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MONITORING AND OPERATIONAL FORECASTING

ISPRA developed and manages an integrated system, made up of in situ data, numerical
and statistical models, to monitor, to analyse and to forecast the physical sea state with
very high spatial and temporal resolution
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Modelling system
It is based on two different methods: the
deterministic hydrodynamic finite elements
numerical model (SHYFEM developed by CNR‐ISMAR
Venezia) and a statistical one

Hydrodynamical Model (6 versions)
SHYFEM 2D Mediterranean Sea (CNR/ISMAR VE)

a) LR/HR

b) Standard/Data Assimilation

Meteorological Models
GLOBAL (ECMWF – 0.5°‐ Mediterranean Sea)

BOLAM (ISPRA – 0.07° ‐ Mediterranean Sea)

Htot = LMM + Hastr + Hsurge

SEA LEVEL FORECASTING SYSTEM 

LR ‐ 13180 elements

HR ‐ 50409 elements

First run on the Mediterranean Sea

METEOROLOGICAL INPUT
 Data of pressure at sea level (Pa)
 Data of wind intensity at 10m (u e v components in m/s) 

DATA ASSIMILATION MODULE 
based on 4D‐PSAS system for integrating  sea 
level data of 9 stations along the Adriatic 
coast
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METEOROLOGICAL INPUT
 Data of pressure at sea level (Pa)
 Data of wind intensity at 10m (u e v components in m/s) 

Lagoon ‐ 20168 elements

Second run on the Venice Lagoon

DATA ASSIMILATION MODULE 
based on 4D‐PSAS system for integrating  sea 
level data of 9 stations along the Adriatic 
coast



SEA LEVEL FORECASTING SYSTEM 

Daily sea level forecasting     www.venezia.isprambiente.it

Burano

Chioggia

Punta Salute

Grado

Porto Caleri

Lido Diga Sud

North Adriatic Sea



29th OCTOBER 2018 EVENT

28/10 29/10
This event was characterized by a
very low atmospheric pressure
structure incoming from the Western
Mediterranean basin.
A strong and persistent South‐East
wind (Scirocco) blowing on the
Adriatic Sea caused rainstorms on the
Alps and very high storm surges
reaching extreme values along the
coast.

29/10 BOLAM WIND FORECAST AT 14, 18, 22 



29th OCTOBER 2018 EVENT: OBSERVED DATA

The measured data show
the high atmospheric
pressure difference
between the southern and
northern Adriatic Sea:
10 hPa 28/10
16 hPa 29/10

Very high Scirocco wind
speed (20‐24 m/s outside
the Venice Lagoon) on the
29th October

The low pressure in the
North Adriatic and the
strong wind coming from
South‐East have been
responsible for the sea
level growth0
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From the forecast to the observed data
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29th OCTOBER 2018 EVENT: OBSERVED DATA

The highest peak
recorded at Venice city
centre was 156 cm
and the second one
was 148 cm
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VENICE LAGOON
PUNTA DELLA SALUTE

The highest residual
value was 156 cm
during the maximum
wind intensity and
fortunately at the
astronomical tide
minimum



max min max max
GRADO 151 97 143 151

ora 13:20 17:00 20:20 23:50
LIDO DIGA SUD 156 112 149

ora 14:10 17:20 20:10
PORTO CALERI 145 117 134

ora 14:00 18:00 19:50

29/10

29th OCTOBER 2018 EVENT: OBSERVED DATA

GRADO

PORTO 
CALERI

LIDO DIGA SUD
Tide gauge data 
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29th OCTOBER 2018 EVENT: SEA LEVEL FORECAST

Sea level at Punta della Salute provided by the 8 different deterministic model configurations 
The brown area represents the water level forecasting range obtained taking into account at each time 
the minimum and the maximum value of all the forecasting curves 

All models underestimate the 
real values 72h in advance

Good forecast for the 
peak of 156 cm 48h in 
advance 

Good prediction also for the second 
peak of 148 cm 24h in advance.



29th OCTOBER 2018 EVENT: RESIDUAL FORECAST

The ECMWF forced models (mod.4 and mod. 5)
underestimated the storm surge contribution in
each different run

The BOLAM forced models (mod.6 and mod.7)
showed a better performance

The BOLAM run (24 hours in advance)
showed better results for both the two
storm surge events

The forecast residual for the eight model runs was compared with the observed residual
The highest residual values during the two peaks were 113 cm and 156 cm 
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29th OCTOBER 2018 EVENT: RESIDUAL ANALYSIS

The forecast residual for the eight model runs was evaluated and compared with the observed residual

Residual 04 std 04 ass 05 std 05 ass 06 std 06 ass 07 std 07 ass
forecast 27.10.2018 113 86 82 86 84 89 92 98 95
forecast 28.10.2018 113 79 81 80 78 107 106 108 103
forecast 29.10.2018 113 84 88 86 87 110 109 106 106

ECMWF BOLAM

Residual 04 std 04 ass 05 std 05 ass 06 std 06 ass 07 std 07 ass
forecast 27.10.2018 156 106 100 101 124 130 134 137 138
forecast 28.10.2018 156 113 113 109 109 136 134 130 131
forecast 29.10.2018 156 127 125 125 122 161 162 157 158

ECMWF BOLAM

ECMWF forced models
underestimated the
surge at each forecast
lag;

BOLAM models showed
a good forecast already
48h in advance
The residual value was
predicted with high
accuracy 24h in advance

RMSE have been evaluated taking into account only the residual level of the peak events:
it has been considered forecasting data corresponding to observed data exceeding the 110 cm threshold 
(29th October 11:30 a.m. ‐ 30th October 3:10 a.m. = 15 hours flooding)

04 std 04 ass 05 std 05 ass 06 std 06 ass 07 std 07 ass
forecast 27.10.2018 RMSE 25.5 28.7 27.7 18.1 18.6 14.1 10.8 9.9
forecast 28.10.2018 RMSE 26.9 25.2 28.0 27.5 15.4 15.3 15.6 15.8
forecast 29.10.2018 RMSE 17.8 17.0 17.9 18.6 13.6 13.4 11.8 10.5

ECMWF BOLAM

The better results
was obtained by
the BOLAM forced
model, with data
assimilation and
high resolution
grid.



CONCLUSIONS

The ISPRA deterministic operational sea level forecasting system is based on the
hydrodynamic finite elements numerical model SHYFEM and provides forecasts up to
96/132 hours depending on the configuration of meteorological input data.

During the event of 29th October 2018, the system was able to forecast the extreme
event, highlighting the severity and possible evolution of the phenomenon.

This has been possible also thanks to the availability of real time observed data.

ISPRA storm surge model performs better when forced by BOLAM than by ECMWF; this is
probably due to the lower spatial and time resolution of global ECMWF meteorological
inputs still available in ISPRA operational system.
Moreover the runs with BOLAM and data assimilation lead always to lower RMSE values.

The monitoring networks and the operational system, open to all stakeholders, aim to
share its potential with the scientific community as well as with the institutions
responsible for environmental monitoring and defence.



29th OCTOBER 2018 vs 12th NOVEMBER 2019
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