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3- Valiela et al.
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6- Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS)

7- Environmental Failure Mode and Effect Analyses
(EFMEA)

8- Shiliang et al.

9- Prato

10- Zhang et al.
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1- Ozesmi and Bauer

2- Environmental Impact Assessment (EIA)
3- Kotze et al.

4- Environmental Risk Assessment (ERA)
5- Analytic Hierarchy Process (AHP)
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2- Saaty and Vargas
3- Saaty
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1- Multiple Criteria Decision Making (MCDM)
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1- As Low As Reasonably Practicable(ALARP)
2- High Risk

3- Medium Risk - ALARP

4- Low Risk
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Introduction

Wetland ecosystems are stable ecosystems on earth providing considerable ecosystem
characteristics. Wetland ecosystems, especially marine coastal wetlands are among the
most important and also the most vulnerable world's environmental resources. Which
has always been sensitive to the fragility of coastal areas, high population density, and
intensive human activities are faced with the threat of destruction. Although, remarkable
advances have been observed in the quantity and valuing some key ecosystem products
and the services provided by these habitats, there are still some major challenges, with
the lack of sufficient knowledge about the relationship between the changes developed in
the structure of the ecosystem and the performance of these ecosystems in providing
services being the greatest challenge. Based on this, monitoring the changes trend in
wetlands and their surrounding lands can be effective in the management of these
valuable ecosystems. Investigating the environmental risk is a suitable instrument for
evaluating and ensuring understanding of the relationships between stressor factors and
environmental effects especially in wetland ecosystems. Environmental risk assessment
is an important tool for environmental management in order to reduce the risks in the
ecosystems, and to achieve sustainable development that nowadays, in the planning and
policies of various countries, is taken into consideration. Today, multi-criteria decision-
making methods are employed in evaluating the risk in many studies. Examining the
background of applying multi-criteria decision-making methods in risk evaluation
indicates that these methods have been used in different cases either alone or together
with other methods for risk evaluation. This study aimed to identify the ranking and
assessment environmental risks threatening Khur-e-Khuran International Wetlands and
Hara Biosphere Reserve, in Hormozgan province in 2015.

Methodology

Based on the methodology, to identify and prioritize risks Delphi, AHP and TOPSIS
techniques were used to determine the risk priority number. In the first phase of this
study, to identify and screen the main criteria of project selection, Delphi method was
used. In this study, the panel of interest was determined based on a combination of
experts with different expertise and out of a sample of 20 individuals, in which experts
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with various expertise gave a score from 1 to 5 (Likert scale) to each criterion, where the
criteria whose mean scores were lower than 3, were removed. In this way, 33 criteria
were identified as the most important and considerable risk for Khur-e-Khuran
International Wetland and further proceeded to the second phase for prioritization and
analysis. In this stage, multi-criteria decision-making methods were used, in which
hierarchical analysis process was employed for prioritizing the criteria using Expert
Choice 11 software. In order to explain the risk, the concept of ALARP principle was
used. The risk evaluation indices including the impact intensity, incidence probability,
and the sensitivity of the receptive environment in environmental risk evaluation of
wetlands do not have a significant and an equal value . For this purpose, to weight the
factors effectiveness in risk level estimation and for prioritization of risk options, the
technique for order of preference by similarly to ideal solution (TOPSIS) and Excel
software were benefited from four calculations. The spectrum of scoring to each of the
indices of incidence probability, impact intensity, and the sensitivity of the receiving
environment was chosen from very low (1) to very high (9) based on hour spectrum.
Following investigation of the types and indices frequency along with the method of
score determination of these indices, three indices of risk intensity (C1), risk incidence
probability (C2), and the receiving environment sensitivity (C3), were chosen for risk
ranking using TOPSIS model. Next, after determination of risk priority number using
TOPSIS, the risk levels were calculated and evaluated using normal distribution method
for each risk. To determine the degree of risk-taking, risks are organized in a descending
order, where the elements of the number of the class and the length of the class are
determined based on Relations 1 and 2 (n is the number of risks). Therefore, the risks are
categorized based on these classes. Considering the concept of ALARP, the risks under
investigation are divided into high risks, medium risks, and low risks. In this study,
considering the number and length of classes, the studied risks were categorized in six
levels (critical, intolerable, considerable, medium, tolerable, and trivial risks).

The number of classes=1+3.3 log (n) (1)

The length of the classes= the greatest risk value - the smallest risk value/the number of
classes
)

Results and discussion

In the first step, the final indices of the wetland's environmental risk were identified and
the development of hierarchical tree and classification of the risks threatening wetlands
along with their incidence probability in two groups of natural and environmental criteria
was performed. Eventually, the final weight of criteria resulting from paired comparisons
was obtained in Expert Choice 11 to achieve the score of incidence probability of each
risk. Based on the results, among the natural, social, economic, physiochemical,
biological, and cultural criteria, drought and climate change, increasing urban and rural
development, marine transport, industrial wastewater, vegetation density reduction,
unauthorized and illegal fishing equipment were of high priority. The results obtained
from ranking the risks threatening Khur-e-Khuran International Wetlands using TOPSIS
suggest that oil pollution, unauthorized and illegal fishing equipment, persistent drought
and climate change, smuggling of fuel and Industrial wastewater are first to fifth .Also,
results showed that the respectively based on (CL"), in environmental criteria, oil
pollution (0/8819), overfishing (0/8770) and the smuggling of fuel (0/7106) and in
natural criteria, the drought and climate changes (0/7211) are top priorities and other
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risks were placed in next orders. In this study, similar to the study by Jahedmanesh
(2014) together with Jozi and Shafiei (2009) for identifying the risks, Delphi method was
used. for weighting of the environmental and natural risks and their sub-criteria, similar
to the study by Makvandi, Jozi, Rahimi Balouchi, etc. AHP method was employed. For
risk ranking through TOPSIS method, unlike Makvandi et al (2013) who used 4 indices
of ranking, here, similar to Jahedmanesh and Rahimi Baluchi and Malek Mohammadi, 3
indices were used for ranking. Overall, the results indicated that same as this research,
wetland ecosystems are subjects to many threatening factors, resulting in ecological
imbalance and abnormal appearance of the wetland, putting the wetland entity into
danger of extinction in terms of fauna and flora.

Conclusion

Nowadays, for environmental risk assessment, various methods are used, each of which
has positive and negative points given the studied environment and the conditions
governing it. Therefore, one cannot reject or approve one method with absolute certainty.
By employing novel methods in risk evaluation, the intensity of risk incidences and, in
turn, the damages and losses incurred to the environment can be prevented or at least
mitigated. The results show that pollution of water, soil and sediments and reducing their
quality such as oil and industrial pollution, widespread changes in land use in wetlands
and indiscriminate exploitation of wetland resources like the indiscriminate use of
mangrove branches, overfishing and unauthorized and illegal fishing equipment, and also
continuous droughts are the most important factors of pressure and threat to the
international wetland lagoon and Hara biosphere reserves. Documents and information
obtained in this study show that if serious actions to eliminate or reduce the pressures and
threats on theses valuable ecosystems are not taken, there will undoubtedly be extensive
changes and irreversible damages in the wetlands. In general, ecosystem-based
management is the best approach for integrating wetland science and risk assessment,
which can improve the risk assessment process in wetland ecosystems. The ecosystem
management of the wetland is implemented through the exact execution management
plan to reduce the major threats to wetlands.
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