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Abstract. The climate change and human development in lake catchments have put

1. Introduction

in to natural ecosystems [1]. The policy of Soviet
Union to increase the cotton products by implementing
considering irrigation projects, in 1950s was resulted in
drying of Aral Sea [2]. It led to decrease of 23 m in lake
level, 90% in volume, and grow of salinity from 10 g/l to
more than 100 g/l; overall, it caused negative changes
in human health, ecology, economy, and society [3].
Lake Chad is a vital source of water near Sahara
Desert, which is the largest freshwater lake of Africa
and holds a large area of wetlands with signi cant
size and ecological values [4]. Droughts have vanished
90% of the lake throughout three decades, which have
caused decreased groundwater level, disappearance
of speci c plant species, loss of wildlife populations,
increased soil erosion and loss of fertility, reduction in
rainfed, irrigated crops, etc. [5].
Lake Mead, the largest reservoir in the United
States, is a national recreation area with substantial biodiversity. Human development activities have

Lake Urmia;
Drying out;
Urban development;
Resilient city;
Wetland HSE Index
(WHSEI).

these habitats in drying conditions, e.g. Aral Sea in Asia, Lake Chad in Africa, Lake Mead
in USA, Lake Urmia in Iran, etc. These ecosystems play an important role in social,
ecological, and economic activities. Lake Urmia, recognized as an international wetland
in 1973 and located in Iran, which is the second largest hypersaline lake in the world, is
in the same state. Lake Urmia biologically and ecologically is one of the most interesting
places in the world. This lake is a habitat for various species. The lake's surface has
shrunken from 6000 km2 to 900 km2 in 2013. The statistics indicate that the population
has increased by 13% during this period, which shows that in addition to natural causes
such as climate change and global warming, human related issues like population growth
and urban development have the most important role in the lake's status. This paper
presents an innovative method for estimating the wetland HSE statues to make preventive
measures and bring an acceptable coexistence of both the lake with all its ecological and
environmental features and the urban areas as sustainable and resilient cities.
© 2016 Sharif University of Technology. All rights reserved.

The climate change and human development in lake
catchments have put these habitats in drying conditions, e.g. Aral Sea in Asia, Lake Chad in Africa, Lake
Mead in USA, Lake Urmia, etc. These ecosystems play
an important role in social, ecological, and economical
activities; also, they greatly contribute to human and
wildlife well-being by climate regulation, water supply,
water puri cation, providing nutrition, etc.
Aral sea, previously the fourth largest lake in the
world, which lay between Kazakhstan in the north and
Uzbekistan in the south, is one of human intervention
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caused considerable diverse impacts on the regional
economy and wildlife [6].
An extensive literature review was carried out
in order to nd out any kind of indices which could
indicate the status of well-being of a wetland. Spenser
et al. presented a rapid appraisal wetland condition
index in south-eastern Australia in 1998 [7]. This
index was composed of thirteen indicators related to
wetland function, but it needed a long-term monitoring
data set and also a mixture of visual estimates and
measurements to de ne these indices. Even though
this method presented some valuable results, it could
not cover the risk and social aspects. Jiang et al.
presented another index, so-called EBLE, which stands
for a multi-scale evaluation index system including
environmental quality, biology and ecology, landscape
pattern, and ecosystem management [8]. However, this
method was not also able to cover all di erent aspects
of well-being of a wetland and nearby areas.
Wetland shrinkage or disappearance has a growing trend all over the world, including Lake Urmia in
the north western of Iran. The above shortcomings
were the motivation behind the de nition of a new
index, i.e. Wetland HSE Index (WHSEI). Since this index can cover all di erent aspects of wetland functions,
including health issues, environmental conditions, and
social and economic aspects, it can be globally implemented for any wetland.

2. Case of Urmia
Lake Urmia is the second largest hypersaline lake in the
world which has active food chain. It supports green
and blue-green algae that nourish endemic brine shrimp
Artemia urmiana that has an important part in feed-

Title

Table 1. Prime geographical speci cations of Lake Urmia.
Description

Geographical coordinates
Area
Length
Width
Altitude
The average water volume
North basin
South basin
West basin
East basin

Rivers leading into the lake
Most important islands

ing Pelecanus onocrotalus, Egretta garzetta, Plegadis
falcinellus, Platalea leucorodia, Phoenicopterus ruber,
Tadorna ferruginea, Tadorna tadorna, Himantopus
himantopus, Recurvirostra avosetta, Tringa tetanus,
Larus cachinnans armenicus, Larus genei, etc. [9-11].
There are around 102 rocky Islands in the lake
which create a winter habitat for migrating water birds
to feed and breed. They are also home to endangered
mammals such as Dama mesopotamica and Ovis orientalis gmelini. The lake is also valuable in terms of
tourism and therapeutic bene t because of its salinity. Lake Urmia as an important natural asset, with
considerable cultural, economic, aesthetic, recreational,
scienti c, conservation, and ecological values, has been
declared as a Wetland of International Importance in
Ramsar Convention, and in 1976, UNESCO announced
it as a Biosphere Reserve [11-13].
Human activities and climate change have caused
divers e ects on most parameters of prime geographical
and climate speci cation of Lake Urmia (Tables 1 and
2) [14,15].
The features of wetlands contribute to human
welfare and make them vital ecosystems not only for
wildlife but also for mankind; in case of Urmia, it
provides salt production, food for animals, Artemia
harvesting, control over ground water salinity, waterbirds, therapeutically used herbs, hunting, tourism,
recreation, etc.
Urmia basin is surrounded with mountains,
foothills, and savannas which are divided between three
provinces: 51% West Azerbaijan, 39% East Azerbaijan,
and 10% Kurdistan [11,16,17].
There are more than 55 cities and 3026 villages in
Urmia catchment with around 6 million people, most
of whom are farmers and ranchers [14,17].

37 060 1500 and 38 150 1500 North and 45 000 1300 and 45 550 2000 East
5000-6000 km2
130-146 km
15-58 km
1276 m. amsl
32 million cubic meters
Aras river
Se d rod and Sirvan rivers
Zab river
Se d rod river
Zarineh rod, Simineh rod, Godar chai, Aji chai, Barandazo chai, Nazlou
chai, Shahr chai, Zola chai, So chai, Azar shahr, leilan chai, Mardogh chai,
Ghale chai, Mahabad chai, etc.
Kabodan national park, Ashk, Azro, and Espiro
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Title

Table 2. Prime climate speci cations.
Description

Basin precipitation
Average rainfall
Average annual temperature
Average humidity during the cold months
Climate

Mediterranean and some like-Mediterranean areas
317 mm
From 11 to 13 C
63%
Semi-humid, with cold winters and mild summers and semi-arid
central area

More than 76 dams on rivers leading to the lake
are collecting about 2068 million cubic meters per year
of water from the catchment for supplying water, of
which 88.9% is used for agricultural purposes [17].
The surface of Lake Urmia has been signi cantly
reduced and its depth has fallen by almost 7 meters
compared to previous years; also, the water volume has
decreased from 42 milliard cubic meters in 1995 to 22
milliard cubic meters in 2010 [10,18-20].
The present state of Lake Urmia is the result
of global climate change, evaporation, development of
non-mechanized agriculture in the Lake Catchment,
surface ow diversions, groundwater extraction, lack
of ecient water management, dams in the watershed
and also Shahid Kalantary causeway which crosses the
lake, etc.
Lake Urmia holds an estimated 8 million cubic
metric tons of salt [11]. Input eciency caused an
increase in the amount of salt in its 40 years average,
which resulted in huge salt deposits.
If the lake dryout occurs, a vast amount of salt
in form of particular matter will be released into the
region atmosphere, resulting in an ecological, agricultural, and social catastrophe. It will force many people
to abandon their villages and towns around the lake
and immense majority of the ora and fauna will be
lost permanently [13].
These changes jeopardized Lake Urmia life, which
designates that even though urban development has
aimed toward welfare of citizens, in long-term, the consequences of these actions could result in unpredictable
negative impacts.

2.1. Aftermath of Lake Urmia dry-out
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Deserti cation in National Park of Lake Urmia;
Threatened farmlands around the lake;
Loss of income security for the catchment population;
Threatened wildlife of Urmia Islands;
Loss of valuable and rare source of Artemia in
Urmia;
Decline in the number of local and migratory birds
branches;








Jeopardized tourism economy in the area of Urmia;
Disappearance of the lake's therapeutic values;
Presence of huge amount of salt on the dried lake
bed;
The potential of salt particular matter spreading all
over the region;
Decline in biological value of the lake;
Remaining saline water of the Lake, which changes
into super saturated saline water [21].

The critical condition of Lake Urmia and some
other wetlands in the world was an inspiration to introduce innovative methods for estimating the wetland
HSE status to make preventive measures to increase
resiliency and sustainability of the cities in the vicinity
of wetland catchments.

3. Wetland HSE Index (WHSEI)
The health, safety & loss, and environmental issues are
major concerns for well-being of wetlands. This paper
introduces some factors to provide certain enabling
tools for experts to monitor the situation of wetlands.
The quantitative measures of these factors will provide
decision makers with enough information to follow the
development progress in a resilient manner.
These factors can be divided in three categories
that are health, safety & loss, and environment, which
their changes can be monitored regularly (e.g., annually).

Health factors:

1. Changes in the number of people visiting the lake
for treatment and water therapy (%) Iwt ;
2. Changes in the number of patients admitted to
medical centers for respiratory diseases associated
with changes in wetland status (%) Ird ;
3. Changes in the number of patients admitted to the
medical centers for skin diseases related to changes
in wetland status (%) Isd ;
4. Changes in the number of patients admitted to
the medical centers for eye diseases associated with
changes in wetland status (%) Ied ;
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5. Changes in the number of patients admitted to
medical centers with diseases related to heavy
metals in consumed salt (%) Ihm ;
6. Changes in the number of patients admitted to
medical centers for thyroid gland diseases (%) Ied .

Safety and loss factors:

1. Changes in recreation activities revenue (%) Iinc ;
2. Changes in the cost of producing agricultural yields
(%) Iagr ;
3. Changes in tonnage of agriculture products (%) Itp ;
4. Changes in the related health care costs, such as
respiratory and skin problems (%) Ime ;
5. Changes in immigration rate as a result of changes
in wetland status (%) Iie .

Environmental factors:

1. Changes in regional climate due to humidity levels
variations of the wetland (%), Ih ;
2. Changes in regional climate due to precipitation
variations (%), Ip;
3. Changes in regional climate due to temperature
changes in wetland catchment (%), It ;
4. Changes in biodiversity (wildlife, birds, sh, vegetation, population, etc.) (%), Ibio ;
5. Changes in physical status of the wetlands (%),
ITDS ; TDS: Total Dissolved Solid;
6. Changes in chemical status of the wetlands (%)
IDO ; DO: Dissolved Oxygen;
7. Changes in wetland water pH (%), IpH ;
8. Changes in the temperature of wetland water (%),
Iwt ;
9. Changes in groundwater quality of the catchment
(according to local standards) (%), Iwq ;
10. Changes in area of land under cultivation (%), Ilc ;
11. Changes in soil quality of the catchment (%), Isq ;
12. Changes in air Quality Risk Index (%), IAQRI [22].
To evaluate Wetland HSE Index (WHSEI), the
following steps should be taken:
I. Identi cation of existing status for all de ned
factors of the wetland;
II. Setting an auditing program in order to monitor
changes of the selected factors on annual basis;
III. Executing necessary actions to keep these factors
within a satisfactory range.

3.1. Calculation of WHSEI

Result of each factor according to expert's opinions
and the regional standards de nition will be scored
within the range of: acceptable, 10 (green); moderate, 5
(yellow); and critical, 0 (red), as it is shown in Table 3.
According to Eq. (1), total scores should be
recorded. The sum of total scores should be divided
to the number of measured parameters, NF, and the
results should be multiplied by 10 (Eq. (2)) to obtain
Wetland Health, Safety & loss, and Environment Index
(WHSEI):
NF = 10NFA + 5NFM + 0NFC
X

FS = NFA + NFM + NFC

WHSEI =

P

Fs

NF

(1)

 10:

(2)

where:
NFA
Number of acceptable factors
NFM
Number of moderate factors
NFC
Number of critical factors
X
FS
The sum of factor scores
NF
Number of factors
According to results of WHSEI, the statues of the
wetland (Table 4) can be estimated.

4. Results and recommendations
Resiliency for cities in the vicinity of catchment areas
will not be achieved if bilateral e ects of human
development and lakes or well-being of wetlands are

Table 3. WHSEI evaluation table.
Code Factors Acceptable Moderate Critical
(10)
(5)
(0)
1
Iwt
2
Ird
3
Isd
..
..
.
.
21
Ilc
22
Isq
23
IAQRI
Sum of factors

NA

NM

Table 4. Index evaluation.
Score
WHSEI

Acceptable (A)
Moderate (M)
Critical (C)

75 to 100
40 to < 75
0 to < 40

NC
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not taken seriously; WHSEI can be used to make these
activities to be in accordance with sustainable and
resilient concepts.
Implementation of Wetland HSE Index can assist
decision makers and authorities in several ways including:












The general status of wetland will be determined;
Factors threatening the wetland will be identi ed by
degree of importance;
With the knowledge of WHSEI status, there will be
comprehensive information on wetland catchment
which can be used for EIA (Environmental Impact
Assessment) and other related activities for executing any development projects;
WHSEI can be used as a tool to nd the status of
each factor within three categories of A, M, and C,
which as a result will encourage the decision makers
to take the improving steps;
WHSEI can help to introduce new means for development plan on the catchment area with the least
diverse e ects on the health and environment;
Implementing WHSEI and other indices like Air
Quality Risk Index can be a tool for comparative
survey of cities' resiliency at national or international levels;
WHSEI can be implemented for any lake or wetland
around the world, which will enable the authorities
to audit the well-being of these water bodies.
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