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Su Kirliliginde Uzaktan Algilama

~Sucul ekosistemlerde su kalitesi parametrelerinin izlenmesi (klorofil-a,
bulaniklik, toplam kati madde, renkli cozinmus organik maddeler)

~Endustriyel desarjlarin izlenmesi

~Petrol sizintilarini izlenmesi

> Termik santral ve yakma tesislerinin sogutma suyu kaynakl termal
irliligin tespiti

Istilaci tiirlerin izlenmesi
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Integration of remote sensing data and GIS technologies in river
management system
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Fig.3 Application of remote sensing in river management system
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Su Kalitesi Izleme ve Degerlendirmede Kullanilan Sensé

TABLE 3 Characteristics of sensors commonly applied for water quality assessments and monitoring.

Satellite

sensor

Spatial
resolution

Temporal
resolution

Number of
bands

Studies that have utilised the sensors

MODIS (Terra) 1999 - active | 250 m-500 m - 1 km 1-2 days 36 McClain et al. (2014), Park and Latrubesse (2014), Shi et al.
(2018), Xiong et al. (2019), Liu et al. (2022)
MODIS (Aqua) 2002 - active | 250 m-500m - 1 km 1-2 days 36 McClain et al. (2014), Park and Latrubesse (2014), Shi et al.
(2018), Xiong et al. (2019), Liu et al. (2022)
MERIS (Envisat) 2002-2012 300 m 3 days 15 Odermatt et al. (2008), Kratzer et al. (2010), Majozi et al.
(2014)
SeaWiFS 1997-2010 1 km 1-2 days 8 Flemming et al. (2002), Reinart and Pierson (2014), Groom
et al. (2019)
OLI (Landsat-8) 2013 - active 15 m-30 m 8§ days 9 Pizani et al. (2020), Kramer et al. (2023), Omondi et al. (2023)
MSI (Sentinel- 2015 - active 10 m=-20 m - 60 m 5 days for 2A and 2B 13 Arias-Rodriguez et al. (2023), Kowe et al. (2023), Ndou
2A/B) (2023), Obaid et al. (2021), Sent et al. (2021)
OLCI (Sentinel- 2016/2018 - 300 m 3 days 21 Soomets et al. (2020), Rodrigues et al. (2022)
3A/3B) active
OLI-2 (Landsat-9) 2021 - active 15 m-30 m 8§ days 9 Ghasempour et al. (2023), Trevisiol et al. (2024)
TIRS (Landsat-9) 2021 - active 100 m 8§ days 2 Wang et al. (2023), Eon et al. (2024)
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Trends in remote sensing of water
quality parameters in inland water
bodies: a systematic review
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Otrofikasyonun Uzaktan Algilanmasi

~Azot + fosfor artisi

l
Fitoplankton/alg artisi

l
Klorofil-a artis

|

Suyun optik 6zellikleri degisir
|

uzaktan algilama ile tespit
edilir.

~Klorofil-a belirleyen indeksler:
NDCI, MCI.

~Ayrica NDVI ve EVI gibi bitki
indeksleri de klorofil-a tespit
etmek icin kullanilabilir.

~Bulaniklik ve askida madde
belirleyen indeksler: NDTI.



Yansima Grafikleri
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https://www.usgs.gov/media/images/aguatic-remote-sensing-example-spectra-
water-water-algae-and-water-sediment
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Klorofil-a Yansima Grafigi
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Normalized Difference Chlorophyll Index (NDCI)

~NDCI (Normalize Fark Klorofil Indeksi), klorofil-a tespit etmek icin
kullanilir.

~NDCI, klorofil degisimlerine son derece duyarl olan kirmizi kenar
bolgesini kullanir. Kirmizi kenar bandi, diger indekslerin gbzden
kacirabilecegi klorofil icerigindeki ince degisiklikleri yakalar.
(NIR—Red)
(NIR+Red)
Negatif degerler berrak suyu, pozitif degerler alg patlamasini
osterir.

NDCI =




Otrofik Durum Siniflandirma — NDCI

Table 5. Literature-based interpretive classification of NDCI values.

Indicative Indicative Ecological
NDCI Range Parameter Condition
<—0.10 <75 nug/L Oligotrophic
—0.10 to 0.00 7.5-16 pg/L Low productivity
0.00 to 0.10 16-25 ug/L Mesotrophic
0.10 to 0.20 25-33 ug/L Eutrophic
. remote sensing m\D\Py
o https://doi.org/10.3390/rs18122048

Multi-Indicator Remote Sensing of Water Quality Dynamics
Across Contrasting Freshwater Systems in Tiirkiye: A Sentinel-2
and Landsat-Based Change Detection Framework

Venkataraman Lakshmi !, Alperen Kir >* and Bin Fang !
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NDCI — Uygulama
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Figure 6. Spatial distribution of ANDCI across the four study sites (2015-2018 vs. 2023-2025).
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Maximum Chlorophyll Index (MCI)

~MCI (Maksimum Klorofil Indeksi)

~MCI, yliksek klorofil icerigini tahmin etmek icin kirmizi kenar (red-
edge) bolgesine odaklanir. Kirmizi kenar bantlari, klorofilin gtclu
sogurma 06zelligini yakalar.

~Yuksek klorofil-a seviyelerinin saptanmasi icin kullantlir.

(RedEdge2—RegEdgel)
(RedEdge2+RegEdgel)

MCI =

Yuksek MCI degerleri, yliksek klorofil-a konsantrasyonunu gésterir.



Normalized Difference Vegetation Index (NDVI)

~NDVI (Normalize Fark Bitki Indeksi), klorofilin kirmizi 151§ etkili bir
sekilde emmesinden ve saglikli bitki érttistinin yakin kizilétesi (NIR)
ISIg1 yiksek oranda yansitmasindan yararlanir.

(NIR—Red)

(NIR+Red)

Degeri +1 ile -1 arasinda degisir. Pozitif degerler yliksek klorofil-a
onsantrasyonunu gosterir.

»NDVI =




Enhanced Vegetation Index (EVI)

~EVI (Gelistirilmis Bitki Ortlisii Endeksi), atmosferik sacilma ve toprak
arka plan gurualtistint duzeltmek amaciyla mavi bandi dahil ederek
NDVT'y1 gelistirir; bu da onu yogun bitki orttst kosullarinda daha

guvenilir kilar,
~Bu indeks, 6zellikle yogun alg patlamalarinin izlenmesinde ve su
ltlelerinin kapsaminin degerlendiriimesinde etkilidir.

EVI = 2.5 X (NIR — Red)/(NIR + 6 x Red — 7.5 x Blue + 1)




Bulaniklik

~Su veya baska bir sivinin icindeki askida kati maddeler (kil, kum,
organik partikiller) sebebiyle 1s1gin gecisinin engellenmesi ve sivinin
seffafligini yitirerek bulanik gériinmesidir.

~Bulaniklik, NTU (Nephelometric Turbidity Unit / Nefelometrik
ulaniklik Birimi) ile ifade edilir.

Bulaniklik; 6zellikle kirmizi ve yesil dalga boylarinda 1s1gin saciimasina
e sogurulmasina yol acar.



A
Normalized Difference Turbidity Index (NDTI) 'I

~NDTI (Normalize Fark Bulaniklik Indeksi), askidaki parcaciklarin
etkiledigi bir su berrakhgi élctti olan bulanikligi tahmin etmek icin
kirmizi ve yesil 1sik arasindaki yansima farkina odaklanir.

(Red—Green)

(Red+Green)

~Degeri +1 ile -1 arasinda degisir. Pozitif degerler yliksek bulanikligi,
%egatif degerler distk bulanikhgi (berrak su) gosterir.

NDTI, dogrudan NTU 6lcmez; daha dogru ifadeyle bulanikliigin optik
ir gostergesidir. NTU kestirimi icin yerel regresyon veya makine
)ygrenmesi gibi yontemlerle kalibrasyon yapiimalidir.

—]Iamalar: Asir1 yagislar veya sel sonrasi bulaniklik belirlenmesi.

»NDTI =




Bulaniklik Siniflandirmasi — NDTI

Table 6. Literature-based interpretive classification of NDTI values.

NDTI Range Indicative Class Hydrological Meaning
<—0.10 Very clear Deep/stable water, very low turbidity
—0.10 to 0.00 Clear Natural lake conditions, low turbidity
0.00 to 0.05 Slightly turbid Wind-induced mixing
0.05 to 0.10 Moderately turbid Surface mixing
. remote sensing m\D\Py
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Figure 7. Spatial distribution of ANDTI across the four study sites (2015-2018 vs. 2023-2025).
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Fig. 10 PlanetScope natural color Main Source
composite (RGB) images and a) 3
NDTI maps at the Goksu intake

and Main Source when turbidity
exceeded 200 NTU on March

21, 2023 (a). and turbidity was
measured as 21.9 NTU on May

27, 2023 (b) at the Goksu intake.

The white marker pinpoints

the location of the turbidity

instrument

Goksu Intake
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1
Goruntu Yorumlama 'I

~Sahada Olcilen su kalitesi parametrelerinin uzaktan algilama verileri
(belirli bantlardaki degerler veya bunlari kombinasyonlari) yardimiyla
tahmin edilmesidir.

~En basit ydntem basit dogrusal regresyon denklemi gelistirilmesidir.

»Coklu regresyon; polinom, logaritmik veya Ustel modeller
“ Ifullanllabilir.

Sahada 6lclilen parametreler ile bant degerleri arasindaki iliski R?,
MSE, MAE gibi hata metrikleri ile yorumlanir.

Makine 6grenmesi yontemleri (rastgele orman, yapay sinir aglari vb.)
le daha iyi sonug veren modeller bulmak mimkdnddr.




Regresyon Analizi

»Y= By + B*X, + € (Basit dogrusal regresyon)
Y= By + BX; + BX, + ... + B X, + € (Coklu dogrusal regresyon)

»Y: Bagimli degisken (sahada olclilen parametre)

X, o: Bagimsiz degisken(ler) (belirli banttaki piksel degeri)
B, .: Katsayi(lar)

g:l—la]ta terimi



Model Performansi Analiz Metrikleri

TasLE 4: Water quality estimation performance analysis metrics.

Error estimator Error equation
Pearson correlation coefficient and coefficient of determination R=Y_,(y;=¥) (x;—x)/ \/ Yt =9 YL (x, -%)5L R
Mean absolute error MAE = ””Z,:l |x; =il
i
Root mean square error RMSE = \/””Zhl{x" —y.)

Normalized mean absolute error percent NMAE% = [Uﬂz; (|x; — y,-|fx,—}] + 100

Hindawi

Journal of Sensors

Volume 2020, Article ID 8858408, 21 pages
https://doi.org/10.1155/2020/8858408

Hindawi

Research Article

Modelling Reservoir Chlorophyll-a, TSS, and Turbidity Using . ;
Sentinel-2A MSI and Landsat-8 OLI Satellite Sensors with htt Ps ://doi.0 rg/1 0.1155/2020/8858408

Empirical Multivariate Regression
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Belirleme Katsayisi
(Coefficient of Determination — R2)

130 (0-0)¢P))

0'0><O'P

R? =

.O: Olctilen degerlerin ortalamasi

-P: Tahmin edilen dederlerin
ortalamasi

n: Veri sayisl

6o: Olglilen degerlerin standart
sapmasi

-op: Tahmin edilen degerlerin
rt sapmasi

~Belirleme katsayisi (R2 veya r2), bir
istatistiksel modelin bagimli
degiskendeki toplam varyasyonu
aciklama yuzdesini gosterir.

~Degeri 0 ile 1 arasinda degisir.

~R2 aciklanan varyansin bir
Olctsudur; tek basina modelin

hatasiz veya guvenilir oldugunu
gostermez.



Ortalama Mutlak Hata
(Mean Absolute Error - MAE)

1 N
MAE = —Z\Oi—Pi\
"=

~O: Olctilen degerlerin ortalamasi
~-P: Tahmin edilen degerlerin ortalamasi
n: Veri sayisi

Ortalama mutlak hata (MAE) da ise Olcllen ve tahmin edilen
onsantrasyonlar arasindaki farkin mutlak degeri alindigindan hatanin
Uyukligund miktar olarak vermekte fakat yanliligin yoni yani modelin az
eya fazla tahmin etmesi hakkinda herhangi bir bilgi vermemektedir.




Hata Kareleri Ortalamasinin Karekoku
(Root Mean Square Error - RMSE)

N
1
RMSE = |~} (0, p)?
=

\
I >g_): Olctilen degerlerin ortalamasi
P: Tahmin edilen degerlerin ortalamasi
n: Veri sayisi

Hata kareleri ortalamasinin karekoku §RMSE), hatanin boyutlari
erilerin boyutlari ile ayni buyuklikte ifade edilebilmektedir. Ayni
amanda, veri setindeki ug degerlerin atilmasi durumunda RMSE
egeri dlger parametrelere gore daha fazla etkilenmektedir.




Regresyon Analizi - Su Kalitesi - Ornek Calismalar

TABLE 7: Regression model for the estimation of TSS from Sentinel-2A MSI.

Band combination for deriving R,

Sentinel-2A regression model equation for estimation of TSS (=x) R? MAE NMAE% RMSE
y=9301 1x* — 82773x + 18442 (B4 + (B8/B4))/2 0.6133 5.4969 43039 8.3845
y=89013x" — 78936x + 17526 (B8A + (B8/B4))/2 0.5940 9.5691 6.8105 13.4793
y =83708x> — 73811x + 16299 (B8 + (B8/B4))/2 0.5998 6.6792  7.5058 12.9244
y =19420x" — 26272x + 8945.4 B4/B3 0.4846 23.7299 15.7569 24.8370
y = 46042x" — 32585x + 5822.6 (B3 + (B4/B3))/2 0.4722 139118 12.9250 21.7248
TaBLE 8: Regression model for the estimation of TSS from Landsat-8 OLI.

Landsat OLI regression model equation for estimation of TSS Band combination for deriving R, ((=x) R* MAE NMAE% RMSE
y=2781.9x —1393.5 B2 0.9240 4.7391 12.3842 3.3185
y=27176x —1184.6 B3 0.9245 6.8510 29.896 12.8425
y=2454.1x — 1584.4 B3/B2 0.9249 0.5473 0.7000 0.0349
y=1714.7In (x) + 1171 B3/B4 0.9161 2.3885 9.3736  2.1329

12.1181 4.5714

y=1905.3 In (x) + 821.01 &= Q@ BB 0.9159 3.7496

rnal of Sensors.
Velume 2020, Article ID 8858408, 21 pages
https://doi. 10.1

Hindawi

Modeting Reservos Chlorophyl-n TS5, and Ty vsing.  N1EPS://d0i.0rg/10.1155/2020/8858408

Sentinel-2A MSI and Landsat-8 OLI Satellite Sensors with
Empirical Multivariate Regression
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Regresyon Analizi - Su Kalitesi - Ornek Calismalar

Table 3. Predicting WQ parameters using satellite imagery:

R? and coefficient analysis.

Sl. no.  Parameter R? Model

1. Temp. 0.82  24.8 —1.165(2%5) + 0.3(£)

2. DO 0.79  10.8 — 1.114(£%) + 0.37(B10)
3. pH 0.76  8.47 — 0.856(42) + 0.89(£)
4. EC 0.69  295.89 — 0.28(4%) + 1.68(Z)
5. BOD 0.73  2.81 —0.05(£%) +0.3(B1)

6. TC 0.70  3029.8 — 1.89(£2) + 0.3(LLY)

J. Earth Syst. Sci. (2025)134 69
https:/ /doi.org/10.1007 /s12040-025-02535-2

© Indian Academy

Geospatial assessment of water quality in the Ganga
River: Leveraging Landsat-8 and GIS
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Figure 2. (a, b) Physio-chemical WQ data derived from satellite imagery — 2019.
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Regresyon Analizi - Su Kalitesi - Ornek Calismalar

EXHIBIT 4 | Parameters and equations of the regression analysis.

12-Mar. 2020 01-Apr. 2020
Parameters and equations R?
Ln (pH) = 0.665 + 0.00066 B2 + 0.00129 B4 0.09
Ln (Turbidity) = - 11.64 + 0.01739 B4 + 0.000571 B5 0.76
Ln (TDS) = 2.990 + 0.001494 B5 0.67

EXHIBIT 9 | Predicted BOD values from gradient boosting model plotted over sentinel-2 TCC.
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EXHIBIT 5 | Comparison of output from MRN and ANN models.

Environmental Quality Management W l L E Y
Water MRM ANN
quality
parameter MAPE RMSE MAPE  RMSE | research armets
: 1: GIS-Based Integrated Remote Sensing and Machine
Turbidity 26.43 3.10 15.04 1.68 Learning Framework for Spatiotemporal Water Quality
TDS 6.70 14.73 5.60 12.34 Assessment of Deepor Beel Wetland

Rajib Kumar Talukdar' | Arnob Bormudoi' | AnanyaKalita'® | Ankur Pan Saikia? ®

https://doi.org/10.1002/tgem.70325
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Endustriyel Desarjlarin Izlenmesi

Figure 2. Supervised dataset. The first row represents samples with drainage and the second row
E remote sensing ml\D\Py represents samples without drainage. A red box has been added to visually highlight the location of
the outfall.

Technical Note

Intelligent Recognition of Coastal Outfall Drainage Based on

Sentinel-2/MSI Imagery https://doi.org/10.3390/rs16020423

Hongzhe Li 2, Xiangiang He >***, Yan Bai %3, Fang Gong 3, Teng Li ? and Difeng Wang 3
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Petrol Sizintilarini Izlenmesi il

~Synthetic Aperture Radar (SAR) goruntulerinde petrol filmi, deniz

yuzeyindeki kiictik dalgalanmalari sénimledigi icin diustk geri sacilim

(backscatter) Uretir; bu nedenle petrol sizintisi cevresindeki denizden
~daha koyu alan olarak gorindr. Ancak digik rlizgar bélgeleri,
biyojenik filmler ve ic dalgalar da benzer “koyu leke” olusturabildigi
iIcin bunlar look-alike olarak adlandirilir ve dikkatle ayristiriimalidir.

~ ,SAR Buluttan etkilenmez, gece de calisir.
Optik verileri ise dogrulama ve look-alike ayristirma amacl kullanilr.




Petrol Sizintilarini Izlenmesi

Journal of the Indian Soclety of Remote Sensing (October 2021) 49(10):2377-2385
N hitps:/del.org/10.1007/512524-021-01399-2
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Detection of Oil Pollution Using SAR and Optical Remote Sensing

29°30'N Imagery: A Case Study of the Persian Gulf

Mina Mohammadi' - Alireza Sharifi' - Mohammad Hosseingholizadeh' - Aqil Tarig®
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Fig. 4 The results of two implemented methods compared to field data. Red and green patches were extracted from Sentinel-1 data and Sentinel-
2 data, respectively. Orange patches represent the same results of methods

https://doi.org/10.1007/s12524-021-01399-2
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Petrol Sizintilarini Izlenmesi

scientific reports

OPEN Ten years of oil pollution
detection in the Eastern
Mediterranean shipping lanes
opposite the Egyptian coast using
remote sensing techniques

Salma M. Baghdady'™ & Ali A. Abdelsalam?

Figure 16. Detected ships illegally discharging oil and creating large oil spills, captured by SAR imagery.
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Termal Desarjlarin Izlenmesi

Spring

Desarj noktasi cevresinde
deniz ylzey sicakhgi (SST)
haritasi Ureterek sicaklik
artisi, termal plume alani ve ) :
yaylhm yoni belirlenir.

Winter
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Autumn
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Article

Long-Term Changes and Factors That Influence Changes in
Thermal Discharge from Nuclear Power Plants in Daya
Bay, China
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Zhihua Zhang 12, Difeng Wang >**({, Yinhe Cheng ! and Fang Gong %3
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doi .0rg / 1 0 ) 3390 / rs 14030763 Figure 5. Seasonal changes (spring, summer, autumn, winter) in sea surface temperature (°C)
contours for 1the period 993-2020.
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Istilacl Turlerin Izlenmesi
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Genus-Level Mapping of Invasive Floating Aquatic Vegetation
Using Sentinel-2 Satellite Remote Sensing

Figure 1. (A) Field photos of vegetation classes and list of species in each vegetation community type.
(B) Mean spectral signatures for 2019 Sentinel-2 training data; shading represents 95% confidence
interval. (C) Mean spectral signatures for 2019 AlS training data; shading represents 95% confidence
Christisna Ade **, Sheuli Khanna”, Misl Lay *, Suosn £, Ustin *@ and Edin L Eesiir "0 interval. Data come from the HyMap sensor described in Section 2.3. See [32] for more in-depth
descriptions of targeted invasive aquatic vegetation.
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Istilacl Turlerin Izlenmesi
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Genus-Level Mapping of Invasive Floating Aquatic Vegetation
Using Sentinel-2 Satellite Remote Sensing
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Figure 4. (a) Ward Cut and (b) Rhode Island comparison between 2019 Sentinel-2 and imaging
spectrometer maps. The comparison shows good agreement at the FAV genus level between locations
of larger water primrose (yellow) and water hyacinth patches (purple).
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