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Abstract. Urmia Lake located in the nortlwest of Iran, is one of the largest hyysaline lakes in the world. In recentays,

most of the Urmia Lake haseen rendered to unusable lands. Drought and rapid increase in agricultural activities are the
mostimportant reases behind the shrinkage of the lakehis kind of exploitation with the added salinity from irrigation
occurring over time has caused increased soil salinity in the basin leading up to desertification. Soil salinity research are
crucial to understand underlying causes and consequences of the drying Urmia Lake. In this study, we use remote sensin
technology and image processing techniques to detect $patpmral variability of salt body, salt affected lands, and
development of irrigated las to estimate the extend of salinization in terms of spectral response of satellite images for the
Urmia Lake Basin from 1B6 to 2016. The results of this study indicate that salt and salty soil areas has increased
dramatically from 1995 to 2014 and marehan 5000 km] of Ur mia Lakeds water s
soil bodies duringhis period Salinization and desertificatiqgrogressesire not limited to just dried bottom of the Urmia

Lake. Although the area of irrigated lands hasdased more than two times during the studied period, soil salinity has
increased in regions close to Urmia Lake. This desertification in the basin have potential to be the source of dust storms

which have adverse effecwelk on peopleds | ife and climate
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1 Introduction

Soil salinity is an environmental hazard that leads to soil degradation causing agricultural productivity loss, espeaiglly in

and semiarid regions. lhr andés case, salinity is a major agricultura
irrigation water, low rainfall, and high soil surface evaporation. Urmia Lake located in thewestlof Iran, is one of the

largest hypessaline lakes inite world (Hasanzadeh et,&012). In recent years, most of the Urmia Laksbeen rendered

to unusableDroughtand rapid increase in agricultural activities (i.e., opening up more than 80,000 wells and building more
than 50 dams) (Iran Water Resourcaridgement Company, 2016) are the most important reasons behind the shrinkage of
Urmia Lake. Additionally, impactof increase in temperature and overuse of water resoangie drying Urmia Lakevas
investigated in a recent study (Fathian et al., 20E&ploitation of the lake areawith the added salinity from irrigation
occurring over time has caused increased soil salinity in the basin leading up to desertificatiomnmental changes
causedby drying Urmia Lake may lead to spread of diseases, destruction of agricultural lands, and massive damage on
economyresulting inmass migration of local people, similar to what has happened in Aral Sea over the past decades
(zarghami, 2011; UNEP, 201&ghaKouchak et gl2015). In a study by Alesheikh et a(2007), Landsat data and a hybrid
technique including band ration and histogram thresholding were used to detect coastline changes in Urmia Lake. In anothe

study, seasonal and annual variationtJohia Lake region between 2000 and 2011 were investigated (Sima et al., 2012) by
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using remotely sensed dataesRiltsof this studyshoweda decrease of more than 1500 3wh water surface area of during

the 11-yearperiod. In a recent study, Aghakouchetkal., (2015) used Landsat data to determine coastline changes of Urmia
Lake between 1972 and 201ccording to the resultthat the area of Urmia Lake has decreased about 90% from 1972 to
2014, whichis in agreement with previous research. Kabiri et(2012) used Landsat images from 1995 to 2011 to calculate

the water surface area of Urmia Lake. Rokni et al., (2014) analyzed coastline changes of Urmia Lake using Landsat dat:
between 2000 and 2013. Hamzehpour ¢t(2014) analyzed spatial variatiaf top soil salinity using ground water SAR

and sampling data on a grid of 500 m in an area of 5000 ha close to Urmia Lake during autumn of 2009 and spring of 2010
Their results indicated inverse correlation between top soil salinity and distancdhielake. Sima and Tajrishy{2014)

used spatial interpolation methods to analyze the spatial heterogeneity and temporal changes of the physiochemice
parameters of Urmia Lake between October of 2009 and July of 28difits indicated seasonal changes okwgtiality.

Fathian et al., (2015) used three Landsat images to analyze Land use/Land cover (LULC) changes and their impacts on Lar
Surface Temperature (LST) in the east part of Urmia Lake Basin (ULB) in 1989, 2002, and 2011. Results indicated that
humanactivities and urbanization had affected the vegetation types and LST from the high temyspeaseesegetation to

the low temperaturdense vegetation during the period between Z88® and from low temperatutense vegetation to

the high temperaturdense vegetation in period between 2@021. In previous studies a lot of valuable investigations have
been conducted on Urmia Lake and its basin but there are no detailed studies in long term salinization progress an
development of irrigated lands il parts of ULB.

Soil salinity research are cruciéd understandthe underlying causes and consequences of the drying Urmia Lake.
Considering the lack of sampling data and limitations of field survey studlgsmia Lake Basin, ouaim is to use remote
sensing technology and image processing techniques to detect temporal and spatial variability of salt body, salt affectec
lands, and development of irrigated lands to estimate the extend of salinization in terms of spectral résaaeliéeo

images for the ULB.Temporal changes of differetéind cover typesncluding salt, salty soil, anwvater bodieswere
determined from 1975 to 2016. Normalized Difference Vegetation Index (NDVI), soil Salinity Index (SI) and Maximum
likelihood classification methods were used to quantify the acceleration of salinization in the Urmia Lake Basin (ULB) for

the studyperiod.

2 Study area

Urmia Lake which has a surface area ranging betwe&n 50(
45.5A) Dbetween West Azerbaijan and East Azerbaijan prov
lake of Iran and the second largest hypersaline lake in the world (Eimanifar and Mohebbi, 2007; Zarghami, 2011;
Hasanzadeh et aR012).By many aspects of chemistry, sediments, and morphology, Urmia Lake is similar to Great Salt
Lake in State of Utah in USA. The lake is divided into two parts: northern and southern parts. These parts are separated by
causeway that has a 1500 mdooridge, which allows little water exchange between two parts (Eimanifar and Mohebbi,
2007; Rezvantalab et.aP011; Sima and Tajrist2013) Its continental climate is affected by the mountains around Urmia
Lake and air temperature usually ranges t ween -20UUCCahnd wi nter arJdnialake Basn 40 |
has an annual average precipitation between 200 8@ mm. (Eimanifar and Mohebbi, 2007). The measured maximum

and minimum water surface elevation of Urmia Lake was abou8.386 m and 1270.168 m 1995June and 2014

September, respectively (Iran water resource management company, 2016).



3 Materials and Methods

Accumulation of soluble salt in the soil is defined as soil salinity. Remote sensing techniques, eithgrodinedirectly,

are being used to determine soil salinity changes. By using the direct approach, remote sensing techniques applied on terra
surface using crusts ealinity properties of soiln indirect approach, biophysical characteristics of vegetdypes that are

affected by salinity are taken into account. Soil salinity can also be identifielédisical conductivity of a solution that is
extracted from a watesaturated soil. In agricultural terms, saline soils have an electrical conduativie than 4 dS
(decismens per meter) atZAl-Khaier, 2003) Many salinity indexes are proposed for Landsat images to determine salt
affected soils Goossenand Alavi Panah, 2001; Ahaier, 2003; Abbas and Khan, 2007; Ab&Qadir and Benni, 2010;

Abbas et al.2013; Allbed and Kumar, 2012hmed and AlKhafaji, 2014; Arnous and Green, 201Bmong these the two

most widely used approaches to monitor soiinggl changes using remote sensing data Moemalized Difference
Vegetation Index (NDVI)Salinity Index (SI).

Sl=——— Q)
where,” "Oi ‘¥ 'Y CQHfe ground surface reflectance valuegrefen anded bandsrespectively.
0 0L O— (2)

where,” 0 "GINd" 'Y ‘Cafe ground surface reflectance valoéslearinfrared anded bandsrespectively.

Three Landsat frames are needed to cover Urmia Lake (maximum area of abolt i§Q®@wever, ateast eight Landsat
frames are needed to cover all parts of Urmia Lake Basin € a o f 51876 RJandsat satallite imlages s t
dated between 1975 and 2016 were used to identify the changes in land cover of Urmia Lake. The steps of disig proces
are given in Figure 1. Image ppeocessing module, which includes band combination, radiometric calibration, atmospheric
correction, and geometric correction, were used to provide geometrically accurate ground surface reflectance images. In th
nextstep, three and eight frames are mosaldkiéo output images to cover Urmia Lake and Urmia Lake Basin, respectively.
After the image mosaickingalinity Index in Eq.(1), NDVI in Eq.(2) and Maximum Likelihood Classification methods have
been applied to mutor salinization, vegetation and land cover change for ULB (Levin, 1868¢y and Mathyr2004;

Kiefer et al, 2008). In UL, Maximum Likelihood Classification methods have been applied to monitor land cover change.
Salinity Index (SI) values that ardtained using ground surface reflectance values of green and red bands range between 0
and 1. High Sl values show high saffected areas while low values indicate less-affdtcted areas (Ahmed and-Al
Khafaji, 2013). NDVI is derived from ground surfaedlectance values of Red and Infrared bands of Landsat images and it

is used to identify vegetated areas. NDVI values range betwieand 1. In the study area, values less than zero refers to
nonvegetated areas while positive values indicate vegetatets (The details are given in Table 1) (Anderson.e2@03;

Ritter, 2006;Rawashdeh, 2012JSGS, 201p

Table : NDVI ranges and land cover types

NDVI Ranges Cover Type

-1to0 Nonvegetated areas such as cloud and watel
0to 0.1 Bare soils, desetands

0.1t0 0.5 Sparse vegetation

05t01 Dense vegetatiosuch as irrigated areas
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As given in Figure 1, in the final step, salinization progress in the study area is analyzetesmabially by classification

of SI maps of Urmia Lake Basin with five classes ranging betweel @ should be noted that there is a difference between
band ranges of Landsat 5 TM and Landsat_8 OLI satellite data due to their technical nature. pla, éxargreen band

range in Landsat_5 TM is 0.520.60 micrometers while the green band range in Landsat_8 OLI is00FBmicrometers.
Therefore, it is better to compare the Sl results of each satellite data with their own instead of with otherdstelli
Landsat_5 TM images were compared to each other for the period between 1984 and 2011 while Landsat_8 OLI results fo
the period between 2013 and 2016. After investigation of salinity changes, the area of salt, salty soil, aidseedar

Urmia Lake were determined to identify desertification progress in the lake. The correlation between salinity changes and
vegetation changes is analyzed by using comparison of S| and NDVI values of randomly sampling points of different land
cover types. Theriigated areas in the Urmia Lake Basin were extracted using maximum likelihood classification method to

identify the development of irrigation in the basin.
. N » * Salinity Index (SI)
i\_.l:;?;tfu;:: r];l::i‘nu(?;;:—(’tﬂlﬁ} I_ * Normalized Difference Vegetation Index (NDVI)
~ * Maximum Likelihood Classification
Image preprocessing
1- Band combination
. " . " . * Land cover changes
Data collection 2- Radiometric calibration | Spatio-temporal analysis l_ * Area of salt affected lands
3- Atmospheric correction * Area of irrigated lands

4- Geometric correction

| Mosaic 3 frames to extract

Urmia Lake (1975-2016)

Maximum Likelihood Classification

Figure 1: Image processing steps of quantifying salt affected areas in Urmia Lake Basin

4 Results and discussion

Soil salinization due to irrigation and other intensified agricultural activities, is one of the most severe problem$iamong t
many forms of soil degradation (Akramkhanov et al., 2011). Rgmdthin population (Table 2), naturabzards such as
drought andexploitationof basin resources are becoming exhaustive. As can be seen in Table 2, urban population near UL,
nearly doubled in the last 30 years while rural population is in declining trend. The total population of Wesjakzarihi

East Azerbaijan combined has increased during recent decades, however, the point to note here is that the rural populatic
has decreased over the years while urban population has increased. As a result of this increase in population, agacultural a
has increased dramatically.

Table 2 Population (million) of both West Azerbaijan and East Azerbaijan

Year | Urban Population Rural Population Total Population
1985 25 2.5 5

1990 2.9 2.7 5.6

1995 3.3 25 5.8

2005 4.1 2.4 6.5

2010 4.5 2.3 6.8

As reported in previous studies (Abbas and Khan, 2007, AQawlir and Benni, 2010; Abbas et,&013; Allbed and
Kumar, 2013; Arnous and Green, 2015), there exist a strong contrast between normalaiffectsadt (salinized) soils in
respect to their growd surface conditions. Sadffected soils have a distinctive feature that make it easier to characterize

them; salt efflorescence that had been accumulated over the soil surface by the capillary rise of low quality water. This
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feature is prominent on topoil and easy to capture in the satellite data. Sinceaffaltted soils have high spectral

reflectance (Metternichet and Zinck, 2003), especially in the blue band of the visible window their spectral response is

higher than normal soil#\ field study wa conducted where over thousandgafund control points were recorded using

GPS while photos of these ground control points were analyzed in order to help classify satellite images in this research
5 Figure 2 shows the salinization and desertificationgoess as recorded by sample photos over the y&@ter body either

dried completely (Figre 2 (b)) or withdrawn from coastal parts to center of the lakeu¢gig (d)). Shriking water body

leaves dry, arid, saline soils/ground that increases albeddffectirey the climate of the regioimn these pictures,iffierent

land cover types such as water, salt, salty soil, and soil bodies are visibly distinguishable

10 Figure 2: Photos of land cover changes in the northwest part of Urmia Lake. (a) Urmia Lake in 2005. (b) Urmia Lake in 2012. (c)
Urmia Lake in 2005. (d) Urmia Lake in 2010.

The soil salinity affects vegetation density and crop growth, and causes desertificatios.work, the corrected satellite
images were interpreted using various interpretation keys such as shape, tone, texture, location, and the association. Tl
increased brightness that is easily detectable from the visible part of the spectrum wasdictgar of the salt present in

15 the soil. Hence, the presence of salt showed higher spectral signals than that of other land features.
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Figure 3: Spectral profile of salt, salty soil, soil and water bodies in Landsat_5 TM for 201August.

An example ofspectral profile of salt, salty soil, soil, and water bodies (one pixel from each body) of Landsat 5 TM for
2011- August is given in Figre 3. It should be noted that these pixels were selected by using ground control points. Spectral
profile of differentmaterials can be used to distinguish their spectral characteristics and separate them from each other.
According to the figure, the spectral reflectance values of salt and salty soil bodies are much higher than the sdilebody in
blue (band 1), green (bd 2), red (band 3), and NIR (band 4) bands. The spectral reflectance value of water body is lower
than other land cover types. Therefore, bands blue, green, red, and NIR can be used to identify soil salinity chariges, and sz

affected lands.
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Figure 4: Salinization and desertification progress in Urmia Lake (Classifications are shown for 1995, 2014, and 2016 August.)
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Figure 4 presents progress of desertificatiwer Urmia Lake from 1975 to 2016. White, magenta, blue, and brown colors
indicate salt, s& soil, water and soil bodies, respectivelfne results of this study indicate that salt and salty soil areas has
from 1995 2014
or salty soil bodiesluring this periodThe minimum water surface area was estimated for 2014 with a total value of 586 km

increased dramatically t o and more than

whereas maximum water surface area was determined for 1995 with a total area of 598Rekmater surface area has
increased to 1490 khand salt body has decreased about 348k2016.
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Figure 5: Land cover changes trend in Summer seaons years from 1975 to 2016

The trend of land cover changes in summer time of the study period is givenune &igAccording to this figure, the
decrease trend in water surface area and the increase trend in salt and salty soil bodies are considerable after 1995. Wa
surface area has decreased 32% in 2006 and further up to 90% in 2014 compared to 1995. Insadtditiah salty soil

areas have increased dramatically between the same periods. Although, the water surface area has increased after 20
water surface areaf the lake has decreased total of 66% from 1995 to 2016.

Salinization and desertificatioprogresesare not limited to just dried bottom of the Urmia Lake. Soil Salinity Index (SI)
maps of Urmia Lake Basin derived from Landsat satellite images between 1984 and 20i66(FiyFigure 8) indicate
considerable increase of soil salinity and sdfected lands, especially in the Eastern and Southern parts of Urmia Lake
Basin. Some examples of salinization and desertification progress in Urmia Lake Basin (SI maps) from20d®4ae

given in Figure 6 and Figuré. Green and red colors indicategree of salt affectddnds, green being less and red being

more salt affected. Fig.6 indicates SI changesvddrirom Landsat_5 TM while Figuigindicates Sl changes derived from
Landsat_80LI. According to Figure7, salinization decreased during 20d@mnpared to 2014 due to increase in the water
surface area of Urmia Lake and better climate condition, however, in total the area of high salt affected lands ohsalt body
increased during recent years.

Table 3 shows the Sl classification statistiosnfr1984 to 2016. The Sl values were classified in five classes ranging

between G 1. Lower values indicate less salt affected area while higher values mean more salt affected areas. Irrigated lands
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normally have less Sl values ranging 0.2, and very fghly salt affected lands or salt bodies have values in between 0.8

1. As it can be seen from the Table 3, the area of highly salt affected lands has increased from 1990 to 2016 (from 0.8% f«
3.9%). On the other hand, by increasing the area of irrigatetk) the area of first Sl classQ@®) has increased too. Soil
salinity has increased significantly in all parts of Urmia Lake Basin in 2006 when 32% of water surface area of Urmia Lake
dried up compared to that of the Urmia Lake in 1995. Evaporatistnosgly dependent on temperature. Therefore, increase

in temperature has increased the evaporation too and in turn evaporation caused an increase in soil salinity.

15

Table 3 The area of each Soil Salinity Index class and water surface area of Urmia Lak®m 1984 to 2016

Year | Range (80.2)(%) | Range (0.20.4)(%) | Range (0.9.6)(%) | Range (0.6).8)(%) | Range (0.81) (%) Urmia Lake(%)
1984 10.6 54.8 235 13 0.5 9.3
1990 18 56.4 15.3 0.7 0.1 9.5
2000 9.1 63.2 17.1 15 0.4 8.7
2006 5 37.3 44.6 4.7 0.8 7.6
2011 18.2 57.8 15 2.6 14 5
2013 155 66.6 10.3 2.1 2 35
2014 14.1 68.5 12.6 0.6 3.1 1.1
2016 19.6 60.6 12 1.7 2.2 3.9

Figure 6: Water body and Salinity changes in Urmia Lake throughout the years of 19902011
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Figure 8: Inverse correlation between water surface area and area of high salt affected lands

5 Figure8 shows the inverse correlation between shrinking Urmia Lake and increasing area of very high Sl values ranging 0.8
1 from 1984 to 2016Even though the area of irrigated lands has increased during the recent years, soil salinity has also
increased in aggultural lands located in the regions close to Urmia Lake. Soil salinity affects biomass production in both
arable and irrigated lands. The NDVI and Sl values of about 250 sample pixels from different land cover types such as
arable, irrigated and urbamards were randomly selected to quantify the correlation between soil salinity changes and

10 biomass production. The locations of these randomly selected sample pixels can be sega%n Fig
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Figure 9: Distribution of randomly selected sample pixels tindicate correlation between Sl and NDVI changes in 2006

The correlation between S| and NDVI values of selected sample pixels in 2006 are givearé@ilBigAccording to this
figure, there is an inverse correlation betweenr®l MDVI changesNDVI values hadlecreasedvhile Soil Salinity Index
values increased. Therefore, it can be said that salinization affects the biomass production in all land cover types of Urmie

Lake Basin
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Figure 10: Inverse correlation between S| and NDVI values of randomly sample pixels in 2006

It is expected to observe a decrease in the size of agricultural areas, especially in the surrounding area of the lake, howeve
real life applications show agriculturakeas and activities growing rapidly still after all these years.

Figure1ll shows example maps of NDVI changes during studied period. The irrigated lands has increased in all parts of the
Urmia Lake Basin. Maximum likelihood supervised classification mettasl applied to quantify the area of irrigated lands

in Urmia Lake Basin. In order to obtain detailed information about irrigation progress in the Urmia Lake Basin, basin is

divided into three parts and the area of irrigated lands is calculated for westghrern, and eastern parts, independently.
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Figure 11: Water body and NDVI changes in Urmia Lake throughout the years of 1990 2011

The results of classification of Urmia Lake Basin to extract irrigation progress in Urmia Lake Basin from 2984 tare

5 given in Table 4. The irrigated lands has rapidly increased in all parts of Urmia Lake Basin during recent years especially
after 2000. The minimum and maximum area of irrigated lands were about 2637 and 552&skettively, in 1990 and
2011. hcrease in the area of irrigated lands is doubled between-1B®0L. The cultivation area where is dams are being
using, was about 1700 Krin 2011 (ran Water Resource Management Company, 2016). Therefore, wells and surface water
resources irrigated abb3800 knd of remaining irrigated lands. The area of irrigated lands has decreased after 2013 about
10 1000 kn3.
Table 4: Area of Irrigated Lands in Urmia Lake Basin
Year | Area of Irrigated lands il Area of Irrigated lands i Area of Irrigated lands i Total Area of Irrigated
West Part of ULB (K | SouthPart of ULB (Kn?) East Part of ULB (Krf) | Lands in ULB (Kn%)

1984 | 767 961 1127 2855

1990 | 653 944 1040 2637

2000 | 1026 1628 1654 4308

2006 | 922 1635 1486 4043

2011 | 1335 2295 1895 5525

2013 | 1317 2126 1963 5406

2014 | 1143 1811 1687 4641

2016 | 1145 1850 1550 4545
The database dflinistry of Agricultureof Iran was used to verify the results obtained in relation to changes in the area of
irrigated lands in this study. Rige12 indicates the total areaiafigated lands of both West Azerbaijan and East Azerbaijan

15 provinces from 2003 to 2014. Even though the area of Urmia Lake Basin is not equal to the area of West Azerbaijan and

East Azerbaijan provinces combined, about 90% of the Urmia Lake Basin isddnahese provinces. Therefore, most of

the irrigated lands existing in these two provinces are located in Urmia Lake Basin because of this. Accordimg 1@ Fig
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