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Abstract. Maharloo Lake is one of the salty lakes located in the southeast of Fars
province, Iran. Presence of salt domes has a significant role in its salinity. Magnesium-
sodium chloride and sodium sulfate are dominant salts of the lake. Due to the drying up of
lake, widespread lands surrounding the area are exposed to secondary salinity. It seems
necessary to investigate the changes to find salinity level in order to predict the changes of
vegetation and its margin uses. The purpose of the study was to evaluate the spectral
indices derived from the images of Landsat8 sensors in detection of salty levels of the
Maharloo Lake. In this study, Landsat8 imagery was used to obtain salinity indicators in
the salt lake. Fourteen salinity indices have been calculated using the ENVI. The results
showed that the indices of Bl, Sl, SI1, SI2, SI3, VSSI, YSI and SR could detect the area
covered by salt crust on the lake and then, isolate and separate it from the rest of reflection
spectrum. However, MSI and NDBI indicators were unsuccessful in detection of salt crust.
NDVI and COSRI indicators used in plant detection could not detect the salt crust and just
identified the typical vegetation. Finally, 12 and NDSI indicators also partially with low
accuracy succeeded to detect some salinity areas and had no satisfactory performance.

Keywords: Maharloo Lake, Remote sensing, Salinity indicators, Landsat8, Rangeland


http://www.rangeland.ir/
mailto:matinfar44@gmail.com

J. of Range. Sci., 2016, Vol. 6, No. 4

Introduction

Much of the country renewable natural
resources may be altered with a
regressive trend due to the lack of proper
management and optimum utilization
(Ebrahimi et al., 2011; Zehtabian et al.,
2013). Vegetation cover pattern is an
important factor in rangeland
management and needs accurate mapping
and monitoring (Zaremehrjardiri, 2011).
Salinization in arid and semiarid areas is
one of the greatest hazards for rangeland.
High concentration of soluble salts on the
surface and near the soil surface horizons
is one of the major problems of global
and society economies. Salinity of soil as
an effective factor has a significant role
in the plant distributions which have
made some problems in the agricultural
activities (Jafari, 1990; Abarsaji et al.,
2012). Additional salt concentration in
the soil increases the soil degradation
processes and reduces the crop yields and
agricultural production (Farifteh et al.,
2007). Identifying the early stages of
salinity processes and also assessing the
development and severity degree of
salinity are crucial in sustainable
management of soil, especially in semi-
arid areas where the climatic conditions
suddenly change and population density
increases rapidly so that it needs to
increase productivity in agriculture and
change the land use. On average, 20
percent of the world water lands are
affected by salt and this amount in such
countries as Iran and Egypt has been
reported up to 30%. Extent of the soil
affected by salinity in Iran is estimated
between 23 to 25 million hectares, which
is affected by the primary and secondary
salinity to different degrees (Matinfar et
al., 1995). Salinity affects other aspects
such as degradation, erosion, soil and
engineering affairs. Economic losses
caused by the salinity of the lands are
significant. For example, economic losses
caused by the secondary salinity for the
surrounding lands of the Colorado River
are about 750 m $ a year and for Punjab
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and North West of Pakistan are 300 and
208 m $ per year to Australia (Ghassemi
et al., 1995; Matinfar et al., 1995).
Salinity of the surface is an active
process so that this feature affects the
extracted data from usual methods with
spectral and spatial data of this
phenomenon. Surface salinity is an active
process; this process affects the
identification of salinity soils and the
monitoring of  salinization  process
because the spectral, spatial and temporal
characteristics influence the salinity
phenomenon. Field observations and
radiometric measurements show that the
main factors affecting the reflection of
saline soils are quantity and mineralogy
of salts and soil moisture, color and
surface roughness (Farifteh et al., 2007).
Today, with advances in science, the use
of new technologies such as receiving
and processing the data via satellites and
information processing system play a
major role in the management of water
resources and soil (Daem Panah et al.,
2011). The ability of satellites in
providing an overview is a unique tool
for fast and timely monitoring of ground
resources and identification of the areas
affected by salinity (Ding et al., 2011).
Remote sensing includes identification,
collection and interpretation of data.
Investigation of salt-affected soils
with remote sensing techniques due to
specific properties of salinity such as
accumulation of salts in the soil surface
in the form of white shell with high
reflectivity and spectral characteristics of
salt mineralogy will bring the desired
results (Meternich and Zinc, 2009).
Identification of saline soils using
remotely sensed data greatly depends on
the moisture, salinity class, crusts and
saline surface spectral reflectance
contrast as compared to surface spectral
reflectance of other  phenomena.
Generally, the identification of lands with
high and moderate salinity is more
successful than the low salinity lands and
areas that are in the early stages of
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salinity (Matinfar et al., 1995). Spectral
reflection of the areas mainly depends on
the mineralogy of salt that defines the
presence or absence of the dominant
absorption spectrum in the
electromagnetic spectrum (Ding et al.,
2011). Mineralogy of salts, which
controls the spectral absorption areas

within the certain ranges of the
electromagnetic spectrum, affects the
appearance of representative

complications of soil salinity
complications such as puffy rusts and
land cover pattern. Salinity surface
indicators can be extracted directly or
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indirectly from the satellite images; direct
extraction refers to the complications that
are clearly visible at the soil surface and
indirect one refers to the presence of
halophyte vegetation or crops resistant to
salinity of soil surface (Meternich and
Zinc, 2009).

By studying the spectral properties of
salt crusts covered by soils, pure halite
cannot lead to the attraction of near
visible and thermal infrared bands
(Howari et al., 2002). Fig.1 shows the
salt ranges in the visible area, near
infrared and middle ones measured by
Spectro radiometer:
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Fig. 1. Plaster range ( CaSO4.2H20), halite (NaCl), calcium carbonate (CaCQO3), sodium bicarbonate
(NaHCO3) and sodium sulphate (Na2S04) in the visible, near infrared and middle area (0/4-2/5 nm) are
measured by (GER 3700) Spectroradiometer (Howari et al., 2002).

The most common used technique to
identify salinity is the calculation of
different indicators from infrared and
visible bands. Khan and Abbas (2007)
proposed three spectral indicators to
determine the salinity using the LISS-II
sensor that is installed on the satellite
IRS-1B. These indicators are brightness
index (BI), salinity index (SI) and
Normalized Differential Salinity Index
(NDSI). The researchers found that
among these three indicators, NDSI is
more successful in the identification and

extraction of different classes of salinity
(Dehni and Lounis, 2012). It was found
in Savojbolagh, Karj, Iran that the SI and
Bl indicators are capable to detect saline
lands (Meternich and Zinc, 2009). VSSI
and NDSI Indicators in the Oran area of
Algeria  have positive  correlation
coefficients in three periods (1987, 2002,
2009) and ETM® sensor is used to
understand the relationship between the
salinity indicators and plant for correct
interpretation of soils affected by salinity
(Dehni and Lounis, 2012). The purpose
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of this study was to evaluate the usability
of salinity indicators in severe salinities
like salty crust formed in Maharloo Salt
Lake, Fars province, Iran that should
have a safe and fast way to find out the
status of salt in the areas due to the
drying of the Lakes and inland wetlands.

Materials and Methods

Study area

Maharloo Lake is located in 48° 52" E
and 27° 29" N in Fars province, Iran
about 28 km south-east of Shiraz city
(Fig. 2). The average elevation is 1460 m
from sea and its maximum depth is 3 m.
Severe water erosions in the highlands
are quite evident due to the regional
climate, geological and lithological
structure of heights overlooking the
Maharloo Lake and torrential case heavy
rainfalls. Some studies conducted on the
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lake showed the widespread precipitation
of materials from severe erosion of the
surrounding mountains' aquifers which
may reduce the wetland depth, especially
in the West side
(http://www.earthwatchers.org). Vastness
of Maharloo Wetland is 20800 hectares
with a length of 35 km so that the
evaporation rate is high and part of its
base is covered with a layer of salt and
only in its northern and central parts,
water with very little depth (max. 50 cm)
and high salinity exists. Its vastness is
different in various seasons and is
subjected to atmospheric precipitation.
Apart from high evaporation, plaster
deposits of Sazand Sachoon and two salt
domes located in the east of the lake have
significant impacts on its immeasurable
salinity.
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Fig. 2. Locattion of study area in Iran

Topography

Maharloo Lake is formed in a syncline-
like subsidence with a northwest-
southeast trend and in a sense is one of
the large-scale Playa Lakes in the area
that the young and seismic fault of
Sarvestan passes from it
(http://www.earthwatchers.org). Salinity
compounds of the lake water are mainly
sodium chloride, magnesium chloride and
sodium sulfate and salt of the lake is used
for  petrochemical industries. High
potassium and magnesium in the brines

of the Maharloo Lake make it possible to
economically use magnesium salt as a
main product and potassium as a
byproduct.

Remote sensing of satellite images
Image of Landsat8 OLI/TIRS sensors
was taken on the sixth of May 2014" and
used in the ENVI 5 after preprocessing
(Table 1). We used the Dark Subtract
method in the software to correct the
systematic error of the sensor.

" Download from, earthexplorer.usgs.gov
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Table 1. Technical details of Landsat8 sensors (OLI-TIRS)
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Band Number Band Type Wavelength (um) Spatial Resolution (m)
1 Ultra Blue 0.433-0.543 30
2 Blue 0.450-0.515 30
3 Green 0.525-0.600 30
4 Red 0.630-0.680 30
5 NIR 0.845-0.885 30
6 SWIR1 1.560-1.660 30
7 SWIR2 2.100-2.300 30
8 Panchromatic 0.500-0.680 15
9 Cirrus 1.360-1.390 30
10 TIRS1 10.6-11.2 100
11 TIRS2 11.5-12.5 100

Calculation of indicators

ENVI was used to process the images and
calculate the indicators. After the
calculation of indicators, output images
were shown and then evaluated. Indices
and their equations are presented in Table
2.

Table 2. Salinity indices

Sampling points

In order to identify spectral reflectance of
saline crusts on lake and its surrounded
rangelands, for each band of Landsat8
sensors, 50 points from the whole surface
of the lake and surrounding rangelands
were chosen (Fig. 3).

Index Equation Definitions

References

NDBI  (TIR%-NIR3)/(TIR+NIR)
VSSl 2*G*-5*(R°+NIR)

Normalized Different Build up area Index
Vegetation Soil Salinity Index

BI SQRT((R)?+(NIR)?) Brightness Index
SI SQRT(R*NIR) Salinity Index
SR (R-NIR)/(G+NIR) Salinity Ratio

NDVI  (NIR-R)/(NIR+R)
NDSI  (R-NIR)/(R+NIR)
YSI (R-B")/(R+B)

SI1 SQRT(G*R) Salinity 1
SI2 SQRT((G)*+(R)?+(NIR)?)  Salinity 2
SI3  SQRT((G)+(R)) Salinity 3

MSI  SWIRLY/NIR

12 (NIR-
SWIRL)/(NIR+SWIR1)
(B+G)/(R+NIR)*NDVI

Index 2

COSRI

Normalized Different Vegetation Index
Normalized Different Salinity Index
Yield Salinity Index

Modified Salinity Index

Combined Spectral Response Index

Dehni and Lounis, 2012
Dehni and Lounis, 2012
Dehni and Lounis, 2012
Dehni and Lounis, 2012
Dehni and Lounis, 2012
Dehni and Lounis, 2012
Dashtakian et al., 2008
Dashtakian et al., 2008
Tajgardan et al., 2009
Tajgardan et al., 2009
Tajgardan et al., 2009
Tajgardan et al., 2009
Khaier, 2003

Fernandez-Buces et al.,
2005

2 Thermal Infrared

3 Near Infrared

4 Green

SRed

6 Square Root
"Blue

8 Shortwave Infrared
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Fig. 3. Sampling points map

These sampling points of lake were
categorized in two groups: the mean
brightness degree of total lake (MBDTL)
and the mean brightness degree of the
lake center (MBDLC). At first, the mean
of spectral reflectance of selected pixels
(sampling points) in each band for central
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part of the lake and then, the mean of
spectral reflectance of the whole lake
were calculated.

Results and Discussion

One of the natural hazards that have
always been important to mankind is the
salinity,  salt-affected  soils  and
degradation of vegetation. In recent years
with the development of science and
technology, remote sensing techniques
have been used to determine the
rangeland and salt-affected areas. Images
of Landsat8 satellite are useful to
determine the scope and identify salty
and sodium soils (Dehni and Lounis,
2012). Using false color composite
images, vegetation indices and salinity
indicators are procedures used in remote
sensing of areas affected by salinity. In
this study, the obtained images from the
indices were interpreted visually to
determine the areas affected by salinity

(Fig. 4).

{2
NDBI VSSI

YSI COSRI

NDVI SI3

MSI

Fig. 4. The images obtained from indices on the satellite image. The yellow areas in indicators of BI, Sl, SI1,

SI2, SI3, VSSI, YSI and SR are salt-affected area
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Soils with electrical conductivity (EC)
more than 2 ds/m are considered saline.
The plants that can be naturally
established in saline soils and drought
soils are called halophytes. Salinity,
aridity and grazing stress reduce nutrient
uptake by roots and eventually cause
plant death. Thus, soil salinity, soil
aridity and grazing stress can reduce
rangeland production potential (Sepehry
et al.,, 2012). Comparing the results
showed that among the calculated
indices, SI, Bl and SR indicators were
identified well with high accuracy of
85%, 79% and 75%, respectively. The
saline areas of the lake such as salt crust
were formed on the surface of the lake
and salt-affected rangelands in the
southeastern side of the lake. Success of
the indices can be linked to the amount of
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high spectral reflection in the R and NIR
bands. As shown in Fig.5, the amount of
spectral reflection of the salt crust formed
on the surface of the lake is high in these
two spectrums; on the other hand, they
are used in the index formula of all three
mentioned indices (Fig. 5). SI1, SI2 and
SI3 indicators have high abilities to
detect the salt crust formed on the surface
of the lake. In the meantime, the results
of SI2 index have most similarity to the
SI, Bl, and SR indices and detected the
salinity soils better than the SI1 and SI2
indices in the southeastern side of the
lake. In these three indices, G band has
been used in addition to R and NIR
bands. This slight difference in the results
can be the result of G band use in the
formula of the indices and calculation
kind of image.

Spectral Graph
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Fig. 5. Spectral graph of the Maharloo Lake's surfaces

VSSI and YSI indicators act well in
the detection of a salt crust formed on the
lakebed. Like indicators of SI, Bl, SR,
SI1, SI2 and SI3, they separated the salt
crust of the lake center and the salts of
the southern part of the lake well that had
different reflections due to being mixed
with water. But they weren't successful in
the determination of salinity soils formed
in the southeastern side of the lake. After
the evaluation of successful indicators,
other indices that gave different results

5

[ 7 8 9 10 11
Band Number

Mean Brightness Degree of Total Lake

Mean Brightness Degree of the Lake Center

included NDBI, 12, COSRI, NDVI and
MSI, respectively. NDBI index generally
failed in the detection of salt crust at the
lake center as well as other salt parts of
the lake. Since NIR and TIR bands are
used in NDBI formula and have the most
reflection based on Fig 5, the failure of
the index probably was related to the kind
of lake salts because the index is a made
indicator for the Oran region of Algeria
(Dehni and Lounis, 2012) and cannot be
useable for the Maharloo Lake. Index 12
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detected very low salinity irregularly in
the central part of the lake but it has been
unsuccessful in total. SWIR1 band was
used in the formula of the index. Fig.5
shows that the brightness level of the
band (SWIRL1) is much less than the other
bands. MSI index has been unsuccessful
in the detection of salinity crust of the
lake.

Two indicators of NDVI and COSRI
could not detect the saline areas and just
detected the vegetation around the lake:
the first one is used in the detection of the
vegetation and the second is a
combination of NDVI and B, G, R and
NIR bands (is used for bare soil and
vegetation).

Vegetation management is the most
important factor in saline and arid land
management (Sepehry et al., 2012).
Salinity indicators derived from remote
sensing of satellite imagery are the fastest
and most accurate methods in the
detection of salinity regions which
corresponded with the results of Yong-
Ling et al. (2010). These indicators act
based on the spectral reflection values
and brightness levels of the image pixels.
Some of these indicators provided results
that can be used in monitoring the salt
areas but others are created for certain
points and act due to the physiographic
structure of the region, humidity, salt
kind, roughness and smoothness of the
surface and color of the background soil
and are not usable in other parts. Some of
the most famous salt indicators were
examined in the study to detect the salt
crust of the Maharloo Lake, and among
them, the indicators of SI, Bl, SR, SI1,
SI2, SI3, VSSI and YSI have acted
reasonably and successfully  which
corresponded with the results reported by
Dehni and Lounis (2012) on the
application of salinity indices to map
Algeria region. By the identification of
saline area around the lake, the ability to
control and prevent the salinity
progression will be increased. When the
lake begins to dry out, saline crust on its
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surface will appear. These salts may be
transferred by wind and then, cause
secondary salinity. Salinity weather
primary or secondary will affect the
rangelands and  agricultural  land
surrounding the lake. Finally, protection,
restoration and reconstruction of natural
areas will be possible when their natural
and biological capacity is evaluated with
regard to restrictions (Chamapira and
Taghavi Goudarzi, 2011).

Literature Cited

Abarsaji, Gh. A., Mahdavi, M., Jouri, M. H.,
2012. Determination of Soil Salinity in
Frankenia hirsuta L. Habitat (Case Study: Saline
and Alkaline Rangelands of Golestan Province).
Jour. Rangeland Science, 2(2), 491-495. (In
Persian).

Chamapira, Gh., and Taghavi Ghoudarzi, S.,
2011. Geomorphological Facies Zonation,
Using GIS and RS and its Application in
Natural Resources. (Case Study: Kouhdasht
Watershed). Jour. Rangeland Science, 1(2),
143-151.

Dashtkian, K., Pakparvar, M., Abdullahi, J., 2008.
Study of preparing methods of soil salinity
maps using Landsat satellite data in the Marvast
region. lranian Jour. Range and Desert
Research, 15(2), 139-157. (In Persian).

Dehni, A., Lounis, M., 2012. Remote Sensing
Techniques for Salt Affected Soil Mapping:
Application to the Oran Region of
Algeria/Procedia Engineering, 33, 188-198.

Ding, J. L., Wu, M. CH., Tashplot, T., 2011.
Study on soil salinization information in arid
region using remote sensing technique.
Agricultural sciences in China, 10(3), 404-411.

Daem Panah, R., Haghnia, Gh. H., Alizadeh, A.,
Karimi Karooye, A., 2011. Preparing salinity
map and sodium surface soil using remote
sensing and geostatistics methods in the south
of the Mahvalat city. Jour. Soil and Water,
25(3), 498-508. (In Persian).

Ebrahimi, Z., Mirakbari, M., Kalantari, S. and
Ebrahimi, M., 2011. Presentation of the suitable
model to estimate vegetation fraction using
satellite imagery in arid region case study. Sade-
Nahrain —Tabas- Pazohesh Sazandegi, 94: 55-
65. (In Persian).

Farifteh, J., Van der Meer, F., Atzberger, C.,
Carranza, E. J. M., 2007. Quantitative analysis
of salt-affected soil reflectance spectra: A
comparison of two adaptive methods (PLSR and



Journal of Rangeland Science, 2016, Vol. 6, No. 4

ANN). Remote Sensing of Environment., 110,
59-78.

Fernandez-Buces, N., Siebe, C., Carm, S,
Palacio, J. L., 2005. Mapping soil salinity using
a combined spectral response index for bare soil
and vegetation: A case study in the former lake
Texcoco, Mexico. Jour. Arid Environments., 65,
644-667.

Ghassemi, F., Jakeman, A. J., Nix, H. A., 1995.
Stalinization of land and water resources:
human causes, extent, management and case
studies: Canberra, Australia. The Australian
National University, Wallingford, Oxon, UK:
CAB International.

Howari, F. M., Goodell, P. C., Miyamoto, S.,
2002. Spectral Properties of Salt Crusts Formed
on Saline Soils. Miya Published in Jour.
Environ. Qual., 31, 1453-1461.

Jafari, M., 1990. Salinity and its effects on soil
and plants, Publications of University Jihad,
Tehran, Iran, 374 Pp. (In Persian).

Khaier, F., 2003. Soil salinity detection using
satellite Remote Sensing M.Sc. Thesis,ITC,
Enschede, Netherlands, 23-40.

Khan, S., and Abbas. A., 2007. Remote Sensing
Based Modelling Applications in Land and
Water Management: Using remote sensing for
appraisal of irrigated soil salinity. MODSIM.
International Congress on Modelling and
Simulation. Modelling and Simulation Society
of Australia and New Zealand, December 2007.

Matinfar, H. R., Sarmadian, F., Alavi Panah, S.
K., 1995. Identification of salinity soils of
Kashan region based on digital analysis of IRS-

Matinfar and Zandieh/ 342

1D satellite data and field studies. Water and
Watershed magazine. No. 3:1-10. (In Persian).

Meternich, G. J., Zinc, A., 2009. Translators:
Aavi Panah, S. K., Matinfar, H. R., Abdul
Azimi, H., 2012. Remote sensing of soil salinity
(impact on the land management). Tehran
University Press. 526. (In Persian).

Sepehry, A., Akhzari, D., Pessarakli, M., and
Barani, H, 2012. Effect of salinity, aridity and
grazing stress on growth of different halophytic
plant species (Agropyron elongatum, Kochia
prostrata and Puccinellia distans). American-
Eurasian Jour. Agric. & Environ. Sci., 12 (10):
1411-1419.

Tajgardan, T., Ayubi, SH., Khormali, F., 2009.
Mapping soil surface salinity using remote
sensing data of ETM+ (Case study: North of
Agh Ghala, Golestan Province). Jour. Water
and Soil Conservation, 16, 1-18.

Yong-Ling Weng, Gong Peng and Zhu Zhi-Liang,
2010. A Spectral Index for Estimating Soil
Salinity in the Yellow River Delta Region of
China Using EO-1 Hyperion Data, Pedosphere.,
20(3), 378-388.

Zaremehrjardiri, M., 2011. Relationships between
Geopedological Characteristics and Vegetation
Cover: A Case Study in the Dagh-Finou
Catchment, Hormozgan Province, Iran. Jour.
Rangeland Science., 1(2), 85-94.

Zehtabian, Gh., Azarnivand, H., Ahmadi, H., and
Kalantari, S., 2013. Presentation of Suitable
Model to Estimate Vegetation Fraction Using
Satellite Images in Arid Region (Case Study:
Sadough-Yazd, Iran). Jour. Rangeland Science.
3(2),108-117. (In Persian).



J. of Range. Sci., 2016, Vol. 6, No. 4 Efficiency of ... /343

9w >lg Gilw by A cawadd oylgale (I i b sl Sl ow)
Ol Blybl a0 g o yleo 4zl o

R RVES S INCY Ve

matinfar44@gmail.com :Ssg xSl o d(Jgimme 005,55) o)yl eyl ) (55,9LiS ouSiisls ¢yl J olKitils ¢ Lostilo!
Olﬁl ‘QL‘;...J)J ‘6})3L‘i‘5 oaSiisls ‘QL‘;.M;)J oKislo ‘_L.‘b)l ‘SML;..Z)U S yis s =

VWA ANY sedl o gl
VWA YNVE oy ol

il o)l il (B gz 50 @dly (J3Is 5 slaazlyo 5l (So gl lee 4zl 000K
ez SIS 4zl o ol I Glacslas o s (pli ay (R ()T 5555 50 (Sed oS 092
0k e Gy o BLbE ol azlye ol s S 4y azgi b bl e mrses Slilses
load mite (asb Lo asld oboj)l Giegiy (5 Bas WS o )18 gl (6598 (5
51 iz ol o il e o) lge azly )0 (Sad ki (55l l55T 40 A Cewadd o lsnle (glmonizein
VF ol oolatnl (Sed azb o ol 50 (6,00 loasls (o8] cavs a5 6l A cewadd o lgals i gas

Lot ls a5 ol (lis gl 018,55 deloes 9,50 ENVE 5150 o 5 5l eslial b gy asiLi
S5y 09l LSS o Sed dlwgy b >ls 255 4 diisles SR g YSI VSSI SI3 SI2 SISl B
13 NDBI s MSI (sla yaslis Lol oS LS5 5l 3l glocinbs plo 511 o)1 5 ololiss | azl o
4y a5 Us 505 COSRI § NDVI (sl jaslis 5o, Jae 350l oy bS5 Sod diiwsy (63l s

ity badd g oS aLalid 1) (6500 digy wlel g o0 )1 QLS lulid gl 4l
SR NS Bge oS CBI L g (o D90 4 5 NDSH 512 slajat Ll plnil s 33,5 5L 1) (aLS
W (i old, o Sles g aiS L ()90 (Al



