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ABSTRACT:

Surface water quality is degrading continuously both due to natural and anthropogenic causes. There are several indicators of water
quality, among which sediment loading is mainly determined by turbidity. Normalized Difference Water Index (NDWI) is one indirect
measure of sediments present in water. This study focuses on detecting and monitoring sediments through NDW!I over the Finger
Lakes region, New York. Time series analysis is performed using Sentinel 2 imagery on the Google Earth Engine (GEE) platform.
Finger Lakes region holds high socio-economic value because of tourism, water-based recreation, industry, and agriculture sector. The
deteriorating water quality within the Finger Lake region has been reported based on ground sampling techniques. This study takes
advantage of a cloud computing platform and medium resolution atmospherically corrected satellite imagery to detect and analyse
water quality through sediment detection. In addition, precipitation data is used to understand the underlying cause of sediment
increase. The results demonstrate the amount of sediments is greater in the early spring and summer months compared to other seasons.
This can be due to the agricultural runoff from the nearing areas as a result of high precipitation. The results confirm the necessity for
monitoring the quality of these lakes and understanding the underlying causes, which are beneficial for all the stakeholders to devise

appropriate policies and strategies for timely preservation of the water quality.

1. INTRODUCTION

Surface water is very crucial for the survival of life on Earth and
is used primarily for drinking and agricultural purposes (Acharya
et al., 2019). Unfortunately, surface water is facing serious
pollution issues due to various natural and anthropogenic causes
(Kulkarni, 2011; Wirabumi et al., 2020; Yunus et al., 2020).

Many indicators can determine water quality; however, many
studies have used turbidity as a measure of overall water quality.
Turbidity of water bodies results from suspended particles in the
water caused by sediment loading, agriculture runoff, sewage
disposals and other pollutants and metals. Sediment loading is
mostly caused by runoff events after heavy rainfall. Turbidity
causes cloudiness of the water and can be considered as a key
measure for water quality. As a result, poor water quality can lead
to expensive water treatment plants and can have an impact on
habitat quality. Furthermore, higher turbidity may cause health
issues such as gastrointestinal diseases (Kulkarni, 2011). It is
important to monitor water quality of inland lakes as these are
important for socio-economic development, biodiversity
conservation, and tourism. Thus, the spatiotemporal distribution
of sediment loading is particularly important for understanding
and monitoring water quality in inland water bodies.

Inland lakes, such as Finger Lakes, which comprise of a total of
11 lakes, attract tourists due to their natural beauty. Finger Lakes
annually attracts over 22 million tourists, resulting in the
generation of $2 billion revenue. Numerous studies have carried
out to detect and monitor water quality in various Finger Lakes.
For example, a survey conducted in 2005 included Canandaigua,
Owasco, Cayuga, Seneca, Keuka and Skaneateles lakes as they
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contain 98% water of total Finger Lakes (Halfman et al., 2006).
Later study conducted in 2008 also included Otisco lake in their
analysis. Several other studies were also carried out in this region
(Halfman et al., 2009) focusing on various water quality
parameters, including turbidity. Although these actions are of
particular importance for water quality assessment within the
region, they are resource-intensive and, as such, are limited to
small geographic areas.

Satellite Earth Observation (EO) data can be used to address the
limitations of conventional water quality techniques by taking
synoptic view of landscape over a large geographic region. This
makes them advantageous for long-term studies using time series
analysis compared to in situ investigation. Several studies
reported the success of mapping and monitoring inland water
quality for enhancing the regional assessment (Abdullah et al.,
2016; Morel & Bélanger, 2006; Ticman et al., 2018).

Depending upon the size of study area, different satellites and
sensors are used, such as Moderate Resolution Imaging
Spectroradiometer (MODIS) (zZhang et al., 2005) , Landsat
(Ticman et al., 2018) and Sentinel 2 (Bonansea et al., 2019). Most
of the studies related to water quality monitoring, utilize the
visible and near infra-red (NIR) spectral bands as higher
correlation is observed between spectral values from these bands
and in-situ measurements (Wirabumi et al., 2020). Furthermore,
the infra-red wavelength can be used to determine the amount of
sediments suspended in the water bodies (Jensen, 2009).
Although several methods have been suggested in the literature
for measuring turbidity ranging from ground-based methods such
as Secchi disk depth (Su et al., 2008) to developing empirical
algorithms (Bustamante et al., 2009), yet water quality indices
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are preferred due to their simplicity and low computational cost
(Acharya et al., 2019). Furthermore, cloud-based computing
platforms such as Google Earth Engine (GEE) aids in processing
of large-scale satellite imagery while utilizing less resources
(Markert et al., 2018; Tamiminia et al., 2020).

In this study, a simple water index is used to determine sediment
loading and analyse time series to assess the water quality for
Finger Lakes region in New York, USA. Furthermore, water
quality data is compared to precipitation data to visualize its
effects. This study is carried out using satellite imagery from
Sentinel-2 using GEE as the computing platform. To the best of
our knowledge, this is the first attempt to monitor water quality
using Sentinel 2 imagery over Finger Lakes on the GEE platform.

2. MATERIAL AND METHODS
2.1 Study Area

As shown in Figure 1, the study area is comprised of Finger
Lakes region in New York State, consisting of 11 lakes, namely
Otisco, Skaneateles, Owasco, Cayuga, Seneca, Keuka,
Canandaigua, Honeoye, Canadice, Hemlock and Conesus. These
lakes are long and narrow and run almost north to south, thus
giving them the name of "finger" lakes. Although none of them
is greater than 3.5 miles in width, however, their length varies
from 3 miles to 38 miles. These lakes are spread over 14 counties,
containing about 8.1 trillion litres of water supplying quality
water to neighbouring cities and surrounding communities.
Specifically, the Skaneateles and Otisco Lake provide drinking
water to the city of Syracuse. Similarly, for Rochester, the
providing lakes are Canadice and Hamlock. The total
withdrawals can reach up 190 million gallons of water per day
(Halfman et al., 2006).

i O FINGER LAKES REGION

Figure 1: Study Area Showing Finger Lakes

The watershed of these lakes is dominated by agriculture, forest
and shrubland, however urban settlement can also be seen
increasingly over the past years due to tourism and recreational
activities. Specifically, the agricultural land covers about 45% of
these watersheds, followed by forests covering up to 38% and
lastly the urban areas comprise of only 4% of total watersheds
(Halfman et al., 2009). As the land use is majorly agriculture, the
biggest contributor of deteriorating water quality is the sediment
runoff from the agricultural lands. The sediments can cause
nutrient loading stimulating algal bloom which can reduce the
lake clarity and quality. In particular, the detailed analysis is
carried out for two lakes, namely Seneca and Owasco, given their
worst water quality (Halfman et al., 2006). Furthermore, these

were in proximity with a ground based meteorological station,
making them advantageous compared to other lakes for
correlating precipitation data.

2.2 Satellite Imagery

The Sentinel-2 mission consists of two satellites, namely
Sentinel-2A and Sentinel-2B, launched in 2015 and 2017
respectively, providing multispectral optical imagery with a
spatial resolution of 10m, 20m, and 60m. In this study, level 2A
data is used for 2019 and 2020 over Finger Lakes region. The
satellite imagery is accessed and processed using the GEE
platform.

2.3 Precipitation Data

Precipitation data for two stations were downloaded from
NOAA's National Centers for Environmental Observation
website (https://gis.ncdc.noaa.gov). Daily precipitation data for
year 2019 and 2020 were downloaded for Auburn station
(42.9327, -76.5447) corresponding to Owasco lake and Geneva
station (42.8766, -77.0307) corresponding to Seneca lake.

2.4 Methodology

The advantage of using GEE lies in the readily available data and
cloud server processing without the need of downloading
gigabytes of imagery. In this study, Sentinel 2 level 2A imagery
for 2019-2020 over Finger Lakes region was analysed for hotspot
detection and temporal progression of sediment loading. For this
purpose, Normalized Difference Water Index (NDWI) was used
to separate the sedimented regions from clear water. The formula
for NDWI is as follows:

Green—NIR
NDWI = Green+NIR ' @

where Green corresponds to the band 3 (560 nm) and NIR
corresponds to the band 8 (842 nm) of Sentinel imagery. NDWI
can be extracted in multiple ways (Xu, 2006); however, the
original index is used in this study because of two reasons. First,
it includes both bands with 10m spatial resolution hence
increasing the spatial resolution; second, the water quality
parameters are better correlated with visible and NIR spectral
bands.

For detailed analysis, time series charts were generated using
GEE and compared with the precipitation data for correlation.

3. RESULTS AND DISCUSSION

Firstly, NDWI was calculated to distinguish sedimented waters
from clear waters on a broader scale to detect hotspots for
sediment loading, which is one of the major causes for turbidity.
The results for NDWI over Finger Lakes region for May 2019
can be seen from Figure 2.

It clearly indicates the disturbance in water due to sediment
loading in all the lakes. The colours blue and green corresponds
to values less than zero, hence are an indication of non-water
bodies. The values between zero to one represent water bodies
where closer to one is an indication of pure water and closer to
zero represents sedimented water.

For further analysis, two study areas were chosen based on
previous literature and their proximity to the nearest ground
based meteorological station shown in light blue dots in Figure
3. In both study sites, high concentration of sediments can clearly
be seen represented in tones of red whereas the clear water is
represented in the tones of yellow. Although in the whole Finger
Lakes region, there are many other hotspots as well but only two
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were chosen due to the smaller scope of this study and literature
recommendation (Makarewicz et al., 2007).

with the general assumption that sediment loading is increasing
over time; however, in 2020 due to COVID lockdown a decrease
in sediment loading and hence water turbidity is seen in other
studies as well (Yunus et al., 2020).
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Figure 2: NDWI values ranging from Blue (-1) to Yellow (1) z
for the Finger Lakes Region -
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Figure 5: Time Series of NDWI for Seneca Lake

Figure 3: Two highlighted regions from the study area. Top:
Owasco Lake. Bottom: Seneca Lake

As single imagery is unable to determine the seasonal changes,
time series charts were generated for 2019-2020 for these two
sites in GEE. For the study sites near Geneva station and Auburn
stations, the charts can be visualized in Figure 4 and Figure 5,
respectively.
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Figure 4: Time Series of NDWI for Owasco Lake

Generally, it can be seen from both graphs that the NDWI values
are higher for winter season as compared to summer. This can be
associated to the freezing of lakes in winters and the surface
reflectance is majorly coming from the water itself only. Also,
the values of NDW!I are higher in 2020 as compared to 2019
which indicates a decrease in sediment loading. This is in contrast

Geneva — Rainfall (mm) | Auburn — Rainfall (mm)
2019 2020 2019 2020

Jan 2.25 1.68 127.4 85.2

Feb 1.94 2.49 718 88.6

Mar 0.72 212 44.2 84.4

Apr 22 1.37 86.7 74.9

May 55 2.89 121.2 93.9

Jun 4.46 1.9 129.6 40.7

Jul 2.87 5.27 160.1 207

Aug 5.82 2.38 152.7 75.8

Sep 2.68 1.96 78.3 44

Oct 4.73 3.19 125.6 97.6

Nov 1.87 2.88 75.7 64.2

Dec 2.76 1.45 108.6 101.6

Table 1: Monthly Total Precipitation VValues for Two Stations

The total precipitation values for each month for two study sites
are summarized in Table 1. Surprisingly, the amount of rainfall
differs substantially among two study sites as evident from the
table. Nonetheless, there are certain patterns that can be observed
in both cases. First, the amount of rainfall is generally high in
both Summer and Winter season. Secondly, in 2020 the amount
of rainfall has decreased slightly as compared to 2019.

As observed from Figure 4 and Figure 5 that the values of NDWI
are generally lower in the months of Spring and Summer. This
can be associated to a higher amount of rainfall and thus greater
runoff. Notably, the precipitation values are also higher in
winters, but the NDWI is also greater suggesting the presence of
pure water body. This can be associated with the fact that in
winters the lakes are frozen. Secondly, as mentioned before, the
watershed majorly comprises of agricultural land and that plays
an important role in the spring and early summer seasons.
Specifically, the runoff is greater because at that time the
agricultural fields are tilled for plantation, hence the amount of
bare soil is increased. Furthermore, due to tilling, the soil is loose
and contributes to the increased sedimentation loading in the
lakes. This was verified by a previous study in which the
correlation between water quality ranking and agricultural runoff
came out to be 98% (Halfman et al., 2009).

Also, the previous studies confirm that the water quality in both
lakes have decreased from oligotrophic to mesotrophic (Halfman
et al., 2006; Makarewicz et al., 2007). In this study, only two-
year data were utilized due to archive limitation of
atmospherically corrected Sentinel 2 data on GEE. However, this
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study can be extended for a longer period of time using Landsat
data. Although the spatial resolution of Landsat is 30m, it can be
increased by pan sharpening or data fusion with Sentinel 2.
Another alternative is to use high spatial and temporal resolution
data provided by PlanetScope (Maciel et al., 2020; Musfiroh et
al., 2020), which will help in better understanding of spatio-
temporal patterns for sediment loading in Finger lakes region. In
this study, only the effect of precipitation was analysed; however,
for future studies the impact of other factors such as wastewater
treatment facilities near the study areas can also be examined.
These lakes are essential for the socio-economic structure of this
region as they support tourism and recreation. Hence, monitoring
the quality of these lakes and understanding the underlying
causes would be beneficial for all the stakeholders to devise
appropriate policies and strategies for timely preservation of the
water quality.

CONCLUSION

In this study, NDWI time series analysis was used to detect
sedimented waters in the Finger Lakes region using Sentinel 2
atmospherically corrected imagery on the GEE platform. In
addition, the effect of precipitation was analysed for Owasco and
Seneca Lake. The results revealed that the amount of sediments
is greater in early spring and summer months. This can be
associated with the presence of agricultural land around the study
areas. In these months, the amount of bare soil is greater due to
plantation season, which increases the sediment runoff.
However, an increasing trend could not be visualized as our data
were limited to two years; however, the literature confirmed that
the water quality is deteriorating rapidly in both lakes. The use of
a longer time period and higher temporal frequency data is
suggested for future research. This type of study is of particular
importance, as it detects and monitor the water quality on a
regular basis utilizing minimum resources. This is critical
because once the water body is stressed, it takes decades to
restore it to its original state.
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