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Comparison of Spectral Classification Methods in Water Quality
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Abstract:Today, water quality and water pollution can be detected using remote sensing and its terrestrial
components. Remote sensing does not only provide a quick solution to detect water quality and pollution, but it
could also be low cost. Within the scope of the study, the water quality of the imranli area of the Kizilirmak
River, one of the most important water resources of the Sivas region and the Imranli dam on the river, was
investigated by spectral classification methods. Water samples were taken from various points on the river and
dam and their chemical oxygen demands were determined in the laboratory. In addition, the reflectance values
of the water samples taken by the local spectral measurements were examined in order to use as end members
for spectral classification. CHRIS Proba is used as satellite image. Match filtering (MF), spectral angle
mapping (SAM) and spectral information divergence (SID) methods have been used as the spectral
classification methods and it has been examined which method gives better results in determining water quality.
According to the results, it is understood that SAM method provides better classification accuracy than other
methods.

Keywords: CHRIS Proba, Hyperspectral remote sensing, Water quality, Spectral angle mapper, Match filtering,
Spectral information divergence.

Su Kalitesinin Siniflandirilmasinda Spektral Simiflandirma Yontemlerinin
Karsilastirilmasi

Ozet:Giiniimiizde, uzaktan algilama ve yersel bilesenleri kullanilarak su kalitesi ve su kirliliginin tespiti
yapilabilmektedir. Uzaktan algilama, su kalitesini ve kirligini tespit etmede hizli bir ¢dziim sunmakla kalmaz
ayn1 zamanda diisik maliyetli de olabilmektedir. Calisma kapsaminda Sivas bdolgesinin en Onemli su
kaynaklarindan biri olan Kizilirmak nehrinin imranl bélgesinin ve nehir iizerinde bulunan Imranli barajmin su
kalitesi spektral siniflandirma yontemleri ile incelenmistir. Nehir ve barajda gesitli noktalardan su numuneleri
almip bunlarin laboratuvarda kimyasal oksijen icerikleri tespit edilmistir. Buna ek olarak alinan su
numunelerinin yersel spektral dlgiimlerle yansitim degerlerine bakilmistir. Olgiilen yansitimlar ug iiye olarak
almip spektral smiflandirmada referans olarak kullanilmistir. Uydu goriintiisii olarak ise CHRIS Proba
kullanilmistir. Spektral siniflandirma yontemleri olarak ise eslesen filtreleme (MF), spektral ag¢1 haritalama
(SAM) ve spektral bilgi ayrimi (SID) yontemleri kullanilmis olup hangi yontemin su kalitesi tespitinde daha 1yi
sonug verdigi irdelenmistir. Sonuglara gore SAM yodnteminin diger yontemlere gore daha iyi siniflandirma
dogrulugu sagladigi anlasilmisgtir.

AnahtarKelimeler: CHRIS Proba, Asirt spektral uzaktan algilama, Su kalitesi, Spektral a¢1 haritalama, Eglesen
filtreleme, Spektral bilgi ayrimi

1. INTRODUCTION such as agriculture, mining, geology,
ecosystem, urbanization, forestry today [1].
Thanks to remote sensing and its terrestrial
components, many scientific studies can be

Remote sensing is frequently used in
environmental analysis and monitoring studies
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done quickly, effectively and at low cost. One
of the uses of remote sensing related to the
environment and ecosystem is the detection and
monitoring of water quality.

Although water and water management is a
crucial factor for sustainable development,
accessing to clean water is becoming difficult.
Urbanization, industrialization, increasing
agricultural and animal activities and better
governance of water resources along with the
global warming process have become more
important.

In this study, the effect of other water resources
in the region was also investigated. In the study
conducted at the Derbent dam located on the
Kizilirmak River, water samples were taken
from various points and tested in the laboratory
environment. The water samples were
examined for their heavy metal content. Criteria
such as pH, degree, amount of dissolved
oxygen and electrical conductivity have also
been evaluated. It has been determined that Zn
and Pb values are above the limits according to
the work done [2].

In the study performed by Tas (2006),
conducted at the Derbent dam, water samples
were taken from various points on the dam
surface and these were examined in the
laboratory environment. Factors such as
temperature, pH, dissolved oxygen,
conductivity, alkalinity, cation sequencing and
anion sequencing were investigated. When the
data are
evaluated, it is found that the dam is a suitable
environment for aquaculture [3].

physical and chemical analysis

Water pollution also could be investigated
remote sensing technology. In remote sensing,
there are many studies related to water and
water pollution. There are also many studies
that uses hyperspectral images, in situ
measurements, thermal images or geographic
information systems were used to determine
water quality in remote sensing [4, 5, 6, 7]. The
criteria examined in these studies can be
described as turbidity, amount of suspended
matter, content of chlorophyll, temperature,

amount of organic and inorganic substances [8-
19].

In situ measurements were performed with aqua
meter water quality instrument in a study
performed by Rostam et al (2017).
Temperature, pH, turbidity, chlorophyll and
dissolved oxygen values were measured by
Aqua meter. Water samples were also taken
from these points and the heavy metal content
was examined in the laboratory. In addition, the
spectral reflectance of the water samples
through the ASD Field Spec Pro 3 have been
examined. It has been investigated in which
region of the electromagnetic spectrum the
reflectance changes depending on the pollution.
Finally, laboratory studies and empirical values
were integrated using a statistical regression
model and water pollution was identified [20].

ASTER satellite image was used to determine
water quality in another study conducted by
Abdelmalik (2016). The precise estimation of
missing data in a given area in order to develop
a mathematical relationship is the main purpose
of this work. The water quality parameters
obtained from ASTER data include
temperature, turbidity, hydrogen ion
concentration, salinity, electrical conductivity,
total alkalinity, total organic carbon and ortho-
phosphorus. While the relationship between
ASTER values and water quality parameters for
mathematical model construction was given,
other sample data were used to test the obtained
model. As a result of the regression analysis
made between the constructed model and
remote sensing data, places with water pollution
were determined [21].

In this study, water pollution was investigated
by using spectral signatures obtained with
spectroradiometer measurements and
hyperspectral image. As a satellite remote
sensing data, Chris Proba hyperspectral satellite
image was preferred to use. In this context,
Turkey's longest river Kizilirmak River’s
Imranl region was selected as study area and
water samples were taken from various places
on the river. Spectroradiometer measurements
of water samples were made and the resulting
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reflectance were used as an end member in the
spectral classification Chris Proba hyperspectral
satellite image. Match Filtering (MF), Spectral
Angle Mapper (SAM) and Spectral Information
Divergence (SID) were used as spectral
classification methods. It has been researched
which classification method works best. Match
Filtering (MF), Spectral Angle Mapper (SAM)
and Spectral Information Divergence (SID)
spectral classification methods were compared
to determine the best. In order to test the
accuracy of the spectral -classifications, a
laboratory analysis of the points where the
water samples were taken and the COD
(Chemical
examined.

Oxygen Demand) values were

2. STUDY AREA

Imranl region of Kizilrmak River that is the
longest river in Turkey with 1355 km length
and Imranli dam were selected as study
area.(figure 1). Kizilirmak is one of the most
important water resources of the region and it is
frequently used in agricultural irrigation the
most important water source that fed to Imranl
dam is Kizilirmak River.

38°0'0"E 38°60°E

z
Py
H
@2
0l
@
3

3974T'0"N

A Legend
——— «» ' Places where water samples taken

Figure 1. Study Area

3. MATERIAL AND METHOD

Chris PROBA satellite image
(CHRIS_IM 140830 OC61 41 — acquisition
date: 25 March.2015) provided free of charge
by the European Space Agency for the study.
The Chris PROBA sensor provides high spatial
resolution in the near infrared and visible
regions of the electromagnetic spectrum. Chris
PROBA provides a total spatial resolution of 18
meters in a 15 * 15 km area on a total of 18
band (in mode 3) [22, 23, 24]. In order to make
the terrestrial spectral measurements, ASD
Field Spec Pro 4 device capable of recording
between 350 and 2500 nanometers was used.

Within the scope of the study, water samples
were taken from various points in the river and
dam. The reflectance values of the water
samples were measured by spectroradiometer.
These reflectance values were then re-sampled
to the Chris PROBA satellite image band
intervals in order to wuse in spectral
classification. In addition, the water samples
were taken to the laboratory and chemical
oxygen demand (COD) was investigated. Water
quality analysis, which is evaluated according
to COD values, was carried out (table 1) based
on the Water Pollution Control Regulation of
the Ministry of Environment and Urbanization
[24].

Table 1. Chemical Oxygen Demand Measurement [26].

Locations Chemical Oxygen
Demand

1 10

3 17

4 8

5 32

6 8

7 6

8 35

9 4
10 19

Radiometric and atmospheric corrections of the
Chris PROBA image was made via Beam Visat
software which was developed by Brockmann-
Consult with ESA support [27]. The geometric
correction of the image was made according to
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37th zone of the UTM projection system.
Reflectance  values obtained from the
spectroradiometer were used as end members
for the spectral classification. MF, SAM and
SID were used as spectral classification

methods.

The MF maximizes the response of the
reference end members and is a method of
suppressing the knowledge of irrelevant
reflections. [28].

The SAM is known to use an n-dimensional
angle to match the pixels with the reference
spectra, with a physically-based spectral
classification. SAM is a classification method
that allows fast mapping and calculates the

reflection spectra between image spectra [29,
30].

The SID is a classification method that reduces
each pixel spectrum as a random variable when
measuring the inconsistency of the probabilistic
behavior between two spectra [31].

4. DISCUSSIONS
CONCLUSIONS

of RESULTS and

In this study,
classification methods was tested to determine
water quality through Chris PROBA satellite
and terrestrial spectral measurement technique.
MF, SID and SAM were used as

the accuracy of spectral
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Figure 2. Result of spectral classifications. a) Result of MF b) Result of SID c¢) Result of SAM.
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Figure 3. Result of spectral classifications. a) Result of MF b) Result of SID c¢) Result of SAM.
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Figure 4. Result of spectral classifications. a) Result of MF b) Result of SID c) Result of SAM.

In the Ilaboratory, first quality water was
emerged at points 1, 2, 3, 4, 6, 7, 9 and 10
according to COD analysis. It was also revealed
that the water samples taken from points at 5
and 8 were second quality.

According to the applied spectral classification
methods, the best results are SAM, SID and MF
with the accuracy assessment of classification
methods are 80%, 75%, %65% respectively.
The spatial resolution of Chris PROBA
adaptation is 17 meters, which significantly
affects the classification accuracy. If an image
with a higher spatial resolution is used, the
classification accuracy will also increase.

According to the results, it is understood that
the quality of the water in the Imranli region of
the Kizilirmak river is generally first quality. It
is revealed that water quality of Imranli dam is
generally second quality. The reason is that the
Imranli dam is fed from other water sources and
water in the dam is in a stagnant state. It is
thought that agricultural activities and wastes
also affect water quality.
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