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Abstract. This paper presents methodology for geological risk and multy-risk assessment. It is fully in accordance 
with IEC 31010:2019 and JRC recommendations and has been already applied in the practice. The methodology dem-
onstrating flexibility, adaptability and sustainability within a set of all geological hazards. It is successfully applied to 
the complex risk assessment of Primorsko municipality.
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Introduction 
Disaster risk assessment is a qualitative or quanti-
tative approach to determine the nature and extent 
of disaster risk by analyzing potential hazards and 
evaluating existing conditions of exposure and vul-
nerability that together could harm people, property, 
services, livelihoods and the environment on which 
they depend (Poljansek et al., 2019).

The terms “risk” expresses the probability of 
harmful consequences, or expected losses (deaths, 
injuries, property, livelihoods, economic activity 
disruption or environment damaged) resulting from 
interactions between natural or human-induced haz-
ards and vulnerable conditions. The first definition 
is given by Blaikie et al. (1994):

Risk = function of Hazard and Vulnerability/
Coping capacity (UNISDR, 2002; UNDP, 2004);

Risk = function of Hazard, Exposure and Vul-
nerability (Poljansek et al., 2019).

Methodology and practice application
Basic methods and methodologies about the risk 
and multi-risk assessment are developed by Unit-
ed Nations programs (UN) – ISDR, UNDP; Inter-
American Development Bank and Deutsche Ge-
sellschaft für Technische Zusammenarbeit GmbH 

(GTZ); ESPON 3.1.3 Hazards Project (2004); Joint 
Research Centre (JRC), EC. 

The complex approach (based on IADB) in-
clude: 

H = w(H1) x H1 + w(H2) x H2 + w(H3) x  
H3 + … + w(Hn) x Hn

E = w(E1) x E1 + w(E2) x E2 + w(E3) x E3 + ...  
+ w (En) x En

V = w(V1) x V1 + w(V2) x V2 + w(V3) x  
V3 + ... + w (Vn) x Vn

C = w(C1) x C1 + w(C2) x C2 + w(C3) x  
C3 + ... + w (Cn) x Cn

where H, E, V and C are the values of the Hazard, 
Exposure, Vulnerability and Capacity & Measures, 
respectively; H1, H2…E1, E2…V1, V2…C1, C2… 
refer to the scaled values of the indicators; and wi 
are the weights. A total sum of the weighting coef-
ficients must be equal to 100. 

The risk profile for the given selected area is ex-
pressed as:

R = (wH + wE + wV) – wC 
or

R = (wH + wE + wV + wRP) – wС  
(Frantsova, 2017) 
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where H, E, V, C and PR are the values of the Haz-
ard, Exposure, Vulnerability, Coping Capacity and 
Risk Perception, respectively; H1, H2… E1, E2…
V1, V2… C1, C2… refer to the scaled values of the 
indicators; and wi are the weights (Frantsova, 2017; 
Frantzova, 2019).

Multi-risk or complex risk is the total risk ob-
tained for all hazardous (disastrous) phenomena 
peculiar to certain area. The main basis of the multi-
risk concept is the assumption that most hazards are 
not hazards per se and triggered by other hazards 
(UNDP, 2004):

Multy-risk = w(vRiskfloods) + w(vRiskearthquake) + … 
+ w(vRiskn-hazard) 

n, number of relevant risks;
vi, risk levels (selected natural hazards); 
wi, weighing coefficient. 

Results 
The developed methodology is fully in line to the 
IEC 31010:2019 Risk management-Risk assess-
ment techniques and JRC-EC recommendations 
(Poljansek et al., 2019). It is successfully applied to 
the complex risk assessment of Primorsko munici-
pality1. It includes geological hazards (earthquakes 
and landslides risks) as well as related to the geolo-
gy and geomorphology risks (floods, storm surges –  
due to the sedimentation and erosion) and some 
hydro-meteorological risks due to the temperature 
variations (drought, cold waves) and storms. 

The complex assessment and results obtained 
show high practical applicability and compatibility. 
It is based on more than 70 specific indicators de-
scribing risk indicators (hazard, exposure, vulner-
ability, coping capacity, risk perception, etc.). After 
data calibration and validation, the present meth-
odology is fully compatible with set of geological 
hazard and disaster. 

The final results are presented as risk profiles 
showing risk levels by five-point scale. The risk 
level varies from very low to high depending on the 
different natural phenomena to be assessed, risk in-
dicators relevant to them as well as underlying dis-
aster risk drivers. 

To avoid uncertainty linked to the weighing co-
efficients and averaging the values, related to the 
multu-risk assessment, coefficient of 1.2 has been 
introduced, which balances the results, avoid the 
subjectivity and takes into account mutual rein-
forcement of the disaster events ongoing at the same 

1 The project “Complex research, risk assessment and analysis of 
natural hazards for the territory of Primorsko municipality” is done 
under signed agreement between CAWRI – BAS and Primorsko 
municipality (Supervisor of the project – the author).

time in the same area. The coefficient is empirically 
derived and be liable to the future research.

Complete and comprehensive results expressed 
as risk profiles are presented in the Final project’s 
report. 

One of the most important process in the risk as-
sessment requires all hazardous geological process-
es to be combined into maps (Lakov et al., 2002; 
Ivanov et al., 2017a, b, 2020; Bruchev, 2018). The 
geological phenomena having an inherent disas-
trous potential should be described via the probabil-
ity of occurrence (experienced hazards and possible 
hazards) and severity or intensity (experienced haz-
ards and possible hazards).

Many geological phenomena have characteristic 
which could be derived or/and reinforced from The 
Global Change Syndromes (described in details in 
WGBU, 1998; Frantsova, 2017), which increase 
vulnerability and reduce capacity to cope. 

The flexibility of comprehensive methodology 
allows the final result to be presented either as a risk 
matrix or risk profiles. It depends on expert judg-
ment, the tasks, issues and scientific problems that 
need to be solved.

Conclusion
According to the UNISDR (2004), the risk assess-
ment is the core of the risk management process – 
if the levels of risk are not acceptable, the process 
of risk management requires different approaches, 
methods, techniques, tools and strategies to reduce 
it, depending on the specific characteristics of a par-
ticular risk. In the prohibited area, the consequences 
to be expected are so severe that risk reduction is 
unconditional. According to these requirements the 
complex geological risks assessment is applied to 
Primorsko municipality (South Bulgarian Black Sea 
coast).
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