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Abstract. Drought is a climatic extreme event causing environmental damages that limit plant development 

and crop yields, with significant economic and societal impacts. Mitigation and adaptation measures to drought 

are the responsibility of both farmers and government entities requiring integrative management plans and 

strategies which account for the local particularities. The paper presents an assessment of socioeconomic 

effects of drought in the Turnu Măgurele – Giurgiu sector of the Romanian Danube Valley (RDV) based on a 

comprehensive analysis of specific climatic and socioeconomic indicators. Drought was quantified by the 

standardized precipitation index (SPI) and the standardized precipitation evapotranspiration index (SPEI) at 1- 

to 24-month lags at three representative stations in the area, during the 1961–2017 period. The analysis shows 

that among the consequences of severe drought events that affected the study-area during the last decades were 

the yield losses and increasing prices in the crop market. The findings highlight, on the one hand, the losses to 

farmers as well as the role of compensation measures and, on the other hand, the anticipated increase of risk in 

agriculture. The response measures to drought mitigation in the sector and the RDV are discussed in a view of 

resource integrated policies and climate change adaptation strategies.  

1. INTRODUCTION 

An increased incidence of the drought phenomenon has been registered over the last decades in 

many parts of Europe, causing important damages to farmers, the economy and communities, and 

leading to governance initiatives with respect to adaptation and mitigation measures (White Paper for 

Climate Change, 2009; JRC Technical Report, 2015). However, drought per se is not a priority to be 

pursued in isolation, but in the context of integrative resource management which entails primarily an 

equitable use of water resources along with agricultural sustainability practices. This is particularly 

true as drought management has so far been dominated by decisions that envisage short-term solutions, 

mostly focusing on post-event measures (e.g. direct compensatory payments for farmers in case of crop 

calamities), rather than on long-term responses that center on agriculture sustainability (GWP CEE, 

2015). Instead, as climate scenarios show increased frequency and intensity of droughts (ECLISE, 

2015; Climate2C, 2015) coupled with increased water scarcity (JRC Technical Report, 2015), 

achieving an optimum balance between crop productivity and water use is necessary (Fereres, 2011). 

Moreover, the economic and social impacts of droughts tightly relate to decreasing the 

vulnerability and increasing the resilience of the affected area. Counting for all the three elements of 

drought impacts, environmental, economic and social, implies multidimensional analyses which 

integrate specific climatic approaches, vulnerability and resilience-oriented studies, and finally risk 

management-related aspects. There is a vast domain of literature, especially in climatology, which 

focuses on drought as a natural hazard, calculating, developing and mapping drought specific indices 
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(Merabti et al., 2018; Blauhut et al., 2016; Stagge et al., 2015), while more recent researches also 

make approaches of vulnerability to drought and resilience aspects (Dumitraşcu et al., 2017; Udmale 

et al., 2015).  
Worth-mentioning is that farmers’ perception to the increased drought phenomena reflects the 

fact that their decision in terms of adaptation measures are guided by market dynamics and less by 
considerations on long-term or even medium-term climatic projections. Also, their concern and 

awareness about drought impacts are acknowledged (Sima et al., 2015; Wilhite et al., 2014; Paulo et 
al., 2016). To improve the understanding of the economic consequences of drought, it is necessary to 

evaluate the socioeconomic effects that can be assessed from many perspectives, using different terms 
such as damage, cost, loss, that reflect the influence of disasters on the economy (Bachmair et al., 

2016, Musolino et al., 2017). Usually, these studies are focused on losses in terms of crop production 
which burden on the population (Nath et al., 2017; Udmale et al., 2015; Bodner et al., 2015). 

In the long run, the recent strategies connected to agriculture sustainability and climate change 
adaptation strongly advise on integrative drought management actions in which risk management is 

incorporated. These strategies also include vulnerability and resilience assessments (e.g. economic, 
social and environmental impacts of droughts), preparedness actions (e.g. monitoring and data collection, 

early warning and alert systems, capacity analysis) and contextual drought mitigation measures (WMO and 

GWP, 2017). As far as short-term decisions are concerned, drought risk management is relevant in the 
context of stabilizing the variation of yearly crop productions and, consequently, the crop market 

dynamics. It is acknowledged that climate along with crop management decisions are the factors that 
influence crop production which in turn influence farmers’ profits and trigger price fluctuations in the 

markets (Hochrainer-Stigler et al., 2017). In this respect, knowing what is the climate-induced crop 
yield variability is essential for adaptation strategies. Crop growth models show that observed weather 

variations account for more than 50% of the variability in wheat yields in Spain, Hungary and 
Romania, for instance, where water stress is a major driver of these variations (Frieler et al., 2017). 

Furthermore, complying with the Sustainable Development Goals (SDGs) on climate change and 
food security along with the complementary SDGs for water resources sustainability requires a shift in 

the decision-making process towards reduced risks from drought, contextual adaptation strategies and 
sustainable agriculture (Agenda 2030, 2015; SDG interaction road map).  

The evolution of the main climatic conditions represent essential elements of agricultural 
production. Additionally, other drivers (natural – decreased of groundwater level, soil characteristics, 
temperature anomalies and anthropogenic – crop management practices, collapse of irrigation systems 
following the political transition period, farming techniques, fertilizes amounts) influence the dynamics of 
crop yields (Prăvălie et al., 2016). In the Danube region, drought represents a major warning phenomenon, 
having a series of negative effects, including economic (crop shortage, decreasing food supplies stability 
and an increase in the price of agricultural products), social (poverty; negative influence on human 
activities and wellbeing), as well as ecological impacts (increasing decay of crops, reducing the biological 
potential of the soil). Drought is a representative phenomenon in the Romanian Danube Valley with 
increased frequency and stronger impacts on the environment and local communities, leading to 
unsustainable use of the natural resources. This is relevant for the agricultural productivity which has 
been strongly influenced by the transformations in the economy, social, technological, political and 
institutional settings since early ’90s (Bălteanu et al., 2013). For instance, in the Turnu Măgurele – 
Giurgiu sector, the irrigated agriculture has undergone a sharp decline due to massive deterioration of 
the irrigation systems and drop of the irrigation water demand due to farmland fragmentation.  

The present study highlights the connections between drought episodes in the Romanian Danube 
Valley area, specifically in the Turnu Magurele – Giurgiu sector, over the last decades, and the socio-
economic impacts associated to it. Particularly, it analyses the yearly yields fluctuations, crop prices 
evolution and reported areas affected by drought, along with two specific drought indices expressing 
the intensity of phenomena. In this context, it is obvious that the need for concerted measures which 
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account for adaptation to climate change and increasing economic viability of farms and efficient use 
of natural resource are emphasized in the conclusion section of the paper.  

2. STUDY-AREA AND DROUGHT CHARACTERISTICS 

2.1. Study-area 

The study-area is located in the south of Romania, along the Danube Valley, between Turnu 

Magurele and Giurgiu municipalities and contains the southern area of Boianu and Burnasului plains, 

as well as the Danube terraces and floodplain (Fig. 1). This area consists of 23 local administrative units,  

41 villages and 3 urban settlements: the Giurgiu and Turnu Magurele municipalities and Zimnicea Town, 

all together, having about 160,000 inhabitants. The presence of the Danube River, as well as its 

floodplains and terraces, is reflected in the socioeconomic profile of the region (Bălteanu, Sima, eds., 

2013). This sector has a strong rural character, little connected to large urban areas, while the main 

economic activity is agriculture, represented by the cultivation of grains, technical plants, and 

vegetables. The cultivated land area (143776 ha) accounted for 81.5% of the total land area and more 

than 70% of all cultivated land was grown with cereals.  

In the Turnu Măgurele – Giurgiu Danube sector, the aridity and drought phenomena rank at the 

top of the hierarchy of dangerous meteorological phenomena in terms of surface-area coverage and 

duration through out the year. The study-area is characterised by an annual mean temperature of over 

11°C. The intensification of drought processes, especially in the Danube floodplain, where the highest 

temperatures across the country are recorded (Bogdan et al., 2016), have all together a great impact on 

crops, wellbeing, tourism, ecosystems and socioeconomic services. Frequent dryness and droughts 

coupled with human activity, have brought about desertification phenomena on the Danube terraces 

(Geografia României, vol. V, 2005). 

 

 

Fig. 1 – Study-area – Romanian Danube Valley –Turnu Măgurele – Giurgiu sector. 
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2.2. Drought in the past and its associated effects 

The analysis of historical extreme climatic events, which have caused lots of damage, having a 

profound impact upon agriculture, the economy, population and ecosystems, highlights a past age 

marked by years with extreme drought in the Romanian Danube Valley. 

For the Romanian Country, Corfus (1975) analyzed some chronicles from the 16
th
–18

th
 centuries, 

inventoried some extreme climatic events, which caused material damages and socioeconomic imbalances. 

In addition, information on drought in the Turnu Măgurele – Giurgiu sector was documented from 

sources such as: RPR Geographical Monograph, 1960; Prefecture of Teleorman County, Prefecture of 

Giurgiu County, Teleorman County Museum, “Teohari Antonescu” Museum (Giurgiu County); Iordan, 

2012, Mateescu, 2013, annual reports from the National Meteorological Administration (Romania), 

National Institute of Hydrology and Water Management, Ministry of Agriculture and Rural Development, 

the League of Associations of Agricultural Producers in Romania. Information on drought and its 

impacts was recorded in a disaster loss database (Table 1).  

The extreme drought, that characterizes the localities in Turnu Măgurele – Giurgiu sector, has a 

major impact not only on agriculture, but also on the population, and the socioeconomic structure. The 

periods considered to be dry generate poverty, partial or complete loss of agricultural production 

followed by an increase in prices for agricultural crops, the impossibility of seeding for autumn crops, 

a decrease in water resources (dry fountains), socioeconomic consequences such as decrease in the 

Danube’s flow rate by more than 50 %, as well as in other main rivers, insufficient vegetation and the 

impossibility of a feeding the animals as required. 

Table 1 

Drought events and their associated losses in the Romanian Danube Valley, Turnu Măgurele – Giurgiu sector 

Year Losses 

1718 Dried wells; compromised yields, increased prices for agricultural products 

1794 Dried wells (in July) 

1795, 1798 Increased prices for agricultural products, hunger 

1810–1811 
Increased prices for agricultural products, reduced crop yield, hunger (the winter and spring seasons were 

characterised by lack of precipitation) 

1882 Low levels of surface water sources  

1834–1836 Hunger, decrease of water resources, reduced crop yields, increased prices for agricultural products 

1866 Consecutive extremely hot days compromised almost totally the agricultural production 

1903 Decrease of water resources, reduced yields after a dry summer 

1907, 1916, 

1924, 1928, 1934 

Reduced yields, increased prices for agricultural products, increased food prices, higher incidence of 

disease in wild animals due to lack of food and water supplies 

 

1945–1949 

The extreme drought compromised almost totally the agricultural production in Teleorman and Vlaşca 

(today Giurgiu County) counties; increased food prices; depleted national economic growth; hunger; low 

levels of water sources  

1951–1953 Reduced yields, low levels of water for agriculture, increased prices for agricultural products 

1964 Low levels of water resources after a no-rain spring; compromised yields 

1973 Damage to crop quality, increased prices for fruit and vegetables 

1982, 1986 Decrease of grain crops, higher prices for agricultural products and for water 

1990 Lower yields, damages to water quality 

1992 The lack of precipitation in winter and spring led to lower yields and damages to crop quality.  

2000 

Extreme drought; compromised agricultural production (especially winter wheat production in 

Teleorman County); soil erosion; reduced income for farmers; large areas affected by drought, 

unemployment, poor soil quality, low water levels, poor conditions for autumn crops sowing 
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2001 Low levels of water sources for agriculture 

2002 Higher prices for agricultural products 

2003 

Low water levels, dried wells, compromised yields (especially winter wheat), income loss for farmers 

due to reduced crop yields; drought caused a series of negative effects, mostly on the rural population 

dependent on agricultural activity requiring direct responses on the social, economic and political level 

2007 

Extremely dry year; reduced crop yields, 3,000 drinking-water wells were in danger of drying up, 

increased fire hazard (in Teleorman and Giurgiu counties); higher levels of nitrite were registered in July 

in some localities of the analyzed sector, as well as in neighbouring localities in Olt Country (e.g. Tia Mare, 

Grojdibodu) due to shallow groundwater levels. 

2008 Lower crop yields, 50% of winter wheat and rapeseed crops were compromised (in Teleorman County)  

2009 

Reduced yields (especially sunflower, winter wheat, rapeseed), impact on the national economic growth, 

compromised yields (Teleorman and Giurgiu counties), agriculture highly affected by drought degree after a 

no-rain spring; more food imports, consequences were felt at the level of international economic relations 

2011 
Lower yields, poor sowing conditions for wheat, barley and rapeseed (i.e in Teleorman County only 40% 

of the intended area was cultivated)  

2012 

Extremely dry year; decreases in soil moisture (pedological drought); rapeseed was sown on less than 

60% of the intended area due to lack of rainfall and, therefore, poor soil conditions); poor conditions for 

autumn crop sowing; decrease in water resources; socioeconomic consequences of low Danube levels 

(e.g. the discharge of the Danube and of its main tributaries as below 60% than their regular discharge 

(e.g. the Danube water level: Turnu Măgurele – 115 cm, Giurgiu – 125 cm); river navigation was 

affected and increased transportation costs as products had to be carried by alternative means.  

2014 Reduced yields (especially maize), decreases in soil moisture  

2015 

Lower yields; maize and sunflower crops were compromised; 60% of the rapeseed and winter wheat 

crops were affected; increased prices for fruit and vegetables; discharge levels of the Danube and of its 

main tributaries decreased by more than 50%; low water levels; increase of irrigation costs; reduced 

income for farmers, the national economic growth was affected; increase in food imports; degradation of 

forest ecosystems 

2016 Damage to crop quality, low water levels 

2017 Reduced yields (e.g. rapeseed, barley, winter wheat); decreases in soil moisture 

 

The first drought event mentioned by Corfus (1975) for the Romanian Danube Valley dates back 

to the years 1718–1719, when drought caused significant damage (e.g. low crop yields, higher prices 

for agricultural products, hunger, little water availability). In the 1945–1949 period, several significant 

dry events with associated phenomena (heat waves, extremely consecutive hot days) compromised 

almost entierly the agricultural production, leading to hunger and a difficult economic situation, in 

Teleorman and Vlaşca (today Giurgiu) counties. 

In the Romanian Danube region, considering the intensity of the meteorological drought 

phenomenon, there were periods with hydrological drought, characterized by the decrease of the water 

resources debits, which hardened the water supply of the localities, industry as well as agriculture. The 

exhaustion of water resources, as a result of the dry periods, strongly affected the population from the 

Danubian localities in 1718, 1794, 1882, 1834, 1903, 1964. After 1990, as well, the dry periods had a 

direct impact upon the water resources: in 2007 (extremely dry year), in Teleorman and Giurgiu, 3000 

fountains with drinking water were in danger of drying up (SGA Report – Water Management System, 

2007). In July, the same year, in a few localities from the sector, but also in the neighbourhood localities 

from Olt country (Tia Mare, Grojdibodu), while the water level decreased in the shallow ground water, 

the level of nitrite increased (Report ASP – Public Health Authority, 2007). The drying up of water 

resources was noticed in other Danubian settlements, as well the request for water for domestic chores, 

gardens and green spaces exceeding the quantity of water delivered by the supplying system. 

As well, the information about the past drought events and their effects in the study-area could 

be synthethised and grouped into three categories of impacts: social, environmental and economic 

(Table 2). 
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Table 2 

Types of drought impacts 

Impacts Consequences/damages 

 Reduced crop yields  Increased prices for agricultural crops/products 

 Damage to crop quality  Increased prices for food and water, increased irrigation costs 

 Decrease in water availability   Unemployment, reduced quality of life, poverty, migration, socioeconomic 
inequalities etc. 

 Reduced water levels  Reduce income for farmers 

 Damages to air and water quality  Loss of national economic growth, affect international economic relations 

 Soil erosion/poor soil quality  Affect river navigation, increased transportation costs 

 Affect population heath  Food security 

 Degradation of forest ecosystems  Increased agri-food imports 

                Social impacts                          Environmental impacts                                Economic impacts 

3. DATA AND METHODS 

There are many methodological approaches with various degrees of complexity to assess 
drought. In recent years, the assessment of drought and its socioeconomic effects is defined as a 
combination of drought characteristics and potential adverse consequences for economic activities, 
crop production, human health and environment (Udmale et al., 2014). 

To monitor and quantify drought, various indices have been developed, but a unique and 
universally accepted drought indicator does not so far exist (Heim, 2002; Dai, 2011a). A large number 
of studies related to drought analysis and monitoring have been made using either the standardized 
precipitation index (SPI), based on a precipitation probabilistic approach (McKee et al., 1993), or the 
newly-developed standardized precipitation evapotranspiration index (SPEI) based on precipitation 
totals and temperature means (Vicente-Serrano et al., 2010). 

The latter index follows a simple approach to calculate potential evapotranspiration (PET) based 
on a normalization of the simple water balance (Thornthwaite, 1948). In developing the SPEI, Vicente-
Serrano et al. (2010) followed the same conceptual approach like that used by McKee et al. (1993) to 
develop the SPI. Mathematically, SPEI is similar to SPI, but it includes the role of temperature.  

In this study we have calculated and analyzed SPI and SPEI at three representative stations in the 
study-area: Turnu Măgurele, Zimnicea and Giurgiu. The geographical coordinates of the stations presented 
in Table 3 have been used to extract precipitation and temperature data from the ROCADA dataset 
(Dumitrescu and Birsan, 2015) at the closest gridpoint to each station. ROCADA contains daily 
records of nine meteorological variables throughout Romania at a spatial resolution of 0.1°, covering 
the 1961–2013 period.  

Table 3 

Geographical coordinates of stations used in this study 

Station longitude latitude 

Turnu Măgurele 24.8800 43.7605 

Zimnicea 25.3551 43.6618 

Giurgiu 25.9342 43.8755 

 
In order to extend the period to the present time, we used the ERA-Interim (Dee et al., 2011) 

daily temperature means and precipitation totals for the 2014–2017 period. Daily data of both 
ROCADA and ERA-Interim datasets were aggregated to monthly means, both for temperature means 
and precipitation totals. To ensure that this extension is reliable, a comparison between ROCADA and 
ERA-Interim monthly means have been done for the common period 1979-2013 of these data sets, 
prior to the completion of input data for SPI and SPEI calculation.  
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According to Dai (2011a), drought can be classified into: (1) meteorological drought, when 
dring a period of months to years precipitation is below normal. It is often accompanied by above-
normal temperatures and precedes and causes other types of droughts; (2) agricultural drought is a 
period with dry soils that results from below-normal precipitation, intense but less frequent rain 
events, or above-normal evaporation, all of which lead to reduced crop production and plant growth; 
(3) hydrological drought occurs when the river streamflow and water storage in aquifers, lakes, or 
reservoirs fall below long-term mean levels. Hydrological drought develops more slowly, because it 
involves stored water that is depleted but not replenished. A lack of precipitation often triggers 
agricultural and hydrological droughts, but other factors too, including more intense, but less frequent 
precipitation, poor water management, and erosion, can also cause or enhance these types of droughts. 

The SPI is based only on precipitation and is designed to identify precipitation deficit at different 
time lags (1, 3, 6, 12 and 24 months), using monthly precipitation totals. The drought on these time 
scales is relevant for agriculture (1, 3, and 6 months), hydrology (12 months), and socioeconomic impact 
(24 months), respectively. The SPEI is similar to the SPI, but it includes the role of temperature. It is 
based on a water balance in which potential evapotranspiration (PET) is involved. 

According to SPI and SPEI values, moisture categories are presented in Table 4 a). A number of 
descriptive studies examine the losses in agricultural production associated with drought, based on the 
correlation between some socioeconomic and drought indicators (Labudová et al., 2017; Potopová et 
al., 2015). 

The annual series of crop yield of winter wheat, maize, barley, rapeseed, vegetables and sunflower at 
local administrative units as reported by the National Institute of Statistics and the county Directions 
for Agriculture during 1990–2017 were used to assess crop sensitivity to drought as quantified by SPI 
and SPEI. To compare yield variability among the crops with different means and standard deviations, 
the series of crops were standardized using the Z-score transformation (Wu et al., 2004). The indicator 
of agricultural drought risk can be represented by the residuals of the de-trended yield yi

(T)
. The the 

standardized yield residuals series (SYRS) were computed as: 

SYRS  where yi
(T)

 is the yield residual, 𝜇 is the mean of the yield residuals, and 𝜎 is the 

standard deviation of yield residuals. The yield categories according to SYRS values are presented in 
Table 4 b). 

Table 4 

Classes of moisture categories according to e SPI & SPEI (a) and yield categories according to SYRS (b)
(a) 

SPI & SPEI Moisture 
category 

Frequency 
(%) 

>2.00 Extreme wet 2 

1.50 to 1.99 Severe wet 6 
1.00 to 1.49 Moderate wet 10 

0.99 to - 0.99 Normal 65 
-1.00 to -1.49 Moderate drought 10 
-1.50 to -1.99 Severe drought 5 

< - 2.00 Extreme drought 2 

(b) 

SYRS Yield category Frequency  
(%) 

>1.50 High Yield increment 2.3 

1.00 to 1.49 Moderate yield increment 4.4 
0.51 to 0.99 Low yield increment 9.2 

0.50 to - 0.50 Normal 68.2 
-0.51 to -0.99 Low yield losses 9.2 
-1.00 to -1.49 Moderate yield losses 4.4 

< - 1.50 High yield losses 2.3 

 
The SYRS is a standardized variable which allows the comparison between crop growing in 

various agricultural technology levels and/or in different climatic conditions. 
Crop damages caused by extreme weather and decrease of agricultural productivity due to 

drought threaten economic stability, food security and health. Because of it, the indicators of damage 
and of economic losses are at the core of disaster loss analysis. The degree of damage details depends 
on the availability of quantitative information in the affected areas. Systematic collection of information on 
damage and losses is crucial to effectively support drought risk reduction policies and to enable 
designing of specific measures for agriculture, the economy and quality of life.  
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There are several considerations in analyzing the socioeconomic profile of the study-area and the 

socioeconomic impact of drought.  

Socioeconomic indicators (Table 5) are compiled by using available sources for the study-area: 

the databases of the National Institute of Statistics and the League of Associations of Agricultural 

Producers in Romania, the Annual reports of the Ministry of Agriculture and Rural Development and 

the National Land Improvement Agency, as well as the statistical data provided by the Directions for 

Agriculture of the Teleorman and Giurgiu counties.  

Table 5 

Overview of selected indicators/indices 

 Indicators 

/Indices 

Data requirements Data sources Temporal aggregation and 

resolution used 

Drought 

SPI Monthly precipitation 

totals (mm) 

ROCADA and 

ERA-Interim  

1, 3, 6,12, 24 month lag; 1961–2017 

SPEI Monthly precipitation 

totals (mm) and 

temperature means (°C) 

ROCADA and 

ERA-Interim 

Timescales of 1–6, 9, 12, 24 

months; 1961–2016 

Extremly hot units 

(Tmax32) 

Number of 5 consecutive 

days with Tmax≥32°C 

ROCADA Daily, 1961–2013 

     

 Crop production Annual crop yields (t/ha) INS, DADR-TR, 

DADR-GR 

Annual, 1990–2017 

Agriculture 

losses 

Percentage of crop 

yield losses (Y%)  

% reduction in either 

quantity of crop yield  

INS, DADR-TR, 

DADR-GR 

Annual, 1990–2017 

 
SYRS Standardized yield 

residuals series 

DADR-TR 

DADR-GR 

Annual, 1990–2017 

     

 

 

 

Economic 

losses 

Prices of agricultural 

products 

Yearly average price of 

the main crop products 

sold in the agro-food 

markets of Turnu 

Măgurele – Giurgiu sector 

INS, MADR, 

LAPAR 

Annual, 2000–2017 

 
Monetary losses Monetary losses caused 

by depleated production 

DADR-TR, 

DADR-GR 

Annual, 1990–2017 

    

Socio-

economic 

profile 

HHI 

 

Hirschman-Herfindahl 

Index – Statistical measure 

of sectoral concentration 

INS 2011 

Employed population 

rate (%) 

Employed population 

rate by activity of the 

national economy 

(agriculture, industry, 

service) – local 

administrative units  

INS 2011 

Poverty rate % of poor persons out of 

total population – local 

administrative units  

Local councils of 

Teleorman and 

Giurgiu counties 

2017 

Acronyms and abbreviations: INS – National Institute of Statistic; DADR-TR – Teleorman Direction for Agriculture; 

DADR-GR – Giurgiu Direction for Agriculture; SNIF – National Land Improvement Agency; LAPAR – League of 

Associations of Agricultural Producers in Romania; MADR – Ministry of Agriculture and Rural Development 
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4. RESULTS 

4.1. Drought characteristics 

The SPI and SPEI was calculated for 1-to-24 time scales at each station in the study-area: Turnu 
Măgurele, Zimnicea and Giurgiu. Because the evolution of both indices at these stations looked very 
much alike and, in order to better link drought indicators with available socioeconomic data for the 
study-area, representative SPI and SPEI have been calculated from the averaged data from the three 
stations. The temporal evolution of representative SPI and SPEI for the study-area is presented in Fig. 
2a) and b), respectively. Both SPI and SPEI at 1-and 3-month lags show high interannual variability.  

Out of the 684 months (January 1961 – December 2017), the SPI-1mo shows 57 months with 
moderate drought, 21 months with severe drought, and 25 months with extreme drought. According to SPI-
1mo, the highest droughty months were April 1968 (-3.52), November 2011 (-3.63) and April 2007 (-3.73). 
Out of 673 months (January 1961 – December 2016), the SPEI-1mo shows 83 months with moderate 
drought, 33 months with severe drought, and 9 months with extreme drought. The most droughty months 
according to SPEI-1mo were September 2011 (-2.36), July 2012 (-2.56) and September 1994 (-2.66). 

Out of the 102 months for which the SPI-3mo were lower than -1.0, 62 months showned 
moderate drought, 18 months severe drought, and 22 months extreme drought. According to SPI-3mo, 
the highest droughty months were June 1968 (-2.93), December 2000 (-2.95) and July 2000 (-2.96). 
Out of the 122 months, SPEI-3mo shows 72 months with moderate drought, 38 months with severe 
drought, and 12 months with extreme drought. According to SPEI-3mo, the highest droughty months 
were December 2000 (-2.32), October 1992 (-2.75) and September 2012 (-2.91). 

 
   (a)    (SPI – 1 month)                              (b)  (SPEI – 1 month)   

(SPI – 3 months)     (SPEI – 3 months) 

(SPI – 6 months)     (SPEI – 6 months) 

(SPI – 12 months)    (SPEI – 12 months) 
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(SPI – 24 months)   (SPEI – 24 months) 

Fig. 2 – Temporal evolution of drought based on SPI (a) and SPEI  

(b) calculated at 1-to-24 month lags. 

Drought appears, first, on short time-scales and if dry conditions persist, it develops on longer 

time-scales. The use of several SPI time-scales takes into account the role of previous conditions in 

quantifying drought severity, allowing for a better understanding of the time-scales of water supplies. 

This is mostly evident starting with SPI and SPEI at 6-month lag. Out of the 101 months for 

which the SPI-6mo was lower than -1.0, 65 months had moderate drought, 29 months had severe 

drought, and 17 months extreme drought. According to SPI-6mo, the highest droughty months were 

August 2000 (-2.68), February 1993 (-2.84) and January 1993 (-2.91). The years ranking at the top of 

extreme drought months are 1965, 1968, 1983, 1985, 1992, 1993, 1994, 2000 and 2003. Out of the 

111 months, SPEI-6mo shows 63 months with moderate drought, 31 months with severe drought, and 

17 months with extreme drought. According to SPEI-6mo, the highest droughty months were 

December 2012 (-2.67), January 1993 (-2.82) and November 2012 (-2.87). The years ranking at the 

top of extreme droughts months are 1964, 1983, 1992, 1993, 2000, 2003, 2007 and 2012. Out of the 

years with extreme drought, 1982, 1992, 1993, 2000 and 2003 were identified both with SPI and SPEI 

standing for precipitation deficit and high temperatures. As the time-scales for calculating SPI and 

SPEI increase, wet and dry conditions, as well as their persistence, can be clearly identified. The 

previous conditions in SPI and SPEI calculation point out on the persistence of dry and wet conditions 

for time-lenghts of a few months up to some years.  

According to SPI and SPEI values calculated for 12-month lag, droughts were moderate and they 

persisted more than five consecutive months in the study-area, during the 1961–1985 period. From 

March 1983 to January 1986, the precipitation deficit was associated with positive temperature 

anomalies which roughened the drought from moderate to severe.  

At the beginning of 1989, the longest period of moderate and severe drought during 1961–2017 

started and lasted 27 months according to SPI and 17 months according to SPEI, respectively.  

Severe-to-extreme drought persisted from July 1992 to October 1993, according to SPI and 

SPEI. At the end of 2000 and the beginning of 2001, precipitation deficit and positive temperature 

anomalies produced extreme drought with top values of SPI (-2.6 in January, 2001; -2.52 in February, 
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2001; -2.49 in December, 2000) and SPEI (-2.76 in December, 2000; -2.52 in January, 2001 and -2.48 

in February, 2001).  

The SPI and SPEI values calculated for a 24-month accumulation period clearly emphasize the 

persistence of moisture deficit. These periods usually precede, overlap and succeed the corresponding 

periods of SPI and SPEI at a 12-month lag: March 1986 to February 1987, February 1989 to June 

1991, May 1993 to July 1995, September 2000 to July 2002, June 2003 to January 2005, August 2007 

to December 2008, November 2009 to January 2010 and, September 2012 to April 2014. According to 

SPI-24 mo, the highest droughty months were June 1994 (-2.93), August 1993 (-2.76) and July 1993 (-

2.69) and, according to SPEI, June 1994 (-2.48), February 2002 (-2.09) and May 1994 (-2.09), 

respectively. The periods with the longest persistence of severe and extreme drought were 1992–1995, 

2000–2002, 2012–2014.  

4.2. Socioeconomic effects of droughts 

4.2.1. Socioeconomic profile 

The knowledge of the socioeconomic profile of the Romanian Danube communities is important 

for understanding their vulnerability to climate change and their adaptation capacity. Therefore, it is 

important not only to study the impact of drought, but also to highlight the socioeconomic aspects in 

the study-area. 

The socioeconomic indicators that have been used in this study are relevant to demonstrating the 

link between changes in the environment, economy, and society. In the Romanian Danube River area, 

which is recognized to have a high agricultural potential, the transition and post-transition periods 

favoured a series of fundamental socioeconomic changes which increased the risk of poverty, 

decreased the level of the labour force employment and, reduced industrial activities.  

In order to provide an overall picture of demographic and socioeconomic changes, some 

indicators like population change, ageing population, migration rate, poverty, employed population rate, 

unemployment rate were selected for this analysis. According to the demographic and socioeconomic 

characteristics (e.g. birth-rate decrease, demographic aging, the migratory movement of population in 

search for work and unemployment rate), the rural settlements display a low living standard. In 2017, 

local councils of Teleorman and Giurgiu counties information that poverty rates across the 26 LAU2 

from the study-area ranged from 36% in Giurgiu and 52.3% in Frumoasa (Teleorman County). The 

poverty rate varies between urban and rural areas: in 2017 – 41 percent urban areas, compared to 46 

percent in rural areas. Figure 3 presents a comparative image of the employed population rate at three 

territorial levels: Turnu Magurele–Giurgiu sector, the Romanian Danube Valley and country-level in 

both rural and urban areas. For the rural area, the picture shows a low degree of working-age people 

employment in industry and services as compared to the agricultural sector. The urban labour-force is 

predominantly involved in services. The prevailing degree of employment in agriculture confirms the 

lack of development initiatives of the local authorities/policy makers that might have facilitated the 

region’s economic growth. The lack of economic development is associated with an uneven increase 

of socioeconomic vulnerability of localities in the analyzed sector and with the reduction of resilience 

under various stress drivers. 

The analysis of the employed population by different sectors of the national economy, not only 

highlights the lack of diversity of income sources, but it also points out that the main income source of 

the population in the Romanian Danube region is agriculture, which is greatly exposed to drought. 
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Another issue resealed by our analysis is limited access to those financial resources which could have 

enhanced adaptability to drought conditions. 

According to the data provided by the National Institute of Statistics, the 2011 census indicates 

that the rural settlements in the study-area are dominnatly agricultural. The prevailing percentage of 

the employed population in agricultural sector is concentrated in the localities where the population is 

unable to adapt to the new rules of the market economy: e.g. Găujani (82%), Bragadiru (81%), 

Viişoara and Lisa (80%), Traian (79%), Ciuperceni (78%). In the urban environment, the services 

sector is better developed. However, the agricultural sector, although with a low percentage of 

employed population, significantly contributes to the earning revenue of the urban inhabitants in the 

Turnu Măgurele – Giurgiu sector. 

 

 

  

Fig. 3 – Employed population rate by activity 

in the national economy. 

The region’s economy must adapt to all sectors of activity, in order to promote flexibility and 

social inclusion in the labour market, as a strategy of continuous adaptation. The region’s lack of 

alternatives and of economic efficiency do affect the population involved in sectors that do not offer 

financial opportunities and the necessary resources for adopting a response model. 

The Hirschman-Herfindahl Index (HHI – developed by Hirschman, 1945 and Herfidahl, 1950) 

represents a statistical measure of economic activities concentration. For the purpose of this analysis, it 

indicates the degree of sectoral concentration. Regional employment shares are divided in six branch-

aggregates (agriculture, production branches, construction, services – including trade and tourism –, 

knowledge-intensive branches, public services, education). The HHI is calculated by summing up the squares 

of regional employment shares of the mentioned sectors. The normalized HHI ranges from 0 to 1.  

The sectoral concentration analysis of the Turnu Măgurele – Giurgiu region highlights that the 

majority of settlements are “highly concentrated”, demonstrating its deeply agricultural character. 

Therefore, the rural settlements display a high concentration, except for the larger communes and 

urban settlements where the index values are slightly lower (Turnu Măgurele – 0.06; Zimnicea – 0.08; 

Giurgiu – 0.12) (Fig. 4). Regarding the structure of the economy, the adaptation potential of the 

Danube settlements, which depend on agriculture, is a limited one compared with knowledge-intensive 

services (e.g. IT, research, development, innovation), which have the potential to swich from less to 

more profitable industries.  
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Fig. 4 – The Hirschman-Herfindahl Index. 

4.2.2. Crop yield losses 

Assessing the socioeconomic effects of drought usually means evaluating the intensity and 

persistence of this phenomenon and, of identifying its direct and indirect consequences on the 

socioeconomic sector (Wilhite et al., 2014). Also, studies on the drought impact focusse on losses of 

crop production which affect the rural communities (Howitt et al., 2015).  

The main effect of drought in agriculture is the decrease of the main crop yields (Potopová et al., 

2015), which has a direct and significant effect on the livestock sector and reduces the income of 

agricultural producers. Drought impacts on agriculture are assumed to be well-represented by the 

values calculated for losses in the agricultural sector caused by drought-induced limited crop-water 

availability.  

The annual crop yields of winter wheat, maize, sunflower, barley and rapeseed over 1990–2017 

at the local administrativ units were collected in the Turnu Măgurele – Giurgiu sector County 

Direction for Agriculture. Winter wheat is the largest grain crop in the study-area, accounting for 

about 39% of the total crop production in the sector, followed by maize (27%), barley (13%), 

sunflower (11%) and rapeseed (10%) (Fig. 5a). Winter wheat covers 28% of the total planting areas, 

followed by maize (26%), barley and sunflower (16%) (Fig. 5b). 

The temporal evolution of cultivated areas and total crop yield in the Turnu Măgurele – Giurgiu 

sector is shown in Fig. 6. According to the data provided by the county Directions for Agriculture, the 

evolution of cultivated areas during the 1990 – 2017 period (Fig. 8) highlights some fluctuations 

generated either by the meteorological conditions, or by the property-related country legislation, or 

both. After 2007, a slight increase both in cultivated areas and in total crop yields is observed, mainly 

due to adaption to climate change policies which came to support the Romanian farmers.  
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(a) (b) 

Fig. 5 – Crop production (a) and cultivated area (b) for the main crops in Turnu Măgurele – Giurgiu sector. 

 

 

Fig. 6 – Cultivated area and total crop yield in the Turnu Măgurele – Giurgiu sector  

of the Romanian Danube Valley (1990–2017). 

In the years 2000, 2003 and 2012 the cultivated areas shrank significantly. This can be attributed 

largely to both weather conditions (precipitation and soil moisture deficit associated with high 

temperature anomalies) and lack of adequate agricultural policies. Weather characteristics in those 

years prevented farmers from sowing certain types of crops in optimal conditions. For example, during 

2000 and 2003, the farmers of Teleorman and Giurgiu counties had difficulties in sowing wheat and 

barley and managed only to plant 40% of the cultivated area; in 2012, the rapeseed was cultivated less 

than 60% than it was planned to due to lack of precipitation that prevented proper land tillage. 

Drought can be a major determinant factor of food security. During the analyzed period, the total 

crop yield in the study-area registered some falls especially in 1993, 2000, 2007 and 2012. The 

minimum value of the total production was less than 110,000 tonnes in 2007, when many crop yields 

were significantly affected: maize (less than 1 t/ha), sunflower (less than 0.5 t/ha) and wheat (little 

above 1.5 t/ha). 

The temporal evolution of the standardized yield residuals series (SYRS) for six agricultural 

crops (winter wheat, maize, barley, vegetables, rapeseed, and sunflower) during the 1990–2017 period 

is shown in Fig. 7.  
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Fig. 7 – Temporal evolution of the SYRS for barley, rapeseed, winter wheat, maize, sunflower and vegetables in the local 
administrative units during the 1990–2017 farming years. 

During the analyzed period, SYRS had some fluctuations generated by the meteorological 
conditions. According to SPEI results, the years ranking at the top of extreme droughty months during 
1990–2017 are 1992, 1993, 2000, 2003, 2007 and 2012. Maize and sunflower yields had similar negative 
responses to drought during the 1993, 2000, 2007 and 2012 extreme drought. The most dramatic yields 
losses were reported in 1993 (SYRS < -2 – maize), 2003 (SYRS < -2,5 – barley and < -2 – winter wheat 
and rapeseed) and 2007 (SYRS < -2 – maize and sunflower). The vegetables yield was continuously 
increasing since 1993 without being significantly impacted by drought.  

According to the data provided by the County Direction for Agriculture, the rapeseed and 
sunflower acreage rapidly expanded during the last years of the analysed period in the Turnu Măgurele – 
Giurgiu sector. For example, in 2017 the sunflower and rapeseed acreages increased by 2.1 and 2.9 times, 
respectively, as compared to 1990. 

The percentage of yield losses for the main crops that could largely be attributed to drought 
(Table 6). Crop yield losses (Y,%) were calculated by dividing the annual crop yield (winter wheat, 
maize, barley, sunflower, rapeseed, vegetables) by the mean yield value of the quadratic trend and 
multiplying the results by 100% (Potopová et al., 2015). During the study years, severe to extreme 
droughts limited crop water availability and substantially reduced crop yields. The results show that 
the degree of yield losses due to the drought impact varies with the crops (e.g. the year 2007 was 
outstanding in terms of yield losses for winter wheat, maize, barley and sunflower). As a consequence 
of drought in 2007, the production of maize and sunflower at the country level dropped by 57 and 
64%, respectively. The most dramatically maize yield losses (81–83%) were reported when severe 
drought occurred during the crop risk period (in July–August <flowering, fertilization, grain filling 
and maturity>, the daily water consumption increased significantly).  

The analysis of drought indicators in connection with crop-yield indicators demonstrates that 
apparent similar severity drought has a different impact on crop production in that crop-yield losses depend 
on drought onset relative to the growth cycle (e.g. maize is relatively tolerant to water deficits during the 
vegetative and ripening stages, but less during the flowering stages) (Pauw et al., 2010; Ştefan, 1997). 

Table 6 

Percentage of attributed yield crop losses (Y, %) due to severe drought in Turnu Măgurele – Giurgiu sector 

Year 
Y (%) 

Winter wheat Maize Barley Sunflower Rapeseed Vegetables 

1993 31% 68% 20% 54% 25% 31% 

2000 22% 81% 8% 56% 47% 33% 

2007 53% 83% 48% 74% 42% 19% 

2012 4% 42% 4% 20% 3% 0% 
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There are several studies estimating the potential impact of climatic anomalies on Romanian 

agriculture (Sandu et al., 2010; Grumeza, 1989; Topor, 1963). These studies, focussed mostly on climatic 

influences on agricultural crop yields, state that 29 days without, or with insignificant precipitation 

(<10 l/m
2
) from June to August proved detrimental to agricultural crops (Sandu et al., 2010, Grumeza, 

1989). In Turnu Măgurele – Giurgiu area, the number of consecutive days with less than 10 mm/day 

from June to August over 1990–2013 is given in Fig. 8 (a). According to this climatic aspect, the years 

with top extreme drought are 1990, 1993, 2000 and 2003, with maximum values in 2000 and 2003 (92 

consecutive days). Because most of the intervals with precipitation deficit are associated with positive 

temperature anomalies during the agricultural years, other climatic parameters – the number of hot days 

with Tmax≥32°C and the number of consecutive days with Tmax ≥ 32°C from June to August – were 

calculated at three meteorological stations in the study-area: Turnu Măgurele, Zimnicea and Giurgiu. 

 

 

 

Year 
Meteorological 

station 

Total 

number 

of hot 

days 

Maximum number of 

consecutives hot 

days 

2012 

Turnu Măgurele 51 17/ 30 June – 16 July 

Zimnicea 60 17/ 30 June – 16 July 

Giurgiu 60 17/ 30 June – 16 July 

2007 

Turnu Măgurele 50 17/ 15–31 July 

Zimnicea 58 17/ 15–31 July 

Giurgiu 60 17/ 15–31 July 

2000 

Turnu Măgurele 44 13/ 11–23 August 

Zimnicea 50 15/ 10–24 August 

Giurgiu 49 14/ 11–24 August 

Fig. 8 – Total number of consecutive days with precipitation less than 10 mm/day (a); total number of hot days 

(with Tmax ≥ 32°C) and consecutive hot days (b) from June to August. 

In the 1990–2017 period, the Turnu Măgurele – Giurgiu sector witnessed several significant dry 
events with associated phenomena (heat waves, extremely hot consecutive days) compromised almost 
totally the agricultural production, leading to a difficult economic situation, in Teleorman and Giurgiu 
counties. The dry intervals had a direct effect upon agricultural crops, leading to the depreciation of 
vegetation and reduction of the annual agricultural production, by gradual deterioration until complete 
loss of crop. The agricultural year 1999–2000 was characterized by a significant decrease of maize, 
rapeseed and sunflower crop yields. That was because of lack of precipitation (excessively dry < 100 
l/m

2
) from May to August, which is the period of maximum plant water consumption, and May to June 

for the autumn/winter crops, respectively.  
The lack of precipitation coupled with the extremely high temperatures, which significantly 

affected the grain crops (wheat, maize and sunflower), led to a drastic decrease in yield (Fig. 8b). 
From May to June, wheat experienced a risk period (which corresponds with heading, flowering and 
ripening), when drought and high temperatures cause substantial yield losses (Ştefan, 1997). The 
wheat yield losses can thus be attributed to both drought (1993, 2000, 2003) and high temperature 
anomalies associated with precipitation defficits (2000, 2007, 2012). The analysis of maize crop yield 
series during the 1990–2017 points out a high sensitivity of this crop which is strongly influenced by 
climatic anomalies in terms of precipitation and temperature. Plant development is highly related to 
temperature variations, the maize production registering significant decrease in 1993, 2007, 2012 
which were years of servere drought and strong positive temperature anomalies. Although the maize 
demand for humidity is different throughout the vegetation period, yet the plant is very resistant to 
drought. 
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Food security and poverty are mainly affected by drought, through the loss of capital, incomes 
and higher food prices. The major economic impact of drought is reflected in the reduction of crop 
yields and in the evolution of the annual mean prices for the products sold in agro-food markets. There 
is a direct impact of drought on the crop production sub-sector, and an indirect, or induced effect on 
other sectors of the economy (for example: industry, trade) which directly or indirectly depend on the 
agricultural sector. In many settlements of the Turnu Măgurele – Giurgiu sector, cereal crop yields 
were compromised by drought up to 50%. The local authorities decided to stop harvesting operations 
in some areas because the profits were below than expenditures. The steep decrease of agricultural 
harvests as a result of drought is usually followed by an increase of the price of agricultural products 
and food imports. Another consequence of the price increase in agricultural products is connected with 
the reduction of livestock and the higher price of meat products. 

Analysing the evolution of the annual mean prices for the products sold in the agro – food 
markets of Turnu Magurele – Giurgiu sector during 2000–2017, highlights a general growth tendency, 
especially after the extremely dry years: 2000, 2007 and 2012. The years following the severe drought 
periods, affected extended areas of agricultural land, with significant price increases for all the five 
crops selected for this in the analysis (Fig. 9). 

 

Fig. 9 – Annual mean prices of products sold in the agro-food markets  
of Turnu Măgurele – Giurgiu sector during 2000–2017. 

Although the rural population of the Romanian Danube settlements is strongly affected by the 
damage produced by drought in the agricultural sector, the impact of the phenomenon indirectly affects the 
urban population as well, taking into account the price of agricultural products, as a barometer of the 
intensity of extreme weather phenomena. Drought-induced higher prices would attract goods from other 
regions to flow into the local market, which helps amend supply shortages and limits price increases. In this 
case, producers outside the drought-affected area benefit from favorable prices. 

Drought-induced losses are not completely supported by farmers, because a part of such losses 
are covered by consumers through increased prices. The higher the prices, the stronger effects on 
consumers’ purchasing power. It is even possible that farmers could benefit from the consequences of 
drought, given the increase in pricees. The ultimate losses supported by farmers could be very 
different from the actual impacts caused by drought. Therefore, it is not appropriate to match the 
farmers’ income losses with drought-induced economic damage. It is also important to identify the 
losses supported by different stakeholders. Farmers purchasing crop insurance will recover part of 
their losses as compensations from the insurance companies, while some eligible farmers may receive 
direct disaster assistance from the government.  
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The assessment of monetary losses associated to drought is very important in analysing the 
impact of this phenomenon on the population. The monetary losses attributed to drought are calculated 
according to the price of product categories multiplied with the quantity of products attributed to 
drought damage. In the international literature (Chau et al., 2015; Gill et al., 2013; Diersen et al., 
2003) the assessment of monetary loss as a result of dry phenomena is based on the historical data 
concerning the agricultural product prices, in the agricultural years characterized by optimal conditions 
(without extreme fluctuations). The monetary losses were calculated by the annual quantity of 
products attributed to drought damage multiplied with the annual mean prices of agricultural products 
(mean prices of each year without, or with insignificant drought-induced yield losses: 2004, 2011, 2014).  

The results show that the monetary losses vary due to drought impact. The major monetary losses 
were recorded in 2000, 2007 and 2012 (Fig. 10), during severe wet growth season, specifically during 
the flowering to ripening stages (winter wheat: May – June; sunflower and maize: July – August). The 
year 2007 was ranked the highest in terms of monetary losses. As a consequence of drought during 
2007, the lost production was almost 160 mill. RON.  

In 2000, the lack of precipitation in the sowing and ripening stages of maize (Fig. 2), coupled 
with extremely high temperatures during the flowering stage (Fig. 8b) led to a sharp decrease in yields 
and the production lost was almost 112 mill. RON.  

 

 

Fig. 10 – Annual monetary losses associated to drought in the Turnu Măgurele – Giurgiu sector  

during the 2000–2017 period. 

Considerable economic losses of 120 mill. RON were recorded in Turnu Măgurele – Giurgiu 
sector as a result of the 2012 drought. In that same year, the agriculture, forestry and fishing sectors 
combined generated only 4.9% of the total real GDP among all industries in the Romanian economy.  

5. DISCUSION AND CONCLUSIONS 

The assessment of the socioeconomic impact of drought in the Turnu Magurele – Giurgiu sector 
of the Romanian Danube Valley shows a strong dependence of the rural communities on the 
agricultural sector, specifically on the production of raw crop products.  

The analysis of drought with SPI and SPEI indices shows that both precipitation deficits and 
high temperature anomalies had an adverse impact on crop yields. The top extreme drought years were 
1990, 1993, 2000, 2003, 2007 and 2012 which were the years of higher wheat and maize yield lossess.  

The price of crop products in the market are directly responsive to the yearly yield fluctuations 
through increased prices during the droughty years. This is also a speculative possibility for the 
farmers who act in their own economic interests the periods of drought events, in that the yields of the 
agricultural year previous to drought are stored in order to be sold at higher prices during the drought year.  
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In the study-area, the agricultural sector is the main source of employment in the rural communities. 
This explains the severity of drought impacts on farmers’ income and the financial hardships faced by the 
population due to the drought. In the Turnu Măgurele – Giurgiu sector, the major economic effect of 
drought is reflected in the reduction of crop yields and in the evolution of the annual mean prices for the 
products sold in agro-food markets. During the analyzed period, the total crop yield in the study-area had 
some falls specifically in 1993, 2000, 2007 and 2012. The results of the study show that, drought events in 
the last 27 years have caused large economic losses for farmers and consumers.  

Drought-response measures in the Romanian Danube Valley relate to drought risk reduction actions 
and drought mitigation measures, whereby their efficiency strongly depends on the economic and societal 
context and on the operation of the governance structures. The National Plan for Agriculture and Rural 
Development 2014–2020, under the National Programme of Rehabilitation of the Primary Irrigation 
Infrastructure (MADR, 2015) and the connected legislation and institutional arrangements set out the 
necessary regulatory framework for investments and fund access and allocation for modernization of the 
large irrigation systems and increase of the irrigated areas, as a major structural measure and response to 
drought conditions. Nevertheless, it is not only the technology that is necessary in managing drought.  

There is a crucial need to integrate contracting measures, such as irrigation into broader territorial 
development and efficient national policies and strategies of using resource (Garrido et al., 2011). 
Therefore, the use of water for irrigation, the land-use policy and the agricultural policy integrate across 
connected domains of water policy, energy security, food production and climate change adaptation 
strategy, responding to the principles of managing water-food-energy nexus (EC, 2013.; Bizicova et al., 
2013). Along with the sustainable and equitable use of resources which is one of the direct effects of 
public policy integration, the policies have to integrate the impacts on ecosystems, local communities 
and local cultures into the way they are designed and operate (Garrido et al., 2011). In this way, public 
policy integration is more likely to ensure the necessary implementation framework for actions that 
envisage the increase of the multifuntionality of farms and therefore diversification of their economic 
activity, sustainable intensification of agricultural activities where possible, increase of food production 
quality along with preservation of ecosystem services, development of agricultural products processing 
units and deconcentration of agricultural production, etc. (CAP, 2013). They contribute to drought 
resilience increase and mitigation and ultimately lead to the premises for rural communities’ 
development. Moreover, strengthening cooperation among profile research institutes and stakeholders 
with interests in the sustainable use of resources aims at ensuring integrative management and providing 
long-term solutions for extreme event (drought) control, as well as sustainable development. It is, 
therefore, important to benefit from the comprehensive and accurate monitoring data of the drought 
phenomenon in the Danube Valley along with its associated economic and societal impacts. In this 
respect, interdisciplinary approaches based on a suite of integrative and innovative methodologies and 
technologies, such as the use of remote sensing for satellite derived-data and process-based models, are 
able to provide insightful results for the support of extreme weather events management. For instance, 
process-based crop model simulations not only account for weather influences on crop yields, but also 
provide options for agricultural practices. Complex models, process-based models coupled with 
economic prediction models are important tools for differentiating between the drivers that influence 
crop productions, as well as for exploring various scenarios for drought-risk reduction and appropriate 
adaptation strategies. 

Acknowledgements. This paper was developed under the research project “The Geographic Study of the 
Romanian Danube Valley” supported by the Romanian Academy. The contribution of the first author to this 
work was part of the preparation of her PhD thesis “Geographical study of social risks in the Romanian Danube 
Valley: Turnu Măgurele – Giurgiu sector”.  

The authors acknowledge the ROCADA and ERA-Interim daily datasets freely available for download 
from the PANGAEA data portal (doi.pangaea.de/10.1594/PANGAEA.833627) and www.ecmwf.int, respectively. 
The Directions for Agriculture of the Teleorrman and Giurgiu counties are also kindly acknowledged for 
providing socioeconomic data.  

http://www.ecmwf.int/


 Laura Lupu, Constanţa Boroneanţ, Diana Dogaru 20 

 

68 

REFERENCES 

ASP (Public Health Authority) (2007), Water quality, Annual Report. 

Bachmair, S., Svensson, C., Hannaford, J., Barker, L. J., Stahl, K. (2016), A quantitative analysis to objectively appraise 

drought indicators and model drought impacts, Hydrology and Earth System Sciences, 20, pp. 2589–2609. 

Bălteanu, D., Dragotă, Carmen-Sofia, Popovici, Ana, Dumitraşcu, Monica, Kucsicsa, G., Grigorescu, Ines (2013), Land use 

and crop dynamics related to climate change signals during the post-communist period in the south Olteania, 

Romania, Proc. Rom. Acad., Series B, 15(3), pp. 265–278. 

Bizicova, L., Roy, D., Swanson, D., Venema, H.D., McCandless, M. (2013), The Water-Energy-Food Security Nexus: 

Towards a practical planning and decisión-support framework for landscape investment and risk management, IISD 

Report, Canada, International Institute for Sustainable Development. 

Blauhut, V., Stahl, K., Stagge, J.H., Tallaksen, L.M., De Stefano, L., Vogt, J. (2016), Estimating drought risk across Europe 

from reported drought impacts, drought indices, and vulnerability factors, Hydrology and Earth System Sciences, 20, 

pp. 2779–2800. 

Bodner, G., Nakhforoosh, A., Kaul, H. (2015), Management of crop water under drought: a review, Agronomy for 

Sustainable Development, 35(2), pp. 401–442. 

Bogdan, Octavia, Dragotă, Carmen, Micu, Dana (2016), Potenţialul climatic, România: natură şi societate, Institutul de 

Geografie al Academiei Române, Edit. Academiei Române, Bucureşti. 

CAP (Common Agricultural Policy) (2013), The Common Agricultural Policy after 2013, public debate, Summary Report, 

European Commission, Agriculture and rural development. 

Chau, V.N., Cassells, S., Holland, J. (2015), Economic impact upon agricultural production from extreme flood events in 

Quang Nam, central Vietnam, Nat. Hazards, 75, pp. 1747–1765. 

Corfus, I. (1975), Însemnări de demult, Edit. Junimea, Iaşi. 

Dai, A (2011a), Drought under global warming: a review, Wiley Interdiscip Rev Clim Chang, 2: pp. 45–65. 

Dee, DP, Uppala, SM, Simmons, A.J., Berrisford, P., Poli, P., Kobayashi, S., Andrae, U., Balmaseda, M.A., Balsamo, G., 

Bauer, P., Bechtold, P., Beljaars, A.C.M., van de Berg, L., Bidlot, J., Bormann, N., Delsol, C., Dragani, R., Fuentes, M., 

Geer, A.J., Haimberger, L., Healy, S.B., Hersbach, H., H́olm, E.V., Isaksen, L., Kallberg, P., Kohler, M., Matricardi, 

M., McNally, A.P., Monge-Sanz, B.M., Morcrette, J.J., Park, B.K., Peubey, C., de Rosnay, P., Tavolato, C., Th́epaut, 

J.N., Vitart, F. (2011), The ERA-Interim reanalysis: configuration and performance of the data assimilation system, 

Q. J. R. Meteorol. Soc. 137: pp. 553 – 597. DOI:10.1002/qj.82. 

Diersen, M.A., Taylor, G. (2003), Examining economic impact and recovery in South Dakota from the 2002 drought, Department of 

Economics, South Dakota State University Bookings. 

Dumitraşcu, M., Mocanu, I., Mitrică, B., Dragotă, C., Grigorescu, I., Dumitrică, C. (2017), The assessment of socio-economic 

vulnerability to drought in Southern Romania (Oltenia Plain), International Journal of Disaster Risk Reduction, 27, 

pp. 142–154. 

Dumitrescu, A., Birsan, M.V. (2015), ROCADA: a gridded daily climatic dataset over Romania (1961–2013) for nine 

meteorological variables, Nat. Hazards 78 (2), pp. 1045–1063. 

ECLISE (2015), Climate change effects for Baragan Plain, Romania, Institute of geography, Report no. D 5.1. 

(http://www.eclise-project.eu/content/mm_files/do_855/D5.1_Baragan_Plain_IGAR.pdf). 

EU (2009), White Paper – Adapting to climate change: Towards a European framework for actions, pp. 17 

(https://ec.europa.eu/health/archive/ph_threats/climate/docs/com_2009_147_en.pdf) 

EU (2015), JRC Technical Report “Expost Evaluation of the JRC’s direct actions under the Seventh Framework Programme 

(2007–2013), The European Commissions’s science and knowledge service. 

Fereres, E. (2011), Optimizing water productivity in food production, in Garrido, A., and Ingram, H. (Eds.), Water food in a 

changing world, Routledge, pp. 13–32. 

Frieler, Katja, Schauberger, B., Arneth, A., Balkovič, J., Chryssanthacopoulos, J., Deryng, D, Elliott, J., Forberth, C., Khabarov, N., 

Müller, C., Olin, S., Pugh, T., Schaphoff, S., Schewe, J., Schmid, E., Warszawski, L., Levermann, A. (2017), Understanding 

the weather signal in national crop-yield variability, Earth’s Future, 5(6). 

Garrido, A., Ingram, H., Sandford, R. (2011), Can the world feed itself sustainably?, in Garrido, A., and Ingram, H. (Eds.), 

Water food in a changing world, Routledge, pp. 311–330. 

Gil, M., Garrido, A., Hernández-Mora, N. (2013), Direct and indirect economic impacts of drought in the agri-food sector in 

the Ebro River basin (Spain), Natural Hazards and Earth System Sciences, 13, pp. 2679–2694. 

Grumeza, N., Merculiev, O., Klepş, C. (1989), Prognoza şi programarea aplicării udărilor în sistemele de irigaţii, Edit. 

Ceres, Bucureşti, pp. 111–163. 

GWP CEE (Global Water Partnership Central and Easter Europe) (2015), Guidelines for the preparation of Drought 

Management Plans. Development and implementation in the context of the EU Water Framework Directive, 48 p.  

http://www.eclise-project.eu/content/mm_files/do_855/D5.1_Baragan_Plain_IGAR.pdf
https://ec.europa.eu/health/archive/ph_threats/climate/docs/com_2009_147_en.pdf


21 Socioeconomic effects of drought in Turnu Măgurele – Giurgiu sector  

 

69 

Heim, R.R. (2002), A review of twentieth-century drought indices used in the United States, Bull Am Meteorol Soc 83(8):  

pp. 1149–1165. 

Herfidal, O.C. (1950), Concentration in the U.S. Steel Industry, Columbia University. 

Hirschman, A. O. (1945), National power and the structure of foreign trade. Berkeley, California: CA University of 

California Press. 

Hochrainer-Stigler, S., Hanger-Kopp, S. (2017), Subsidized drought insurance in Austria: recent reforms and future 

challenges, Wirtschaftspolitische Blätter, 4, pp. 599–614. 

Howitt, R., MacEwan, D., Medellín-Azuara, J., Lund, J., Summer, D. (2015), Economic analysis of the 2015 drought for 

California agriculture, UC Davis Center for Watershed Sciences. 

IMPACT2C (2015), Effects of 2°C warming – IMPACT2C modeling results for a 2°C climate for key global vulnerable 

regions, Policy Brief, 3. 

INCU (International Council for Science) (2016), A framework for undestanding SDG interactions, Paris 

(https://www.icsu.org/cms/2017/03/SDGs-interactions-framework.pdf). 

Iordan Corina (2012), Oameni, locuri, amintiri…, Edit. Renaissance, Bucureşti, 222 p. 

Labudová, L., Labuda, M., Takáč, J. (2017), Comparison of SPI and SPEI applicability for drought impact assessment on 

crop production in the Danubian Lowland and the East Slovakian Lowland, Theoretical and Applied Climatology, 

128, 1–2, pp. 491–506. 

MADR (Ministry of Agriculture and Rural Development) (2015), Annual Report. 

Mateescu, Elena (2013), Protecting agriculture in Romania, Publication “Climate change adaptation practice across the EU-

Understanding the challenges and ways forward in the context of multi-level governance”, published by Milieu Ltd. 

(Belgium). 

McKee, T.B., Doesken, N.J., Kleist, J. (1993), The relationship of drought frequency and duration to time scales, Preprints, 

Eighth Conf. on Applied Climatology, Anaheim, CA. Amer. Meteor. Soc., pp. 179–184. 

Merabti, A., Martins, D.S., Meddi, M., Pereira, L.S. (2018), Correction to: spatia land time variability of drought based on 

SPI and RDI with various time scales, Water Resources Management, 32(3), pp. 1087–1100. 

Musolino, D., de Carli, A., Massarutto, A. (2017), Evaluation of the socioeconomic impacts of the drought events: the case of 

the Po river basin, European Countryside, 1, pp. 163–176. 

Nath, R., Nath, D., Li, Q., Chen, W., Cui, X. (2017), Impact of droght on agriculture in the Indo-Gangetic Plain, India, 

Advances in Atmospheric Sciences, 34, pp. 335–346. 

Paulo, A., Martins, D., Pereira, L.S. (2016), Influence of precipitation changes on the SPI and related drought severity. An 

analysis using long-term data series, Water Resources Management, 30(15), pp. 5737–5757. 

Pauw, K., Thurlow, J., van Seventer, D. (2010), Drought and Floods in Malawi – Assessing the Economywide Effects, 

Development Strategy and Governance Division. 

Potopová, V., Boroneanţ,C., Boincean, B., Soukup, J. (2015), Impact of agricultural drought on main crop yields in the 

Republic of Moldova, Int. J. Climatol. doi: 10.1002/joc.4. 

Prăvălie, R., Patriche, C.V., Sîrodoev, I., Bandoc, G., Dumitraşcu, Monica, Peptenatu, D. (2013), Water deficit and corn 

productivity during the post-socialist perios. Case study: Southern Oltenia drylands, Romania 

Sandu, I., Mateescu, Elena, Vătămanu, V.V. (2010), Schimbări climatice în România şi efectele asupra agriculturii, Edit. 

Sitech, Craiova. 

SGA (Water Management System – Romania) (2007), Annual Report. 

Sima, Mihaela, Popovici, Elena-Ana, Bălteanu, D., Micu, Dana Magdalena, Kucsicsa, G., Dragotă, Carmen, Grigorescu, Ines 

(2015), A farmer-based analysis of climate change adaptation options of agriculture in the Bărăgan Plain, Romania, 

Earth Perspectives Transdisciplinarity Enables, 2(5). 

Stagge, J.H., Tallakesn, L.M., Gudmundsson, L., Van Loon, A.F., Stahl, K. (2015), Candidate distributions for 

climatological drought indices (SPI and SPEI), Int. J. Climatol., 35, pp. 4027–4040. 

Ştefan, V. (1997), Cultura principalelor plante de câmp, Edit. Elisavaros, Bucureşti. 

Thornthwaite, C.W. (1948), An approach toward a rational classification of climate, Geogr Rev. 38:55–94481. 

Topor, N. (1963), Ani ploioşi şi secetoşi în R.P.R., Institutul de Meteorologie. 

Udmale, P.D., Ichikawa, Y., Kiem, A., Panda, S.N. (2014), Drought impacts and adaptation strategies for agriculture and 

rural livelihood in the Maharashtra State of India, The Open Agriculture Journal, 8, pp. 41–47. 

Udmale, P.D., Ichikawa, Y., Manandhar, S., Ishidaira, H., Kiem, A.S., Shaowei, N., Panda, S.N. (2015), How did the 2012 

drought affect rural livelihoods in vulnerable areas? Empirical evidence from India, International Journal of Didaster 

Risk Reduction, 13, pp. 454–469. 

UN (2015), Transforming our world: the 2030 Agenda for Sustainable Development (https://sustainabledevelopment.un.org/ 

content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf). 

https://www.icsu.org/cms/2017/03/SDGs-interactions-framework.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf


 Laura Lupu, Constanţa Boroneanţ, Diana Dogaru 22 

 

70 

Vicente-Serrano, S.M., Beguería, S., López-Moreno, J.I. (2010), Amulti-scalar drought index sensitive to global warming: 

the Standardized Precipitation Evapotranspiration Index – SPEI, J Clim 23(7): pp. 1696–1718. 

Wilhite, D.A., Sivakumar, M.V., Pulwarty, R. (2014), Managing drought risk in a changing climate: the role of national 

drought policy, Wearher Clim. Extremes, 3, pp. 4–13. 

WMO (World Meteorological Organization) (2017), Benefits of action and costs of inaction: Drought mitigation and 

preparedness – a liteature review (N. Gerber and A. Mirzabaev) Integrated Drought Management Programme 

(IDMP), Working Paper 1. WMO, Geneva, Switzerland and GWP, Stockholm, Sweden. 

Wu H, Hubbard KG, Wilhite DA. (2004), An agricultural drought risk-assessment model for corn and soybeans. Int. J. 

Climatol. 24(6): pp. 723–741, doi: 10.1002/joc.1028. 

*** (1960), Monografia Geografică a Republicii Populare Române, Edit. Academiei RPR, Bucureşti, 510 p.  

*** (2005), Geografia României, V, Câmpia Română, Dunărea, Podişul Dobrogei, Litoralul românesc al Mării Negre şi 

Platforma Continentală, Edit. Academiei Române, Bucureşti, 384 p.  

*** (2013), Evaluarea şi prevenirea hazardelor din Lunca Dunării (Sectorul Calafat–Vidin–Turnu Măgurele–Nikopol, 

Bălteanu. D., Sima, M. (editori), Edit. Universitaria, Craiova, 247 p. 

Received December 12, 2017 

 


