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PRIMEWATER WATER QUALITY FORECASTS FOR PHYTOPLANKTON

BLOOM ALERTS
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PRIMEWATER WATER QUALITY FORECASTS FOR PHYTOPLANKTON
BLOOM ALERTS

Recreational Public Health Advisory posting strategy

Q Challenge

State recreation managers need
to address harmful algal blooms
(HABS) in recreational waters
and to protect people from
cyanotoxins produced by
cyanobacteria

Harmful algae or cyanobacteria
can produce toxins that make
people and animals sick.

Current practice involve:

U Sampling or Collecting
Observations and other
information of Blooms

U Post advisories

Visitors' exposure window to
toxins (period between a HAB
event initiation and Advisory
posting) should be kept
minimum.

-
Conduct observation at
beach site

Visual
presence of a

Remove caution (blue)

sign at beach, if
previously posted

bloom?

iPost caution sign (blue)
Collect weekly sample
and test for
cyanotoxins.

yanotoxins
detected above

Replace caution sign (blue) with
advisory signage (red) at
beach and post caution (neon
green) at boat ramp.

Continue weekly sampling and
cyanotoxin testing.

warning algal toxins at unsafe levels
have been detected and that all contact

with the water should be avoided.

Type of Advisory Microcystin IAnatoxin-a Cylindrospermopsin [Saxitoxin
Recreational Public Health Advisory
A sign is posted on beaches 8 pg/L 8 ig/L 15 pg/L 0.8 ug/L

Remove advisory
signage (red) at beach
and caution sign (neon
green) at boat ramp,if
previously posted.

*Ensure that cyanotoxins are
below threshold for two
consecutive weeks following
advisory.

State of Ohio, Harmful Algal Bloom Response
Strategy for Recreational Waters

https://epa.ohio.gov/static/Portals/35/hab/HABResponseStrategy.pdf
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Solution

Every day receive for the next
10-days in advance the
estimated probability of
exceeding the alert level 1
threshold for Chlorophyl-a
concentration indicated by the
WHO’s guidelines for bathing
waters (i.e., 12 ug/l) for the
selected area of interest.

An ensemble learning method is
used for estimating the
probability of exceeding the
selected limit. The model uses
hydrometeorological drivers of
the past 10 to 20 days to
forecast the probability of
exceedance of the WHO
thresholds. Meteorological
forecasts are obtained from
Meteoblue while hydrological
forecasts are produced by the
HYPE model.

Weather forecasts and the forecasting time dimension

Deterministic - Probabilistic forecasts
Global — Regional - Local Models

S

Deterministic Probabilistic
forecasts forecasts

~
N

1
Local scale
odels

Hydrological

forecasting Global

Continenta

Data-Driven Models
(RF/GPR — Regression/

Reservoir
water quality
forecasting

Earth-
observation- In-situ Multi
Satellite Sensors

-spectral Hyper-spectral
Satellite Sensors

based water
quality
monitoring

BLOOM ALERTS

Meteoblue global
weather
forecasting services
GFS, GFS ensemble,
NEMS, meteoblue

meteoblue’

weather 3 close to you

SMHI’s Hydrological
Simulation System
(HYSS)

* HYPE Short-term
forecasts (10days)

EMVIS Water

Automation Shell

(wASH)

¢ Data-driven WQ
forecasts

Quantile Regression
Forests (QRFs)

Sl

MANAGEMENT

EOMAP’s Modular
Inversion & Processing
System (MIP)

* Sentinel-2 & Landsat

B

CyAN project
» Sentinel-3

CIAN

EO Data used for WQ
ML models training



Factors influencing the Value of Forecasting Information

THE VALUE OF WATER QUALITY FORECASTS FOR PHYTOPLANKTON BLOOM ALERTS ‘(‘,
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PO Impact

What if we knew how a phytoplankton outbreak will evolve 10 d in advance

Can this information trigger early actions ?

* Are any actions that can be taken considering the

State information?
recreation e Can the lead time available for the HAB event provide
sufficient time to implement early actions and mitigate

Pmanagte.r impacts in advance? Factors influenCing the

erspective _ .
What is at stake as an outcome of a Value of Forecasting
decisions? Information

“Boundaries of What is the cost/benefit from using the
Analysis” next-best substitute for the information ?

How certain decisions are based on forecasts?
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Real Estate

oY Property values obtained from:
Viliamsbiia
Zillow: Real Estate, Apartments, Mortgat{es &
(29 Home Values

@)

o)

ﬁ Potable Water Treatment " Amenitv and Recreation
) By Operations .,D il A Sy

Can an Early Warning Forecasting System for
Phytoplankton Bloom Alerts trigger any actions that
could generate in the short-term Economic Benefits or
Avoid losses ?

Ecological Services

Scenic
Boating
Fishing
Swimming

Drinking

Support economic
activity

!

THE VALUE OF WATER QUALITY FORECASTS FOR PHYTOPLANKTON BLOOM ALERTS

Activities
Recreation

Enjoy property

Potable Water
Treatment
Operations

Tourism Sector

Aquaculture
Sector

Agricultural
Sector

Energy sector

Other Water
dependent
industries

Boundaries of Analysis

@

Impacts

@ Satisfaction
)

Health Impacts
Property value

Direct tangible cost that accrue directly to
assets such as:

-Increased treatment, inspection and
maintenance costs for drinking water facilities
-Damage to agriculture (Crop losses),
aquaculture (fish kills or fish price reduction),
Livestock losses

-Cost of mobilization of O&M Services (e.g
WTPs operations), emergency response services
, etc

Losses due to business interruption that accrue
from the disruption of activities in areas
directly affect by the disaster such as:

-Loss of revenue (water supply disruption,
energy curtailment, prohibition from
recreational uses)

-Losses due to the absence of public services
(penalties from water supply disruption, energy
curtailment)

ndirect costs that accrue from knock-on
impacts of direct or business interruption
losses such as:

-Loss of reputation

-Sales drop in businesses reliant on water
-Commodities price increases

-Increase in unemployment

-Opportunity costs of further development


https://www.zillow.com/
https://www.zillow.com/
https://www.zillow.com/
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What is at stake as an outcome of a decision?

=
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Losses from
the closing
Monitoring down the

costs activities in a
recreational
area

Visitors possibly engaged with _ _ _
activities that could expose 1000 Daily sampling campaign cost
them in cyanotoxins) per day (euro/day)

Economic benefit or cost
5000 generated by the visitors 100
(euro per day per visitor)

Percentage of exposed people 005
that will get sick (%) ’

Health cost

(euro per sick visitor) 900

Assumptions for the visitors:

1M visitors/year, 50% from May to Sep., 30% possibly engaged with activities
that could expose them in cyanotoxins)

Assumptions for the impact model adapted by :

Signe Stroming, Molly Robertson, Bethany Mabee, Yusuke Kuwayama, and
Blake Schaeffer, (2020). Quantifying the Human Health Benefits of Using
Satellite Information to Detect Cyanobacterial Harmful Algal Blooms and
Manage Recreational Advisories in U.S. Lakes, GeoHealth, AGU
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x Naive monitoring

Action relies on “naive” sampling

Actions to be campaigns  with a constant
taken frequency over time (e.g. every
week)

Exposure window ( up to 7 days (max duration before
before posting an : citizens report of algae bloom)
\

P x (MC+HC) + (1-P) x MC
P: Probability of HAB
occurrence

MC: Monitoring Cost ~
HC: Health Cost |

Expected Cost with HAB probability

J Optimized monitoring

approach

Action relies on a monitoring campaign
with a sampling rate estimated from the
historical probability for harmful algal
blooms (HABs) estimated for each month

From 3 to 7 days (depending on the
optimum sampling frequency )

THE VALUE OF WATER QUALITY FORECASTS FOR PHYTOPLANKTON BLOOM ALERTS ‘ ,

Can this information trigger early actions ?

Using a forecasts
J based EWS

Action relies exclusively on  whether
PrimeWater services indicate Alert level 1
concentrations (12 pg/l) to perform additional
sampling and issue a warning and; if vigilance
level concentrations are indicated, then no
further actions are required.

Down to 2 days (min unavoidable exposure
duration in a bloom - delay for closing lake
after sampling)

Advisory N

Optimizing monitoring plan based on historical data

$350.000,00
$300.000,00
$250.000,00
$200.000,00
$150.000,00
$100.000,00

$50.000,00

5-

Probability of HAB
occurrence for Lake Harsha
based on the historical in-situ

e

data

[

Sampling Frequencey

|
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® We considered that a HAB
: event is observed when chl-a

|
| |
| |
! 1

2 34567 8 9101112131415161718192021222324252627282930 concentrations exceed 12 ug/|

(alert level 1 concentrations)

_____________________________ 3 and cyanobacteriaare

_____________________________ J dominant.
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Action 1 - Rely on Optimized monitoring approach
(best sampling frequency according to the historical

probability for harmful algal blooms (HABs)

estimated for each month

VS

What is the cost/benefit of existing best practice?

Action 2 - Rely on PrimeWater forecasts-based EWS
using Quantile Regression Forests (QRFs) predictive
model using for training:

0 Landsat-8 and Sentinel-2 data (Forecast solution 1)
L Sentinel-3 data (Forecast solution 2)

-320.000 € - 5.000 €
l Estimated for
FEEEEIRG EEVS [nialE -90.000 € - 200.000 € }
Issue Alert each month
Forecast says NO
HAB—No Alert ~>1>000€ 0€ N -

Months with at least
one HAB occurance
(2009-2019)

Probability of at least one
HAB incidence (based on
historical data 2009 -2019)

Expected value of
Action (1)

Expected valuelof
Action (2) wit+|
PERFECT forecdst

Value of Perfect
Forecast

August

September

- Red: Doing always Actionl is
preferable in the long run

B Blue: Action2 is preferable AN
in the long run

—————— — — —

— e — — — — — — — — — e .



00O

W

THE VALUE OF WATER QUALITY FORECASTS FOR PHYTOPLANKTON BLOOM ALERTS

How certain decisions are based on forecasts?

Compare chl-a concentrations provided by
PrimeWater forecasting services to chl-a
concentrations observed in situ for the
monitoring point located near the main beach of
Lake Harsha (period 2015-2019 ).

Classification problem in two levels (WHO'’s

guidelines for bathing waters):

(a) vigilance level in which chl-a concentrations
are in the range of 3-12 pg/I, and

(b) Alert 1 level in which chl-a concentrations
are in the range of 12-24 ng/I.

Accuracy is evaluated in terms of
sensitivity (or True Positive Ratio —
TPR) and specificity (or True Negative
Ratio — TNR),

Actuat Class

A

Predicted Class

@

" N
Positive Negative
- . False Negative (FN) Sensitivity
Positive True Positive (TP) T - TP
yYpe A TO1 —(TP+FN)
: False Positive (FP) g Specificity
Negative —— True Negative (TN) TN
Ypc ITol m
. Negative Predictive Accuracy
Precision
Value TP+ TN
el ™N (TP + TN + FP + FN)
(TP + FP) S (O
(TN + FN)
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How certain decisions are based on forecasts?

Alert level 1

Vigilance 53

0.9%

43 44.8% | 55.2%

True Class

19.4%

4.4%

Alert level 1

Vigilance
Predicted Class

Forecast solution 1

(ML trained with Landsat-8 and Sentinel-2 data)

Months with at least

Probability of at least one

Expected value of

Expected value of

Value of Perfect

Value of "ONLY
FORECASTS" (based

Expected value (i)f
Action (2) withl

one HAB occurance HAB incidence (based on Action (1) Action (2) with SR TRN PR I on historical forecasts
(2009-2019) historical data 2009 -2019) PERFECT foredast |
| | forecast | of 2015-2018
May 11% 9.900 Bl 29.750 € 45% 68.398 €
June 77% 45% |- 57618 €
July 91% 45% |-
August 94% 45% |-

September 33% a5% | 0SS - B 14743¢
| N T TS WY S BN : |0 137.065 €
Bl NcU. DUINE divwdyS> ALLIVIIL 1D \

preferable in the long run N

— i — — — — — e e e e
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How certain decisions are based on forecasts?

Forecast solution 2
Alertlevel 1 & 33.2% (ML trained with Sentinel-3 data)
@ Vigilance 7 63 10.0%
O
£
49.2%
5.1% 50.8%
Alert level 1 Vigilance
Predicted Class 7T EN
[ \

Months with at least | Probability of at least one Expected value of Expected value of |Value of "ONLY FORECASTS"

Expected value of Value of Perfect

one HAB occurance | HAB incidence (based on Action (1) Action (2) with Forecast TPR | TRN Action (2) with (based on historical
(2009-2019) historical data 2009 -2019) PERFECT forecast IMPERFECT forecast forecasts of 2015-2018
May 11% - 39.650081 - 9.900 I  29.750€ | 67% | 90% |- 35. 3.783 €
June 77% - NSS0S0%] - IINGHI00EN 84650 | 67% | 90% |-
July 91% DN2ES0E] INETE00E) I00950€ | 67% | 90%

August 94% ___ 67% | 90%
September 33% 200008 B8 700 € | 67% | 90% |-
M .4 no alwave Artinn1 ic eferable o 357.350€
- A\ ) IB UI‘IVUYJ mMueuliviia 19
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Factors influencing the Value of Forecasting Information

THE VALUE OF WATER QUALITY FORECASTS FOR PHYTOPLANKTON BLOOM ALERTS ‘(‘,

What if we knew how a phytoplankton outbreak will evolve 10 d in advance

Can this information trigger early actions ?

* Are any actions that can be taken considering the
State information?
recreation * Can the lead time available for the HAB event provide
sufficient time to implement early actions and mitigate
impacts in advance?

manager
Perspective

What is at stake as an outcome of a
decisions?

“Boundaries of What is the cost/benefit from using the
Analysis” next-best substitute for the information ?

How certain decisions are based on forecasts?

L Even a day ahead Forecast-based EWS
could minimize the Exposure Window
Down to 2 days (min unavoidable
exposure duration in a bloom - delay
for closing lake after sampling)

L The adding value is a function of both
the probability of a HAB and the skills
of the solution. The adding value is
high when HAB events have a high
likelihood of occurrence and
sensitivities are high. For less probable
events models that have high
specificity (less false alarms) could be
more advantageous.



Thank you for attending!

PrimeWater Team:
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