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Article (Summary)

Submerged Aquatic Vegetation (SAV) is a vital component of the inland water bodies, as it is intricately
involved in the aquatic food web. However, recently the massive overgrowth of invasive SAV species
associated primarily with the anthropogenic nutrient enrichment negatively affecting the water quality,
biodiversity and recreational activities of many freshwater ecosystems in the world. In case of Japan’s
largest lake, Lake Biwa, every year, more than 2600 tons (wet weight) of the submerged
macrophyte are removed from the lake as an active macrophyte control effort which costs more
than USD 2.0 million per annum. Whereas the monitoring of these underwater plants usually
conducted by expensive and site-specific methods such as Diver survey, which cannot accurately
account for the spatial variation in the large lakes. Thus, we (rnames.....) in Kyoto University
developed a satellite remote sensing- based approach for estimating the distribution (coverage
area) and quantifying the biomass (gram Dry Weight/ m?) of SAV in the shallow eutrophic basins
of the lakes. A new SAV biomass estimation approach was developed based on the spectral
decomposition algorithm using the medium resolution Landsat-8 satellite image. The developed
approach was applied to the satellite images of the 4 consecutive years (2013-2016), mainly for
the peak growth period of SAV (September). The maximum SAV biomass density (4.89 kg dry
weight/ m?) was obtained for a year with high water transparency (September 2014) with the total
estimated error for the observed and predicted biomass was 8.98 %. However, using the medium
resolution satellite image the deep water SAV in the lake could not be detected which is one of the
limitations of this study. The present study also demonstrates the successful application of the
developed satellite-based approach for SAV biomass estimation in the shallow eutrophic lake,
which can be tested in other lakes.

Key Points:

1. Development of Landsat-8 satellite-based depth-invariant water transparency retrieval
algorithm, for water clarity estimation of the eutrophic lake basin.

2. Development of a new SAV biomass estimation model to estimate the biomass of the
detected SAV (i.e. classified SAV area) using the medium resolution satellite image in
a lake.

3. The SAV biomass (kg dry weight / m?) increase with the increase in the water clarity of
the shallow eutrophic lake. However, the SAV reacts slowly and progressively to the
changes in water quality.

Abstract (Full):

In this study, we developed a satellite remote sensing-based approach to assess the distribution of
SAV (i.e. coverage area) and quantify the biomass (kg dry weight per m?) of the detected SAV in
the shallow eutrophic basin of Large lakes (i.e. Lake Biwa).



The developed approach involves the estimation of water clarity of the lake using the satellite
(Landsat-8) image, identify, classify and map the distribution of SAV, and the development of the
SAV biomass estimation model to quantify the biomass using the Landsat-8 satellite image.

The developed approach was applied to the satellite images of the 4 consecutive years (2013-2016),
mainly for the peak growth period of SAV (September).

The maximum SAV biomass density was obtained for a year with high water transparency with
the total estimated error for the observed and predicted biomass was 8.98 %.

The present study also demonstrates the successful application of the developed satellite-based
approach for SAV biomass estimation in the shallow eutrophic lake, which can be tested in other
lakes.
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Figure: Landsat-8 derived maps of Water transparency (left); SAV distribution (middle); SAV biomass (right) of the
south basin of Lake Biwa.

Background:

Submerged Aquatic Vegetation (SAV) are the vital component of the inland and coastal waters,
as it is intricately linked with the aquatic food web and significantly influences the freshwater
ecosystem.

Conversely, the massive overgrowth of invasive SAV species likely to impact both
environmentally and economically.

In case of Japan’s largest lake, Lake Biwa, every year, more than 2600 tons (wet weight) of the
submerged macrophyte are removed from the lake as an active macrophyte control effort which
costs more than USD 2.0 million per annum.



In particular, invasive aquatic plants alter the nutrient cycles, degrade water quality, dominate
native species, and obstruct navigation, fishery and other recreational activities.

Therefore, assessing the abundance of submerged aquatic vegetation (SAV), particularly in
shallow lakes, is essential for effective lake management activities.

However, monitoring of these underwater plants often involves labor-intensive, cost-prohibitive,
time-consuming and site-specific traditional methods such as diver survey, which cannot
accurately account for the spatial variation in the large lakes.

In this study, we developed a cost-effective satellite-based approach for the monitoring and
quantification of SAV, which can give both spatial and temporal information of the large area and
is repeatable for the long period.

Methods and Results:

The Landsat-8 image acquired for the peak growth period of the SAV was first subjected to image
rectification and geoprocessing.

Afterwards, we developed a satellite-based depth-invariant water transparency retrieval algorithm,
to estimate the water clarity of the basin.

In order to identify and estimate the distribution of the SAV in the basin, we used Spectral Mixture
Analysis (SMA), a Spectral Angle Mapper (SAM), and a binary decision tree as the classification
approach.

The coverage area of each of the vegetation class (i.e., emergent, floating and submerged aquatic
vegetation) was estimated using the satellite image.

Furthermore, we developed a SAV biomass estimation model by developing a new spectral
decomposition algorithm which accounts for the bottom albedo in the shallow lake basin.

The biomass of the detected SAV was estimated for the peak growth period of the SAV mainly in
September (2014-2016).

The satellite-derived biomass (R? = 0.79) for the SAV classified area gives an overall root-mean-
square error (RMSE) of 0.26 kg dry weight (DW) m™.

The mapped SAV coverage area was 20% and 40% in 2013 and 2016, respectively.

Estimated SAV biomass for the mapped area shows an increase in recent years, with values of
3390 t (tons, dry weight) in 2013 as compared to 4550 t in 2016.

The study shows that water clarity is essential for the SAV detection and biomass estimation using
satellite remote sensing in shallow eutrophic lakes.



Future Plan:

The detection and classification of deep water SAV and their species in the shallow basin of the
lakes.

To extend the developed satellite-based approach to other global lakes using the high-resolution
satellite images in the future.
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