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Abstract: In this paper there are analyzed ecosystem status characteristics, pressures and impacts, risk matrix for a 

marine ecosystem . The methodology is a new tool for assessing the state of the environment 
[1], [2]

. The results are 

descriptive indicators of the analyzed ecosystems, wich were calculated by classical methods and computer applications 
[3], [4], [5], [6], [7]

. Using information about these descriptive indicators, the ecological status of the marine ecosystem was 

assessed, calculating the risk matrix 
[5], [6]

. Finally, it can observed that in the marine environment, the reconfigurations 

will have a tailor-made impact. The most affected will be the Black Sea fauna. 
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1. INTRODUCTION 

 

        The Black Sea is the expanse of water from the 

geomorphological basin called Pontic, one of the basins 

of the Tethysian tectonic complex, itself part of the 

Alpine-Himalayan orogeny, which also includes the 

mountains that border it to the north, northeast and 

south. It is located between Europe and Asia, with 

Russia, Ukraine, Romania, Bulgaria, Turkey and 

Georgia bordering on it. 

The Black Sea is, from a hydrological point of view, 

a remnant of the Sarmatian Sea and presents a number of 

unique aspects in the world: brackish waters, 

stratification between oxygenated surface waters and 

deep anoxic ones, harbors at river mouths, flora and 

fauna with many species -relics. In the area of the 

Romanian coast, the salinity drops even more, usually 

being between 7 and 12%0. 

In the Black Sea, from 100 m above the surface, 

temperature and salinity increase slowly with depth to 

about 9 ℃ and 22.2 per thousand, respectively, with the 

conventional density being greater than 14.5. Below 

1,700 m depth, the densities of the water layers are 

uniform down to the bottom and over the entire surface 

of the Black Sea basin. 

About 1,500 species of animals live in the Black 

Sea, especially invertebrates, fish, dolphins and even 

some seals in the region of Cape Caliacra. 

Maritime transport, tourism, the extraction of 

natural deposits, the discharge of water from wastewater 

treatment plants are some of the activities that negatively 

affect the Black Sea ecosystem, representing a danger to 

marine flora and fauna. An environmental risk analysis 

is necessary to avoid negative effects. 

Environmental risk analysis is a tool intended to provide 

decision makers with an objective, repeatable assessment 

of the risks posed by an important and specific issue to 

be addressed. 

 

 

2. RISK ASSESSMENT FOR THE CHOSEN 

LOCATION, BLACK SEA - PROBABILITIES OF 

OCCURRENCE, EXPOSURES, CONSEQUENCES 

AND VULNERABILITIES  

 

        The the Government's Emergency Ordinance no. 

195/2005 
[1]

 on environmental protection highlights the 

principle of prevention of strategic importance in risk 

management. It appears as a reference principle in the 

Yakahama strategy and Action Plan of 1994: "risk 

assessment is a necessary step for adopting appropriate 

and successful policies and measures regarding disaster 

reduction"
[2], [3]

. 

The main stages of risk management are hazard 

identification, qualitative and quantitative risk analysis, 

cost-benefit analysis correlated with change management 

and decision-making, hazard identification is usually the 

starting point for the risk assessment process. 

In carrying out risk analysis studies, the following 

questions are particularly important: 

- What weaknesses can appear in the management of the 

security system? 

- What's not working? 

- What are the preventive actions that can be taken to 

control the risk? 
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- What are the consequences of these actions? 

- How to use the output quantities to evaluate the recorded 

results and trends in order to determine if the company is 

doing things well, doing things the way they should be done 

and choosing its goals and targets? 

Qualitative analyzes used to identify hazards. They have 

as their main objective the establishment of the list of 

possible hazards, make it possible to rank the events in the 

order of risk and present the first step in the methodology for 

carrying out the quantitative risk analysis. 

Quantitative analyzes used to assess hazards, to decide 

how to act to eliminate or reduce risk. 
 

3. METODOLOGY 

 

The qualitative measurement of the consequences is 

carried out by categorizing them into five levels of 

severity, an internationally accepted methodology used 

in risk assessment studies. The five levels have the 

following specifications
[3], [4]

: 

1. Insignificant: for the population, insignificant 

injuries; for ecosystems, some minor adverse effects on a 

few species or parts of the ecosystem, short-term and 

reversible; socio-political, insignificant without reasons 

for concern. 

2. Minor: for the population, insignificant injuries; 

for ecosystems, some minor adverse effects on a few 

species or parts of the ecosystem, short-term and 

reversible; socio-political, effects without cause for 

concern for the community. 

3. Moderate: for the population, medical treatments 

are required; for ecosystems, temporary and reversible 

damage, on habitats and animal populations, on plants. 

Air quality is affected by compounds with long-term risk 

potential, possible harm to aquatic life, pollutants that 

require physical treatments, borderline soil 

contaminations that can be quickly remedied. Socio-

political, moderate effects of concern for the community. 

4. Major: for the population, special injuries; for 

ecosystems, death of some animals, large-scale injury, 

damage to local species and destruction of extensive 

habitats, air quality requires a "safe haven" or evacuation 

decision, soil remediation is possible through long-term 

programs; socio-political, effects with serious reasons 

for concern for the community. 

5. Catastrophic: for the population, death; 

ecosystems, toxic emissions outside the site with harmful 

effects, the death of animals in large numbers, the 

destruction of flora species, the quality of the air requires 

evacuation, the permanent contamination of the existing 

areas of the soil; socio-political, social effects with 

particularly great reasons for concern for the community. 

Anthropogenically introduced risks to the natural 

environment
[4]

: 

1. The geological substrate and relief 

2. Air quality 

3. Water pollution 

4. Soil degradation 

5. Degradation of natural habitats 

6. Risks to health, quality of life and socio-

economic activities. 

The Black Sea presents a high risk of environmental 

pollution due to maritime transport, tourism, extraction 

of natural deposits, water discharges from the 

wastewater treatment plant (Fig.1)
[5]

. 

 
Figure 1 Environmental degradation to disaster risk 

[5] 

 

The most important activity that seriously damages 

the marine habitat and water quality is the discharge of 

ballast water from ships transiting the Black Sea (Fig. 

2)
[5]

.  

 

 

 
Figure 2 Environmental risk assessment [5] 

 

This activity can introduce new species of fauna that 

can be invasive. An important measure to combat it is 

the installation of ballast water treatment systems on 

board the ship. 

The port industry also poses a very high risk to the 

Black Sea ecosystem (Fig. 3)
[6]

.  

 
Figure 3 The system’s exposure [6] 
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The only solutions to reduce this risk are those of 

the Black Sea, fines for those who pollute, the re-

technology of the equipment and machinery used and 

more laws to protect the Black Sea 
[7]

. 

 

3.1.Establishing good ecological status for the 

Black Sea 

 

The Framework Directive "Strategy for the marine 

environment" (2008/56/EC), transposed into national 

legislation by the Emergency Government Ordinance 

71/2010 on establishing the strategy for the marine 

environment, aims to achieve or maintain the good 

ecological state of the marine environment in all EU 

marine regions, including the Black Sea 
[7], [8]

.  

The Decision on the approval of the program of 

measures to achieve the good ecological status of the 

Black Sea marine region was adopted. This program 

includes 29 new measures, including the identification of 

marine plastic waste accumulation areas, the stimulation 

of environmentally friendly practices and the 

establishment and management of protected areas for 

cetaceans. 

Ecological status is the general state of the 

environment in marine waters, taking into account the 

structure, function and processes of the components of 

marine ecosystems, together with the natural 

physiographic, geographical, biological, geological and 

climatic factors, as well as the resulting physical, 

acoustic and chemical conditions especially from human 

activity carried out within or outside the area concerned. 

Good ecological status (GES)
[4]

 is the ecological 

status of marine waters, which is defined by the 

ecological diversity and dynamics of oceans and seas, 

which are clean, in good sanitary condition and 

productive, characteristics that depend on intrinsic 

factors and by a sustainable use of the marine 

environment, thus safeguarding its potential for the uses 

and activities of current and future generations. 

Qualitative factors for determining good ecological 

status are (Fig. 4
)[5]

: 

1. Biological diversity is conserved. The quality and 

number of habitats, as well as the distribution and 

abundance of species are adapted to the existing 

physiographic, geographical and climatic conditions. 

2. Non-indigenous species introduced by human 

activities are at a level that does not disrupt ecosystems. 

3. Populations of all commercially exploited fish 

and crustaceans are within biosecurity limits, showing an 

age and size distribution of the population that is 

indicative of good stock status. 

4. All elements of the marine food web, as far as 

they are known, are present in normal abundance and 

diversity and at a level that ensures the long-term 

abundance of the species and fully maintains their 

reproductive capacity. 

5. Eutrophication resulting from human activities, 

especially its negative effects such as biodiversity loss, 

ecosystem degradation, toxic algal blooms and deep 

water deoxygenation, is minimized. 

6. The integral aspect of the seabed ensures that 

ecosystem structure and functions are preserved and 

benthic ecosystems in particular are not affected. 

7. The permanent modification of hydrographic 

conditions does not harm marine ecosystems. 

8. Contaminant concentration level does not cause 

effects due to pollution. 

9. Contaminant concentrations present in fish and 

other living resources intended for human consumption 

do not exceed the limits set by Community legislation or 

other applicable rules. 

10. Properties and quantities of marine debris do 

not cause damage to the coastal and marine environment. 

11. The introduction of energy, including 

underwater sound sources, is done at a level that does 

not harm the marine environment. 

 

 
 

 

Figure 4 Water body condition assessment [5] 

 

3.2. Creation of the risk matrix for the Black Sea 

 

The qualitative measurement of the consequences is 

carried out by dividing them into five levels of severity, 

an internationally accepted methodology used in risk 

assessment studies 
[6], [7]

. The grades of the risk-

appreciation factors were given for each individual 

component, the geological substrate and relief, air 

quality, water pollution, soil degradation, degradation of 

natural habitats and risks to the human component 

(Table 1, Table 2)
[4]

. 

Table 1. The risk matrix with descriptive indicators 

[4] 

Descriptive indicators & 

GES  

Black Sea 

D1-Biodiversity/ Phytoplankton Moderate 

D1-Biodiversity / Fish Moderate 

D1-Biodiversity / Mammals and 

reptiles 
Moderate-High 

D1-Biodiversity / Marine Birds High 
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D1-Biodiversity / Predominant 

habitats 
Moderate-High 

D2-Non-native species High 

D3-Commercial fish & 

crustaceans 
High 

D7-hydrographic 

conditions/Marine food chain 
High 

D5-Eutrophication Moderate 

D6-Integrity High 

D8-Contaminants Moderate-High 

D9-Contaminants in fish & 

shellfish 
Moderate 

D10-Marine waste High 

D11-Underwater noise High 

 

Table 2. The final risk matrix [4] 

Indicator Score Risk class 

Geological 

substrate and 

relief 

10 Minor risk 

26 Higher Risk 

48 Very high risk 

84 Very high risk 

   

Air quality 

52 Very high risk 

40 Very high risk 

56 Very high risk 

154 Very high risk 

   

Water quality 

18 Medium risk 

36 Very high risk 

32 Higher Risk 

56 Very high risk 

142 Very high risk 

   

Soil degradation 

26 Higher Risk 

48 Very high risk 

56 Very high risk 

130 Very high risk 

   
Degradation of 

natural habitats 

64 Very high risk 

44 Very high risk 

32 Higher risk 

140 Very high risk 

   Health risks, 

quality of life and 

socio-economic 

activities 

52 Very high risk 

56 Very high risk 

33 Very high risk 

22 Medium risk 

163 Very high risk 

 

Using new computer applications for area of 

interest, it can be calculated the degree of exposure to 

different risk factors for each area exposed or not (Fig. 

5) 
[4]

. The Black sea basin is divided into territorial 

waters, contiguous zone, exclusive economic zone and 

using using biogeographic or environmental criteria, for 

each area we have a value from computer application 

(NEAT
+
- Nexus Environmental Assessment Tool)

[9] 

 
 

Figure 5 The exposure of areas [4] 
 

The tools of computer application are the 

implementation of software as a biodiversity assessment 

tool used to assess the environmental status of marine 

ecosystems. 

 

3.3. Results and interpretations 

 

The results obtained by combining the classic 

evaluation methods with computerized applications are: 

- data on the GES, God ecological status of each 

analyzed territorial area (Fig. 6); 

 
Figure 6 GES data 

 

- the risk matrix for different indicators which 

depend on factors like severity, magnitude score, 

impacts, probability, etc. (Fig. 6, Table 3); colors 

green, orange and yellow mean the analyzed areas are 

not exposed to damages/risks. 

 
Table 3 Risk matrix for water pollution 

Risk  Severity Score Impact  Risk 

Oil spills 2 2 2 

18-

Medium 

risk 

Waste 2 1 3 
36- Very 

high risk 

Wastewater 

discharges 
3 2 2 

32-

Higher 

risk 
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Ballast 

water 

discharges 
4 3 4 

56- Very 

high risk 

 

The areas exposed to different risks in the Black Sea 

are those delimited on the N-E of marine coast 

(Constanta- Gura Buhaz, Portita-Sfantu Gheorghe-

Sulina)
[4]

. 

 

4. CONCLUSIONS 

 

The Black Sea presents a high risk of environmental 

pollution, due to maritime transport, tourism, the 

extraction of natural deposits, water discharges from the 

wastewater treatment plant. 

This environmental risk analysis carried out is a tool 

intended to provide an objective to those who make 

decisions, the repeatable evaluation of the risks 

presented by an important and specific aspect to be 

solved. 

The most important activity, which seriously 

damages the marine habitat and water quality, is the 

discharge of ballast water from ships transiting the Black 

Sea. This activity can introduce new species of fauna 

that can be invasive. An important measure to combat it 

is the installation of ballast water treatment systems on 

board ships. 

The port activity industry also represents a very big 

risk for the Black Sea. The only solutions to reduce this 

risk are those of the Black Sea, fines for those who 

pollute, the re-technology of the equipment and 

machinery used and more laws to protect the Black Sea. 

In conclusion, all these activities represent a danger 

to the flora, fauna and popularity of the Black Sea coast 

and to prevent and minimize these effects, an 

environmental risk analysis is necessary. 
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