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* |nvestigate applicability of probabilistic rule-based method to short-term
prediction of storm surge

— |s the method accurate?

— |s the probabilistic nature useful in terms of uncertainty?
— Could the method be applied to regions where hydrodynamic models would
be too expensive to set-up and run operationally?

* Apply to region with well understood physical system (North Sea) and
operational hydrodynamic model for comparison



Storm surge

e [ong wavelength ~0(100km), long period ~0(hrs)
e Setup by meteorological disturbances

e Exhibits rotational effects and tidal interaction

* Poses significant flood risk to coastal communities
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Flooding in New Orleans from Hurricane Katrina Levee breach during the 1953 North Sea flood



North Sea

e Sea on Continental Shelf




North Sea

e Sea on Continental Shelf

* Mechanisms of storm surge:
— External surge from north




North Sea

e Sea on Continental Shelf

e Mechanisms of storm surge:
— External surge from north
— Internally, positive (negative)

surge setup by strong wind
field into (out of) the basin

— Inverted barometer effect

over column of water
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North Sea

e Sea on Continental Shelf
e Mechanisms of storm surge:

External surge from north

Internally, positive (negative)
surge setup by strong wind
field into (out of) the basin

Inverted barometer effect
over column of water

Rotational effects —
coastally-trapped boundary
wave travelling cyclonically
around basin.
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To predict storm surge at Sheerness up
to 8 hour ahead, from tide gauge and
atmospheric data

Use skew surge: Difference between
observed maximum water level and
predicted high tide in each tidal cycle
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Probabilistic method

* Data driven
* Bayesian approach
o(A|B) = P(BIAP(A
P(B)

— statistical model
* (ives probabilistic predictions
* Tree structure
* Entropy heuristic from information theory

E— —Zn: P(F;)log, P(F;)



Probabilistic method

e |F-THEN rules In tree structure

Dependent variable: PLAY

Play 9

Don't Play 5

QUTLOOK ?

sunn / overcast rain

v

Play 5 Play 4 Play 3
Don't Play 3 Don't Play 0 Don't Play 2
HUMIDITY ? WINDY ?

<= T0 \ =70 TRUE FALSE

¥ N X

Flay 2 Flay 0 ‘ Flay 0 Flay 3 ‘

Don't Play 0 Don't Play 3 Don't Play 2 Don't Flay 0




IF skew surge at Whitby is “central”
north-south wind speed Is “around zero”

AND

THEN

most information
about skew
surge at
Sheerness is
provided by
atmospheric
pressure at
Sheerness

Model 1
1,521 training events
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IF skew surge at Whitby Is
“small positive”

AND  north-south wind speed Is
“moderate northerly”

AND  timing of observed high

water at Wick I1s “advanced”

on tidal prediction

THEN  skew surge at Sheerness is
likely (P>0.9) to be
“very large positive”

* Rules are generally consistent
with our physical understanding

Model 1
1,521 training events

Skew surge
_ atWhitby

{!aré;e {small ' {cehtral} . {small . {!a;ge
-ve} -ve} +ve} +ve}

T 0 . .
. (4 events
s
3
Ead'
LS
o

Inege ve cawy large ave
Fuzzy Label Set

MNorth-south wind speed

. {nonhe'fly} ! {zero} ' (southerly} ...
11—

24 events

£os
3

s
& o4 1
4z II

L]
laege ve cenam lerge +ve
Fuzzy Lol Set

Timing of skew surge

at Wick
Ny {advance} (thghWt or) {d ela v} R
--. ____________________

myuml'iﬂ - o Lib




Results

* Predicted skew surge 4
1 =~ Perfect fit
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~liF // Operational Model 0.07 0.13 0.71
-1 0.5 0 0.5 1

Observed Skew Surge (m)




Results
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Extreme events

* November 2007 — event and prediction

W LCIVE BBC NEWS CHAMMEL

Last Updated: Friday, 9@ Movember 2007, 01:47 GMT

B8 E-rnail this to a friend & Printable versian

Tidal surge 'poses grave danger’

A tidal surge in the North Sea
has sparked severe flood
warnings and evacuations on
England's east coast.

Prime Minister Gordon Brown
has held an emergency Cobra
committee meeting and the
Environment Agency has

warned of "extreme danger to B SETTY SRS
lif d Fygt Fesidents have been warnad to
ITe and property. watch the weather and tides

Morfolk and Suffolk have eight severe flood warnings. Parts of
Ezssex, Lincs, Morth Yorks and Kent are also on alert,

Morfolk Police have visited 7,500 homes in Great Yarmouth to
advise residents to leave the area.

ThE'g,f ha'-..-'E been t_':'l'j to Sta';"' 66 I hope our defences can
with family and friends outside cope but this is a pretty

the borough, or to move severe weather event and
upstairs, some of them may not

Baroness Young
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Extreme events

e November 2007

IF

Skew surge at Whitby Is

“large positive” or

“very large positive”
AND

Skew surge at Lerwick is

“central” to “small positive”

THEN
skew surge at Sheerness is
likely to be “large positive”
or “very large positive”

Model Structure
Event 8-9 November 2007
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Operational model
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December 2005 event
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Conclusions

A probabilistic, data-driven model is constructed to predict storm surge at
Sheerness up to 8 hours ahead

The approach uses available tide gauge and atmospheric data to determine
statistical relationships in the data

The model structure confirms the influence of external and internal storm surge
generation in the North Sea

Looking at individual, extreme events, the model is successful at identifying an
external storm surge that grows within the basin. However, the model fails to
Identify a key event where the storm surge was internally generated in the
southern North Sea.

Natural error estimates are made on the outcome which are consistent with
those made by the ensemble envelope of the operational forecast model. This
suggests that the operational ensemble members ‘cover’ the range of probable
outcomes (from available data of observed events).
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