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Key messages

% In situ and satellite remote sensing strategies
for water quality monitoring in coastal and
#'.o? inland waters are misaligned.

‘ Cost-effectiveness and spatial coverage of in

situ observation of water quality can and
should improve in support of integration of
remote and in situ observations.

Helpful resources

» Stakeholder survey

* White Paper on satellite EO for Water Framework Directive
* MONOCLE sensors, demonstration activities

www.monocle-h2020.eu | @monocle_h2020 | monocle@pml.ac.uk



2018 Survey

Required Water Quality data

Which of the water quality variables sampled in your
region do you consider to be the most relevant?

Nutrients 20%

issoived oo In situ observation essential
Chlorophyli(-a)
Temperature

pH

Turbidity
Contaminants/Pollution
Nitrogen/Nitrate
Microbiology/Bacteria

Conductivity

Phosphorus 3%

Salinity 3%

Total Suspended Solids 2%

0% 5% 10% 15% 20% 25%

Nutrients are by far the most desired water quality variables, followed
by other chemical and biological variables, of which some (in green) can
also be derived from remote sensor observations.

https://monocle-h2020.eu/Resources
2018. CC-BY-NC-SA 4.0 License
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2018 Survey

Survey results — water sampling

Sampling frequency

How frequently do you sample the

variable which you consider most
important?

What is the minimum required sampling
frequency to meet regulations?

What do you consider an adequate

sampling frequency to capture
variability?

Every minute or more frequent

No current requirement
I don't know

Less than once per year

Annually
Quarterly 7 m|n|mum I’eCIUII’ed
Monthly > current practise
Weekly
- > desired
aily
Hourly

0% 5% 10% 15%  20% 25% 30%  35%

Monthly sampling is most common and corresponds to the sampling
frequency required by regulations. However, hourly to weekly sampling

is considered required to adequately capture natural variability.

https://monocle-h2020.eu/Resources
2018. CC-BY-NC-SA 4.0 License
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Linking satellite EO solutions to policy? AS

Why is the uptake of satellite-
derived water quality products
slow in Europe?

It Is not embedded in
No budget  monitoring policy
frameworks

E Papathanasopoulou, S Simis, K Alikas, A Ansper, S Anttila, J Attila, ... M L Zoffoli. (2019, September 30).
Satellite-assisted monitoring of water quality to support the implementation of the Water Framework
Directive (Version 1.2). Zenodo. http://doi.org/10.5281/zenodo.3903776
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Satellite-assisted monitoring of water
quality to support the implementation
of the Water Framework Directive

White Paper | November 2019
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In situ observation for the WFD has gaps

Unknown status Known status
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Figure 1: Known versus unknown status for BQET-1 Phytoplankton in (left) lakes, (middle) coastal and (right) transitional
waterbodies. Source of data: WISE-SoW database including data from 26 Member States and Norway (no data for Greece and

Lithuania).
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As far as the WFD water quality status
of European waterbodies is known, our
information tends to be based on
relatively few site visits.

E Papathanasopoulou, S Simis, K Alikas, A Ansper, S Anttila, J Attila, ... M L Zoffoli. (2019, September 30).
Satellite-assisted monitoring of water quality to support the implementation of the Water Framework

Directive (Version 1.2). Zenodo. http://doi.org/10.5281/zenodo.3903776
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Remote sensing value for the WFD
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Table 1: Current in situ metrics and corresponding satellite-derived quality
metrics to be considered

WEFD requirements

QE1 Biological elements

QE1-1. Phytoplankton

National Systems

Satellite-derived proxies to be
considered

Abundance and
biomass

Extracted chlorophyll-a
concentration'

Biovolume of phytoplankton'

Chlorophyll-a concentration from
in vivo pigment absorptionit!

Trophic State Index derived from
Chlorophyll-a

Composition

Biovolume of cyanobacteria'

% of cyanobacteria of total
biovolume!

Various other metrics, trophic
indices

Phycocyanin (cyanobacterial
pigment) concentration”

Functional size classes (only in
oceanic waters)¥

Frequency and
intensity of planktonic
blooms

Not reported / not possible using
conventional monitoring

Chlorophyll-a concentration™!

Phycocyanin (cyanobacterial
pigment) concentration”

Surface accumulations of
cyanobacteria*

QE1-2 Other aquatic flora

Macrophyte abundance

Various trophic indices;
Submerged vegetation cover'
Total areal coverage'

Areal cover of floating vegetation

Macrophyte
composition

Proportion of taxa

Mot from current satellite
sensors, but from airborne
surveys*

Macroalgal cover and
angiosperm abundance

QE3-1. General

Combination of spatial extent
and relative abundance
(measured as density) of
macrophytes

Abundance of macrophytes*is

Spatial extent

In intertidal areas**; spatial
distribution of seagrass density
of sea grass, total surface area
of seagrass beds

QE3. Chemical and physico-chemical elements

QE3-1-1, Transparency

Secchi disk depth

(Dissolved organic carbon also
used to characterise lake
typology)

Satellite backscatter as turbidity,
suspended particulate matter
weight or vertical transparency
(extinction or Secchi depthibd

QE3-1-2. Thermal
conditions

Mean water temperature
Water temperature range
Air temperature

Surface water temperature™ (in
open water >2 km from land)

QE3-1-4. Salinity

Electrical conductivity

Only with regionally tuned models

status

Refractometry using Coloured Dissolved
Organic Matter (CDOM) as
freshwater proxy. In marine/
oceans: sea surface salinity
QE3-1-5. Acidification pH Only in oceanic waters: from

combining ocean colour, sea
surface temperature, sea
surface salinigy™
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E Papathanasopoulou, S Simis, K Alikas, A Ansper, S Anttila, J Attila, ... M L Zoffoli. (2019, September 30).
Satellite-assisted monitoring of water quality to support the implementation of the Water Framework
Directive (Version 1.2). Zenodo. http://doi.org/10.5281/zen0do.3903776
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Added value for the WFD
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Demonstrating:
Current reporting gaps
Remote sensing use cases throughout Europe (6 countries)
Complementarity of satellite and in situ observation
Maturity of satellite observation science/industry
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National monitoring authorities — as end-users BT ‘

Policymakers at national level — as budget holders -

Policymakers at European level —to agree roadmap

Earth Observation community — to work together Wit Tows | O etmagan
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Recommendations: ]

Recognise satellite observation as an assessment method
Harmonise metrics across countries,
advise member states on best practises -
Reference the use of satellite-based Earth observation

metrics in the WFD Reporting Guidance (Annex 5)
EC, Member States to agree on recommendations of

common practices and reporting standards

E Papathanasopoulou, S Simis, K Alikas, A Ansper, S Anttila, J Attila, ... M L Zoffoli. (2019, September 30).
Satellite-assisted monitoring of water quality to support the implementation of the Water Framework
Directive (Version 1.2). Zenodo. http://doi.org/10.5281/zen0do.3903776
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Remote sensing for the WFD?

EOMORES
Strengths Opportunities
* Unprecedented observing capability * Return on investment sought
* More observations increase * The surface water quality aims of
confidence in WFD status assessment the WFD are ambitious and not met
e Largely mature; uncertainties * Need for large-scale transparent,
increasingly well described validated monitoring methods
Weaknesses

* Limited budgets for environmental monitoring, no statutory requirement.
* Remote sensing cannot observe all required biological and chemical indicators
* Lack of trust, harmonisation. Some claims unsupported by science

Threats: Product quality, over-sell by industry, evolving methodes,
[capabilities] [trust] [methods maturity]

E Papathanasopoulou, S Simis, K Alikas, A Ansper, S Anttila, J Attila, ... M L Zoffoli. (2019, September 30).
Satellite-assisted monitoring of water quality to support the implementation of the Water Framework
Directive (Version 1.2). Zenodo. http://doi.org/10.5281/zen0do.3903776
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EO always delivers... something

TAP%

Sentinel-2 MSI (launch 2016) vs Sentinel-3 OLCI (launch 2017)
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8 Aug 2018, Lyme Bay, UK. Turbidity (FNU).

Different sensor properties results in product inconsistencies, particularly
near land. Dedicated and adaptive algorithms are needed to identify and
handle these difficult environments -> see also H2020-CERTO

Toots for Assessment and Planning of Aquaculture Sustainabilty
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EO product uncertainty (lakes) Gesa

- lakes
Chlorophyll-a modelled product uncertainty exceeds targets -

Lakes Vanern and Vattern, Sweden, MERIS, 16 July 2006
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Liu et al. in prep



EO product uncertainties (lakes)

681 nm

o
o

It
=3
S
o]

g ——————————————————————————————
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Achieving long-term consistency in satellite retrieval

Michigan

MODIS s MERIS = OLCl wes Trend

Year

Retrieval of atmospherically corrected
reflectance in 5 wavebands in common
between MODIS, MERIS and OLCIA/B

Using POLYMER v4.12 for atmospheric
correction.

The trends and differences combine:
- Atmospheric correction

- Changes in water quality

- Sensor drift

Ultimately, reliable in situ reference
data are needed from many different
waterbodies to attribute sources of
uncertainty.

Liu et al. in prep



Opportunities and Challenges

Optically complex waterbodies can
be monitored with satellite sensors.

Suitable satellite sensors are ¥y

guaranteed for at least 20 years

(

Major product uncertainties from:
 Removal of atmospheric effects

* optical diversity of water bodies

* land/water signal mixing near land

Product calibration and validation
needs are continuous. Suitable in situ
' reference observations are scarce.

- e -

In situ data requirements:

Radiometric reference measurements
Optical + biogeochemical sampling
Near-shore + open water

Not typically covered with statutory monitoring!

Copernicus Land Monitoring Servce, Trophic State Index on 1 May 2018 from ESA OLCI




MONOCLE objectives

Addressing gaps in in situ monitoring

- New sensors and deployment strategies

- Water colour to link satellite and in situ water quality

Improve cost-effectiveness of in situ observations

- Automation and near-real time connectivity
- Sensors for non-experts

- In-field calibration and quality control aided by non-experts

Sustainability

- Push data interoperability and sharing policies
- Training and capacity building

- Facilitate uptake in regular monitoring practises

www.monocle-h2020.eu | @monocle_h2020 | monocle@pml.ac.uk



Solutions from MONOCLE

Increased automation of hyperspectral reference radiometry

- Lowers cost of reliable reflectance observations to validate current and
future multi and hyperspectral satellites (VIS-NIR range)

- Dramatically increases satellite match-up data volume

- Supports studies into improving atmospheric corrections

Water-leaving reflectance Atmospheric transmissivity

Water Insight PML Solar-tracking Peak Design HSR-1 diffuse/direct irradiance
WISPstation Radiometry platform (replacing robotic sun-photometer)
(all-in service) (moving platforms, use

xistin nsors, n- .
 ource approac) 20-40k€ price bracket



Solutions from MONOCLE

Consumer and prosumer drone flights

Crowd-source water quality imagery: non-experts can observe micro-scale.
Reach open water easily, assess satellite product uncertainties near land.
Short flight time, not suitable to map large areas

TN

& eos}
;:. 800 1/1000 7.1 +0.0 Cloudy RAW 773
"

Micasense RedEdge payload added to DJI drone
Using 3D-printable mounts

74~ vito €9 MAPEO

O vorer 2-5k€ price bracket



Solutions from MONOCLE

Citizen science radiometry: iSPEX 2

Miniature version of the SPEX instrument used by astronomers
Turns smartphone camera into spectropolarimeter

Use for atmospheric and water reflectance

'
A
a2 —
> : (2
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(o 2
—
—
2
DETAIL A
PHONE SCALE 10:1
AAAAAA
ISLAND BOM Table
Iltem nr Description
1 SLITCUP
2 1/4 AFOIL
3 4 ) FOIL
4 FOIL
5 |  POLARIZER
& iSPEX tube
(12) i 7 LENS iSPEX
g ] v 8 CLP
- 5 GRATING
.y 10 POSITIONER
11 |RUBBER LIGHT SEAL
12 | PHONE

10-20€ price bracket



Other solutions from MONOCLE

KAUINO iSPEX 2 Solar tracking radiometry Hyperspectral Radiometer for
Take quick and easy ocean colour measurements ptatform (SO_Rad) GlObal & Diffuse lrradiance
Low_cost (<1 00€) Vertical using this the low-cost add-on for your smartphone (HSR].)

Conrrol and automate underway radiometric

i measurements for satellite validation from ships and
transparency Sensor Chal nS buoys A novel sensor to accurately measure the spectrum
of sunlight near the water's surface

FreshWater Watch (FW'W) MapEO Water Water Insight SPectrometer
Station (WISPstation)

Using state-of-the art drone technology to monitor

H HH water quality. The MapEQ Water service converts
Nutrient and turbidity inoe data b per e eosges i NNE i s Feecemines e ke Wats ualiy
H'H H H information on the physical properties of water parameters fully autonomously, emission-free,
Cltlzen SCIen Ce klts bodies. without any chemicals, at a high frequency and get

results available near-real-time

More info https://monocle-h2020.eu/Sensors and services
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Survey

Survey results — sensor cost

What would be a reasonable price for a sensor operated by
a volunteer to measure your main variable of interest?

€0-10
€11-100
€101-250

€251-500
M cost covered by monitoring organisation

€501-1000
[ cost covered by individual(s)

€1001-2500
30% 40% 50% 60%

€5000 or more
20%

10%

0%

The optimal price point for volunteer-operated sensors is around €10-

https://monocle-h2020.eu/Resources
2018. CC-BY-NC-SA 4.0 License

€100 according to most respondents, with some allowance if it is

provided by a monitoring organisation.
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In the field

Lake Tanganyika: citizen scientists

30 participants per site recruited, 150 total
Started monitoring in May 2019: nutrients, transparency, land use

New technologies will be introduced in the coming year

Other test sites include:

* Loch Leven, Scotland
 Western Channel, UK/France
e Danube Delta

 Lake Balaton

* Periurban lakes in Sweden

www.monocle-h2020.eu | @monocle_h2020 | monocle@pml.ac.uk




Uptake & Sustainability

MONOCLE demonstrates data integration...

Satellite data: powerful in open water, uncertainty increases near coast
Automated sensors: more costly but continuous validation in open water
Citizens: contributing mostly shore based surveys — covering the microscale

Key research questions include data redundancy requirements and quality
assurance methods.

... and gauging uptake potential

Chatham & Clarendon Grammar School
building 3D printed mini-Secchi disks

www.monocle-h2020.eu | @monocle_h2020 | monocle@pml.ac.uk



Key messages

% In situ and satellite remote sensing strategies
for water quality monitoring in coastal and
#'.o? inland waters are misaligned.

‘ Cost-effectiveness and spatial coverage of in
situ observation of water quality can and
should improve in support of integration of
remote and in situ observations.

Helpful resources

» Stakeholder survey

 White Paper: satellite EO for Water Framework Directive
* MONOCLE sensors, demonstration activities

www.monocle-h2020.eu | @monocle_h2020 | monocle@pml.ac.uk
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