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| WEBINAR INFORMATION m

= This webinar will be recorded and made available “on-demand”
on the IWA website.

= Following the webinar, you will be sent a post-webinar email with
the on-demand recording, presentation slides, and other information.

= ‘Chat’ box: please use this = ‘Q&A’ box: please use this to

for general requests and for send guestions to the panelists.

Interactive activities. (We will answer these during the

discussions)

Please Note: Attendees’ microphones are muted. We cannot respond to ‘Raise Hand'.
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Dr Erin Urquhart  Steven Greb Apostolos Tzimas, Maria Dessena, Blake Schaeffer,
PACE Applications Researcher at Managing Geologist at Research
Coordinator at University of Director at EMVIS ENAS, Scientist at US
NASA GSFC, Wisconsin- Consultant Italy Environmental
USA Madison, Engineers, Protection
Director of PrimeWater Agency (EPA),
GEO AgquaWatch, project leader, USA
USA Greece




AGENDA m
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= Welcome, housekeeping rules and panelists introduction
Dr Erin Urquhart

= The GEO AquaWatch initiative - Building Confidence in EO Water Quality
g?et\?en Greb

= New approaches from PrimeWater being developed to connect EO to end
x?)%rsstolos Tzimas

= Case study: EO in practice, the point of view of a water utility
Maria Antonietta Dessena

= Use of EO in practice for water management
Blake Schaeffer

= Panel discussion with questions from audience

= Closing remarks
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The GEO AguaWatch initiative

Building Confidence in EO Water Quality
Data

STEVEN GREB (£O EARTH OBSERVATIONS
UNIVERSITY OF WISCONSIN-MADISON ~ ACED

AQUA WATCH




AquaWatch
The GEO Water Quality Community of Practice

------

Outreach
and End User
engagement

Education i
} Observations
and Capacity and Data
Building Water
Quality
Information

Service

Distribution,
Access and
Visualization

Products and
Information
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LAKE ERIE

Credit:New York Times Image by Wade Fairley/WCS Photo by Steve Rohrs
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COMPARISON OF EARTH OBSERVATION SENSORS m
SUITABLE FOR WATER QUALITY ASSESSMENT WITH
PUBLIC ACCESS DATA POLICY the wisruationat
' - - 0.010
Soa
112 3 45 12-16 1718-19
Sentinel-2 |
MSI |
2 . - 0.005 H%
= Landsat 8 T
Credit : ESA/Pierre Carril OLI/TIRS (3
Landsat 7 |
ETM+
| 1 2 3 4

DT T mmm— 0 000
400 500 600 700 800 900

Wavelength (nm)

Google Earth Image

inspiring change 9



ADVANTAGES AND DISADVANTAGES

Advantages of the remote
sensing of water quality

Water quality data with a high spatial
and temporal resolution for multiple
water bodies at a time

Affordable

Historical data for studies of trends in
water quality

Near real-time data for current
information

Accuracy continuing to improve

the international
water association

Disadvantages of the remote
sensing of water quality

Optically complex conditions found in
lakes

Potential interference from the lake
bottom in shallow lakes

Clouds!

Dynamic changes in water quality
Limited number of water quality
parameters

Calibration and validation of models
typically requires the collection of
ground truth data




Examples of Current Data and Product Sources M
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SDG Reporting Portal
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About | Contact us

Copernicus Global Land Service Qopernlcus

Home Products Use cases Product Access Viewing Library Get Support

#

17650 Seach Tome L2 NASA OFfcul S Bk 1005 424 1y Py - A

https://search.earthdata.nasa.gov/search https://land.copernicus.eu
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Training Resources

FARTH SCIENCE
APPLIED SOENCES

the international
water association

TRAINING

LEARN TO USE EARTH
OBSERVATIONS

U THE DeSSON
DU COMMRTY

CPPORTONTIES

https://appliedsciences.nasa.gov/what-we-
do/capacity-building/arset

Home > Opportunities > Foreducation > View image informetion & credits

Copernicus Academy

Grants and Public Procurements As part of Copernicus User Uptake activities, the European

3.
~
‘Commi n has launched the Copernicus Academy.
Calls, competitions and pri; The Copernicus Academy connects universities, research
e e e o v opernicus
organisations, in the Copernicus Participating Countris o~ o~ ~
For public authoriti (EU28 + Norway & Iceland) and beyond. The goal of the LOQCH’ ]y
network is to fink rescarch & academic institutions with
o authorities & service providers, facilitate collaborative
For Start-ups ;
research, develop lectures, training sess
well as educational and training material to empower the

For education next generation of researchers, scientists, and entrepreneurs
ble skill sets to use Copernicus data and

information vices to their full potential
» Copernicus Academy x o : it

Skills Programme
The currently over 174 members of the Copernicus Academy also work to increase the exchange of ideas and best practices
- ntributing to the devek nent of the use of Earth Observation data in general and
Copernicus MOOC " o L
rious public or private user organisations or industries. Moreow

linstitutions and established commercial ope

https://www.copernicus.eu/en/opportuniti
es/education/copernicus-academy
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Ifim‘ere:sTGMdjnjc—nTﬁiﬁé a working grd_up or‘_gétting_i’ﬁ\_/dl‘ved in
AquaWatch, please contact the AguaWatch Secretariat
(Merrie-Beth Neely) at info@geoaquawatch.org

Or contact Steven Greb, AquaWatch Director at the
University of Wisconsin at srgreb@geoaquawatch.org
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New approaches from

PrimeWater being developed to
connect EO to end users

APOSTOLOS TZIMAS ’\ IS
EMVIS MANAGING DIRECTOR (‘ ETME}O/UJCESS

PRIMEWATER PROJECT COORDINATOR
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PRIMEWATER IN A GLANCE

Prime Water is about international,
collaborative, cross-cutting research on\\
advanced Earth-Observation data, integration \
with additional data sources and diagnostic
modelling tools for delivering better and
actionable information to the water industry

S
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WATER QUALITY HAZARDS EXPOSURE
AND VULNERABILITY REDUCTION
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Demonstrate EO potential for
supporting local-scale
operations in the water industry forecasts
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Develop reliable, predictive
and prescriptive services
for Water Quality Hazards
exposure and vulnerability
reduction in the Water
Sector

e Water Quality Forecasts as a
Service

e Forecasts based Early Warning
System for Algae Bloom

® Predictive Reservoir Water
Management (e.g Blending
among interconnected reservoirs)
e Water Abstraction Optimization
based on forecasted Water
Quality

Cross-cutting research and integration
with hydroecological models for
generating skilled Water Quality




The rational for being proactive

COST OF INACTION AND
OPPORTUNITIES

Predictive management of a
utility’s risks

Risk management is critical in
proactively determining and mitigating
issues. Mitigating risks in a planned

manner is less expensive than reacting
to a major system failure

Songhuajiang River Pollution .

Accident, 2005 China

Water supply disruption

the international
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Blendmg source water
Algaecide Flocculants
pplication

Water circulation
(aeration or mixing)
Increased treatment costs
and efforts
Increased
treatment cost for
removing microcystis

Lake Erie, 2009, 2014 Murray River, 2010-11

Guaranteed
ds Scheme , 2017

O Toledo spendln: . . . .
oncarbon ,,.,Not to mention Tourism, Fisheries,

Lake Erie, 2009 .
Aquaculture, Property values, Livestock,

oston, 2010 — Main Break Public Health




THE OPTIMUM LEAD TIME IN DECISION m
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Water Resources
Management &

Completely 9 - Env. Protection
8 - Potable
.§ Significant ? 7 1 Water Aquaculture
%" j;T 6 Hydropower
q_?__ Moderately ﬁgl 5 4
# 1 month ;
Little impact =10 days »E 3 A
1 day z 2
Insignficantly 1 4 I
T T T T T 1 0 T T T T . 1
0% 20% 40% 60% 80% 100% 1 hour 1 day 1 week 1 month 1year
Percentage (%) of responses Forecasting window
Extent that an Action Plan, when forecasting Preferred optimum forecasting window
services are available can mitigate water across sectors

related issues

Results from PrimeWater 1t Multi-User Panel Workshop
(21 participants, 15 responses)
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DELIVERING HIGH RELIABILITY WATER
QUALITY FORECASTS FOR THE WATER m

I N D U S T R Y water association

Earth rvations.
Hydrological Modelling. arth Observations Data Assimilation.

: . . . Satellite imagery: Sentinel 2A/B and Landsat . . e e
Attributes: River discharges in upstream 7/8 PRISMA) Automatic real-time assimilation of EO

to improve forecasting skill, (Ensemble
Kalman Filter, 4dVAR, Weighted Average).

l-. & + o,

| Operational Forecast production.
PrimeWater service line integrates operationally
multiple scientific components & produces short term
forecasts (up to 10 days) of hydrological and
| ecological parameters of the reservoir,

catchments, Diffuse loads (e.g. sediments,

nitrogen, phosphorus). Attributes: Turbidity, chlorophyll-a, surface

water temperature,.

£

| Hydrodynamic Modelling.
Attributes: Velocity field and circulation
pattern of the reservoir.

Water Quality Modelling. | Machine Learning Models. |
Attributes: Algae growth, nutrients, sediments Machine Learning algorithms (random Forests, Gaussian Process
and dissolved oxygen. Regression, Quantile regression forests) are used for Water Quality

predictions, assessment of prediction uncertainty and systematic
errors correction in forecasting systems,

Data used: Satellite imagery, in situ monitoring data, meteorological
and hydrological forecasts

...for generating real time, short to medium range water quantity and quality forecasts for reservoirs.
inspiring change 19




THE SCIENCE BEHIND THE SERVICES m
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Advancing the skill of hydrological forecasting
Continental and global hydrological forecasting

E-HYPE model & WW-HYPE
Semi-distributed, process based model.
Uses ECMWF meteorological forcing and
provides 10-days forecasts of:

* Daily river discharges ¢ Sediment and
Nutrient (N, P) loads

Meteorological forcing
— _ SMHI’s operational global forcing dataset
) * 0.5 degrees resolution
S e 3-hrs frequency for ’Climate’ and
‘Extended’

\\ N -"/" \.\\- - -4// \\\\- - -/// g
m * 6-hrs frequency for 'Realtime’

1979 - 2014 2015 - 3 months ago previous two months

A
A

Bias adjustment SMHI’s operational global forcing dataset

* Bias of SEAS5 precip. vs HydroGFD e
Bias-adjustment based on quantile-quantile
mapping approach




THE SCIENCE BEHIND THE SERVICES
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Advancing the skill of process-based WQ forecasting

Operational coupled Hydrodynamic and Water Quality forecasting

Capture the motion of water and calculate the
. forces acting on it using Delft3D-FLOW.
* water velocities * mixing and turbulence
water temperature and densities. Delft3D-
- WAQ uses 50 ecological processes and 16
state variables to capture the dynamics of:
* algae populations ¢ dissolved nutrients e
particulate matter » dissolved oxygen

Efficient calibration

- e e Metamodeling approach to replicate the
— : = . response of high fidelity models with
S = A reduced computational effort

Improve forecasting skill through Sequential and Variational Data Assimilation

T

techniques Automatic real-time assimilation of EO and
s in-situ monitoring to correct initialization
g — state of ecological modelling and improve
e M— forecasting skill,
— Benchmarking various techniques
I R e (Ensemble Kalman Filter, 4dVAR) in terms of
S e ' skill improvement and computational effort.

Quantify uncertainty using ensemble

Uncertainty estimation modelling




THE SCIENCE BEHIND THE SERVICES m
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Advance the skill of process-based models Exploiting the wealth of satellite-derived data
through a model fusion approach
Development of credible data-driven models

Objective fupction model

An error-correcting framework

Training Random Forests and Gaussian
Process Regression using ...

* EO-derived water quality

* Meteorological forecasting

* Hydrological forecasting

Systematic errors might

contain useful information

+ Train data-driven algorithms to
recover some of the missing
information and correct
process-based predictions
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Assessment of prediction uncertainty

Go beyond the conditional mean and
Simulated Predicted give information about the spread of the
— valwe [ | 00 Y Value dicti i
...--.__ predictions using ...
g_’

ca"@ o ﬂ prgdic'liﬂll dat e -
\ N prediction . [ 1] LX) 0

Updated L O oo . * Quantile regression forests
: ° ) i
— — pom ). [ Prediced ; ‘e, n Assess_ment of predictor
Data Error coee .. . Impo rtance
e

0 L . .
WL RENL ) BT B Uncover interaction effects among
ol l-le B variables




FROM SCIENCE TO OPERATIONAL m
SERVICES FOR THE WATER INDUSTRY
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Water Quality Forecasts as a Service




FROM SCIENCE TO OPERATIONAL m
SERVICES FOR THE WATER INDUSTRY
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Forecasts based Early Warning System for Algae Bloom

e VS

©  NOAforecast (deterministic)  ~




FROM SCIENCE TO OPERATIONAL
SERVICES FOR THE WATER INDUSTRY the international
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Water Abstraction Optimization for a Potable Water Treatment
Plant based on forecasted Water Quality

Water Treatment Plant Optimization <
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Case study: EO in practice, the

point of view of a water utility

MARIA ANTONIETTA DESSENA
ENAS — REGIONAL WATER BODIES

inspiring change
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CASE STUDIES

Lake Harsha
Ohio, US

Lake Hume
New South
Wales/Victoria, AU

Melbourne Western
Treatment Plant
Victoria, AU



https://primewater.eu/lake-harsha/
https://primewater.eu/lake-hume/
https://primewater.eu/melbourne-westertn-treatment-plant/

LAKE MULARGIA m

SARDINIA, IT the International

water association

Mulargia Reservoir is one of the PrimeWater case studies.

Here, research is taking place to explore multiplatform optical
data for assessing water quality.

In Mulargia Reservoir, PrimeWater aims to assess the
predictability of algae blooms — in terms of timing, extent, and
Intensity — for time scales spanning from several days to a few
weeks ahead employing both process-based and data-driven
models. PrimeWater will further evaluate the limits of those
modelling approaches in terms of their sources of uncertainty and
forecast horizons.




A ENAS - Ente Acque della Sardegna: The Mission

According to the allocations, yearly established by
the Regional Sardinian Water Authority for each reservoir, ENAS supplies raw water:

T

Raw water

: it 23 YEARLY WATER VOLUMES DISTRIBUTED
for multi-purposes ggesr’ f
e

22

L

Industrial uses: 22 Mmc

697 Mmc

Integrated water service operator

‘ D ©
s sy ||

Clarification Rapid sand filtration

f
(1]

Distribution

network

e -




THE RATIONAL FOR WATER BLENDING

C
o
= AMONG INTERCONNECTED RESERVOIRS
S Problem definition
2 the international
water association
Catchment area (km?) Runoff (hm3) Surface max (kmz) Volume (hm?)
Dam height 99 m Flumineddu:252  Mulargia:178 | = Flumineddu:98  Mulargia:A1 Flumimddu;mlmulargia:lz Flumineddu:l  Mulargia:310
Reservoir area 12 km?
Capacity 310 hm3
Upstream catchment area 178 km?
Flumendosa:751 Fl dosa:380 | Fl d Flumendosa:293
600 mm/year
- * Mulargia & Flumendosa formulate a complex
5 l)f'pjj;vr;gm fiver basin Flumineddu water system
T 2) Flufmendosa tunfnel - * Bringing water from Flumendosa is not only a
4= transferring water from . . .
é Flumendosa reservoir to quantitative matter but also a way to improve
e Mulargia i
3) Pumping station Basso water quallty . .
Flumendosa transferring * Currently water blending is performed
water to the entrance of o q
S w Mulargia : 0 empirically based on weather forecasting
£ 4) Ecological outflow from — S 8 » The correlation between action (blending water
o Mulargia reservoir to \ ]
Ch downstream water body - from an alternative source) and result
[ ;‘f 5) Water abstraction for 4 . . I . | bvi
o i, agriculture and = v (improving water quality) is not always obvious
industrial uses * 9-days forecasting capacity of PrimeWater allows
6) Automated monitoring €] . .
station inside Mulargia - o/ 0 for preventive actions at early stage
5 7) Automated monitoring &%
'g station inside Flumendosa Googe “~0
= .
©
>




INTRODUCTION m
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Defining the framework for evaluating the skill
of the produced forecasts and warnings:
The end-users perspective

Co-design  Co-creation




Operational services definition for the

S . .
Mulargia Reservoir
(o
2 the inte~7-*ional
@ water 'mn
) Wy
N\
O O O
Problem Solution Impact
( EO based water quality monitoring services _ . \
| Previous day detection of I
Reservoirs monitoring is A single daily measure of physical, source water contamination
I time and resource chemical, and biological contaminants and ablllty to evaluate . |
| intensive. effectl\{eness of protective
strategies l
5 N e —
®
2 I SIS SIS SIS I SIS S G I G G G S SIS G G S SIS S SIS G G S G S S S ——
’9‘) / Operational Forecasting services for Water Quality in Rivers & Lakes \
Q.
n Responding to ; i . . .
I ? . f . Up to 10-days in advance forecast of Early warning of impeding I
I Eon amina 'E[)In (te;]/en ; may daily measures of physical, chemical, contamination and ability to I
e more cos an bein . . . o
S I orepared to azoid & and biological contaminants and indices evaluate effectiveness of l
a . .
g = contamination events. ina 3D grid protective strategies
o0 N — e —
%?f T L T T = =
o [ Water Blending among interconnected reservoirs
| Managing interconnected Dynamically assess the effectiveness of Mitigate the evolution of
i reservoirs under Water various water transfer scenarios in terms of algae blooms
S I QUCTI'W Ist.ress is a complex volume, timing and duration 10 d in advance
S | ang mu t|—p§rametr|§ through scenario-based forecasting tool for
= problem which requires . .
WQ characteristics and schedule proactively
= \ advanced tools. _
of water transfers between reservoirs.




QUESTIONS OF USERS

As a user, | would like to know the skill of forecasts for
<parameter or indicator> during <time period of interest>
at <point of interest> because it is critical for
<operation/action>.

the international
water association

Parameters: Define the most critical
forecasted parameter (or indicator)
that you would like to validate
against your in-situ measurements.
When: Is there a specific time
period when a skillful forecast
would make difference for your
operations (e.g. during a specific
season or month, throughout the
year).

Where: Validation will be
performed against monitoring
datasets collected by the floating
station in Mulargia. Is there a
specific point of interest (e.g. at
surface, at a specific depth) or is the
entire water column that matters?




Main forecasted parameters and indicators to assess HABs

- Parameter _ Time resolution Spatial resolution

River discharges entering reservoir [m3/d] the international

£ 2 it ohosoh Pr———— water association
© @ itrogen, Phosphorus and Sediment loads g b _
% E entering reservoir Sally t:qmedstep 10 Catchment level
25 ays ahea
> 8 Temperature of water entering reservoir [°C]
Chlorophyll (green algae, cyanobacteria, [mg/L]
diatoms) inside the reservoir
Suspended sediments inside reservoir [mg/L] 100x100 m? grid
.g cell, 15 vertical
2 Nitrogen (NO3, NH4), Phosphorus (PO4) [mg/L] Hourly time step - 1 layers
% inside reservoir week ahead (aggregation in
o ) larger areas
Water temperatures inside reservoir [eC] available)
Dissolved oxygen [mg/L]
Velocities [vectors]

Define specific indicators for targeted concerns or operations

Indicator Type Category Assessment based on
Intensification of Increase /No change or Localized change in
algae bloom Rate of increase chlorophyll levels
Evenness of According to Pielou's Calculated based on
phytoplankton evenness index forecasted values of a
community different member

community
Reservoir Depth of the thermocline, Capture change of
stratification Lake number, Wedderburn circulation patternin
tendency number the reservoir

Schmidt stability




THE RATIONAL FOR WATER BLENDING AMONG

5 INTERCONNECTED RESERVOIRS
© Problem definition
a 1. Flumendosa - Mulargia water blending is dependent on the amount of water that can
be transferred;
2. The transferable water volume is related to the Flumendosa and Mulargia water level.
3. Maximum transferable water volume: 6.5 Mimc/day
Flumendosa to Mulargia: Water blending capacity Flumendosa to Mulargia: Water blending capacity
hydrological - year 2017 - 2018 hydrological - year 2018 - 2019
7,00
- g T ——————————
......................................................................... »
250,00 250,00
5,00
240,00 240,00
4,00
230,00 230,00
C ! / 3,00
o
-g 22000 200 22000 W
e
?§ 210,00 1,00 210,00 1,00
o
(9]
c
OEJ %o == Flumendosa level (msIm) == Mulargia level (mslm) s Flumendosa level (mslm) === Mulargia level (mslm)
Q. t; max Flumendosalevel (mslm) ~~~ weees max Mulargia level (mslm) max Flumendosa level (mslm) e max Mulargia level (mslm)
% & """ max Flumendosa lamination plan level (mslm) —— min Flumendosa level (mslm) | | ... max Flumendosa lamination plan level (mslm) —— min Flumendosa level (mslm)
<1>) 05 —— min Mulargia level (mslm) s maximum daily transferable volume (Mmc/day) —— min Mulargia level (mslm) e maximum daily transferable volume (Mmc/day)
O -
Drought season: Standard season:
Water blending scenarios can be Water blending scenarios can be established in
established all over the hydrological year the following periods: October-December and

July-September
Water blending scenarios should be congruent to the current management of the reservoirs

Validation




ANALYSIS - MULTIPLATFORM EXPERIMENTS: 22-25 SEPT
2020 (BY CNR-IREA/EO ELABORATIONS)

Morning,
24 Sep

Airborne
Hyperspectral
acquisition

In situ Field
campaign

ik .1
18 OLI/TIRS - 23409/%‘




RESULTS - HYPERSPECTRAL ON MULARGIA RESERVOIR m
(BY CNR-IREA/EO ELABORATIONS)
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Pixel with spectral
signature
characterized by
cyanobacteria with
phycocyanin
pigment



RESULTS - IN SITU DATA 22-25 SEPT 2020
(BY CNR-IREA/EO ELABORATIONS)
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ELABORATIONS - THE RATIONAL FOR WATER BLENDING AMONG

INTERCONNECTED RESERVOIRS
Using PrimeWater for optimizing water quality in Mulargia Reservoir

Algae bloom evolution during autumn 2018 & summer 2017

Day 0
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3d forecast
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Could these algae blooms have been avoided?

I

Chlorophyll concentration pg/L



AIRBORNE RESULTS (BY CNR-IREA/EO
ELABORATIONS) m

the international
water association




Preparation

Developmen e .
1 2 Tesi Specification

Validation

WATER BLENDING AMONG INTERCONNECTED RESERVOIRS

Preventing the evolution of an algae bloom by combining different

sources of water

Investigate if transferring 40 hm3 of water from Flumendosa can

reduce chl-a concentrations

Differences in
chlorophyll a
concentrations
between the scenario
of Flumendosa
contribution and the
reference scenario at
day +9 (19 Oct 2018)
for the top layer.

Differences in
chlorophyll a
concentrations
between the scenario
of Flumendosa
contribution and the
reference scenario at
day +9 (26 Jul 2017)
for the top layer.
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Water elevation in Mulargia increases by almost 3 meters
Additional water from Flumendosa reduces chl-a values by
up to 10 pg/L.

Higher reduction is observed near the area of the
Flumendosa tunnel entrance and the north part of the
reservoir.

Smaller differences are observed in the reservoir perimeter
due to nutrient fluxes from upstream rivers

Water elevation in Mulargia increases by almost 3 meters
Chlorophyll reduction is also dictated by the hydrodynamic
conditions

Additional water from Flumendosa reduces chl-a values by
up to 6 pug/L in the north part but increases chl-a in the
center of the reservoir.

Why did the reservoir not respond in the same manner?

Q

Q

the different water quality characteristics of Flumendosa at
that time of the year

the hydrodynamic pattern which breaks the thermal
stratification and releases nutrients to the upper layers.
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Use of EO In practice for

water management

BLAKE SCHAEFFER
US EPA

inspiring change



IWA & SATELLITE WATER QUALITY m
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= WA 2019 Strategic Plan
— “scarcity into abundance.”
— ‘“utilities...improve efficiency, enhanced services and credibility.”
— “universally applicable, easily accessible, and locally adaptable.”

= Satellite Water Quality Concepts

— Discrete temperature measures >11,000 U.S. lakes...satellite
temperature >170,000 lakes (Schaeffer et al., 2018).

— Annual potential avoided costs increasing the availability of remotely
sensed chlorophyll-a values...range between $5.7 and $316 million
(Papenfus et al., 2020).

— Better targeting of sampling and providing additional spatial and
temporal context (Schaeffer et al., 2013).
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IWA“...bridging the chasm between research and practice...”

Satellite
Water Quality

Late
Majority

Early
Adoplers

Early

Satellite Innevaters Majority

Water Quality
Monitoring

Laggards

Araa under the curve
represents
number of customers

|
|
|
1
|
|
"The Chasm" :
|
|

-

Technology Adoption Lifecycle
Source: strategiesforinfluence.com
G. Moore “Crossing the Chasm”
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CYANOBACTERIA
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Annual Stock Assessment and
Fishery Evaluation Report for
U.S. Pacific Island Pelagic Fisheries

Ecosystem Plan
2019

P . » = 3 -t
e =
HIGH RISK AREAS: ST HELENA BAY m GARDEN ROUTE ALGOA BAY

Source: MSmith2@csir.co.za
ocims.gov.za/hab/app/

Source: ryan.rykaczewski@noaa.gov
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IWA's “Sustainable Development Goals (SDGs) for water require a rapid
and transformational new approach based on inclusive governance.”

i) =
" “ THE SCIENCE OF WHERE’

.J: Coastal Eutrophication
Source: chlorophyll-esrioceans.hub.arcgis.com/

Freshwater Ecosystems
Explorer

Leverage the best available science to track, monitor, and improve the health of
freshwater ecosystems.

sdgb61.app/home



https://chlorophyll-esrioceans.hub.arcgis.com/
https://www.sdg661.app/home

EARLY MAJORITY

Algae

Source to Treatment
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Strategies for Preventing and Managing Harmful
Cyanobacterial Blooms (HCBs)
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Toxic Cyanobacteria
in Water

A Guide to Their Public Health Consequences,
Monitoring and Management

CRC Press
edited by @ s Group

Ingrid Chorus (73X, World Health
Martin Welker &%) organization
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UPCOMING! EARTH OBSERVATION FOR

WATER MANAGEMENT GROUP

"ﬁ;r"&va‘ |
The IWA Digital Water rogramme WI| n,
launch the Earth Observation for Wate?

Management Group. ¥ | ot
MAIN OBJECTIVES \ ¥

Provide a platform for different end-users to share
approaches on the application of EO, in situ data sets,
citizens science, modelling and data assimilation
techniques for water management.

Enable linkages between cross cutting scientific
communities and end-users to attain a better
understanding of EO.

Identify gaps and how these can be addressed in the
understanding and use of EO technology in managing
water.



| UPCOMING EVENTS

| GET-TOGETHER

Next Generation W:

m YOUNG WATER
PROFESSIONALS
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Wednesday, 28 July 2021 13:00 BST

https://iwa-network.org/learn/ywp-get-together-next-generation-water-action-turning-challenges-
into-opportunities/

inspiring change 56



https://iwa-network.org/learn/ywp-get-together-next-generation-water-action-turning-challenges-into-opportunities/

Join our network of water professionals! IWA

the international
water association

IWA brings professionals from many disciplines together to
accelerate the science, innovation and practice that can make a

difference in addressing water challenges.

Use code WEB21RECRUIT

for a 20% discount off
new membership.

Join before 31 December 2021 at:
WWW.IWa-connect.org

inspiring change


https://iwa-connect.org/subscribe/explore-subscriptions
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Learn more about upcoming webinars at
http://www.iwa-network.org/iwa-learn/
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