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What are we talking about...

* Sea Level: how to forecast and why
“ACQUA ALTA” in Venice

* ...needing a probabilistic forecast

 Model Conditional Processor v1.0 and v2.0

* Results
Analysis of performance
Analysis of forecast for the events: 15.12.2022 and 10.08.2022
Analysis of storm surges events
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Acqua Alta in Venice
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Acqua Alta in Venice

ISPRA SEA LEVEL FORECASTING SYSTEM
INTEGRATED SYSTEM

1. Observed data
2. Operational chain
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Acqua Alta in Venice: Why forecast?

e Risk prediction and reduction
e Decision making support

Assuming models output as certain estimates of future events can lead to wrong decisions and
result in economic losses and loss of human lives

.

...needing a probabilistic approach and a statistical treatment of predictions

U y

Uncertainty Prediction Evaluation Estimation of the probability of exceeding alert
thresholds
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... heeding a probabilistic forecast

RISK MANAGEMENT

Storm surges and floods are natural phenomena, which cannot be avoided, but
their effects can be reduced if they are predicted sufficiently in advance

SEA LEVEL FORECASTING SYSTEMS

Important information about the evolution of future events, BUT...

...models are imperfect and uncertainty on what will happen still remains

» How can a decision maker deal with these predictions?

» How model predictions can be translated into an effective
intervention strategy?
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... heeding a probabilistic forecast
Predictive Probability Distribution

sadly known as
Predictive Uncertainty
* Predictive Uncertainty can be defined as the probability of occurrence of a
future value (such as sea level) conditional on all the information available in the
present and that can be obtained on the future value, through a deductive
process

» source of information m==) models predictions

{

Uncertainty Prediction is the probability of a real future event (y) conditional on
models forecast (y) represented as f(y|j})
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... heeding a probabilistic forecast

Probability of Exceeding a Threshold

As the integral of the probability distribution function
(uncertainty prediction)

Threshold
Alarm Exceeding

P(y>T)= T f (Y‘)A’ = )7*)dy Threshold Probability
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What are we talking about...

 Sea Level: how to forecast and why
. “ACQUA ALTA” in Venice
« ...needing a probabilistic forecast

« Model Conditional Processor v1.0 and v2.0

« Results
Analysis of performance

Analysis of forecast for the events: 15.12.2022 and 10.08.2022
Analysis of storm surges events
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Model Conditional Processor MCP

Joint PDF Conditional PDF
1) Conversion from 2A A
the Real Space to image of

Observed

the Normal Space
using the NQT

7()9)

Historical data

- Image of
| . /. . Predicted
L ]
L ng
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4) The Predictive Uncertainty is
computed sampling the probability
density function in the Normal
Space and reconverting to the Real

Space the obtained quantiles by the
3) Predictive Uncertainty is Inverse NQT:

2) Joint distributio obtained by the Bayes Theorem
is assumed to be a  and its mean and variance are:
Normal Bivariate 2

Distribution lun‘ﬁ B ,0,777 = E[f (77 7 A*)]

Observed
*
*

Ocean

Todini, E.: A model conditional processor to assess predictive uncertainty in flood
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Model Conditional Processor MCP

More than one forecasting model (N), generalizing to N dimensional space > Normal Distribution N+1 variate
More than one time step (T), generalizing to (N*T) dimensional space > Normal Distribution N*T +1 variate

MULTI - MODEL APPROACH

v ydrodyna ,
Model 1=

Bayesian Combination

Uncertainty Prediction

f(ﬂ Mii- 1..N)
P 1 )= T

—

MULTI MODEL — MULTI TEMPORAL APPROACH
f( ): f(ﬂj(j—l/.\.T)? ﬁij(i:l..N,j:I..T))
f(ﬂfj(izl..N,jzl..T))
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’ ] : » PUNTA DELLA SALUTE and LIDO DIGA SUD (MCP v1.0)
57 S T e SR > Hourly prediction
Y Qs e O | » Hourly observed data Forecasting time 96 hours
\\\ : ‘:-;7' :\:\ 2 AN <] e S
A 01-01-2018 31-12-2019  01-01-2020 31-12-2021

3 \ MT CALIBRATION VALIDATION

$ Voo R LT asSse-- . _ N Punta Salute Canal

’ Vo kel 0 4% NS00 T TTTTTomemeeeo-eo Grande

et 9 Lido Diga Sud

Hopefully and fortunately
during storm  surges,:
peaks in PS are cut,
thanks to MOSE elevation
(MCP v2.0, only L.D.S.)

Diga Sud Lido e Faro

Coordinate Geografiche (Rete GPS2000) ~ Sensori installati

Sensol
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MCP v1.0 MCP v2.0
e Thresholds: 110 cm, 130 cm, 140 cm * Thresholds: 110 cm, 130 cm, 140 cm

 Lido Diga Sud and Punta della Salute * Lido Diga Sud station
* Calibration Period: 2018-2020 * Extended Calibration Period 2019-2021
* Validation Period 2021 * Validation Period: 2022
* Separated Components: Astronomical and
4

Meteorological @
Cumulated Probability of threshold
exceeding in the next 96 hours Cumulated Probability of threshold exceeding in
*' the next 96 hours

Probability of exceeding for intervals of 1h,
6hrs, 12hrs, 24hrs, 48hrs
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Operative Models

Grid Initial Meteo .

Statistico - ECMWF 50km (passo 6 ore) 00.00 UTC
© Deterministic 4s Low Standard ECMWF 50km (passo 6 h) 00.00 UTC +96h  10.00
i
S || Deterministic  4as Low Assimilation ECMWF 50km (passo 6 h) 00.00 UTC +96h  10.00
-
© || Deterministic 5s High Standard ECMWF 50km (passo 6 h) 00.00 UTC +96h  11.00
L
Deterministic 5as High Assimilation ECMWF 50km (passo 6 h) 00.00 UTC +96h  11.00
2 || Deterministic 8s High Standard BOLAM 7.8km (passo 1 h) 12.00 UTC (ieri) 9.00
o +144h
g Deterministic 8as High Assimilation BOLAM 7.8km (passo 1 h) L2100 BUE (=) 9.00
L +144h
)
Q Deterministic 80s High Standard BOLAM 2.6km (passo 1 h) 00.00 UTC+144h 13.00
g Deterministic ~ 80as High Assimilation  BOLAM 2.6km (passo 1 h) 00.00 UTC+144 h 13.00
L |
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MCP configurations

Calibrati Validati
Config. Available Models Observed Data & r.a 1o o ? 1o
Period Period

4s — 43as — 5s — 5as — 8s — 8as
4s — 43s — 5s — 5as — 8s — 8as
4s — 55— 8s

4s — 43as — 5s — 5as

4s — 4as — 55 — 5as
4s — 5s

8s — 8as

8s — 8as
8s

4s — 4as — 55 — 5as — 8s — 8as — 80s — 80as

4s — 4as — 55 — 5as — 8s — 8as — 80s — 80as
4s — 55 — 8s — 80s
4s — 43s — 55 — 5as — 80s — 80as

4s — 4as — 55 — 5as — 80s — 80as
4s — 55 — 80s

8s — 8as — 80s — 80as

8s — 8as — 80s — 80as
8s — 80s

80s — 80as

80s — 80as
80s

0.00-7.00 UTC

No
No

0.00-7.00 UTC

No
No

0.00 - 7.00 UTC

No
No

0.00-7.00 UTC

No
No
0.00 — 7.00 UTC

No
No

0.00 - 7.00 UTC

No
No

0.00-7.00 UTC

No
No

01/01/2018 01/01/2022

31/12/2021 31/12/2022

01/01/2019 01/01/2022

31/12/2021 31/12/2022
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v2.0 Reliability

Calibration Validation

8 ore 12 ore 24 ore 8 ore 12 ore 24 ore
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!}/ICI;I\gZ.O statistical indicators for the first calibration

Bias Root Mean Square Error

»
- RMSE
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MCP v2.0 performance analysis for the second calibration

(8 models)

Validation period
01.2022 - 12.2022

The RMSE and MAE of MCP
are less than using all the
other models for almost all
time steps

Accuracy of  forecasts
decreases as the time steps
increase, as expected (due
to the loss of quality in
meteorological predictions)

Ocean
Predict
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MCP v2.0 performance analysis

Mean values on 96 hours time steps

2

n

EBCao best results for BIAS and BANDWIDTH
20

ECao best results for RMSE and MAE
1

n

B RMSE

m BIAS
Forecast of BOLAM 8s e 8as (indicated as B) do not

S M

¥ B PP E *&muww O G
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MCP v2.0 performance analysis: episode 1

20.11.2022
Higher influence of astronomical component
MCP provides best forecasts for the highest and lowest peaks, with variable performance for medium-intensity peaks.

Thr 1=110 cm Thr 2=130 cm Thr 3=140 cm

The exceedance probab|||ty is 200 Expected Value 1.000 Exceeding-F"robability 1.000 Exceeding Probability 1.000 Exceeding Probability
well predicted by all models for 0.875 - 0.875 0.875

. . o 0.750 - 0.750 - 0.750
the first peak, while for the ) T pytey 06251 06251
second peak (80 hours time step), : ree £ 0.500 3 0.500 1 £ 0500 ==
only two models predict the - v T 03751 3222 EZZ

moros 0.250 - : :

exceedance. MCP returns a T o154 0.125 0.125
p ro ba bi I ity Of a rou n d 100% for 25.11_2022 0.000 20-11-2022 0.000 20-11-2022 0.000 20-11-2022

Exceeding Probability

Exceeding Probaty"[ﬂ/_\

Exceeding Proba byity*\

the first peak and 75% and 60% 1.qof P22ty for12nr Intervals 1.000 1.000 1.000
for the two highest thresholds 23;2 0-875 7 W 0.875 1 / 0.875 )
. .750 1 0.750 A 0.750 - 0.750
during the second peak. o5 0625 _ 0625 L 0.625
§ 0500 | = 505001 : 0500 2 0,500
“ 0.375 % 0.375 A * 0.375 \ £ 0.375
0.250 4 | 0.250 A 0.250 W 0.250
0.125 1 ‘ | ‘ 0.125 - 0.125 \ 0.125 [
0.000 20-11]-2022 0.000 20-11-2022 0.000 / 0.000
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MCP v2.0 performance analysis: episode 2
15.12.2022

Higher influence of meteorological component with respect to the astronomical one, even though with lower
peaks. Hence a smaller improvement in MCP forecast (but still better than deterministic forecasts)

Thr 1=110 cm Thr 2=130 cm Thr 3=140 cm
200 Expected Value 1.000 Exceeding Probability 1.000 Exceeding Probability 1.000 Exceeding Probability
175 - 0.875 - 0.875 - 0.875 -
150 - —ma  0.750 - 0.750 - 0.750 -
1251 o, 506251 , 0625 , 0625 - )
31901 sl §9°91 3 0500 3 0500 —3
= 75 - pre0s = 0.375 * 0.375 ~ “ 0.375 -
50 - EEZ 0.250 - 0.250 - 0.250 -
25 1 _ 0.125 - [— 0.125 - 0.125 -
0 15-12-2022 0.000 15-12-2022 0.000 PP 0.000 15192079
1‘oosrobabilit),r for 12hr Intervals 1.000 Exgéeding Probability 1.000 Exceeding Probability 1.000 Exceeding Probability
0.875 0.875 4 0.875 - 0.875 -
0.750 A 0.750 - 0.750 - 0.750 -
_ 0.625 , 0.625 z 0.625 4 : 0.625 i
% 0.500 w2 0.500 3 0:5001 § 0500 1 —=
£ 5375 4 "8 5375 £ 0.375 A £ 0.375 1
0.250 - 0.250 - 0.250 - 0.250 -
0.125 - 0.125 - ﬂ 01254 0.125 1
0.000 0.000 0.000 15-12-2022 0.000 15-12-2022

15-12-2022
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MCP v2.0 performance analysis and hence...

MCP is able to effectively estimate the uncertainty of the forecast and improve
the tide prediction, but it is necessary to differentiate between cases where the
meteorological component dominates and those where the astronomical

component prevails

CALIBRATION WITH SEPARATED COMPONENTS

Astronomical, lower uncertainty and more frequent prevalence

Meteorological, higher uncertainty and less frequent cases of prevalence

Ocean TH-
Predict _ i:-unos
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MCP v2.0

New Improvements

* Thresholds: 110 cm, 130 cm, 140 cm
* Separated Components (SC):
astronomical with very low associated uncertainty as it can be described by the astronomical laws governing it

meteorological that has a rather wide uncertainty since it is a stochastic component

Application 1. Calibration Period 2019-2021 Validation Period 2022
Application 2. Calibration Period 2019-2022

V7

Cumulated Probability of threshold exceeding in the next 96 hours

Probability of exceeding for intervals of 1h, 6hrs, 12hrs, 24hrs, 48hrs
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MCP v2.0: standard vs SC

Standard Separated Components (SC)
DS - EBCao - Validazione - RMSE DS - totEBCao - Validazione - RMSE
mm expval mm expval
Application 1 101 01 o das
| N S5s
Calibration Period 2019-2021,] = 5| mm o
| B 8as
Validation Period 2022 i | -—e0s
‘-'%-,' 6 - mm @ 6 - mmm 80as
4 4
2 2
Comparison between o A o e
. . Time Horizon Time Horizon
Standard Conﬂguratlon DS - EBCao - Validazione - BANDWIDTH DS - EBCao - Validazione - BANDWIDTH
and with Separated %] m-_band widtn 1 - band width
Components(SC) 25 s ]
RMSE, BANDWITH
20 - 20
5 E ]
= =
: :

. s 3 hiEa
Time Horizon

p !

(el = ERR TR T
Time Horizon




RMSE

12 4

10 4

MCP v2.0: standard vs SC and calibration on
2019-2022

Application 2
Calibration Period 2019-2022

DS EBCao — Calibration Period - RMSE

expval
4s
4as
5s
5as
8s
8as
80s
80as

BANDWIDTH

25 A

20 A

=
u
1

DS EBCao — Calibration Period - BANDWIDTH

B band width




MCP v2.0: standard vs SC

15.12.2022 and 10.08.2022

ASTRONOMICAL EFFECT
200 Expected Value 100 Expected Value
.. STANDARD
Application 1 175 4 STANDARD 75 ,.
. . ) 150 - —e 50 - — Cove
Calibration Period 2019-2021 _°_ | o s ] o
E Prev_01 E‘ Prev_01
Validation Period 2022 5 100 - T 0
BRER s Y 25 e
50 1 e ~50 - e
25 . _75 -
0 15-12-2022 —100 10-08-2022
. Expected Value Expected Value
Comparison between 200 100
standard configuration and 7>’ : 737 '

g 150 - —o. The higher the 50 —e  The smaller the
with Separated 1251 = meteorological . 251 | =, meteorological
Components(SC) 3 10010y o effect, the 0] o effect, the

= 75 | Prev_05 . - _25 . Prev:ClS
15.12.2022 and 10.08.2022 50 - prev.06 h|gher the o prov06 lower the
R 25 - ~uncertainty ~75 1 ~uncertainty
0 15-12-2022 \ SC —100 10-08-2022 SC
METEOROLOGICAL EFFECT
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MCP v2.0: standard vs SC and calibration on
2019-2022

15.12.2022 and 10.08.2022

200 100

Aoblication 2 — STANDARD 7 | | STANDARD
PPIICation 150 - 50 - e
Calibration Period 2019-2022 , 125 = = BB =
§ 100 ‘ T—;‘ = 0 1 g
. | RUHERIT : i s s
50 . 0 : ‘,‘t‘ [ _50 i :::Eg;
25 A —75
0 15-12-2022 —100 10.0R.2022
200 pected Value 100 Expected Value SC
Comparison between 198 SC | |
Standard Configuration and 1504 = 50 - =
Seprated Components (SC) - b = 257 %
z prev 03 s 0] Prev 03
. 15.12.2022 and 10.08.2022 : o L~ o4
= ~50 e
-75
-100

10-08-2022

15-12-2022
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What are we talking about...

 Sea Level: how to forecast and why
“ACQUA ALTA” in Venice

« ...needing a probabilistic forecast
 Model Conditional Processor v1.0 and v2.0
 Results

Analysis of performance
Analysis of forecast for the events: 15.12.2022 and 10.08.2022

Analysis of storm surges events
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StO rm su rg es EventS Extreme events in the period 2022-2024
Alert Bulletin
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. Data
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MAE all models

12

10

MAE
9. 189

Predict

MAE STORM SURGES

ECMWEF BOLAM

MAE v2.0
10.569
MAE v1.0
10.737

10.26

8a

MAE BOLAM, ECMWF, MCP

MCP new



MCP v1.0 and v2.0 vs OBS

MCP v1.0 and v2.0 - Obs
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