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WHAT IS ENSEMBLE PREDICTION? e
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FORECAST MODELS ARE LIKE FOOTBALL
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EAST COAST LOW

1) 20 - 23 April 2015

2) Intense low pressure systems
that form close to NSW coast

3) Strong winds, heavy rain,
major flooding, major waves
and coastal erosion

4) 4 deaths

5) Dozens of roofs lost, trees
down, > 200000 houses e
without power, 57 schools |
closed .
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TWO MEMBERS OF ENSEMBLE
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TWO MEMBERS OF ENSEMBLE
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48-HOUR RAINFALL TOTALS s G

rain total member 17 rain total member 22
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Probabilistic prediction
Greater accuracy
Data assimilation
Observation targeting
Preemptive forecasts
Develop understanding

Once you have an ensemble, many of these are relatively
cheap to compute.

WHY USE ENSEMBLE
PREDICTION?
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Risk management
Seamless prediction
Handle inherent uncertainty

PROBABILISTIC PREDICTION



RISK MANAGEMENT
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Impact >
Negligible Minor Moderate | Significant| Severe
Very Likely LowMed | Medium Med Hi
Likely LowMed | Medium
E=]
8
% Possible LowMed | Medium Med Hi Med Hi
-
Unlikely LowMed | LowMed | Medium Med Hi
Very Unlikely LowMed | Medium Medium
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CARDWELL - TC YASI STORM SURGE .
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TC YASI - 200 ENSEMBLE MEMBERS
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HIGH-RESOLUTION SIMULATION OF A

BUSHFIRE PLUME
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Courtesy Will Thurston
(see his talk at 2 pm)
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FIREBRAND TRANSPORT

0.0 min

Courtesy Will Thurston

(see his talk at 2 pm)
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RAINFALL PROBABILITIES A“““m:“‘gy
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Ensemble predictions systems are more consistent

SEAMLESS PREDICTION



THE ENSEMBLE MEAN IS MORE CONSISTENT “2zo=
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Forecast Lead Time (hrs)
Zsoter et al. (2009 QJRMS)
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Probability of 24 hr rainfall > 25 mm T+ 7.5 days
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EAST COAST LOW PROBABILITIES

Probability of 24 hr rainfall > 25 mm

T+ 6.5 days
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EAST COAST LOW PROBABILITIES
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Probability of 24 hr rainfall > 25 mm T + 5.5 days
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EAST COAST LOW PROBABILITIES ey

Probability of 24 hr rainfall > 25 mm T+ 4.5 days

T T p. g N ——
ooy ® Wy - : L, o
SR ke ”J B, y_ﬁ = = ~'*E"‘\.;.;q P S - . Probability
&, PR e, F LT oy Ry, R ., o
| A SRS AL - >
\':u'.!_“ e 5._ Ty 1 el AN 10
e - 3 Ly H -
TR g i £ ¢ I—)i' T “_’?ﬂ W, N LY
10°5 e Sl 09
e o Il h
AT R
- x T L
Pa¥ ) b\ . 0.8
.-’*-.FL 4 =T k) - e
/ll-} I.\:"\-\.. I D-T
205 o i . ;
- Y T
|"-'( by T
. \ 0.6
! =,
& {
y Y o5
\ )

30°S | {

} o R ) 04
o N oo
g i . *

=N \:344-. 03

n o % ey
4075 f — 1'1'1.,1 L5 02

£ ' = 01

50"5 00

100"E 110"E 120°E 130"E 140"E 150°E 160"E 170"E

Plat praduced at UTC Fri Aug 26 DD:42:88 2016 from AGREPS-G by EnembleProbabilty.py

© BUSHFIRE AND NATURAL HAZARDS CRC 2016 bnhcrc.com.au




Australian Government

EAST COAST LOW PROBABILITIES

Bureau of Meteorology
Probability of 24 hr rainfall > 25 mm T + 3.5 days
N S P R % : ~ Probability
\'\_\ = ‘:l L ;"“’L--’\m-_ ﬁi !i:l :K .}\. o Foa "?: i
“'\r_u-_! ...... L‘- L:’@ ¥ 10
b TR "'?:.'Ehé’i?f'ﬁ-‘-‘- ol B :j?
10"5 .o 08
08
&
At " -
i - - 07
20"5 i o %
-_{_z" 1 \"\3;_;"
I3 06
& Y
-.:\ \ 1]
30°5 f
} T - . 04
C T ! ;_/’T:«r }‘ { -
=N oA N N 03
- _,--"C“‘?._,'_-f’_ e {f --__r;
m 5 - g :j ) |"f|.-1 ;'\:_,z";. 0z
't.rH. /_‘/2}*
s .
50"S oo
100"E 110"E 120"E 130"E 140"E 150"E 160"E 170"E

Plat produced at UTC Thu Aug 25 064288 2016 from AGREPS-G by EnemibleProbabitty: py

© BUSHFIRE AND NATURAL HAZARDS CRC 2016

bnhcrc.com.au




EAST COAST LOW PROBARBILITIES At G

Probability of 24 hr rainfall > 25 mm T+ 2.5 days

A % MR N -
I ‘ /ﬁﬁ - :a.l_ 2~ =l Probability
\.\ : B il 'ﬁ -:| b ﬁlﬁ == ﬂ.”-.l‘:}' -'\-',E“ o . e
el U e 5 Y S g 10
<, _.‘-—-Lz - L - P .-"}5 g~ '-'.. % =
. - ---rm:‘f-ﬁ%.".:“f:.c-*’f::;_;-? - "o e " '*‘::}Li 0.9
10°5 - = g oSN .
e /1
e B
L - L 0.8
£ et . {0 b
.-’*-.FL 4 = . - N
/ll-} I."\-\.. I u'?
25 LT % 5
_-r';. Y \h‘_u'
06
@ {
-.:\ N 05
30°S
} — T 0.4
; S . A
h ---.+f"/_ "‘-/-_ L'tr qiﬂ-,E
N N, 03
o b § ey
~ 3 o —
" . . o
40°5 - i 02
e = o k:_r,'
/ﬁ J 01
Ay
)
5075 oo
100°E 110°E 120°E 130°E 140°E 150"E 160°E 170°E

Plot produced at UTC Thu Aug 25 07:13:68 2016 from AGREPS-G by EnembleProbabilty. py

© BUSHFIRE AND NATURAL HAZARDS CRC 2016 bnhcrc.com.au




Australian Government

EAST COAST LOW PROBABILITIES

Bureau of Meteorology
Probability of 24 hr rainfall > 25 mm T+ 1.5 days
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GREATER ACCURACY
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Latitude

48-HR RAINFALL ENSEMBLE MEAN

48-hr rainfall total. Ensemble mean.
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Australian rainfall analysis (mm} 21st to 22nd April 2015
Australian Bureau of Matsorology

bnhcrc.com.au




PROBABILITY-MATCHED ENSEMBLE MEAN A"“i'i“",‘;‘;,il'";y

Australian rainfall analysis (mm} 21st to 22nd April 2015
Australian Bureau of Matsorology
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Ensemble DA
Fire model DA

DATA ASSIMILATION

774 s



THE NUMERICAL WEATHER PREDICTION ‘2=
CYCLE

Observations

N\

6-hr forecast —)lAssimiIate |—) Analysis —)—) 6-hr forecast | —=»

N\

Long forecast

Analysis
Weighted mean of observations l
and forecast
Weights depend on the relative accuracy
of the observation and forecast

| Forecasters |

—_—
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20C REANALYSIS EXAMPLE
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BLACK FRIDAY 1939 e

_10 Black Friday 20C Reanaly5|s Jan 11 1939 06 UTC
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BLACK FRIDAY 1939

Black Friday 20C Reanalysis Jan 11 1939 12 UTC

-15 \' \},‘ - {f;i, ,,._7\\\ «««««
-20

-25

-30

-35

40

~300 110 120 130 140

'Il@ BUSHFIRE AND NATURAL HAZARDS CRC 2016

:{“:‘ -5,
) %

il S e e

Australian Government

Bureau of Meteorology

45

40

35

430

4125

420

bnhcrc.com.au ‘



3 1EE, .
S
Australian Government
BLACK FRIDAY 1939 i

—

45
\ (v OREEREN TN
I 35
W\
\ \ 430
"\
4125
L
A 120
NS

100 110 120 130 140 150 160

'II@ BUSHFIRE AND NATURAL HAZARDS CRC 2016 bnhcrc.com.au ‘



BLACK FRIDAY 1939 e

LB Black Friday 20C Reanalysis Jan 12 1939 00 UTC
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BLACK FRIDAY 1939

Black Friday 20C Reanalysis Jan 12
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BLACK FRIDAY 1939

-10

Black Friday 20C Reanalysis Jan 12 1939 12 UTC
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BLACK FRIDAY 1939 e

Black Friday 20C Reanaly5|s Jan 12 1939 18 UTC
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BLACK FRIDAY 1939 A G
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ASSIMILATION IN A TOY FIRE MODEL it

1

S e—— 1) Model state is a gri.d of
oz oz o 2o cells, each cell is either
burning or not

2) Ensemble generated as
a random set of ellipses
o= of fire perimeter
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ASSIMILATION IN A TOY FIRE MODEL pecue

s alight

Prior probability that cell i
Contour from 0.1 t0 0.7 by 0.1

1) Top is the probability that
a cell is burning before
data assimilation

2) Obs: white dot is burning

! ’ ! ? ? 3) Bottom is the probability
that a cell is burning
after data assimilation

Posterior probability that cell is alight
Contour from 0.1 to

Hit 472 out of 1000 members

1 by 0.1
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Australian Government

MOVE THE OBSERVATION =

Prior probability that cell is alight
Contour from 0.1 t0 0.7 by 0.1

Posterior probability that cell is alight

Contour from 0.1 to 1 by 0.1

1 Hit 472 out of 1000 members
0.5
0.6
0
-0.5
-1
-1 0 1 2 3

Prior probability that cell is alight
Contour from 0.1 t0 0.7 by 0.1

0.6

Posterior probability that cell is alight

Contour from 0.1 101 by O

1 Hit 18 out of 1000 members
0.5
0.6
0
-0.5
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-1 0 1 2 3
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TARGETING HURRICANE IRENE o
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Australian Government

Bureau of Meteorology

36-hr forecast

122 e 002 062 122 e 00Z
Idle Observations

What happens after we've run the ensemble?

PRE-EMPTIVE FORECASTS

Image: Brian Ancell



PRE-EMPTIVE FORECASTS swn G

Temperature
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Initial condition Forecast time Forecast
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ENSEMBLE SUBSET TECHNIQUE FOR pemtaves
TROPICAL CYCLONE TRACK

OBEST MEAN

OBEST track

Ensemble mean

===m=  |ndjyvidual member forecasttrack

L New best-track position

O 12-h forecast position

* Initial time position

Dong and Zhang Weather and Forecasting 2016
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ENSEMBLE SUBSET TECHNIQUE FOR pemtaves
TROPICAL CYCLONE TRACK

500 a
450 BECM 2.9%—

400 ECD 1:0%
350 B OBEST

300
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Ensemble predictions

« Are more accurate
« Are more consistent
« Objective probabilistic prediction
« Support risk management
* |Improve data assimilation
« Help target observations

* Pre-emptive forecasts

Negligible

Very Likely | LowMed

Likelihood —>
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