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Remote Sensing of Inland and Coastal Waters

Atmospheric Correction

e Current Capabilities and Challenges — Nima Pahlevan
Bio-Optical Modeling
* Do We Need Optical Water Types? — Tim Moore

e Algorithm Selection for Lakes — \Vagelis Spyrakos

Sensor Characteristics

e What Do We Need for Inland and Coastal Waters? — \Wes Moses

End- User Engagement

e Copernicus Inland Water Service — Carsten Brockmann

* GEO AguaWatch — Steve Greb
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Atmospheric Correction — Capabilities & Challenges

Nima Pahlevan
Validations using AERONET-OC data: necessary but NOT sufficient
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Atmospheric Correction — Capabilities & Challenges °

Nima Pahlevan

Issues with Aerosol Removal - Representativeness
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Atmospheric Correction — Capabilities & Challenges

Nima Pahlevan

Issues with Trace Gas Removal - Representativeness

Busan, 18 May 2016

o Ground based BUSAN

« Shipboard

NO2 (DU)
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Credit: Maria Tzortziou (KORUS -OC field campaign)
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Atmospheric Correction — Capabilities & Challenges

Issues with Trace Gas Removal - Representativeness

1 DU error results in large errors in Rrs in the UV and blue
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Atmospheric Correction — Capabilities & Challenges

Nima Pahlevan

Adjacency Effects
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Atmospheric Correction — Capabilities & Challenges

Nima Pahlevan

Sun Glint

Sentinel-2A
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Q1. Atmospheric Correction — Discussion

Q1A. How can we improve
validation of aerosol retrievals in
inland/coastal waters?

* Set up AERONET/AERONET-OC-like stations
(some sites may not meet the criteria)

* Encourage researchers to collect aerosol optical
thickness using sun photometers and share
data (after quality control) on databases such as
SeaBASS
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Q1. Atmospheric Correction — Discussion

Q1B. How do we deal with complex
atmospheres?

* Interact with more and learn from the land
community
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Q1. Atmospheric Correction — Discussion

Q1C. What is the best approach to
correct for adjacency effects?

e Use spectral information

* Might be challenging in near-shore shallow-
water regions

17 May 2017; International Ocean Colour Science Meeting, Lisbon, Portugal
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Q1. Atmospheric Correction — Discussion

Q1D. How do we mitigate sun glint
effects?

* Explore shifting satellite orbital paths for the
northern hemisphere

* Explore taking advantage of sun glint signal

17 May 2017; International Ocean Colour Science Meeting, Lisbon, Portugal
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Bio-Optical Modeling — Optical Water Types

Tim Moore

Complex optics with large range in conditions create
challenges to remote sensing applications for inland lakes.
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Bio-Optical Modeling — Optical Water Types

Tim Moore

Cyanobacteria colony surface formation —July 23, 2016 (Part 1)
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Bio-Optical Modeling — Optical Water Types

Tim Moore
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Bio-Optical Modeling — Algorithm Selection

Vagelis Spyrakos

Optical Water Type Classification through Clustering
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Bio-Optical Modeling — Algorithm Selection

Optical Water Type Classification through Clustering
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m Dominant characteristics

Hyper-eutrophic waters with cyanobacteria scum and

vegetation-like reflectance

Comman case waters with diverse reflectance shape and
marginal dominance of pigments and CDOM over inorganic
suspended particles

Clear waters

Turbid waters with high organic content

Sediment-laden waters

Balanced effects of optically active constituents at shorter
wavelength

Highly productive waters with reflectance peak with elevated
reflectance at red/near-infrared spectral region

Productive waters with reflectance peak close to 700 nm

but with higher

OWT7

Optically neighbouring to OWT2 waters
reflectance at shorter wavelengths
CDOM-rich waters

High in CDOM waters with cyanobacteria presence and high
absorption efficiency by NAP

Turbid, moderately

productive waters with cyanobacteria

presence

Very clear blue waters
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Q2. Bio-Optical Modeling — Discussion

Q2A-D. What is the best approach
for applying algorithms to
coastal/inland waters?

* Globally developed, locally applied algorithms

* Need for more in situ data for evaluating global
vs. local relationships

e Standardized data-collection procedures
needed, but they are difficult to adopt

* Need for sIOP measurements



Q2. Bio-Optical Modeling — Discussion

Q2E. What are the most critical
products sought for water quality
monitoring?

* Chl-a concentration, by a long shot

17 May 2017; International Ocean Colour Science Meeting, Lisbon, Portugal
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Sensor Characteristics

*Spatial Resolution

*Spectral Resolution

*Signal-to-Noise Ratio

* Temporal Resolution
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Sensor Characteristics — Spatial Resolution

Wes Moses
it (for coastal waters)
Region
016 LIS: a,(450) Does not imply that 200 m
5 is sufficient; it simply
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e Bases on analysis of sub-pixel variability, a resolution
no coarser than 200 m needed to resolve bio-optical
features in coastal waters

* A finer resolution needed for inland waters
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Sensor Characteristics — Spectral Resolution

Wes Moses
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SNR
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What does ASNR ~ 150 mean for
retrievals?

A single case study

— Add noise to Rrs spectrum at SNR = 700 and 850

— Estimate chl-a for both cases and compare to the
estimate from noiseless Rrs spectrum to
determine the uncertainty due to noise, Uy

— Effects of SNR on atmospheric correction not
considered here



Q3. Sensor Characteristics — Discussion

Q3A. What are the desired sensor
characteristics?

* Depends on the water body and the application

* Spatial resolution may be more important than
the others

* Need to quantitatively evaluate the impact of
various spatial resolutions on retrievals



Q3. Sensor Characteristics — Discussion

Q3B. What is the best approach for
designing an inland/coastal water
mission?

* Multiple sensors with different characteristics
used in a complementary manner; blend data
to generate products that may not be produced
from just one sensor

* CubeSats are interesting, but questions on
radiometric fidelity remain

* Include UV/SWIR bands



Q3. Sensor Characteristics — Discussion

Q3C,D. Should future sensor design be
influenced by data product
continuity/consistency considerations?

* Spectrally convolve hyperspectral data to create
multispectral legacy data products

* Need to identify core spectral bands critical for
inland/coastal waters

* Numerical modeling for data continuity (to fill
missing data and simulate data for future
missions)
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Q3. Sensor Characteristics — Discussion

Q3E. What are the agency responsibilities
for ensuring product consistency?

* Develop guidelines for quality assurance of
oroducts

* Promote consistency in sensor calibration
across multiple missions (e.g., lunar calibration)

17 May 2017; International Ocean Colour Science Meeting, Lisbon, Portugal



End-User Engagement — Copernicus

Carsten Brockmann

Copernicus Global Land Service

Monitoring the vegetation, the water cycle and the energy budget at global scale

~
Copernicus Global Land Service &
Providing bio-geophysical products of global land surface OperNICUS

Europe’s eyes on Earth

Bio-geophysical products

* statusand evolution of land surface
at global scale

at mid and low spatial resolution. I Vegetation
delivery “in a timely manner” ‘
complemented by the constitution
of long term time series

http://land.copernicus.eu/global/

17 May 2017; International Ocean Colour Science Meeting, Lisbon, Portugal
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End-User Engagement — Copernicus

Carsten Brockmann

Lake Water Products

Software * Parameters:

* Lake Surface Temperature (LSWT)
* Lake Surface Reflectances (LSR)

* Turbidity (TUR)

; * Trophic State Index (TSI)

* Inputs:
* MERIS (REPROCESSING 300m, 1km)
. * OLCI (NRT 300m, 1km)
* S-2 MSI (100m)

* Qutputs:
* 10days averages, best pixel

readiness

17 May 2017; International Ocean Colour Science Meeting, Lisbon, Portugal



End-User Engagement — Copernicus

Carsten Brockmann

17 May 2017; International Ocean Colour Science Meeting, Lisbon, Portugal
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End-User Engagement — Copernicus

Carsten Brockmann

Validation

35

* Visual inspection

4 * Plausibility of spatial patterns = mapping
* Plausibility of temporal patterns = time series
4 * |dentification of Artefacts = mapping

* Assessment of values in known lakes

7 ww * Comparison with in situ data
ncertainty .
* Insitu data sources LIMNADES
* US data bases for lake
assessment (EPA)

* Nationallake monitoring
programs

Cluster
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In situ data: LIMNADES, Globolakes
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End-User Engagement — Copernicus

Carsten Brockmann

36
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End-User Engagement — GEO AquaWatch
Steve Greb

GEO AquaWatch

The AquaWatch Mission:

To improve water quality in coastal and inland
waters through more effective monitoring,
management and decision making.

The AquaWatch Goal:

To develop and build the global capacity and utility
of Earth Observation-derived water quality data,
products and information to support water
resources management and decision making.

%O EEI?TL}J-IPC?B%ERVATIONS A @Iumawa tCh



38

End-User Engagement — GEO AquaWatch
Steve Greb

GEO AquaWatch

AquaWatch has formed and populated five working groups. These
groups, which correspond to the five objectives, carry out the needed
tasks (work packages) to complete the AquaWatch mission.

User needs > Data > Products >Inf0rmatinn> Knnwl.

Working Group 1| | Working Group 2 || Working Group 3 | | Working Group 4 || Working Group 3

Outreach & User Observations & Products & Distribution, Access Education &
Engagement Data Information & Visualization Capacity Building

C£O (ESARF?TL}J-IP(?B[\‘IJ»ERVATIONS A @IUmawa tCh



Q4. End-User Engagement — Discussion

Q4A-E. What are the gaps in existing
technology and the measures needed to

improve uptake of remote sensing products by
end-users?

* Developing/under-developed countries have a greater
need

* Capability exists to generate products for these regions,
but validation is a challenge

 Citizen science measures for generating in situ data for
product validation (examples of success in Brazil and Peru)
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