992 232 209 0.9 0.72 -1.02 1.01 0.34
1993 353 321 0.91 1.15 0.39 -1.08 0.54
1994 314 245 0.78 0.89 0.00 1.85 0.37
1995 527 474 0.9 1.62 1.75 -1.97 0.77
1996 380 312 0.82 1.18 0.64 -0.62 0.51
1997 387 344 0.89 1.26 0.70 -1.48 0.58
1998 344 313 0.91 1.02 0.31 0.55 0.5
1999 199 179 0.9 0.58 -1.54 2.54 0.28
2000 230 198 0.86 0.68 -1.05 1.83 0.31
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2001 379 334 0.88 1.14 0.63 -0.09 0.53
2002 363 319 0.88 1.07 0.49 0.44 0.5
2003 259 223 0.86 0.77 -0.65 1.42 0.35
2004 310 273 0.88 1.06 -0.05 -1.25 0.49
2005 407 354 0.87 1.35 0.87 -2.56 0.62
2006 389 354 0.91 1.22 0.72 -0.84 0.58
2007 147 132 0.9 0.4 -2.57 4.1 0.19
2008 311 283 0.91 0.93 -0.03 0.72 0.45
2009 198 176 0.89 0.56 -1.56 2.98 0.27
2010 365 332 0.91 1.06 0.51 0.85 0.51
2011 303 255 0.84 0.89 -0.12 1.17 0.4
2012 254 224 0.88 0.67 -0.72 3.88 0.32

*P – precipitation; P’ – Effective Precipitation; PDI – Precipitation Distribution 
Index; HTC – Hydrothermal Coefficient (Selyaninov, 1958); SPI – Standardized 
Precipitation Index (McKee et al., 1993); STPI – Standardized Temperature 
and Precipitation Index (Pedi, 1975); DAI – Drought and Aridity Index (Dara-
dur, 2001) 
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Annex. 2. Conventional and remote drought indicators (known 
from the scientific literature)

Drought indicator name Abbreviation 
Aggregate Drought Index (ADI)
Agricultural Drought Index (DTx)
Anomaly of Normalized Difference Vegetation 
Index (NDVIA)

Base Flow Index (BFI)
Bhalme and Mooly Drought Index (BMDI)
Consecutive Dry Days (CDD)
Corn Drought Index (CDI)
Crop Moisture Index (CMI)
Crop Specific Drought Index (CSDI)
Cumulative Precipitation Anomaly (CPA)
Cumulative Streamflow Anomaly (CSA)
Precipitation Deciles (PD)
Precipitation Deficit (PD)
Drought and Aridity Index (DAI)
Drought Area Index (DAI)
Drought Frequency Index (DFI)
Drought Severity Index (DSI)
Effective Drought Index (EDI)
Evapotranspiration Deficit Index (ETDI)
Global Vegetation Water moisture Index (GVWI)
Groundwater Resource Index (GRI)
Keetch-Byam Drought Index (KBDI)
Leaf Water Content Index (LWCI)
Low Flow Index (Q90)
Modified Perpendicular Drought Index (MPDI)
Normalized Burn Ratio (NBR)
Normalized Difference Infrared Index (NDII)
Normalized Difference Vegetation Index (NDVI)
Normalized Difference Water Index (NDWI)
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Normalized Multi-band Drought Index (NMDC)
Palfai Aridity Index (PAI)
Palmer Drought Severity Index (PDSI)
Palmer Hydrological Drought Index (PHDI)
Palmer Modified Drought Index (PMDI)
Palmer Z-index (Z-index)
Percentage of Normal (PN)
Perpendicular Drought Index (PDI)
Rainfall Anomaly Index (RAI)
Reclamation Drought Index (RDI)
Reconnaissance Drought Index (RDI)
Regional Streamflow Deficiency Index (RSDI)
Remote Sensing Drought Risk Index (RDRI)
Simple Ratio Water Index (SRWI)
Soil Moisture Deficit Index (SMDI)
Soil Moisture Drought Index (SMDI)
Soybean Drought Index (SCI)
Sperling Drought Index (SDI)
Standardized Anomaly Index (SAI)
Standardized Precipitation Index (SPI)
Standardized Vegetation Index (SVI)
Surface Water Supply Index (SWSI)
Temperature Condition Index (TCI)
Total Storage Deficit Index (TSDI)



88

new drought products:

Annex 3. GEV fit diagnostic plots for seasonal minimum DAI values  
(Bricheni station,Wet sub-humid moisture zone, Republic of Moldova, 
1946-2012).
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Annex 4. GEV fit diagnostic plots for seasonal minimum DAI values 
(Comrat station, Dry sub-humid moisture zone, Republic of Moldova, 
1946-2012).
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