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‘&‘ 1. The value of ensemble prediction

Two main reasons why ensemble predictions are valuable:

e Ensemble prediction systems can be use to estimate the whole probability
distribution function of forecast states. These distributions can be used not
only to identify the most likely outcome, but also to assess the
probability of occurrence of maximum acceptable losses.

e Ensemble-based deterministic (e.g. the ensemble-mean) and probabilistic
forecasts are more accurate than single deterministic forecasts. This can be
measured, e.g., by comparing the economic value of single deterministic and
ensemble forecasts.
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‘&‘ 1. The value of ensemble prediction: scenario analysis

e Ensemble forecasts can be
translated into forecast probability
distribution of gains/losses.

e Probability distributions can be

used not only to identify the most
likely outcome, but also to assess

the probability of occurrence of

maximum acceptable losses. I\/I(T,U,q,..)
a-priori orob EPS forecast
A P prob

(climate)

Low losses ‘ ‘ High losses

<L>: Most likely scenario Lyvax: Maximum acceptable loss
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1. Potential economic value

The potential economic value of a forecast is the reduction of mean expenses
that can be achieved using it relative to the reduction of that can be achieved by

using a perfect forecast, estimated using a simple cost/loss model.
EPS probabilistic forecasts have higher PEV than the single control forecast.

Feb07-Apr07 t + 144 Europe an

Feb07-Apr07 t + 144 Europe an
24h precipitation exceeding 10 mm

24h precipitation exceeding 5 mm

"

-

=1
o
1
=1
o
1

=}
1"
1

1—0'&- P
3 2
En:- %n.?-
£ =)
EO.&— EO.&— ;
& \

i LA
e I Y
" ® oA
E ,‘f E |/ 0\
Toa- I En.a- il' \
e | !/ e | \
w ! w i L
30.:1 |" 30.3 ! \\\
< ! <
=z j,-’l ——CONTROL &, —— CONTROL

1

N T~ EPS ¢ N~ EPS

o1 a4
I T
= ~—
a . T T a T T T T T I-'--\-"-—l--- T T
a7 as 03 a 0.4 s a8 a7 a8 08
COST/LOSS RATIO

a1 0z a3

=3

04 a5 )
COST/LOSS RATIO

EEEi ZE : E : ] i ICTP Conference & School on Predictability (July 2007) — Roberto Buizza: Severe weather prediction (L2) 5




‘&* Outline

1. The value of Ensemble Prediction

2. Hydrological applications

e 2.a The JCR European Flood Alert System (EFAS)

e 2.b The flood of Italy of 1966: a revisitation

e 2.c George Tech prediction of flooding in Bangladesh
3. Typhoon prediction

e 3.a Simulation on initial uncertainties in the tropics
e 3.b Mindulle (July ‘04)

e 3.c Talin (Sep '05)

e 3.d Saomai & Wukong (Aug ’06)

e 3.e loke, Shanshan, Yagi & Xangsane (Sep '06)

4. Conclusions

‘Eii ZE : E : ] i ICTP Conference & School on Predictability (July 2007) — Roberto Buizza: Severe weather prediction (L2) 6




2. Flood prediction with a cascade of M@ & H~a models

Global meteorological ensemble forecasts can be used to ‘drive’ hydrological
models, either directly or indirectly after a dynamical downscaling cascade, so
that probabilistic predictions of hydrological events can be generated.

_ Data Global M~ Local M= Basin H™ Quality
Observations o _ _ _
assimilation modelling modelling modelling control
Weather * ECMWF * ECMWF * ISAC/CNR = University = Verification
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‘&‘ 2.a JRC European Flood Alert System (EFAS)

e Following the disastrous floods in the Elbe and Danube river basins in August
2002, the European Commission announced in the communication
(COM(2002)-481) the development of a European Flood Alert System (EFAS).
EFAS - developed within the WDNH project - will be capable of providing
medium-range flood simulations across Europe with a lead-time between 3 to
10 days.

e EFAS should provide the European Commission with useful information for
the preparation and management of aid during a flood crisis. National Water
Authorities should benefit from additional medium-range flood information that
might contribute to increased preparedness in an upcoming flood event.

EUROPEAN COMMISSION

DIRECTORATE-GENERAL

Joint Research Centre

(Source: J Bartholmens, J Thielen)
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‘&* 2.a JRC EFAS

The JRC EFAS system is based on the
LISFLOOD model.

LISFLOOD is a grid-based catchment model
that has been developed to simulate floods
in large European river basins. Because the
model is spatially distributed, changes in
e.g. land use can be easily included in a
LISFLOOD simulation. The typical size of
one grid cell is 1 by 1 km, although the
model can be run at both much finer and
coarser resolutions if needed.

LISFLOOD is currently being used and
tested for flood forecasting (EFAS), scenario
modelling, and drought forecasting.

(Source: J Bartholmens, J Thielen)
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%‘ 2.a JRC European Flood Alert System (EFAS)

EFAS products include a map of Europe showing the risk of flooding for all rivers
with a catchment larger than 3000 kmZ2. Forecast are based both on single
forecasts, with LISFLOOD driven by the ECMWF and the DWD high-resolution
single forecasts, and on ensemble forecasts, with LISFLOOD driven by ECMWF

ensemble forecasts.

(Source: J Bartholmens, J Thielen)
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2.a EFAS map and grid point forecasts

EFAS products include also grid point information.
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2.a EFAS forecast display system

Grid point single and probabilistic forecasts are simplified ...
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‘&é 2.a EFAS forecast: 2006 flood of Vlatava/Elbe & Morava

Country: Czech Republic
Rivers/catchments: Vitava/Elbe, Morava
Date of event: 29th March 2006 - ongoing

Vitava

foto: PRAVO/Lukéas Taborsky

(Source: J Bartholmens, J Thielen)
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2.a EFAS forecast: 2006 flood of Vitava/Elbe & Morava

Country: Czech Republic
Rivers/catchments: Vitava/Elbe, Morava
Date of event: 29th March 2006 - ongoing

_______
onica g4 ®= | I

i ﬁ‘ = increasze af water level on 30 cm or higher during 3 hours

1 @ = decrease of water level on 20 crm or higher during 3 hours

& = information iz not available
@ = 0(State of Mormal)

@ = 1 [State of Alert]

2 = 2[State of Emergency)
@ = 3(State of Danger]
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(Source: J Bartholmens, J Thielen)
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2.a EFAS forecast: 2006 flood downstream Morava

Single (left) and ensemble-based (right) forecasts of
the risk of flooding downstream the Morava river.

On 21 March 2006, many ensemble members were
forecasting high-alert conditions for 29 March.

(Source: J Bartholmens, J Thielen)
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2.a EFAS forecast: 2006 flood downstream Vlitava/Elbe
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‘&é 2.b Flood fcs using a cascade of M~a & H~a models

G Grossi and R Ranzi (University of Brescia), A Buzzi and P Malguzzi (ISAC/CNR
Bologna) and R Buizza and S Uppala (ECMWF) have investigated the prediction
of the floods of Nov 1966 using a cascade of M—a and H~a models.

1000 km
Global prediction
100 km
Scale Limited area modelling

10 km
1 km

0.1 km

10 days 7 days 5 days 3 days 1 day
Lead time (Source: G Grossi and R Ranzi)
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%‘ 2.b The M—@ EPS 80km global t+120-144h prob pred

This figure shows three EPS probabilistic _ P(TP>25mm)  — P(TP>S0mm)

forecasts started at 12UTC of 29 October TE”“"‘“*’”’“M“ I e Ty

(120-144h) and valid for 3-4 November f i

1966, for 24-h accumulated precipitation in A X

excess of 25, 50 and 75 mm [16].

At this forecast range, the EPS gives a 40- = 4 i

60% probability of TP=50mm/24h over NE A

Italy and a weaker signal over Tuscany e

(contour isolines for probabilities are 2-10-

20-40-60-100%). P(TP>75mm) 3-4 Nov

The right-bottom panel shows a proxi for b el e A

verification. 12 ' -
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(Source: G Grossi and R Ranzi)
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‘&‘ 2.b The M—a EPS 80km global t+48-72h prob pred

This figure shows three EPS probabilistic
forecasts started at 12UTC of 1 November
(48-72h) and valid for 3-4 November 1966,
for 24-h accumulated precipitation in
excess of 25, 50 and 75 mm [16].

At this earlier forecast range, the EPS gives
a +80% probability of TP=50mm/24h over
NE Italy and a 60-80% probability over
Tuscany (contour isolines for probabilities
are 2-10-20-40-60-100%).

The right-bottom panel shows a proxi for
verification.
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(Source: G Grossi and R Ranzi)
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2.b The M—a EPS 80km global t+48-72h prob pred

Global ensemble forecasts have been used to drive the Univ. of Brescia
DIMOSOP model. This figure shows some earlier results, with rainfall and
discharge forecasts of Cellina at Barcis and Sieve at Fornacina, predicted using
EPS forecasts started at 12UTC of 1 November. The on-going research project
aims to identify suitable strategies to select representative members of a global
ensemble system to be dynamically downscaled using a cascade of a meso-scale
model and a hydrological flood model.
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‘&* 2.c Flood prediction in Bangladesh (CFAB)

Damaging Floods:

e early floods in May, June

e more than normal peak floods in July, August
e late floods extending in September

Recent severe flooding: 1974, 1987, 1988, 1997,
1998, 2000 and 2004

e 1988: 3/4 of country inundated, 1300 people
killed, 30 million homeless, $1 billion in property
loss

e 1998: 60% of country inundated for 3 months,
1000 killed, 40 million homeless, 10-20% total
food production lost

e 2004: flooding in Brahmaputra basin killed 500
people, displaced 30 million for 3 weeks, 40% of
capitol city Dhaka (10 million people) under

water (Source: T Hopson, P Webster)
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‘%k 2.c Flood prediction in Bangladesh (CFAB)

This project is extremely important Topography of Bangladesh
especially in view of the potential impact
that climate change may have on
Bangladesh: a 5m raise in sea-level would
flood —~30% of the country, and displace
hundred million people.

.

The Georgia Institute of Technology started canges
In 2000 the Climate Forecast Applications N
for BangladeshUniversity of Washington
started few years ago the Climate Forecast
Applications for Bangladesh (CFAB) project,
aiming to investigate the possibility to
provide medium-range to seasonal
forecasts to Bangladesh.

The project has been sponsored by USAID
and uses ECMWF medium-range and
seasonal ensemble forecasts to drive
hydrological models.

(Source: T Hopson, P Webster)
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‘%k 2.c Flood prediction in Bangladesh (CFAB)

CFAB has designed and developed a three-tier system:

e SEASONAL OUTLOOK: *“Broad brush” probabilistic forecast of rainfall and
river discharge. Updated each month. Produced out to 6 months, currently most
useful skill out 3 months

e 20-25 DAY FORECAST: Forecast of average 5-day rainfall and river
discharge 3-4 weeks in advance. Updated every 5 days

e 1-15 DAY FORECAST: Forecast of rainfall and precipitation in probabilistic
form updated every day. Considerable skill out to 5-days. Moderate skill 5-10
days.

(Source: T Hopson, P Webster)
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2.c 7-10 day ensemble discharge forecasts for 2004
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ICTP Conference & School on Predictability (July 2007) — Roberto Buizza: Severe weather prediction (L2) 24



2.c 7-10 day ensemble discharge forecasts for 2006

3 [10°3 m~3sg]

7 [L0°3 m~3sg]

TEM Brahmaputra Discharge Forecasts
7-10 day using ECMWTF Precipitation Forecasts
Forecasts Initialized May 1 - October 18, 2006

Obseoved Q (black]l, f-day Forecast (colors}

Observed Q (black}, &-day Forecast (colocs)

= 7da

3 [10°3 m~3g]

04DE

Observed () (black]l, 9- day Farﬂ:asr (colnrs}

Day

0514 07030722 0B10 0E22 0917 1006 10725

4k 2]

Observed (3 (black), 10-day Fomecast (colos)

Day

1
05150704 07230ELL O30 09 LE LOOT 1026

9 day,,

|

0d

)

50 _, o0
_E L
m
o |
] N
40 o0
5
] =
m @
UF 4]
J4ki4 14| 0516 07050724 0BL2 0B3L 0919 LOOE 1077 ol 0817 0706 07250E1 3 0901 0930 1009 LOZE
Day

Dy

Q103 m"34E]

Q [L0"3 mn3se]

Obsa:n'ﬂ:] Q (black}, 7-day Forecast (colors}

TEM Ganges Discharge Forecasts
7-10 day using ECMWF Precipitation Forecasts
Forecasts Initialized June 6 - October 19, 2006

Dbscrw:d Q (blach), E—da_v Forﬂ:ast (colors}

7 day

I [10°3 m~3sg]

8 day

013 0SCEO7I30TZEOELZ0EZTOQLL 0926 1011 1036

Gbsa:rvnd (J (black), 9-day Fom:asr (colors}

Day

of1 4 05

"’QUTH o 051305"’5091"’09"’?101"’10”?
Day

Gbsa:rvnd (J (black), 13- day Forccasr (colors]l

0615 05300715 07300EL40B29 091 30526 101 3 IO2E

Day

o  9day °[ 710 day |

0816 0701 07 16 0731 OBLS OB3009140929 1014 1029

Day

(Source: T Hopson, P Webster)

ICTP Conference & School on Predictability (July 2007) — Roberto Buizza: Severe weather prediction (L2)

25



‘%k 2.c CFAB project: preliminary results

Results so far have indicated that:

e 1-10 discharge forecasts show good daily skill at daily resolution out to 6-8
days for the Ganges, 7-10 days Brahmaputra

e Climate forecasts show skill out approximately 3 months at monthly
resolution

It is expected that new techniques will extend skill in both 1-10 day and
seasonal forecasts:

e statistical techniques for both
e river routing improvements and Dartmouth FloodWatch Program
e seasonal flood forecast initialized from daily forecasts

In 2006, USAID/CARE has guaranteed 4-year funding commitment. 5 pilot
studies aiming to implement the use of 1-10day forecasts along the
Brahmaputra have started.

(Source: T Hopson, P Webster)
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‘&* Outline

1. The value of Ensemble Prediction
2. Hydrological applications

e 2.a The JCR European Flood Alert System (EFAS)
e 2.b The flood of Italy of 1966: a revisitation
e 2.c George Tech prediction of flooding in Bangladesh

3. Typhoon prediction

e 3.a Simulation on initial uncertainties in the tropics
e 3.b Mindulle (July ‘04)

e 3.c Talin (Sep '05)

e 3.d Saomai & Wukong (Aug ’06)

e 3.e loke, Shanshan, Yagi & Xangsane (Sep '06)

4. Conclusions
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‘&‘ 3.a Initial unc: definition of the TC-SVs’ target areas

Before September 2004, tropical singular vectors (TR-SVs) were computed
Inside areas with northern boundary with A<25°N: this was causing an artificial
ensemble-spread reduction when tropical cyclones were crossing 25°N.
Furthermore, TR-SVs were computed only if WMO cl-2 TC were detected
between 25°S-25°N, and too few tropical areas (up to 4) were considered.

On 28 September 2004, the following changes were introduced (M
Leutbecher):

e Target areas are computed considering TC-track predictions

» Areas are allowed to extend north of 30°N

e Up to 6 areas can now be targeted

e Tropical depression (WMO cl>1) detected between 40°S-40°N are targeted
e SVs are computed using a new ortho-normalization procedure
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3.a TR-SVs’ target areas: the Sep '04 change

This figures shows the
iImpact of the changes
introduced on 28 Sep
2004 on the TR-SVs on
one case (12UTC of 2 Sep
2003):

= Tropical depressions are
also targeted

eAreas extend north of
30°N, and are defined
considering the predicted
TCs’ tracks

eQverlapping areas are
merged

tropical SV optimisation regions, 2 September 2003, 12 UTC
old EPS config
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‘&‘ 3.a TR-SVs’ target areas: impact of the Sep '04 change

Results based on 44 cases (from
3 Aug to 15 Sep 2004) indicate
that the changes implemented in
Sept 2004 in the computation of
the tropical areas has a positive
impact on the reliability diagram
of strike probabilities.
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Reliability diagram for strike probabilities

Observed frequency
W e )] o)} ~J 03] (e}
i S S

AV}
o
|

10+

. Old CY28R2 EPS

....................................................................................................

O 10 20 30 40 50 60 70 80 90 100

Forecasted probability
(from Martin Leutbecher)

ICTP Conference & School on Predictability (July 2007) — Roberto Buizza: Severe weather prediction (L2) 30



3.b Mindulle: EPS tracks from 12UTC of 27 Jun ‘04

Tropical Storm Mindulle
skirted along the coast of
Eastern China in early
July 2004, bringing
torrential rain to that
region.

20040627 12 UTC
Probability that MINDULLE will pass within 120km radius during the next 120 hours
tracks: black=OPER, green=CTRL, blue=EPS numbers: observed positions at t+..h
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3.b Typhoon Mindulle and PPP over China, Jul ‘04

Tropical Storm Mindulle caused an increase in
volume of water in Tai Hu and Xin Anjiang
Reservoir (in blue colour), as can be seen by
comparing two high-resolution satellite
Images, one taken before (30 June) and one
after (4 July) Mindulle landfall.

“By 12 July 2004, 33,109,000 people have
been affected by floods, which claimed 296
lives and left 12,102 injured. 1,847,800
hectares of crops had been affected, 131,400
housing units have collapsed and 487,000
were damaged. The situation is expected to
worsen as heavy rains are forecast in areas
from south-western to north-eastern parts of
China.” (from the press).
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‘&\ 3.b Mindulle, 2-4 Jul ‘O4: +48h & +96h PP

This figure shows the probability of
48h acc. Precipitation (PP) in excess
of 50 mm (top) and 100 mm
(bottom), predicted on 02/07
(t+48h, left) and 30/06 (t+48/96h,
right) (df=5/10/20/30/40/60%o).

The bottom left panel shows a proxi
for verification (HRES +48h,
df=10/25/50/100/250/500mm).
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‘&\ 3.b Mindulle, 2-4 Jul ‘'O4: +144h & +192h PP

This figure shows the probability of
48h acc. precipitation (PP) in excess
of 50 mm (top) and 100 mm
(bottom), predicted on 28/06
(t+96/144h, left) and 26/06
(t+144/192h)
(df=5/10/20/30/40/60%0).

The bottom left panel shows a proxi
for verification (HRES +48h,
df=10/25/50/100/250/500mm).
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‘&é 3.b Heavy rain in Henan Province, 17-19 Jul ‘04

Henan Province (Central China): between 17 and
18 July 2004 torrential rains lashed areas
between the Yellow and Huaihe rivers, resulting
iIn massive flooding of the Shaying and Hongru
rivers, two tributaries of the Huaihe River.
Intense flood strain builds up

“Officials fear the danger for more flooding on
the nation's rain-swollen rivers could worsen as
the summer's major flood season officially
begins. Heavy rains and stormy weather are
expected in many areas, with precipitation
reaching as much as 60 to 253 millimetres in
eastern parts of Southwest China, the Hanshui
River Valley, most areas between the Yellow and
Huaihe rivers, Northeast China and South China
provinces like Guangxi.” (from China Daily,
2004-07-20 00:45).
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‘&* 3.b Mindulle, 17-19 Jul ‘04: +48h & +96h PP

This figure shows the probability of
48h acc. Precipitation (PP) in excess
of 50 mm (top) and 100 mm
(bottom), predicted on 17/07
(t+48h, left) and 15/07 (t+48/96h,
right) (df=5/10/20/30/40/60%).

The bottom left panel shows a proxi
for verification (HRES +48h,
df=10/25/50/100/250/500mm).
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‘&* 3.b Mindulle, 17-19 Jul ‘04: +144h & +192h PP

This figure shows the probability of
48h acc. Precipitation (PP) in excess
of 50 mm (top) and 100 mm
(bottom), predicted on 13/07
(t+96/144h, left) and 11/07
(t+144/192h, right)
(df=5/10/20/30/40/60%0).

The bottom left panel shows a proxi
for verification (HRES +48h,
df=10/25/50/100/250/500mm).
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3.c Talin: EPS tracks from 12UTC of 27 Sep ‘05

“Damages due to Typhoon
20080827 12 UTC

Talin’s ﬂOOding and Probability that TALIM will pass within 120km radius during the next 120 hours
Iandslides are 7.8 b||||0n tracks: black=OPER, green=CTRL, blue=EFS numbers: observed positions at t+..h
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3.d Saomai: EPS tracks from 12UTC of 6 Aug ‘06

“China's most powerful
storm in 50 years,
Typhoon Saomai, has left
at least 104 people dead.
More than a million people
were evacuated from their
homes .. more than
50,000 houses had been
destroyed.” (from the
press).
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3.d Wukong: EPS tracks from 12UTC of 15 Aug ‘06

“Typhoon Wukong
(‘monkey king’) left Japan
today after causing at
least three deaths,
landslides and disrupting
public transport. Wukong
moved near the Korean
peninsula after ravaging
the island of Kyushu.”
(from the press).

20068081512 UTC
Frobability that WUKONG will pass within 120km radius during the next 120 hours
tracks: black=CPER, green=CTRL, blue=EPS numbers: cbserved positions at t+..h

. =3 Bf

100

]
5071 -
& a0
T
]
40° K
g' 50
2O i  all 40
o
307N S 3 ] " 30
} Bl 12
,/ r :% ’
b 0 10
200H ﬁb}?wed position (every 24h). .
= IECI:E_" 140°E 180" E -
40

ICTP Conference & School on Predictability (July 2007) — Roberto Buizza: Severe weather prediction (L2)




3.f loke: EPS tracks from 12UTC of 1 Sep ‘06

Typhoon loke, the Central
Pacific's biggest storm in
a decade damaged 70
percent of the buildings
on Wake Island when it
slammed ashore last
month, the U.S. Air Force
said Wednesday.

200603901 12 UTC

Frobability that IDKE will pass within 120km radius during the next 120 hours
tracks: black=CPER, green=CTRL, blue=EPS numbers: cbserved positions at t+..h

B T

—.{

.EJ:L;A“

’ff_. T - =

’-/x' ."-: (:?

. -

100

40
£
- 96 20
b 01 aaei
o . 10
o/ @.: observed position (every 24h). )
A 3
140°E 180° E 180°
ICTP Conference & School on Predictability (July 2007) — Roberto Buizza: Severe weather prediction (L2) 41




3.f Shanshan: EPS tracks from 12UTC of 15 Sep 2006

Typhoon Shanshan that
has been buffeting Japan
for the last few days has
left nine people dead and
more than 200 injured.
Shanshan caused
torrential rains that
triggered flash floods and
landslides.

FProbability that SHANSHAN will pass within 120km radius during the next 120 hours
tracks: black=OPER, green=CTRL, blue=EPS numbers: observed positions at t+..h
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3.f Yagi: EPS tracks from 12UTC of 21 Sep ‘06

Powerful typhoon Yagi
packing winds of up to
198 km (124 miles) per
hour was moving slowly
towards Japan on Friday,
and forecasters said it
could brush past Tokyo
over the weekend before
veering back into the
Pacific.

20080921 0 UTC
Frobability that YAGI will pass within 120km radius during the next 120 hours
tracks: black=0OPER, green=CTHL, blue=EPS numbers: cbserved positions at t+._h
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3.f Xangsane: EPS tracks from 12UTC of 27 Sep ‘06

“Typhoon Xangsane caused

the death of at least 15 . 20080927 12UTC

) ) Probability that XANGSANE will pass within 120km radius during the next 120 hours
people In Vietham; tracks: black=OPER, green=CTRL, blue=EPS numbers: observed positions at t+..h
thousands of homes were 0
destroyed in the coastal %
city of Danang. The %0
typhoon devastated areas -
of the Philippines last
week, killing at least 76 Iﬁ0
people and leaving millions *
without power and clean 40
drinking water.” (from the 0
press). 8
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3.f Xangsane: EPS +120h and +72h 850 hPa PWS

This figure shows the probability of

. : T+120 - 10m/s T+72h —10m/s
wind Speed (PWS) at 850 hPa in INIT DATE 2006-09-27 12:00:00 850 WS t+120 INIT DATE 2006-09-29 12:00:00 850 WS t+72
excess of 10 m/s (top) and 20 m/s P(ws gt 10) - cl1=od exp1=1 BS=0.104 P(ws gt 10) - cl2=od exp2=1 BS=0.06304

(bottom), predicted on 27/09
(t+120h, left) and 29/09 (t+72h,
right) (df=5/10/20/30/40/60%).

The bottom left panel shows the
analysis (df=5/10/20/40/50m/s).

120°E 140°E

T+120 — 20m/s T+72h —20m/s
VERIF DATE 2006-10-02 12:00:00 850 WS INIT DATE 2006-09-27 12:00:00 850 WS t+120 INIT DATE 2006-09-29 12:00:00 850 WS t+72
VER cl=od exp=1 - rms ws=8.75888 P(ws gt 20) - cl1=od exp1=1 BS=0.02436 P(ws gt 20) - cl2=od exp2=1 BS=0.01198
30°N é - i??ﬁb}w 30°N||3D0°N i W‘ apn=N|
v -

100°E 120°E 140°E

ICTP Conference & School on Predictability (July 2007) — Roberto Buizza: Severe weather prediction (L2) 45



‘&‘ Outline

1. The value of Ensemble Prediction
2. Hydrological applications

e 2.a The JCR European Flood Alert System (EFAS)

e 2.b The flood of Italy of 1966: a revisitation

e 2.c George Tech prediction of flooding in Bangladesh
3. Typhoon prediction

e 3.a Simulation on initial uncertainties in the tropics
e 3.b Mindulle (July ‘04)

e 3.c Talin (Sep '05)

e 3.d Saomai & Wukong (Aug ’06)

e 3.e loke, Shanshan, Yagi & Xangsane (Sep '06)

4. Conclusions
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‘&‘ 4. Conclusions

e Some results of hydrological ensemble predictions have been shown,
ranging from large-scale to small-scale river basins. Results indicate that
probabilistic (ensemble-based) forecasts provide very valuable information
that single forecasts cannot provide.

e One of the key advantages of predicting the full probability distribution of
forecast states is that it can be used not only to identify the most likely
outcome, but also to assess the probability of occurrence of maximum
acceptable losses.

ICTP Conference & School on Predictability (July 2007) — Roberto Buizza: Severe weather prediction (L2)

47



‘&‘ 4. Conclusions

e A synoptic evaluation of typhoon tracks’ predictions suggests that EPS 0-120h
strike probability maps are very valuable. Results have also shown that the EPS
can provide very valuable probabilistic precipitation and wind-speed (‘gusts’)
predictions.

e Work is continuing to further improve the ECMWF ensemble system, e.g. work
has resumed to test the potential benefits of using ensemble data assimilation
methods to generate the ensemble initial states and to improve the simulation of
model uncertainties (not shown).
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‘&‘ 4. The future probabilistic analysis & forecasting system

Ensemble Data Assimilation (EDA) [6] may be used in the future to generate
the EPS initial perturbations. A future EPS configuration could include:

e N-member EDA (e.g. N=11)
e N*M member EDA-SV EPS, T,399(d0:10)+T,255(d10:15) (e.g. M=51)
e ICs from each perturbed members and/or the EDA ensemble-mean

EDA perturbed members \/—\/—.\/\/.

EDA ensemble-mean

High-resolution forecast
Low resolution forecast

l|oo
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‘&‘ 4. Ensemble Data Assimilation and Ensemble Prediction

This research aim to assess whether an ensemble of analyses can be used in

the EPS to improve the sampling of initial uncertainties.

Experiments are going to be run to test the use of an
ensemble of analyses in the EPS. For example, the
ensemble of analyses could be used in the following two
ways:

» Using each analysis as a center around which to add
SV-based perturbations (fig 1)

e Using the ensemble of analyses to generate a set of

perturbations to be used in conjunction with SV-based
perturbations, starting from either a reference analysis
(e.g. the high-resolution unperturbed analysis), or the
mean of the ensemble of analyses (fig 2)

This work may lead to the use of the ensemble of
analyses instead of the evolved SVs in the EPS.

PA 3
PA 1 -
%( PA 2
Fig. 1

Fig. 2
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