
83

НАУКА ЗА ГОРАТА, КН. 2, 2018
FOREST SCIENCE, No 2, 2018

FLOOD RISK ASSESSMENT IN CONNECTION WITH ECOSYSTEM 
SERVICES IN SMOLYAN REGION, BULGARIA

Ivan Ts. Marinov, Eli Pavlova-Traykova
Forest research institute – sofia
Bulgarian academy of sciences

Abstract: changes in annual and seasonal precipitations, which are more often 
increasingly intensive, land-use changes and small rates of erosion control activities are the main 
reason for increased flood risk in many regions of Bulgaria. smolyan region is one of the most 
affected of floods and erosion processes. in the recent years houses and infrastructure have 
been flooded, people have been evacuated and significant material damages were inflicted. in 
only one of the floods in 2016 the material damage amounted about 7.7 million euro. all this 
shows the necessity of applying effective approaches to assess and analyze the existing flood 
risk in order to make the right decisions for activities to limit damages in case of future floods. 

in this study is applied method used to assess the flood risk and its relationship to 
ecosystem services developed under the tunesinurB project and the method is conducted 
only at urban territories. Flood risk assessment has been made for settlements with more 
than 2000 inhabitants in smolyan district and data for the distribution of area at flood risk is 
presented. the total risk assessment for the whole territory of these settlements and for the 
district is ‘very bad’ – more than 15% of the studied area is rated at risk. the territories at risk 
are 17% of total studied areas in the towns and from them 11.02% are in category ‘very bad’.
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INTRODUCTION

at the last decades a lot of european countries were hit by heavy and 
extensive precipitation causing  floods with significant damages - slovenia 
in 2010 (Kvočka et al., 2016), austria, czech republic, germany, hungary, 
Poland, slovakia, switzerland   in 2013 (iFrc, 5 Jun 2013) and others. 
according to emergency response coordination centre (ercc) (https://
reliefweb.int/ - european civil Protection and humanitarian aid operations 
– echo) for the period 2006-2016, 212 large floods have occurred in europe, 
resulting in 966 people being killed and 4 million people affected. material 
damages are estimated at 33.13 Bn eur. For this period in romania, italy, 
the united Kingdom, serbia and Bulgaria the largest number of annual 
floods occurred. 

nowadays over the half of world’s population lives in urban territories 
and this direct influences on the risk of flooding (Floater et al., 2014). Poorly 
managed urban growths, climate change, the vulnerability of ecosystems and 
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absence or insufficiency of land use planning have led to economic losses, 
infrastructure damages and casualties in urban territories. all this showed 
the necessity of risk assessment for each settlement and taking preventive 
measures. 

in Bulgaria heavy rains have caused many local floods in 2005 and 
for that reason natural disaster has been declared in significant part of the 
country. damages caused by these floods were about 0.77 Bn euro. the 
years following 2010, 2014, 2016, and 2018, floods affected urban territories 
again. changes in annual and seasonal precipitations, which are more often 
increasingly intensive, land-use changes and small rates of erosion control 
activities are the main cause of increased flooding risk in many regions of 
Bulgaria.

one of the most affected of floods region in Bulgaria is smolyan, 
situated in southern Bulgaria. in the recent years houses and infrastructure 
have been flooded, people have been evacuated and significant material 
damages were sustained. in only one of the floods in 2016 the material 
damage amounted about 7.7 million euro. тhe town of smolyan was again 
flooded in 2018 by cherna river. all this shows the necessity of applying 
effective approaches to assess and analyze the existing flood risk in order 
to make the right decisions for activities to limit damages in case of future 
floods.  

the information presented above showed that the assessment and 
mapping of flood risk is prerequisite for reducing risk. it is possible flood risk 
assessment and determination of territories at risk to be used in ecosystem 
services assessment. 

Floods risk assessment for smolyan region is prepared by east aegean 
river Basin directorate in connection with the application of directive 
2000/60/ес.  Floods risk management plan for territory of east aegean 
river Basin directorate for period 2016-2021 is prepared according to 
requirements in article 7 from directive and on the basis on Water law and 
accepted from council of ministers with decision n 1109/2016. 

as a part of flood management plan regions with significant potential 
flood risk (rsPFr) were determined and mapped. For the region they are 
7 (4 of them with ‘strong risk’ and 3 with ‘moderate’. the total length of 
hydrographic system parts with ‘strong risk’ is 46 km, and with ‘moderate’ – 
15 km.  areas with ‘strong risk’ are smolyan, Zlatograd, rudozem, madan 
and 8 villages, with ‘moderate’ are territories from municipalities nedelino, 
chepelare and devin. the territories at risk are in arda river watershed (5) 
and maritsa river watershed.

Purpose of the following investigation is to be determined and mapped 
zones with potential flood risk in more densely settlement concentrations in 
smolyan district, with a view of this assessment to be used in determination 
of ecosystem services in urban territories.
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MATERIALS AND METHOD 

the investigation is conducted at smolyan district, which is with 8199.5 
ha area. settlements with more of 2000 inhabitants cover about 45.3% from 
it (fig. 1). the total population is 121 752 (2011).

the study only concerns the risk of flooding in urban territories. Potential 
risk zones in large urban settlements determined with this assessment and it 
is taking into account in ecosystem services assessment. 

east aegean river Basin directorate has prepared floods risk assessment 
in the region according to methodology of meW, accepted in connection with 
directive of floods. in the following investigation we applied methodological 
approach based on potential risk of floods in urban territories, developed in 
tunesinurB project (toward better understending of ecosystem services 
in urBan environments through assessment and mapping, eea-Fm 2009-
2014). the assessment is prepared according to percentage rate scale of 
territories in potential risk (table 1).

Table 1. scale of flood risk assessment

disturbance  
regime Parameter

Assessment scale

score 1
(very bad)

score 2
(bad)

score 3
(moderate)

score 4
(good)

score 5
(very good)

Floods 
% endangered 

areas of the total 
area

>15 5-15 2-5 0-2 0

Assessment of potential flood risk for every single settlement followed 
the steps:

determination of the main streams that flow through the settlement 
depends on the following indicators: permanent flow, watershed area and 
forest cover. sporadic streams are taken in consideration; 

For every single area (polygon) is determined: percentage of the area 
that may be affected, degree of flood risk in scale from 1 to 4 for these 
areas.

the rest of the polygons, partially assessed to be at risk, as well as the 
risk-free areas, are rated 5 (without flood risk).

in some cases one polygon may have more than two estimates. it 
depends mainly on their location on the slope and experts’ opinion.

Assessment of potential flood risk on а level ‘administrative district’ 
was conducted according to the distribution of territories in degrees of risk 
for all settlements with more than 2000 inhabitants – total they are 11 and 
8 of them are cities.
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RESULTS AND DISCUSSION

For better management of flood vulnerabilities two components interact: 
the physical (hydrologic and hydraulic) and the socioeconomic (cançado et 
al., 2008). Flooding risk assessment should incorporate nature of event, 
population and area at risk (green et al., 2000).

in table 2 and Fig. 1 are presented data for territory distribution by 
settlements (villages and cities) with more than 2000 inhabitants and by 
flood risk grade ant total risk assessment for each settlement. With ‘very 
bad’ assessment (very high flood risk) are 5 from the cities, followed with 
assessment ‘bad’ (high risk) – 3. in the other three settlements there are no 
territories at risk. the greatest risk of floods is in the towns of Zlatograd 
and devin, where 30.5 and 23.9% of the surveyed territory is in degree ‘very 
bad’, followed by towns nedelino, dospat and rudozem - from 14 to 19%.

total assessment for all 11 settlements is ‘very bad’, which means high 
flood risk and possibility of damages in urban territories. this assessment 
could be connected with human impact on floods (rufat et al., 2015; roder 
et al., 2017). 

this assessment is accurate from the point of view of intended objective 
in investigation and it could be accepted for all smolyan districts, as it 
refers to settlements inhabited by 60% of the district population. the other 
inhabitants lives in 231 villages and from them only 7 are with population 
about 1000 to 2000 inhabitants, significant part (111) of the villages are with 
under 100 inhabitants. 

Table 2. distribution of the settlements with more than 2000 inhabitants in smolyan district 
according to flood risk

Settlements Area, ha
Degree of flood risk, %

Total assessment 
1 2 3 4 5

Zlatograd 291.18 30,47 0 0 0 69,53 1 (very bad)

madan 294.46 0 14,74 13,31 0 71,95 1 (very bad)

devin 168.73 23,90 0 0 0 76,10 1 (very bad)

chepelare 191.44 10,37 3,73 9,69 0 76,21 1 (very bad)

nedelino 225.24 19,31 0 0 0 80,69 1 (very bad)

rudozem 338.17 14,03 3,01 0,48 0 82,48 1 (very bad)

dospat 172.92 14,38 0 0 0 85,62 2 (bad)

smolyan 1684.86 6,32 0,96 3,85 0 88,87 2 (bad)

Borino 60.27 0 0 0 0 100 5 (very good)

startsevo 200.15 0 0 0 0 100 5 (very good)

chepintsi 88.42 0 0 0 0 100 5 (very good)
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Fig. 1. degree of flood risk in the settlements with more than 2000 inhabitants 

Table 3. distribution of settlements with more than 2000 inhabitants by flood and total risk

Degree of flood 
risk

Area Total assessment 

ha % of the total area of 
the studied territory 

Area with 
flood risk, % Total assessment

1 – Very bad 371,21 10,0

15,4
Very bad
/> 15%/

2 - Bad 76,92 2,1

3 - moderate 124,18 3,3

4 -  good 0,00 0,0

5 – Very good 2794,68 84,6

total area of the 
studied areas 3715,84 100,0

Table 4. assessment of the flood risk 

Total area of stud-
ied territory 
in towns, ha

Area of the studied terri-
tory in degree from 1 to 

4, ha

Area with 
flood risk, 

%

Total assessment of 
the risk for the towns

3366,99 572,31 17 % Very bad
/> 15%/
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the distribution of these settlements by flood risk shows that the 
largest share of the surveyed territory (10%) is referred to ‘very bad’, which 
is also decisive for the final assessment for the eleven surveyed settlements 
(table 3).

it is well seen that if we consider only the cities in the region, territories 
in risk stays the same and only percentage participation of territories at 
risk increases (table 4). this did not change the total assessment for most 
densely populated areas – it stays ‘very bad’.

total assessment and mapping of the flood risk in the main settlements 
in smolyan district is important for understanding the hazard situation. these 
data are also important for planning activities in the area and can be used 
as supplementary decision making tools (Jha et al., 2012). 

CONCLUSIONS

the distribution of settlement territories with more than 2000 inhabitants 
in smolyan district by flood risk degree shows that the largest area (about 
10% of the studied territory) is in the degree ‘very bad’. there is no risk of 
flooding on 85% of the studied territory but the overall assessment is ‘very 
bad’ - 15.4% of the area is rated at risk. the assessment for the territories 
of the towns remains the same.

assessments of the flood risk degree and urban territories mapping 
shows that this data should be used not only for ecosystem services assessment 
but also for prevention measures determination for flood control in the 
settlements. 

Acknowledgement: this research was supported by tunesinurB project (toward 
better understending of ecosystem services in urBan environments through assessment and 
mapping, eea-Fm 2009-2014).
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ОЦенКа на риСКа ОТ наВОДнения ВъВ ВръЗКа С 
еКОСиСТеМниТе УСЛУГи В ОБЛаСТ СМОЛян, БъЛГария

Ив. Ц. Маринов, Ел. Павлова-Трайкова
Институт за гората - софия
Българска академия на науките

(реЗЮМе)

Промените в годишните и сезонните валежи, които все по-
често са с интензивен характер, промените в земеползването и 
малкото по обем противоерозионни дейности са основна причина 
за повишаване на риска от наводнения в много райони на България. 
районът на смолян е един от най-засегнатите от наводнения и ерозия 
на почвата. През последните години щетите от  наводнени сгради 
и инфраструктура са значителни, като се е налагало и евакуация 
на хора. само при едно наводнение през 2016 г. щетите са в размер 
на 7,7 милиона евро. Всичко това показва нуждата от прилагане на 
ефективни подходи за оценка и анализ на риска от наводнения за да се 
вземат правилни решения за дейности, които биха намалили щетите 
в случай на наводнения в бъдеще.

В изследването е приложен метод за оценка на риска от 
наводнения в урбанизирани територии и връзката им с екосистемните 
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услуги, разработен в проект tunesinurB. оценката на риска от 
наводнения в област смолян е направена за населените места с 
повече от 2000 жители. Представени са данни за разпределението на 
площите по степен на риск. крайната оценка за цялата територия 
на тези населени места и за областта е ‘very bad’- повече от 15% от 
проучваната територия е в риск. териториите в градовете, които 
са в риск са 17% от цялата територия, а от тях 11,02% са в 
категория ‘very bad’.

Ключови думи: ерозия, риск от наводнения, урбанизирани територии
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