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ABSTRACT: The present research focuses on the changes of Urmia Lake level. For this purpose, two time
scales have been considered. The trend changes of temperature, precipitation rate and quantitative values of
climate type for the observational period from 1968 to 2011 (past scale) and from 2011 to 2100 (future scale)
have been analyzed. General Circulation Model (GCM) is considered for simulating the values of the future
meteorological components, and statistical models have been used for modeling the lake’s level in future
decades. One of the most significant results achieved for the future decades is the increase of the lake’s
temperature for around 1.5 degrees centigrade till 2100 in comparison with the long-term average of 1961 to
1990. Furthermore, the values extracted from precipitation rate and climate type of the zone also indicate a
remarkable decrease of quantitative values in the future decades. Accordingly, the climate type extracted for
the year 2100 with numeric value of around 17.75 will be entered a new phase called arid climate for the first
time in recent decades. The Lake surface area is diminished from 5650 square kilometers in 1998 to about 2005
square kilometers in 2010. According to the results achieved by statistical models and time series, if this trend

continues, the Lake level will be reduced around 3 more meters in 2100.
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INTRODUCTION

Qualitative and quantitative degradation of water
resources is one of the major challenges in the way of
sustainable development (Baghvand et al., 2010;
Nasrabadi et al., 2010a; Nasrabadi et al., 2010b;
Rowshan et al., 2007; Serbaji et al., 2012; Guinder et al.,
2012; Lietal., 2012; Siddiqui, 2011; Pei et al., 2011;
Yingetal., 2011). Features and phenomena in the earth’s
surface have been changed over time; the lakes as one
of these features and due to having a closed
environment are not considered as an exception. Due
to climatic changes such as reduced rainfall, increased
temperature and also uncontrolled use of surface water
resources in watershed areas, distinguished changes
are exposed (Sadatipour et al., 2012; Sandeep et al.,
2012; Madani etal., 2012; Mirbegheri et al., 2012; Arias
et al., 2012). Monitoring such changes should be
considered as an important issue in the national and
regional development and natural resource
management. Currently, monitoring the coastal areas
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and extraction of water at different intervals is
regarded as an infrastructural research interest due to
the significance of coastal zone management and
dynamic nature of such sensitive ecological
environments (Reveshty and Maruyama, 2010;
Nasrabadi et al., 2009; Pamer et al., 2011; Kavian et
al., 2011; Karbassi et al., 2011; Mortazavi and Sharifian,
2011; Lei etal., 2011; Hudak, 2011).

Due to the ever increasing rate of greenhouse gas
emissions, climate warming is expected to be more
intensive during the next century (Houghton et al.,
1996; Ashrafi et al., 2012; Manju et al., 2012). This
warming would very much influence natural processes
as well as human activities. In general, it is supposed
thatin low latitudes, like in Iran (25and 40° N latitude
and 44 and 63.5° east longitude), climate change would
have some negative influences on the whole society.
For example, higher temperatures will increase the
energy demand for cooling, reduce the precipitation
rate and degrade the water resources (Roshan et al.,
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2010; Roshan et al., 2011). Regarding the effect of global
warming on lakes depth and surface area fluctuation,
lots of studies have been run on simulation and
prediction of such changes all around the world
(Chelton et al.,1982; Fang et al.,1998; Cabanes et
al.,2001; Chen et al.,2002; David et al.,2002; Bouzinac
et al.,2003; Michael et al.,2009; Mooij et al.,2009;
Moernaut et al.,2010). As lakes respond directly to
climate changes, quantifying their sensitivity to
possible potentials will provide crucial information for
the assessment of water resources quality and aquatic
ecosystems in future (IPCC, 1996; Hauser etal., 1997;
Magnuson etal., 1997; Mulholland et al., 1997; Rouse
etal., 1997; Schindler, 1997; Fang et al., 1999, Komatsu
et al., 2007). Any increase in water temperature would
change hydrodynamics regime in lakes, expand the
thermal stratification period, and consequently deepen
the thermocline (e.g. Hassen et al., 1998; Blenckner et
al., 2002, Komatsu et al, 2007). Lake level drop is one of
the key problems that should be taken into
consideration in climate change impact assessments

for Urmia Lake (location map on Fig. 1). It will cause
desertification of coastal areas, erosion of sandy
beaches and destruction of harbor constructions.
Covering an approximate area of 483 thousand hectares
Urmia lake is the twentieth largest lake of the world
and at the same time one of the most unique and
invaluable global water ecosystems (Karbassi, et al.,
2010; Ahmadi et al., 2011; Ahmadzadeh Kokya et al.,
2011; Farzin et al., 2012 ). The most recent statistics
indicate that 250 thousand hectares of this lake which
has been registered in the list of Ramsar convention
on conservation of wetlands since 1975 has been
changed into salt marsh and the water level has
dropped to the minimum possible level during the past
few decades. Passing the oversaturation limit, the
salinity has also reached to 340 grams per liter which
has caused Artemia, the most significant organism in
this lake, goes toward extinction. All above-mentioned
facts indicate the gradual and of course painful death
of this great Iranian lake and a bioenvironmental
catastrophe in this zone.
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Fig. 1.Urmia Lake location (black color) and its catchment boundaries (cross filled)

70



Int. J. Environ. Res., 7(1):69-80, Winter 2013

The main objectives of this study are to derive
and analyze future climate projections over the region,
to model the lake surface fluctuation regime by linking
the observed data to current climate and finally to
model future lake behavior due to climatic projections.

MATERIALS & METHODS

Urmia Lake as the largest water body in Iranian
plateau is located between two major provinces of East
Azerbaijan and west Azerbaijan .The lake is bounded
between 37°5" -38°16" latitudes and 45°01" -
46°longitudes at 1275 m above sea level .Its surface
area ranges from 4750 to 6100 km2 and the average and
greatest depths account for 6 and 16 m, respectively
(Azari Takami, 1993). More than twenty permanent and
seasonal rivers as well as a few submarine streams and
springs feed the lake. Average salinity of the lake ranges
between 220-300 mg/lit depending upon temporal and
spatial conditions, although in recent years it has
reached up to 380 mg/lit. Due to the ecological heritage
of Urmia Lake, it is recorded as a protected habitat in
the world by the United Nations (Reveshty and
Maruyama, 2010).

——

Fig. 2. Satellite Image of Ur
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The catchment was defined as the most appropriate
spatial unit to relate hydro-climatic conditions to the
lake levels variability. The catchment delineation was
based on Hydroshed database (Fig. 1). In order to
study the fluctuations of Urmia Lake surface area, multi-
temporal Landsat Images (ETM, TM and MSS
sensors) over a 34-year period (1976 to 2010) were used
(Fig.2). Spectral specifications and spatial resolution
of each of the bands of this satellite are presented in
Tables 1 and 2.

In the present study, the coastlines extraction for
each year was done in two major steps using the ENVI
software. Firstly, geometric and radiometric corrections
as well as different filters on the selected images were
applied to make the spectral difference of objects more
clear. Secondly, supervised classification method has
been used to extract coastlines. For this purpose,
Training Areas where appointed across the lake and
more than 25Training Areas have been provided in
any of the images. All of these Areas have been
provided from the lake’s surface area. Selecting a large
number of Training Areas goes back to the nature of

L SN =

mia Lake during 1976-2010



Future Lake Level

Tablel. Landsat 7 ETM+ and Landsat % TM spectral and spatial resolution

Band N M'SpECtrEITMHTM Ground resolution(m)
and No. range(Microns) ETM+TM
1 .45t0 515 /.45 to 52 30
2 .525t0.60/ .52 to .60 30
3 .63 10 .69 /.63 t0.69 30
4 .751t0.90/ .76 to 90 30
5 155t01.75/155t01.75 30
6(L/H) 10410 125/10.5t0 124 60 /120
7 20910 2.35/2.08t0 2.35 30
Pan 52 to 90 NIl 15 Nil

Table 2. Determination of Urmia Lake coastline by the use of different satellite images

Date Satellite

Sensor

Spatial Resolution

1976
1989
1990
1998
2000
2003
2005
2007
2009
2010

Landsat

MSS
™

57m

30m
ETM

Urmia water, its depth and sediments. Such a number
allows us separate the watery part of the lake easily
from its arid and humid parts in which there is no water
regardless of the depth and muddiness of the lake’s
water. Since this study aims merely at determining
coastlines _meaning the border line where the land
meets the water_ this number of Training Areas has
been used. Upon determination of the Training Areas
based on images and their analysis, classified images
have been obtained for each of the years. These images
of high accuracy indicate the border between the lake
and the land, or in other words the coastline.

Multi-temporal images of Landsat satellite (Mss,
TM, ETM components) for a period of 34 years have
been used to examine the changes in Urmia Lake
coastline. Spectral features and precision of each
component have been given in Table 2. To determine
the coastline of Lake Urmia during a 34-year period,
supervised classification method has been used. After
required corrections such as geometric and radiometric
corrections on the images, the detection of coastline
was followed. The most important band used in this
step was the infrared band of the components, because
in this band wave limit, the volume of water of the lake
displayed significant differences with other land
phenomena.
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To use the supervised classification, the
preparation of the training area from the lake surface
has been carried out. The reflection values in these
areas have been generalized to the entire lake surface
using the software and thus, the border between the
lake and surrounding areas has been set precisely.
Finally, through the algorithm for conversion of two
vectors, the coastline limits have been drawn for
different years. To carry out the analysis of images the
ENVI software has been used.

In order to model the lake levels in relation to the
averaged climatic conditions over the catchment, the
inter-annual monthly time series of precipitation and
air temperature were used. Such data were collated
from the Climate Research Unit (CRU) dataset (\ersion
3.2; available at http://mww.cru.uea.ac.uk/cru/data/hrg/).
Future climatic conditions describing monthly mean
temperature and precipitation rate for three periods
(2030, 2050 and 2080) were extracted from the
FutureClim dataset (FCC; Jones et al., 2009) according
to two Global Climate Models (GCMs) namely the
MIROC_3-2_MEDRES (National Institute for
Environmental Studies, Japan) and MPI_ECHAMS5
(Max Planck Institute for Meteorology; Germany).
Additionally, scenarios A2, A1B and B1 from Special
Report on Emission Scenarios (SRES) were also used
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in order to account for the variability in future climate
conditions and to discuss the mitigated impacts of
global climate change on Urmia lake future levels. Based
on current and future climate projections for the three
distinct periods (2030, 2050 and 2080), an inter-annual
time series of monthly climate conditions for the period
2000-2100 was derived. Accounting for a part of
stochasticity in the projections related to monthly
climate variability, such time series also reflect the
temporal trend in future monthly climate variables over
the 21" century. The time series were built in three
major steps. Firstly, the future inter-annual trend over
the 21th century was estimated using Generalized
Linear Model (GLM). Each monthly precipitation and
temperature data was regressed against the inter-
annual variability assuming a gamma and Gaussian
distribution of the errors, respectively. Secondly, in
order to account for monthly variability in future
projections, a stochastic weather generator was
developed. The probability distribution function (PDF)
of GLM residuals for the period of CRU records (1968-
2006) was estimated. For each year of the period 2007-
2100, one value from the estimated PDF was randomly
picked up and summed to the linear trend to build a
complete time series. Finally, the overall two previous
steps were repeated ten times in order to account for a
part of variability in future climate projections.

The inter-annual variability of lake levels was modeled
dynamically using climatic conditions of the year and
lake levels of the previous year. To synthesize climatic
conditions, a Principal Component Analysis (PCA) was
applied to the annual monthly mean temperature and
precipitation data. The first three components of the
PCA (hereafter, refereed as CLIM1, CLIM2, CLIM3)
accounted for more than 70% of the total climate
variability. The components were used as predictors
in the model. The model was calibrated and validated
for the period of lake records by randomly splitting the
full dataset into two independent dataset, the first 50%
being used for the calibration and the remaining 50%
for the validation. Since the model is temporally
dynamic in terms of linking lake levels to antecedent
conditions, simulation results may depend on initial
conditions used to calibrate the model. To account for
the variability in simulations due to initial conditions,
all possible values in the calibration dataset were used
to initialize the model. The overall model calibration
and validation was repeated ten times and validation
results were averaged per year.

The model was validated over the validation period
using the coefficient of determination (R2).

RESULTS & DISCUSSION
Having determined the coastlines, area of Urmia

Lake has been calculated and the results are presented
in Table 3. In this table, the maximum extracted surface
area was 5650 square kilometer for the studying period
1998 while the minimum area has been estimated to be
2005 square kilometer for 2010. After 1998, the evidences
indicate decrease of the lake’s surface area. The trend
of this decrease has been almost fixed till 2007, but
since then the decreasing trend of the lake’s area has
become quicker, so that it has reached 2005 square
kilometer in 2010(Fig. 3). Therefore, what extracted from
the total trend of the lake’s area fluctuations indicates
a decrease of the lake’s area with a trend of r=-0.74
using the available data. The results of satellite images
processing show that most changes occurred in the
southern and eastern parts of the lake where the depth
value is smaller compared with other areas. The lowest
lake retreat occurred in the north and northwest parts.
Despite the relatively remarkable river water discharge
into the area, the small depth values have caused a
retreat in this section compared with southern parts.
During recent years especially in 2008 and 2009,
connection of Aspire and Ashk islands in the middle
part of Urmia Lake has indicated the salt area
intensification (Reveshty and Maruyama, 2010). Based
on existing data about water level, the Urmia Lake long-
term average water level in the periods 1968- 2006 is
estimated to be 1275.6 m above sea level. From 1999 to
2009 the lake water level has fallen to the long-term
average of about 4.898 meters. Overall, these changes
of water level trends agree with those measured by
other researchers, which indicate highest decreases
during the recent decade (Reveshty and Maruyama,
2010). In general, according to the long-term average
0f 1968-2006, the surface level of Urmia Lake is declining
(-0.54cm/decade; P = 0.014; r =0.30). Reducing the lake
water level will reduce lake surface area, especially in
the southern half and eastern parts of the lake where
available evidence shows to be shallower in
comparison with other parts.

Table 3. Urmia Lake’s surface area in different

time periods
Year Lake Area(Km?)
1976 5266
1989 5423
1998 5650
2000 4610
2003 4241
2005 4099
2007 3841
2009 3107
2010 2005
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Fig. 3. Coastline Fluctuations of Urmia Lake from
1976 to 2010

To show the trend of changes of the average
temperature and precipitation, two time scales of the
past and future has been taken into account. To
characterize the changes in climate components for
time scale of the past and that of future the longitudinal
data set between 1968 and 2011 and between 2012 and
2100 have been used, respectively. In an overview of
the trend of changes in average temperature between
1968 and 2011, it is indicated that in most months of
the year a significant rise has occurred in temperature,
with the highest correlation coefficient of r=0.59 for
June and the lowest one of r= 0.12 for November.
Similarly, such trend of rise in temperature displays a
significant level of annual rise (0.59UC/decade; r=0.61)
(Table 4). Due to the values of correlation coefficient
for precipitation, a complete understanding of overall
trend of changes in precipitation over the Lake is
impossible, because in majority of the months except
for May (r=0.22), June (r=0.35), December (r=0.2) and
July (r=0.27), which are either significant or close to a
significant level, the trends of changes are accidental
(Table 4). The changes of annual average of
precipitation displays a decreasing trend every decade
from 1968 to 2011(-14.83mm/decade; r=-0.21). Having
examined the climate type of Lake Urmia by the use of
De Martin method, a decreasing trend for January (r=-
0.3), May (r=-0.24), June (r=-0.36) and December (r=0.2)
and an increasing trend for July (r= 0.25) has been
observed. Despite the different monthly trend of
changes, annual average indicates a trend of changes
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in climate towards warmer and more arid climate (-1.29
IA/decade; r=-0.3) (Table 4).

It is important to know that correlation between
observed data and fluctuations of the depth of the
Lake has been calculated for precipitation(r=0.28). It
indicates the fact that the more (or less) the
precipitation, the higher (or lower) the water level is
(r=-0.67). Regarding temperature, with an increase (or
decrease) in temperature, the water level of the Lake
has been increased (or decreased). Ultimately, the
correlation coefficient between the quantitative values
of climate type and fluctuations of the depth of the
Lake has been calculated as r=0. 39. This means that
with a decrease (or increase) in quantitative values of
climate type, which is indicative of more humid (or
dryer) conditions, the level of water surface has been
increased (or decreased). Therefore, according to the
correlation coefficient calculated, the role of changes
in climate components can be considered prominentin
the fluctuations of the water level of the Lake. Using
the overall average according to two models of general
atmospheric circulation and three above mentioned
scenarios, it has been shown that as with observational
data for temperature, the increasing trend of changes
in temperature would be expected in the future. The
lowest correlation coefficient of r=0.53 in November
and the highest one for April with an r=0.93 have been
recorded. Also the increasing trend of annual
temperature at highest value (0.10 °C/decade; r=0.98)
indicates an increase in temperature of +0.88 degrees
centigrade by the year 2100 in the Lake region.
Regarding the simulated data for monthly precipitation,
it is indicated that apart from three months of May,
July and November which display an increasing trend
by 2100, in other months there is a significant and
reliable decrease in precipitation. Thus, it is expected
that the annual average of precipitation (-0.37mm/
decade; r=-0.84) decreases as 3.33mm by the year 2100.
So, the trend of change of climate of the Lake towards
warmer and more arid climate with a decrease in
precipitation and an increase in temperature will be
inevitable. With exception of two months of May
(r=0.93) and July (r=0.99), a decreasing trend for other
months is observed which indicates the shift towards
awarm and arid climate. Similarly, the output of the
annual trend of the climate shows a decrease of this
coefficient (-0.10 IA /decade; r=-0.98) as IA=-0.90 by
the year 2100. The overall average of changes in three
components of temperature, precipitation and climate
type has been investigated for six periods within the
time span from 1970 to 2090. Regarding Figs 4, 5and 6,
although the average temperature will be increased
during future periods, the trend for precipitation and
climate conditions is expected to decrease. Such pattern
indicates a shift towards a warm and arid climate type.
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Lake levels from the previous year and current
climate conditions were significantly correlated to
current levels of the Urmia Lake for the control period
(Table 5). The model was satisfactorily validated since
the correlation coefficient between simulated and
observed levels was high (R? ~ 0.73). Regarding the
three simulation scenarios, it shows that the worst
estimation of the decrease in water level as -2.70 meters
in every decade belongs to the scenario A1B. So, it is
expected that by the year 2100, the water level of the
lake would experience a decrease of -24.28 meters. On
the other hand, the best estimation indicating the least
decrease in water level belongs to scenario B1. This
scenario projects that in every decade from 2011 to
2100, in average 2.38 meters of water level will decrease,
with an expectation of -21.41 meters decrease of water
level of the Lake by the year 2100(Fig. 7). What is

indicated by three scenarios and models about the
overall changes is the decrease in the water level as -
2.25 meters in every decade beginning from 2011 to
2100. Therefore, it can be estimated that by the year
2100, 20.25 meters of the water level of the Lake will
decrease.

It is worthy to note that the decreasing process of
water level in the last decades of the 21st century is far
more than that in its first one; although the average of
decrease in water level in every decade from 2011 to
2100 is -2.25 meters, this value is-1.86 and -3.52 meters
for 2011-2020 and 2091-2100 decades, respectively.
Therefore, it is estimated that, the difference of the
water level of the Lake between the last decade of 21st
century and the first one would be around 18 meters

(Fig. 7).

Table 5. Summary of linear model

Df Deviance Resid. Df Resid.Dev F Pr(>F)
NULL 20 23593
level_mean_1 1 21.1095 19 2.4836 395.7482 1.03%-12
Axisl 1 1.3263 18 1.1573 24.8646 0.0001345
Axis2 1 0.1955 17 0.9618 3.665 0.0736251
AXxis3 1 0.1083 16 0.8535 2.0307 0.1733657
E od
=] M cru

B A8

|l -z
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T
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Fig. 7. Projected impact of climate change on Urmia lake levels from 2007 to 2100. Projected results are shown
between 5™ and 95™ percentiles resulting from two GCMs, three SRES scenarios and ten Lake Model runs
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The long-term average rainfall (1961-1990) for the
Urmia Lake is 290 mm. In the period 1998 to 2001, the
average annual precipitation fell for three consecutive
long-term averages. Accordingly, the amount of
precipitation, was about 124 mm, 121 mm and 94 mm
less than the long-term average for the year 1998, 1999
and 2000, respectively. This is referred as the starting
point for the lake level decline (Fig. 7). Anthropogenic
parameters have also accelerated the Lake level decline
and play a key role in deteriorating the status. It
certainly cannot be stated that the main reason for the
decline in lake levels is attributed to the climate change
in recent years. But the human factor as one of the
main processes, could exacerbate the lowering process
of the lake level.

CONCLUSION

In the present research, due to the significance of
lakes in natural ecosystems, the effect of climate change
on Urmia Lake’s level fluctuations has been studied.
For the purpose of this research, effects of climatic
components on Urmia Lake’s level fluctuations have
been assessed in both past and future scales. At first,
Pearson correlation coefficients have been estimated
in order to indicate relationship among the average
temperature, precipitation rate and climate type of the
study area. In the next step, GCM models have been
used for simulating climatic components effects on the
lake’s water level fluctuations. One of the most
significant results achieved for the future decades is
the increase of the lake’s temperature for around 1.5
degrees centigrade till 2100 in comparison with the
long-term average of 1961 to 1990. Furthermore, the
values extracted from precipitation rate and climate type
of the zone also indicate a remarkable decrease of
quantitative values in the future decades. Accordingly,
the climate type extracted for the year 2100 with numeric
value of around 17.75 will be entered a new phase called
arid climate for the first time in recent decades. Also
the results of this paper show that human effects and
uncontrolled exploitation of water resources has
caused the Urmia Lake water level to suffer a sharp
drop during the recent decade. Within this period the
Lake water level is dropped approximately 5 meters.
Consequently, the Lake surface area is diminished from
5650 square kilometers in 1998 to about 2005 square
kilometers in 2010. According to the results achieved
by statistical models and time series, if this trend
continues, the Lake level will be reduced around 3 more
meters in 2100. Such issue would cause adverse
environmental effects due to salt intensification within
the region. The loss of adjacent agricultural lands
because of salt transport by the winds and
consequently a remarkable economic loss will be

happened in the region. On other hand, the ever
decreasing water level would increase the amount of
saturated salt water (around 380 mg/lit at the time of
this research). Such condition would endanger the
survival of Artemia and consequently would disturb
the migratory birds’ habitat.
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