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Abstract

In recent years, threats of natural origin, including those associated with the occurrence of drought is a
topic that arouses interest in representatives of local government agencies, federal governmental au-
thorities, scientific communities and residents of cities and villages. A significant part of the economy
of Northern Bulgaria is agricultural, which increases the need for careful water management and plan-
ning. The aim of this study is to identify the drought hazard with regard to its spatial extends, frequen-
cy and severity and to assess the vulnerability to drought in Northern Bulgaria at the regional scale
(NUTS-2). The standardized precipitation index (SPI), Standardised Precipitation-Evapotranspiration In-
dex (SPEI) and Streamflow Drought Index (SDI) at 12-month time step for the period 1961-2012 were
used to obtain drought hazard index (DHI). In order to assess drought vulnerability, Drought Vulnerabil-
ity Index (DVI) was calculated based on the following parameters: population density, municipal water
use, industrial water use, agricultural water use, and public water services. The results of the study show
low DHI values and homogeneous distribution of drought hazard in the north part of Bulgaria. Howev-
er, the drought vulnerability in the investigated area is very high due to the higher consumption of wa-
ter by industry, municipal water supply, and extensive agricultural lands. Our results provide an elabo-
rated understanding of the drought hazard and drought vulnerability and will be helpful as an early step
in the development of risk-based drought management plans.
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Introduction

Drought affects more people than any other natural
hazard and it is considered by many to be the most
complex but least understood of all-natural hazards
(Hagman, 1984). The causes of this phenomenon are
not well recognized yet, and its effects are of a differ-
ent nature than, for example, flood events. They grow
over time, becoming visible in the long term and ex-
tend to much larger areas. It occurs in both high and
low rainfall areas and virtually all climate regimes.
According to the climate models increasing of drought
and prolonged dry periods combined with high tem-
peratures are expected during the 21st century (Dai,
2013; Trnka et al,, 2011; Trnka et al., 2015). This fact

requires further development of water consumption
surveys in various sectors.

Due to various causes and consequences, different
types of droughts are analyzed in the scientific pub-
lications. The classic classification of droughts is giv-
en by Wilhite and Glantz (1985) who determine four
categories: meteorological, agricultural, hydrological,
and socioeconomic drought. From the meteorologi-
cal point of view, the drought is associated with wa-
terless periods with different duration. Meteorological
drought can be determined “on the basis of the degree
of dryness (in comparison to some “normal” or aver-
age amount) and the duration of the dry period” (Na-
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tional Drought Mitigation Center - NDMC). The es-
sential characteristics of meteorological drought are
intensity and duration (Wilhite, 2000). Instead of me-
teorological drought, some authors use the term at-
mospheric drought (Koleva & Alexandrov, 2008) or
climatological drought (Tate & Gustard, 2000). The
main measure of drought is insufficient rainfall for
a particular activity, i.e. crop growth, water supply
for irrigation, the water level in dams (WMO, 1993;
Alexandrov, 2006). Hydrological drought is relat-
ed to the impact of meteorological drought and oc-
curs when the long-term droughts lead to reducing
of river runoff and groundwater (Koleva & Alexan-
drov, 2008). Tate and Gustard (2000) analyze hydro-
logical drought as river flow drought and groundwa-
ter drought. Often, drought may be defined in terms
of the differences between water supply and water de-
mand time series. When demand exceeds supply, the
water shortages occur, which represents the starting
point of a drought (ICID, 2017). In order to make a
comprehensive research on drought, the type, the in-
tensity, the duration, the spatial range, and the im-
pact have to be examined. Several studies on drought
provide details about its characteristics and occur-
rence in Bulgaria during the last decades or centu-
ry (Knight et al., 2004; Koleva & Alexandrov, 2008;
Alexandrov, 2006; Alexandrov, 2011; Nikolova et al.,
2012, Popova et al., 2014). Tran et al. (2002) point out
that the drought can occur at any time, extend over a
long period, and over large areas to a very severe lev-
el in Bulgaria. On the base of Cumulative Precipita-
tion Anomalies and Standardized Precipitation Indi-
ces Nikolova & Alieva (2011) analyze dry periods in
the Danube River Plain (Bulgaria). Popova et al. (2015)
evaluate maize crop risk in relation to observed trends
to drought. The potential in application of atmospher-
ic drought index as a predictor of soil drought in the
agricultural regions of Southern Bulgaria was ana-
lyzed by Georgieva et al. (2017). The occurrence of hy-
drological and meteorological drought in North Bul-
garia (Danube River Plain) is characterized by Radeva
etal. (2018). Drought and heat are identified as a major
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abiotic stress that reduce crop productivity in Bulgar-
ia according to Petkova et al. (2019) Water shortages
and increasing drought conditions were also identi-
fied by experts in neighboring regions in Serbia, Ro-
mania and Hungary (Milosevi¢ & Savi¢, 2013; Urosev
et al., 2016; Szabo et al. 2019). The impact of drought
on crop yield in Europe including Bulgaria was inves-
tigated by Trunka et al. (2016).

The economic development requires the satisfac-
tion of water needs, both in society and in the econo-
my. Bulgaria belongs to countries with limited water
resources. Their high variability of occurrence in time
and space causes necessity of rational water manage-
ment. Recognition of the phenomenon of drought as
well as developing methods of counteracting its ef-
fects should be an element of national strategies, plans
and programs, and a detailed discussion of the prob-
lem should take place at the all levels of government.
Drought preparedness planning should be considered
to minimize the effects of drought on people and re-
sources. For this goal, drought components, called
hazard and vulnerability, have to be quantified. While
hazard is a probability of occurrence of an event, vul-
nerability refers to the exposure to the hazard.

The overall objective of the present paper is to bring
clarification of the drought hazard in Northern Bul-
garia. The first stage of the research is an analysis of
meteorological and hydrological droughts in terms
of their duration and magnitude using standardized
precipitation index (SPI), Standardized Precipita-
tion-Evapotranspiration Index (SPEI) and Streamflow
drought index (SDI). The second stage is drought vul-
nerability and drought hazard assessment in North-
ern Bulgaria. The research work is based on hydro-me-
teorological and socio-economic data. Assessment of
drought hazard as well as vulnerability to drought at
the regional scale may allow for better land use plan-
ning and water resource management during drought
conditions in Northern Bulgaria. The results from the
present study could be used in the development and
implementation of wide range of measures and pro-
grams to reduce the negative impact of droughts.

The study area includes Northern Bulgaria and the
main investigated territory is the Danubian plain lo-
cated to the north of the main ridge of the Balkan
Mountains and south of the Danube river. The relief is
dominated by lowlands, hills and plateaus in the east
(Figure 1). The area covers a total surface area of about
48,596 km? (43,7 % of the total surface area of Bulgar-
ia) and has a population of 2,041,296 (30% of its total
population). The region comprises three administra-

tive regions NUTS - Severozapaden (Northwest), Se-
veren centralen (Northcentral) and Severoiztochen
(Northeast) (Figure 1).

Northern Bulgaria constitutes the largest water re-
gion in the country administered by the Danube Riv-
er District. The total freshwater resources, excluding
those in the Danube River, are estimated at 5,371 bil-
lion m® based on the long-term annual rainfall data
for 1981-2014. The average annual per capita volume is
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Figure 1. Studied area and location of hydrometric stations and meteorological stations
used for the research

about 1,610 m® and the usable part of it is from 800 to
1,000 m’/capita/yr (average for Europe it is 5,300 m?/
capita/yr) (NSMDWS, 2012). The fact that more than
80% of the total freshwater resources are formed out-
side the territory of Northern Bulgaria indicates the
existence of a water barrier in terms of securing access
to water resources.

The annual precipitation varies from 500 to 600
mm and the annual evaporation is from 450 to 500
mm. The maximum of the annual cycle of precipita-
tion is in June (in some places in May) with values be-
tween 70- and 9o-mm. The monthly maximum is low-
er (60 — 70 mm) in the north-west (station Vidin) and
in the eastern part of the investigated area. The mean
annual temperature is 11-12 °C (Topliiski, 2006).

The seasonal distribution of precipitation shows
maximal values in summer and spring in most of the
investigated territory. The difference is observed in the
east part of the area (station Varna) where the season-
al amounts of precipitation are relatively evenly distrib-

uted with a slight predominance of autumn and winter
values over summer and spring. In relation to the an-
nual precipitation totals, the regions of Lom and Pleven
(central part) and Varna and Silistra (eastern part) are
defined as arid areas (Alexandrov, 2011).

According to updated River Basin Management
Plan for Danube region (2016 - 2021) severe or mod-
erate droughts occur in the Danube plain nearly every
year. The pressure on water resources increases dur-
ing summer when water abstractions are higher, due
to agricultural uses and increased demand from the
tourist sector.

In order to achieve the aim of the study the hydro-
logical, meteorological and socio-economic data were
used. The monthly observed streamflow data were
collected from seven hydrometric stations located in
the Danube Plain (Figure 1, Table 1) over the multi-
year period 1960/61-2012/2013. The period of study has
been chosen depending on the availability of recorded
data for all stations in the basin. The hydrological sta-

Table 1. List of hydrometric stations used for the study

River name Station name Elevation (m a.s.L.) Drai(r:(arﬁze)area Inv:::iiizted
Topolovets Akacievo 250 305 1961-2015
Lom Trajkovo 442 1087 1961-2015
Lom Gorni Lom 1100 88,5 1961-2013
Vojnishka Tarnyane 260 269 1961-2013
Stakevska Falkovets - 325 1961-2015
Rosica Sevlievo 604 1090 1961-2015
Yantra Veliko Tyrnovo 545 1289 1961-2015

Source: Hydrological reference book of the rivers in Bulgaria, 1957
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Table 2. List of meteorological stations used for the study

Meteorological Latitude Longitude Altitude Investigated
station period
Vidin 43°59’ 22°57 31 1961-2015
Vratsa 43°12' 23°32' 309 1961-2015
Lom 43° 49’ 23°13’ 32 1961-2013
Oryahovo 43° 43’ 23°58’ 29 1961-2013
Pleven 43024 24° 37’ 160 1961-2015
Russe 43°57 25° 57’ 37 1961-2015
Razgrad 43033’ 26° 30’ 346 1961-2015
Silistra 44° 07’ 27°16' 15 1961-2013
Varna 43°12' 27° 57 39 1961-2015

Source: Meteorological yearbook, National Institute of Meteorology and Hydrology

tions are located on different independent small and
medium-sized rivers in the Severozapaden (NW Bul-
garia) and Severen centralen (NC Bulgaria) regions
(Figuret, Table 1). In the Severoiztochen (NE Bulgar-
ia) region there is a lack of reliable hydrological data.
Meteorological data are monthly air temperature and
precipitation from six meteorological stations situated
in Northern Bulgaria (Figure1, Table 2). The month-

Methodology

ly precipitation data were used for calculation Stand-
ardized Precipitation Indices (SPI) and the Standard-
ized Precipitation Evapotranspiration indices (SPEI)
were calculated based of monthly precipitation and
air temperature data. Drought vulnerability was eval-
uated by utilization of socio-economic data as popula-
tion density, municipal water use, industrial water use,
agricultural water use and water services.

In order to investigate the spatial and temporal ex-
tents and severity of meteorological drought occur-
rence in the study area, Standardized Precipitation
Index (SPI) (Mckee et al.1993) and Standardized Pre-
cipitation Evapotranspiration Index (SPEI) (Vicente-
Serrano et al., 2010; Begueria et al., 2010) were used.
SPI is standardized and can be computed at different
time scales, allowing it to monitor the different kinds
of drought (Keyantash & Dracup, 2002). The SPI cal-
culation for any location is based on the long-term pre-
cipitation record for a desired period. This long-term
record is fitted to a probability distribution, which is
then transformed into a normal distribution, so that
the mean SPI for the location and desired period is
zero (Edwards & McKee, 1997). The SPEI is comput-
ed as the difference between the cumulative precipita-
tion and the potential evapotranspiration and allow to
evaluate the effect of air temperature on drought oc-
currence and intensity.

The method of Streamflow Drought Index (SDI)
developed by Nalbantis &Tsakiris (2009) was used
in this work to characterize the hydrological drought
events for the studied area. Its calculation is similar
to SPI, and is based on monthly observed streamflow
volumes at different time scales. For SDI calculations,
the hydrological year started in November and end-
ed in October.

All three indices (SPI, SPEI and SDI) indicate the
drought severity according to its intensity and du-
ration. According to the SPI, SPEI and SDI criterion,
drought conditions are defined with values lower than
o. The descriptions of drought states are provided with
the criteria in Table 3.

In the proposed methodology, the reference peri-
ods start from November of each year, which is con-
sidered the beginning of the hydrological year in Bul-
garia. In order to evaluate the drought, the SDI, SPI
and SPEI are calculated with a 12 - month time step.

Table 3. Classification of drought conditions according to
the SDI and SPI

Probability | Drought o

(%) Description Criterion

1,7 Extreme wet SDI/SPI/SPEI =2.0

51 Very wet 2 = SDI/SPI/SPEI = 1.5
9,5 Moderate wet 1,5 = SDI/SPI/SPEI 21.0
67,2 Normal -1.0 = SDI/SPI/SPEI < 1.0
9,5 Moderate drought |-1.5 < SDI/SPI/SPEl < - 1.0
5,0 Severe drought -2.0 < SDI/SPI/SPEI < - 1.5
2,0 Extreme drought | SDI/SPI/SPEI <-2.0

Source: MCKEE et al. (1993); Nalbantis and Tsakiris (2009)

Based on drought indices the maximum intensity
of dry events is determined according to the classifi-
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cation from table 1. Meteorological and hydrological
drought are evaluated in term of their duration and
magnitude. The drought duration is determined as a
period when the drought indices (SPI, SPEI of SDI) for
any of the time scale are below o. With the increas-
ing of time scale each new month has less impact on
the total precipitation and this determines the indices
which indicate a few dry events but with longer dura-
tion (McKee et al. 1993). In the present paper the ex-
treme drought duration is pointed out.

The formula given by Mckee et al. (1993) has been
applied in order to assess drought magnitude (DM)
as follow:

DMz—[iSPIU]
j-1

where j is the first month when SPI becomes nega-
tive and x is the last consecutive month with the neg-
ative value of the index.

The drought magnitude represents the positive sum
of the drought indices that are negative over consec-
utive months. Instead SPI, SPEI or SDI can be used
in the formula for drought magnitude. Drought mag-
nitude (DM) and duration (D) were used for calcula-
tion of the average drought intensity over the dura-
tion (ADI), (Mckee et al., 1995, Bonaccorso et al., 2003,
Zhang et al, 2015).

DM
ADM =——
D

To calculate the probability of occurrence of a po-
tentially damaging phenomenon we used Drought
Hazard Index (DHI) according to the methodology
proposed by Shahid et al. and later by Rajsekhar et al.
Using a weighting system based on the cumulative dis-
tribution function, Weight (W) and rating (R) scores
are assigned based on the normal cumulative prob-
ability function to drought hazard assessment using
severity and occurrence probability. Weight scores
are determined by considering the SPI/SDI inter-
vals, such that weight =1 for normal to mild drought
(MLD), weight =2 for moderate drought (MD), weight
= 3 for severe drought (SD), and weight = 4 for extreme

Results and discussion

drought (ED). Furthermore, each class receives a rate
R from 1 to 4, based on its probability of occurrence.
The final DHI is aggregated as:

DHI =(MLDr- MLDw)+(MDr - MDw)+
+(SD-SDw)+(EDr-EDw)

where MLDr, MDr, SDr, and EDr represent the rat-
ings of Mild, Moderate, Severe, and Extreme catego-
ries, respectively, and MLDw, MDw, SDw, and EDw
represent the weights of drought categories. The DHI
values were then rescaled to a o-1 range, and evenly
classified into four groups as given in Table 4.

Table 4. DHI, DVI Classification for Hazard and
Vulnerability Assessment

DHI, DVI Values Classification
to 0.25 Low
0.25t00.50 Moderate
0.50t0 0.75 High

0.75 to 1.00 Very high

Source: Rajsekhar et al. (2015)

Drought Vulnerability Index (DVI). Vulnerabili-
ty is a relative measure and it describes the degree to
which a socio-economic system or physical assets are
either susceptible or resilient to the impact of natu-
ral hazards (Wilhelmi & Wilhite, 2002). Selection of
vulnerability indicators is directly relevant to the lo-
cal study context and the particular hazard (United
Nation Development Program, 2004). We selected five
socio-economic indicators, which include: population
density (PD), municipal water use (MWU), industrial
water use (IWU), agricultural water use (AWU) and
public water services (PWS). We used data from the
National Statistical Institute (Bulgaria) for the period
2010 - 2016. The indicator values are turned into their
scaled values. Then the Drought Vulnerability Index
(DVI) is calculated using the following equitation.

PD+ MWU+IWU+AWU +PWS
5

DVI=

Based on the value of DVI, vulnerable regions were
classified under four classes (Table 4).

Drought occurrence

In order to analyze the spatial and temporal distribu-
tion of dry years, we have extracted for each station
and each year in the investigated period the values of
drought indices (SPI-12, SPEI-12, and SDI-12) which
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Table 5. Number of dry years according to the drought indices

Meteorological SPI SPEI Hydrometric SDI

stations stations

Severozapaden (Northwest)

Vidin 28 29 Akacievo 32

Lom 26 27 Tarnyane 29

Pleven 27 28 Falkovets 25
Gorni Lom 25
Traikovo 27

Severen centralen (Northcentral)

Ruse 31 28 Sevlievo 27

Razgrad 27 26 Veliko Tarnovo 28

Severoiztochen (Northeast)

Varna | 29 | 29

in the study area was distinguished from 26 years for
Lom (Severozapaden region) to 31 years for Ruse (Se-
veren Centralen region) in which drought occurred of
varying intensity (Table 5). SPEI-12 shows between 26
and 29 dry years in most northwest and east parts of
the study area. SDI-12 indicates a hydrological drought
in 25 to 32 years in Severozapaden region. The num-
ber of years with hydrological drought in this region
decreases with the increase of altitude (hydrometric
stations Falkovets and Gorni Lom) and also from the
west (station Akatsievo) to the east (station (Traikovo).
The Hydrological drought was observed in 27-28 years
in the Severen Centralen region (Table 5)

The present study demonstrates that according to
the averaged over the entire area drought indices the
occurrence levels of extreme hydrological drought are
higher than the meteorological drought. The SPEI-12
shows the lowest occurrence level in Severozapaden
region (1.9%) and the highest in Severen Centralen
region (3,2%) where SPI-12 shows extreme drought
in only 1,5% of the investigated years (Table 6). SDI-
12 shows no substantial differences in the occurrence
of extreme hydrological drought between the regions
(Table 6). The occurrence levels of severe droughts
have the highest levels in Severozapaden region (in
6,5% of the investigated years).

In comparison to SPI and SDI, SPEI shows the in-
crease of frequency of severe drought and a decrease

in the occurrence of mild drought. The highest fre-

quency of mild drought was established by SPI for

the three investigated regions. The results of the in-
vestigation indicate the tendency that the percent-
age occurrence of the meteorological and hydrologi-

cal drought events in the studied area is substantially

high. However, the frequency of extreme hydrolog-

ical drought is higher than extreme meteorological
drought while for the mild drought SDI is slightly

lower than the results obtained by SPI-12 and SPEI-

12.

Figure 2. presents the distribution of drought indi-
ces during the period 1961-2015. Due to a lack of hy-

drological observation and data, the hydrological
drought is investigated for the period 1961-2013.

In most of cases, good synchronicity between me-

teorological and hydrological drought was observed.

The most prolonged drought period both for Severo-

zapaden and Severen centralen regions is 1982/83
- 1995/96 with a short interruption in 1985/86 and

1990/91. Other dry periods arei999/2000 - 2003/04,
2006/07 — 2007/08 and 2010/11 - 2012/13. These peri-
ods are clearly manifested in the Severozapaden re-

gion, while in Severen centralen region dry periods

are shorter or interrupted with a normal year. The be-
ginning of the dry periods is characterized by a clear-

er manifestation of the meteorological drought, while
the hydrological drought is better expressed at the end

Table 6. Drought occurrence — average for Northern Bulgaria in % of investigated years

Severozapaden Severen centralen Severoiztochen
Drought Category (NW Bulgaria) (NC Bulgaria) (NE Bulgaria)
SPI112 SPEI 12 SDI 12 SPI112 SPEI 12 SDI 12 SPI12 SPEI 12
Extreme drought 2,7 1,9 4,7 1,5 3,2 4,1 2,1 2,4
Severe drought 4,3 6,5 4,5 4, 4,5 3,2 4,1 51
Moderate drought 8,3 9,9 9,4 9,6 9,6 111 9,4 9,6
Mild drought 34,7 29,6 29,4 38,3 35,2 26,6 37,2 32,4
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a) Severozapaden (Northwest)

b) Severen centralen (North central)

Figure 2. The distribution of SPI-12, SPEI-12 and SDI-12 in selected stations

of the periods and even observed after the end of the For the investigated periods, the dry years were ob-
metrological drought. served mainly in 807, 9o * and since 2000. Accord-

According to SPI and SPEI dry periods in the  ingto European Drought Centre database (see: www.
Severoiztochen region are 1982/83 - 1992/93,1999/2000  geo.uio.no/edc) the drought in 80 and 9o signif-
- 2001/02. 2006/07 — 2007/08 and 2011/12. Despite the icantly affected the Mediterranean countries, South-
different investigated period Surda at al. (2019) found  eastern Europe, as well as the UK and even Northern
the similar results for the region of Nitra (Slovakia), — Europe. Spinoni et al (2015) also show the occurrence
where the years 2006, 2011 and 2012 were among the  of drought in many European areas during 80 and
driest years. 90°¢.. The temporal distribution of the occurrence
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Figure 3. Percentage of investigated stations with dry years (moderately, severely, and extremely)

of different types of droughts in the investigated sta-
tions shows synchronicity in the most of cases (Fig-
ure3). From the other side, some differences have been
observed. During the first decades of the investigat-
ed period, dry years are indicated mostly by SPI and
SDI while since 2000 the occurrence of dry years de-
termined by SPEI increases. This could be explained
with the increase of temperatures during the last dec-
ades. The increase of drought in South Europe due
to the temperature rise is confirmed also by van der
Schrier et al. (2013) and Spinoni et al. (2015a).
According to SPI drought was widespread in
1984/1985 when various types of drought were ob-
served in 9o % of the investigated stations. SPI
shows dry years in about 80% of investigated sta-
tions in 1964/1965, 1973/1974 and 1999/2000. SPEI in-
dicates as driest years 2006/2007 and 2011/2012 when
the drought occurred in all of the investigated sta-
tions. For these years SPI confirms the occurrence of
drought in about 35 — 45 % of the investigated stations
and hydrological drought was observed in 50% of the

investigated stations (Figure3). The occurrence of hy-
drological drought is connected mostly with the pre-
cipitation and not with the air temperature.

Drought magnitude and average drought intensity
Drought magnitude (DM) and average drought in-
tensity (ADI) are investigated based on entire rows of
drought indices calculated at step 12 (SPI-12, SPEI-12,
and SDI-12) for the investigated period.

The extreme observed values of meteorological
drought indices are observed mainly in 2001, 2007
and 2013. For temporal and spatial distribution, the
higher synchronicity is observed for SPEI-12, rath-
er than for SPI-12 (Tabley). In the Severozapaden re-
gion, SPEI indicates extremely low values in January
2001 (2013 for station Pleven). For stations, Vidin and
Lom January 2001 was an extremely low SPI-12 as well.
On the other side, SPI-12 for station Pleven is showing
extremely low in September 1993. For the regions, Se-
veren centralen and Severoiztochen SPEI-12 show ex-
tremely low values in 2007 for July and August respec-

Table. 7. Extreme observed values of meteorological drought indices

Meteorological SP1-12 Year Month SPEI-12 Year Month
station

Severozapaden (Northwest)

Vidin -2.81 2001 Jan -2.47 2001 Jan
Lom -2.88 2001 Jan -2.53 2001 Jan
Pleven -2.97 1993 Sept -2.73 2013 Jan
Severen centralen (Northcentral)

Russe -2.57 2001 Jan -2.75 2007 Jul
Razgrad -2.09 1977 Apr -2.95 2007 Jul
Severoiztochen (Northeast

Varna | 335 1985 May -2.58 2007 Aug
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tively. The occurrence of the extreme values of SPI-12
for the Severen centralen and Severoiztochen regions
is asynchronous during the study period.

Extreme values of SDI-12 are observed asynchro-
nously with the extreme meteorological drought in-
dices. In most of cases, the extreme values of SDI-12
are observed in 1994. The lowest extreme hydrological
drought event was identified in February 1994 for sta-
tion Gorni Lom (NW Bulgaria) with a value of - 2.95,
and in December 1984 for Yantra river, station Veliko
Tarnovo (NC Bulgaria), Table 8.

Table. 8. Extreme observed values of hydrological drought
indices

duration from November 1982 to February 1988 (Ta-
ble 9). On the other side, the average drought intensity
(ADI) is highest for Pleven station, NW Bulgaria (1.64).
In comparison to SPI-12, SPEI-12 shows lower DM and
ADIL A difference has been established for spatial and
temporal distribution as well - DM is highest for NW
Bulgaria (station Pleven, 56.44) with the duration from
November 2006 to April 2011. The ADI varies from 0.62
(NC Bulgaria) to 1.31 (NE Bulgaria).

DM calculated on the basis of SDI-12 shows high-
er values, while ADI is close to one established by SPI-
12. The highest ADI (1.37) according to SDI 12 was ob-
served during the period February 1998 to December
1995 in NW Bulgaria (Table 10).

Hydrometric stations ‘ SDI-12 ‘ Year Month o . .
Table 10. Extreme duration-intensity of hydrological
Severozapaden (Northwest) droughts
Tarnyane -1.20 1991 Jan
Falkovets 2.72 2001 Apr Z);‘t’i':::et”c Start End DM | ADI
Gorni Lom -2.95 1994 Feb .
Duration (months)
Traik -2.44 1994 M
ratxovo 99 ar Severozapaden (NW Bulgaria)
Severen centralen (Northcentral) Nov 1988 ‘ Apr1997 | 8679 | 0.85
Sevlievo -2.57 1991 Feb Tarnyane 10 : :
Veliko Tarnovo -2.68 1994 Dec . Feb 1988 ‘ Dec 1995 | 13058 | 137
Gorni Lom
When the values of the SPI, SPEI and SDI continu- 9
ously remain negative for consecutive months, the im- Traikovo Mar 1987 ‘ Feb1996 |123.23 | 114
pacts of drought can become more damaging. In order 108
to measure this effect, drought magnitude was calcu- | Severen centralen (NC Bulgaria)
lated. The drought magnitude and drought duration ' Feb1985 | Oct1995 | 156.32 | 1.21
obtained for Northern Bulgaria is shown in Table 9. | Seviievo 129
During the investigated period, the highest drought Sept1999 | Sept2002 | 4942 | 134
magnitude (75.17) has been observed in NE Bulgar- Veliko Tarnovo p : .
ia (station Varna) where SPI 12 indicates the extreme
Table 9. Extreme duration-intensity of meteorological droughts
SPI-12 SPEI-12
g::;ﬂ:?bg'cal Start | End DM | ADI | start | End DM | ADI
Duration (months) Duration
Severozapaden (NW Bulgaria)
Vidi Dec 1991 ‘ Jun 1995 | 50.30 114 Feb 1992 ‘ Aug 1995 | 48.70 113
1din
44 43
Jul1992 | Jul1995 | 60.57 | 1.64 | Nov2006 | Apr2011 | 56.44 | 105
Pleven
37 54
Severen centralen (NC Bulgaria)
R Jul 1992 ‘ Feb 1995 | 38.85 1.21 Jan 1988 ‘ Apr1991 | 24.65 0.62
usse
32 40
Oct 1973 ‘ Feb 1978 | 58.57 1.1 Feb 1974 ‘ Feb 1978 | 43.44 0.89
Razgrad
53 49
Severoiztochen (NE Bulgaria)
v Nov 1982 ‘ Feb 1988 | 75.17 117 Nov 2006 ‘ Nov 2009 | 48.39 1.31
arna
64 37
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Analysis of the DHI and DVI

Drought hazard assessment (DHI) for Northern Bul-
garia, was calculated by using the probability of oc-
currence and severity based upon weight and ratings,
as described in the methods section. “Low” drought
hazard class was detected based on SPI-12, SDI-12,
and SPEI -12 in Severozapaden and Severen centralen
regions (Table 11). “Moderate” drought hazard based
on SPI-12 was detected as 0.25 for station Varna in
Northeast Bulgaria (Severoiztochen region). High
levels of DHI were not detected in the 12-month time
scale for SPIs, SPEIs and SDIs. The DVI was calcu-
lated based on five indicators for vulnerability. The
scores of the vulnerability index range on a scale
from 0,81 (Severoiztochen region) to the most vul-
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nerable 0,85 (Severen centralen and Severoiztochen
regions) (Table 11). According to this analysis, the re-
gions are recognized with the highest vulnerability,
with DVT values close to or higher than 0.6. Severo-
zapaden and Severen centralen regions are vulnera-
ble in all the five sub-categories, while the Severoiz-
tochen region is less vulnerable to Industrial Water
Supply (0,5).

In order to have more detailed information about
drought hazard and vulnerability, it is necessary to di-
rect the future study to the local and municipality lev-
el. This analysis may help for developing various strat-
egies for mitigation and adaptation to climate change
and for effectively tackling environmental and social
problems related to water scarcity.

Table 11. DHI and DVI scores for Northern Bulgaria according to the SPI, SDI and SPEI

Regions DHI/SPI DHI/SDI DHI/SPEI DVI

Score Class Score Class Score Class Score Class
Severozapaden 0.21 Low 0.22 Low 0.21 Low 0.85 | Very high
Severen centralen 0.22 Low 0.21 Low 0.23 Low 0.84 | Very high
Severoiztochen 0.25 Moderate - - 0.21 Low 0.81 | Very high

Conclusion

Accurate drought monitoring and forecasting are es-
sential tools for drought mitigation efforts and reduc-
tion of social vulnerability. In this study, the SPI, SPIE,
and SDI were proved to be useful indexes for finding
out drought severity, magnitude and drought hazard in
Northern Bulgaria. Droughts that occurred in the con-
sidered stations did not follow a specific order. Accord-
ing to SPI and SDI, the driest multi-year periods were
detected in the 1980s and 1990s. In addition, accord-
ing to SPIE, the driest multi-year periods were after the
year 2000. Obtained results showed that the Severoza-
paden and Severen centralen regions are more prone
to extreme drought events, while in the Severoiztochen

Acknowledgements

region the occurrence of severe meteorological drought
is higher. The highest drought magnitude according
to SPI has been observed in Severoiztochen region,
while the average drought intensity (ADI) is highest for
Severozapaden region. The drought hazard index iden-
tified by using SPI and SDI weight and rating scores be-
tween 1960/1961 and 2012/2013 show low values for all
stations. The results obtained by this study indicate that
North Bulgaria is with a high degree of overall vulnera-
bility to drought. Thus, it is recommended for local au-
thorities to adopt preparatory adaptive measures for
drought risk management planning strategies in order
to address future drought conditions.
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