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Fig. 1- Location of the study area
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Table 1. Quantitative value of the selected criteria in a scale of 1-3
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Table 2. Final list of environmental hazards in Alborz Province

pee S ) oo Ol b lro Cancd
Reference list of environmental hazards
Connely et al., 2004 St
Ervin., 2003 Fire
Nicholson et al., 2008 Sholu,d
Woade et al., 2011 Erosion

Se3551 s b ) Ty ks e

Nicholson et al., 2008 ) = . . -
Inappropriateness of land distribution with ecological suitability

Rodriguez-Rodriguez, Martin- 25 Sl abule Ca &l slo s 0,55 5 cblis Cos sbls 6 pdyoa]

Vega., 2012 Vulnerability in protected areas and disturbing corridors for wildlife

Regan et al., 2007 movement
Jarvis et al., 2010 2LS Lidg o5
Regan et al., 2007 Degradation of vegetation
Burgess et al., 2006

Rodriguez-Rodriguez, Martin- 2305 lge @b 10 (55laubl

Vega., 2012 Unsustainability in waste disposal

Jarvis et al., 2010

Connely et al., 2004 . .
y o 53 el 3959 el pae

Ervin., 2003 . . .
Jarvis et al., 2010 Imbalance between livestock number and grazing capacity
Wade et al., 2011 SoyokeS Cuz oS lpsamy 3l ool
Rouget et al., 2003 Agricultural land use on low potential lands

Wade et al., 2011
Connely et al., 2004
Tsianou et al., 2013

Oy sty Ol 5l gy ko il
Imbalance of industry on land

Ervin., 2003
Regan et al., 2007 2l 65 s
Wade et al., 2011 Land use change

Baral et al., 2014

Ol @lag gl © sl

Moilanen, 2012 _ - .
Vicinity with critical hotspots
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Table 3. Determination of Weighting of the criteria

L ylro (B (39
Weighing the criterias
[CIRW) Flodgumao ol sIBb Flepdy cdsy
Intensity Extension Moment Persistence Reversibility
0.224 0.219 0.168 0.187 0.202
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Table 4. Ranking of environmental hazards by TOPSIS

039 Caglgl +d _d bt S j 05l
Weight Priority Environmental hazard
0.5327 5 0.1084 0.123 Sig !

Fire
Gl
0.5738 2 0.0705  0.095 -
Erosion
0.4414 6 01055  0.083 OSSO L G A el pae
Inappropriateness of land distribution with ecological suitability
0.5620 3 0.0808  0.104 Sy >l Sar D2l Sl es w2 5 2l e Sie S8 L
Vulnerability in protected areas and disturbing corridors for wildlife movement
0.3399 8 01674  0.086 AL e e
Degradation of vegetation
Q35 olge &80 50 (5 lubL
0.3399 8 0.1674  0.086 e i
Unsustainability in waste disposal
0.4414 6 01055  0.083 Ere g2 plo 39,5 sl pae _
Imbalance between livestock number and grazing capacity
0.4090 7 01106  0.076 $5235 Saz Ol 0 sl Sl elisd
Agricultural land use on low potential lands
0.5398 4 00942 0110 Ot (3 Ol Sl Sk i
Imbalance of industry on land
0.6480 1 00734  0.35 2l S et
Land use change

0.4090 7 0.1106  0.076 ol sledglbly sl

Vicinity with critical hotspots

ooliiwl 8590 (5 )5 - Gisbgy sk S g pU -0 Jgur

Table 5. Names and codes for land use/cover categories

A oS (Gevgif 6 32)5) adub o
Code Name of category ( Landuse/cover)
1 ol sl e
Fallow lands
Farm lands
3 L ¢t
Orchards
4 2k sl e
Barren land
Rangeland
6 s
Forest
7 o by m s el bl

Urban- Rural- Industrial areas
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Fig. 2- Probability of soil erosion in Alborz Province
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Table 6. Criteria and their weights applying the AHP method
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Introduction: The comprehensive identification of hazard risks in order to protect against them is one of the
main steps in environmental management. Given the importance of environmental impact assessment in
sustainable development, the development of a comprehensive system consisting of effective indicators is vital
for the creation or exacerbation of environmental risks, on the one hand, and their monitoring, on the other.
This comprehensive system can provide categorized information for different levels of decision-making and
management. This study aims to assess the vulnerability to zoning of environmental risks by applying an
ecosystem services approach. It also aims to integrate the ecosystem services concept into environmental risk
assessment.

Materials and methods: Initially, a complete list of environmental risks was prepared by desk study, using
provincial and national documents and field studies, along with meetings with different institutions. This list
consists of all potential or active factors that can lead to risks. The prepared list of risks was reviewed by experts
in order to have their feedbacks and to finalize it. In this study, different risks, including an imbalance in
provincial development, the likelihood of water erosion and fire, land use change, and incomplete protection
of biodiversity were analyzed. AHP multi criteria decision making was applied for zoning the imbalance of
industry with ecological suitability. RUSLE was applied for soil erosion and MAXENT for fire and incomplete
protection of wildlife. To study land use/cover changes, cellular automata and the genetic algorithm were
integrated.
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Results and discussion: The results of setting priorities using the multi criteria decision making technique
revealed that some risks, including imbalance of industry on land, erosion, vegetation and land use changes,
fire and incomplete protection of wildlife are the major risks to be considered. Results show that quality of the
ecological area of Alborz Province has significantly reduced in recent years due to human factors such as the
establishment of factories, creation of various industrial zones, soil erosion and degradation, drought, depletion
of water tables, loss of accessible water resources, improper cropping patterns, population growth due to
immigration from other provinces and climate change. The results of vulnerability assessment show that a
massive pressure was exerted on sustainable use of the environment of Alborz Province by human impacts.
Alborz Province suffers from various risks for which applying environmental services, such as conservation of
soil nutrients, biodiversity and diverse vegetation of land, can be effective in their reduction.

Conclusion: Environmental risks are major threats to the degradation of resources and environmental services
in Alborz Province which should be controlled and prevented. Complete identification of pre-existing risks and
their spatial analysis can help in the development of conservation strategies for vulnerable areas.

Keywords: Multi criteria decision making, Vulnerability assessment, Zoning, Environmental hazards, Alborz
Province.
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