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Abstract Al-Hawizeh Marsh is considered a major
marsh in the south of Iraq with a longitude of 47° 32″–
47° 45″ and latitude of 31° 30″–31° 42″, length of
80 km and width of 30 km, while the depth is from
1.5 to 4 m. It has a significant impact on the ecosystem
and provides habitat for several types of living creatures.
The surface water and the agricultural lands surrounding
this marsh suffered from high level degrees of salinity.
In the last decades, radical deterioration of water quality
in this marsh happened because of the post-war-related
events and several human activities. Landsat-8 data was

used to predict and evaluate the spatial variation and
map distributions of the salinity, SO4 and CaCO3 within
Al-Hawizeh Marsh during the two seasons in the year
2017 based on the development of salinity and minerals
mathematical equations. The evaluated values for salin-
ity, SO4 and CaCO3 are found to be minimal in winter
and maximum in autumn. The values of correlation
coefficient (R2) between the real data and the equation
results for the salinity, SO4 and CaCO3 during the two
seasons are 0.95, 0.96 and 0.92, respectively.

Keywords Remote sensing .Marsh .Mathematical
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1 Introduction

Marshes being the provider of habitat for several types
of plants, animals and insects often form a transition
between the aquatic and terrestrial ecosystems. Predic-
tion of marshes water quality by developing an accurate
model and its subsequent remediation of water pollut-
ants is prerequisite for a sustainable development and
ecological balance. Presently, many environmental
problems such as pollution, frequent earthquake, tsuna-
mi, global warming, and ozone hole certainly posed
severe threat to humankind and nature (Abdul Jabbar
2010). Literature hinted that some of these environmen-
tal crises are man-made; however, the actual reasons still
need to be clarified.

A large portion of earth’s landscape is covered by
marshes so-called wetland, which is one of the most
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important habitats that support more life than any other
type of habitat. They are also essential to keep our
environment clean. Thus, proper restoration of marshes
and effective maintenance of their water quality is man-
datory for environmental sustainability and human safe-
ty in terms of health and hygiene. Marshes being ubiq-
uitous all over the Earth surface, the landscape of Iraq is
not an exception. Actually, a large part of Iraq is covered
by marshes where keeping the environmental affability
to protect the communities from harsh weather condi-
tions, supporting breeding grounds for commercially
valuable fishes and offering recreational opportunities
are significant. In the last century, there are several
critical environmental problems worldwide which have
been raised up such as environmental pollution (Chao
et al. 2007; Abdul Jabbar 2010). Controlling the
marshes water quality by detecting the presence of
heavy metals including mercury (Hg), cadmium (Cd),
arsenic (As), chromium (Cr), thallium (Th) and lead
(Pb) and subsequently remediating them are essential
requirements to preserve such habitat for sustainability.
Definitely, clean water is an essential requirement for
aquatic life and human survival (Wu et al. 2014).

Categorically, several environmentally destructive
development and human nonethical activities such as
water pollutions, inadequately discharges of sewage and
industrial waste waters, poor agricultural practices and
lack of integrated watersheds management created ma-
jor problems. Consequently, the water quality in rivers,
lakes and marshes is severely affected. These indicators
posed a serious concern to the ecosystem, water re-
sources degradation, public health risks and watersheds
especially prone to water quality problems (Azab 2012).
Therefore, the quality of surface water is rapidly deteri-
orating. This is categorized as point sources involving
the discrete flows of polluted water that enters the wa-
tersheds through a channel or pipe such as the effluent
from a sewage treatment plants. They are often associ-
ated with municipalities or industries. Conversely, the
non-point sources are usually associated with the widely
covered land usage including forest management prac-
tices, agricultural cultivation and livestock grazing.
Generally, these pollution sources enter watersheds area
through groundwater flow, overland flow or flow from
small tributaries (Wu et al. 2013).

The surface water quality of watersheds such as
marshes, lakes and reservoirs often varies depending
on natural of hydrological, biological, chemical, mor-
phological and sedimentation processes. Salinity, heavy

metals and pathogens such as parasites, bacteria and
viruses being the waste materials are most dangerous
environmental pollutants (Azab 2012; Kerekes and
Baum 2005; Mather and Koch 2011a, b; Ongley 2000;
Ustin 2004; Zacharias and Gianni 2008).

The over-exploitation, political reprisals against the
inhabitants and lack of coordinated management caused
several problems connecting the Iraqi water quality over
the past 15 years. Thus, the primary water resources in
Iraq including the marshes are contaminated, in which
the marshlands water quality is declined and appeared
very much harmful for human consumption. The repeat-
ed construction of dams due to acute water storage in
Turkey and Syria which is the major reason for water
quality deterioration in the Iraqi marshlands needs fur-
ther clarification. Besides, the domestic industrial pol-
lution and hydroelectric power generation along the
Euphrates and Tigris Rivers also declined the marshland
water quality in Iraq (Khattab and Merkel 2014; Abdul
Jabbar 2010; Nicholson and Clark 2003; Sun et al.
2014; Ustin 2004; Wu et al. 2013, 2014). Despite the
necessity, research is seldom carried out to model the
Iraqi marshlands water quality for effective remediation
of pollutants.

War-related destructive man-made events added ex-
tra impulses towards environmental crises, in which the
natural water recourses are the greatest victim. The
unforgettable Gulf War over the past three decades that
majorly deteriorated the Iraqi marsh resources and
caused irreparable environmental damage in the Arabi-
an Gulf coastal waters needs to be assessed. During Gulf
War, million tons of oil that are spilled in the Arabian
Gulf eventually affected the water quality of the rivers,
streams, lakes and marshes in Iraq (Schwarte 2003;
Ustin 2004). In addition, scantily treated sewage, poor
land use practices, industrial wastewaters discharges,
excessive use of fertilizers and a lack of integrated
watershed management are other factors that impacted
the marshland water quality in Iraq (Ustin 2004). Yet, no
comprehensive study is made to determine their influ-
ence on marshland’s water quality declination.

The water resource degradation being threatening to
the ecosystems and public health requires special atten-
tion in terms of remediation. A mathematical model
enclosing all these negative effects such as environmen-
tally destructive development, lack of information re-
garding water quality, poor public awareness and edu-
cation on the protection of water resources and rapid
deterioration of marshland water quality is far from
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being achieved (Kerekes and Baum 2005; Schwarte
2003; Sun et al. 2014; Ustin 2004; Wu et al. 2013,
2014).

With modernization and rapid industrialization, the
ever-increasing water and soil salinity appears detrimen-
tal unless overcome. For instance, salinity in the Tigris
and Euphrates Rivers near their discharge point at the
marsh ranges from 0.5 to 2 parts per thousand (PPT).
Thus, 74% of irrigated land that is suffering from certain
degree of salination needs remediation (Wu et al. 2013,
2014). In fact, salinity being the key parameter to un-
derstanding the water quality in marshland zones re-
quires accurate measurement methods. Marshland salin-
ity is a vital index for all living creatures including
vegetations, species, microorganisms, animals, birds,
insects and plants. Thus, salinity monitoring, predicting,
modelling and simulation are crucial in the evaluation of
ecological resources in Iraqi marshland zones. Marshes
are represented as important sources to prove agricul-
tural lands by water. Salinity values in the soil had an
increase with high water level and decrease with low
water level. That means the correlation coefficient be-
tween the salinity and the water level is extrusive rela-
tion (Pour and Hashim 2015; Hasaba et al. 2017).

While used GIS and remote sensing techniques as
well as geology, geomorphology and DEM to located
the lineaments of hydrocarbon prospective areas in a
part of Cauvery Basin in India (Prabaharan et al. 2017).
The merger between GIS and remote sensing data as
Sentinel-2 imagery with the soil erosion models Revised
Universal Soil Equation (RUSLE) were as powerful
tools to derive two different of NDVI layers, assess
human activity process, natural phenomena and mapped
with localized the risk of soil erosion estimation inWadi
Yalamlam- Saudi Arabia (Bahrawi 2018). The integrat-
ed model with the spatial capabilities of GIS together
with spatial and temporal capacities of remote sensing
can provide a powerful tool for management and assess-
ment of the surface water quality problems
(Ammenberg et al. 2002; Azab 2012). Landsat satellite
images and GIS are used to map, monitor, assess and
change detection of wetland dynamics of Chennai coast
in India during three periods from 1988 to 1996, 1996 to
2006 and 2006 to 2016 based on a supervised classifi-
cation method (Jacintha et al. 2019; Roy et al. 2019),
geographic information system, analytical hierarchy
process and remote sensing techniques such as Aster
level-1 Tand Landsat 8 Oil used for sustainable ground-
water management by delineate the groundwater zones

in area of central India with extreme climate conditions.
Developed OC-2 andMorel-3 algorithms and integrated
with the remote sensing data as Landsat-8 images to
estimate the concentrations of Chlorophyll-a, Kd(490)
and SST in the northwest of Persian gulf during four
seasons of 2014 (Dehmordi et al. 2018).

In this view, it was mentioned that remote sensing is
highly useful for monitoring and mapping the water
quality on the earth’s surface (Ammenberg et al. 2002;
Ustin 2004). This study depends on the integration
between optical remote sensing data using Landsat-8
(OLI/TIRS) data with the mathematical equations to
monitor, assess and map distribution the salinity, SO4

and CaCO3 in Al-Hawizeh Marsh south of Iraq during
the two seasons in 2017.

2 Methodology

This section elucidates the general steps describing the
adopted methodology of this research. The methodolo-
gy includes study area, data collection, laboratory mea-
surements and water quality parameter equations as the
details illustrated below. The output results of this meth-
odology are represented by water quality parameters as
salinity, sulphate and calcium carbonate metals obtained
from satellite images during the two seasons.

2.1 Study Area

The study area is represented by Al-Hawizeh Marsh. It
is located in the south of Iraq with a longitude of 47°
32″–47° 45″ and latitude of 31° 30″–31° 42″. It is
considered a major marsh of Iraq with a length of
80 km and width of 30 km, while the depth is from
1.5 to 4 m (Green 1993; Lowi 1995; Maltby 1994;
Nicholson and Clark 2003; Partow 2001;Al-Handal
and Hu 2015).

2.2 Data Collection

The water sampling data are collected from different
regions of Al-Hawizeh Marsh surface water during the
two seasons of 2017. The sampling stations are posi-
tioned by using GPS and numbered from HZ1-HZ30 as
illustrated in Fig. 1.
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2.3 Laboratory Measurements

The water samples had undergone chemical analyses in
the fieldwork lab to measure the water salinity and SO4

and CaCO3 levels. The laboratory results (real data)
demonstrated the status of water quality in Al-
Hawizeh Marsh during the two seasons of 2017 as
illustrated below.

2.3.1 Salinity Level

The concentrations values for salinity by the field mea-
surements during the two seasons are lowest in winter
and highest in autumn. The average salinity level during
winter and autumn season are 810 and 1865 mg/l,
respectively, as shown in Fig. 2.

2.3.2 Sulphate (SO4) Level

The SO4 concentrations are obtained from the laborato-
ry measurements during the two seasons. The average
sulphate contents during winter and autumn season are
129 and 201 mg/l, respectively, which is found to be
lowest during winter and highest during autumn as
illustrated in Fig. 3.

2.3.3 Calcium Carbonate (CaCO3) Level

The average CaCO3 concentrations obtained from the
laboratorymeasurements during the two seasons (winter
and autumn) are 89 and 165 mg/l, respectively, which is
found to be lowest during winter and highest during
autumn as presented in Fig. 4.

Fig. 1 Study area and sampling stations from satellite image
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2.4 Water Quality Parameter Equations

Water quality parameter equations are developed
for assessing, monitoring and map distribution of
the salinity, CaCO3 and SO4 based on the integra-
tion between ancillary data and satellite images
using Landsat-8 imagery. These equations are con-
sidered as a key to manage and understand water
pollution in Al-Hawizeh Marsh southern of Iraq
during the two seasons in 2017 as shown below.

2.4.1 Salinity Values Equation (SVE)

Salinity indices (SI) is based on (B6 and B11) bands of
Landsat-8 images as shown in Eq. (1). This equation
calculates the indices of the salinity in the water. B6 is a
SWIR band having wavelength range of 1.57–1.65 μm,
while B11 is a TIRS2 band having wavelength range of
11.5–12.51 μm. The output results from this equation
act as input data in salinity values equation (SVE) as
shown in Eq. (2). SVE calculates the salinity values
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Fig. 2 Salinity level in water
during the two seasons
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Fig. 3 Sulphate level in water
during the two seasons
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from Landsat-8 images based on the relationship be-
tween the output results of the salinity indices from
Landsat-8 images and the salinity values from ground
data.

SI ¼ B11−B6ð Þ
B11þ B6ð Þ ¼

TIRSð Þ2− SWIRð Þ1
TIRSð Þ2þ SWIRð Þ1 ð1Þ

SVE ¼ f � EXP g � SI½ � þ i ð2Þ

where f, g and i are constants. These constants are
dependent on the values of salinity from ground data
and indices of salinity from satellite images.

2.4.2 Minerals Values Equation (MVE)

These equations are used to calculate the sulphate (SO4)
and calcium carbonate (CaCO3) values from satellite
images depending on the correlation between the salin-
ity values from satellite images and the minerals values
from ground data. These mineral equations are divided
into two types as the following:

Sulphate (SO4) Equation This equation was used to
calculate sulphate (SO4) values from satellite images
based on the output results of salinity values equation
(SVE) from Landsat-8 images and the ground data of
SO4 as shown in Eq. (3) below.

SO4ð Þ ¼ k � f � EXP g� SVEð Þ þ i½ �n þ l ð3Þ

Calcium Carbonate (CaCO3) Equation This equation
was used to calculate calcium carbonate (CaCO3) values
from satellite images based on the output results of
salinity values equation (SVE) from Landsat-8 images
and the ground data of (CaCO3) as shown in Eq. (4)
below.

CaCO3ð Þ ¼ k� f � EXP g� SVEð Þ þ i½ �n þ l ð4Þ

where f, g, i, k and l for both of these equations are
constants. These constants are dependent on the values
of salinity from satellite images and minerals values
from ground data. All the previous four steps Eq.
(1),(2), (3) and (4) must be repeated again for each
season of this study.
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Fig. 4 Sulphate level in water
during the two seasons

Table 1 Min and max values of salinity and minerals from
satellite images during the two seasons

Seasons Salinity (mg/l) SO4 (mg/l) CaCO3 (mg/l)

Min Max Min Max Min Max

Winter 253 160,807 76 3987 56 2077

Autumn 600 3906 74 375 84 290
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3 Results and Discussion

The spatial image distributions for salinity, SO4 and
CaCO3 and values are evaluated from Landsat-8 data
based on the integrated between satellite images and
previous proposed equations. These values indicated

the status of water quality problems in Al-Hawizeh
Marsh from the satellite images during the two seasons
of 2017. Minimum and maximum values for salinity,
sulphate and calcium carbonate from satellite images
based on developed equations for salinity and minerals
during the two seasons are shown in Table 1.
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Fig. 6 Spatial distributions of salinity in Al-Hawizeh Marsh during a winter and b autumn

Water Air Soil Pollut (2020) 231: 183 Page 7 of 11 183



3.1 Salinity Level

Figure 5 show the salinity level during the two seasons
obtained by using SVE equation. The average salinity level
during winter season is 746 mg/l and in autumn season is

1956 mg/l. These are observed to be lowest during winter
and highest during autumn. This indicated a reduction of
the salinity indices in winter and rise in autumn depending
on the salinity indices in the water. The salinity indices
values are decided by the spectral signatures of Landsat-8
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Fig. 7 Sulphate level in water
during two seasons from satellite
images based on (SO4) equation

Fig. 8 Spatial distributions of SO4 in Al-Hawizeh Marsh during a winter b autumn
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Short Wave Infrared (SWIR-1) band B6 and Thermal
Infrared Sensor (TIRS-2) band B11. These bands are
considered suitable and sensitive as far as the water salinity
indices are concerned (USGS 2016). Figure 6 presents the
spatial distributions of water salinity in Al-HawizehMarsh
obtained by using SVE equation during the two seasons of
2017. These are found by the ranged between 253 and

160,807 mg/l in the winter while in autumn by ranged
between 600 and 3906 mg/l.

3.2 Determination of Sulphate (SO4)

Figure 7 presented SO4 level obtained by using mineral
equation of SO4. These results are observed to be lowest
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Fig. 10 Spatial distributions of CaCO3 in Al-Hawizeh Marsh during a winter and b autumn

Water Air Soil Pollut (2020) 231: 183 Page 9 of 11 183



during winter and highest during autumn with the average
of 121 and 202 mg/l, respectively. These are decided by
the salinity values equation (SVE). This indicated a reduc-
tion of the salinity indices inwinter and rise in autumn. The
salinity indices are decided by the spectral signatures of
Landsat-8 Short Wave Infrared (SWIR-1) band B6 and
Thermal Infrared Sensor (TIRS-2) band B11.The spatial
distributions of SO4 in Al-HawizehMarsh are obtained by
using (SO4) equation during the two seasons of year 2017.
These are found by the ranged between 76 and 3987 mg/l
in winter and between 74 and 375 mg/l in autumn as
shown in Fig. 8.

3.3 Determination of (CaCO3)

Figure 9 illustrated CaCO3 level obtained by using
mineral equation of CaCO3. These results are observed
to be lowest during winter and highest during autumn
with the average of 84 and 172 mg/l, respectively. These
are decided by the salinity values equation (SVE). This
indicated a reduction of the salinity indices in winter and
rise in autumn. The salinity indices are decided by the
spectral signatures of Landsat-8 Short Wave Infrared
(SWIR-1) band B6 and Thermal Infrared Sensor
(TIRS-2) band B11. The spatial distributions of SO4 in
Al-Hawizeh Marsh are obtained by using (SO4) equa-
tion during the two seasons of the year 2017. These are
found by the ranged between 56 and 2077mg/l in winter
and between 84 and 290 mg/l in autumn as shown in
Fig. 10.

4 Conclusion

The integration between Landsat-8 data with the salinity
and minerals equations is an important key in the cali-
bration and verification processes of salinity, SO4 and
CaCO3 results. The excellent spectral, spatial and tem-
poral capabilities of remote sensing images and the high
resolution and suitable bands are allowed in achieving
accurate spatial and temporal variations of salinity, SO4

and CaCO3 levels within Al-Hawizeh Marsh. The pro-
posed equations are able to produce results closer to
reality. The minimum and maximum salinity levels are
253–160,807 mg/l, with an average of 746 mg/l in
winter while in autumn 600–3906 mg/l, with an average
of 1956mg/l. Sulphate (SO4) ranges are between 76 and
3987 mg/l with an average of 121 mg/l in winter while
in autumn 74–375 mg/l, with an average of 202 mg/l.

CaCO3 level is 56–2077 mg/l with an average of 84 mg/
l in winter, while CaCO3 level in autumn is 84–29 mg/l,
with an average of 172 mg/l. These are observed to be
lowest during winter and highest during autumn. This
indicated a reduction of the salinity indices in winter and
rise in autumn depending on the salinity indices in the
water. The values of R2, RMSE, SE and probability
between the real data and the equation results for salinity
during the two seasons are 0.95, 89, 48 and ≥ 0.001
while 0.96, 8.7, 3.3 and ≥ 0.001for SO4 and then 0.92,
9, 4 and ≤ 0.004 for CaCO3, respectively.
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