Ensemble forecast products

Supporting users’ decision making

David Richardson

Head of Evaluation, Forecast Department, ECMWF
David.Richardson@ecmwf.int

Thanks to many colleagues (past and present)

<~ ECMWF
A" 4 © ECMWF September 13, 2017



Cluster 2

ECMWF ENSEMBLE FORECASTS
Wednesday 06 September 2017 0000 UTC ECMWF forecast t+168 VT:Wednesday 13 September 2017 0000 UTC
MSLP (contour every 5hPa) Temperature at 850hPa (only -© and 16 isolines are plotted
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Deterministic prediction

Verification

Ensemble forecast of the French / German storms (surface pressure)
Start date 24 December 1999 : Forecast time T+42 hours
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Ensemble forecast products

Ensemble

Mean and

Ensemble
Spread

ropieal
Cyclone Alternative
Strike scenarios -
Probability Clusters
Maps

: individual
EXtras forecasts |
tropreal Probabilities
EEIE of events
tracking

» To assist operational forecasters

» Users generate their own tailored products

for specific applications e
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Ensemble mean and spread Day 2, red = HRES, black=ENS Mean

Monday 11 Sep 2017, 00 UTC VT Wednesday 13 Sep 2017, 00 UTC Step 48
© ECMWF 2017

Ensemble spread for mean sea level pressure

Interval 5, thickness 2

Mean sea level pressure

Interval 5, thickness 2
Ensemble mean for mean sea level pressure
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Ensemble mean and spread Day 6, red = HRES, black=ENS Mean

Thursday 7 Sep 2017, 12 UTC VT Wednesday 13 Sep 2017, 00 UTC Step 132
® ECMWF 2017

Ensemble spread for mean sea level pressure

Interval 5, thickness 2
Mean sea level pressure

Interval 5, thickness 2
Ensemble mean for mean sea level pressure
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Ship routing

___________________________________________________________________________________________________________________________________________

Ens. (coup. T159/1.5) —— Analysis Control
—— First guess — Det. FC. —— Mean
80°W 60°W 40°W 20°W 0°

Figure 2: Ship routes for the
crossing leaving Brest at 12
UTC 28 February 1999 and arriv-
ing in New York at 00 UTC 7
March 1999. Routing either to
the north or to the south circum-
vents a storm centre. The
ensemble-mean route method
fails to provide an optimum
track in these circumstances.

P Janssen,ECMWF Newsletter 85, Autumn 1999
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Date 20170801 00 UTC @ECMWF
Frobability that 1RMA will pass within 120 km radius dunng the next 240 hours

tracks: solid=HRES; dot=Ens Mean [reported minimum central pressure (hPa) 967 |
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Alternative scenarios - clusters
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Cluster 2

ECMWF ENSEMBLE FORECASTS
Wednesday 06 September 2017 0000 UTC ECMWF forecast t+168 VT:Wednesday 13 September 2017 0000 UTC
MSLP (contour every 5hPa) Temperature at 850hPa (only -© and 16 isolines are plotted
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Alternative scenarios - clusters

R1 Positive NAQ - Freq. 3238 R.! Nagume N&Q = Freq. 21.4%
ondjfma 20 years ER.A-I 1980-2008

0 years ERA-INT 1980-2008

R2 Bloeking — Fta?ﬂzﬁ 1% R4 Atlantic Ri —Fr
ondjfma 29 years | ERJl- 1980=2008 and[fma 20 years Iu-lhl 198-0-20!!5
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Wednesday 6 September 2017 00UTC ECMWF EPS Cluster scenario - 500 hPa Geopotential
Reference step 1+120-168 Domain 75/340/30/40 Cont. in cluster=2 Det. in cluster=1

farecast 1+ 20 VT Manday 11 September 2017 00UTC
Cluster: 141 5), papulation: 13, regres. member: 1

fameast 14144 VT Tuesday 12 Ssplamber 201 7 00UTC
Cluster: 1401 5], populaton: 13, repres. member 1

loreeast 14168 VT Wednesday 13 Saplember 201 T 00UTC
Cluster: 1{o15), mm 13, repres. memier: 1

farecast 1+ 20 VT Manday 11 September 2017 00UTC
Clmel 2{o15), popuaton: 13, repres. member: 37

fameast 14144 VT Tuesday 12 Ssplamber 201 7 00UTC
Cluster: 3ol 5), papulaton: 13, repres member: 37

farecast 1+ 20 VT Manday 11 September 2017 00UTC
Cluster: Hol 5), popuiaton: 12, repres. mamber: 47

loreeast 14168 VT Wednesday 13 Saplember 201 T 00UTC
Cluster: 3{ol 5), population: 12, epres. mamber: 47

farecast i+ 20 VT Manday 11 September 201 7 00UTC
Clugter: {0l 5), population: 8, repres. member: 9

farcast 14144 VT:Tuesday 12 Seplember 201 7 00UTC
Cluster: -chls],.pcoulﬂlm &, repres_member: 9

forecast 14163 VT Wednesday 13 Seplember 201 7 00UTC
Ghner-lhls] pmuhlon 8, mpres. member: 9

farecast 1+ 20 VT Manday 11 September 2017 00UTC
mumq,wm:imm:n

fameast 14144 VT Tuesday 12 Ssplamber 201 7 00UTC
Clusier: 541 5, population: 5, repes. member: 43

loreeast 14168 VT Wednesday 13 Saplember 201 T 00UTC
Clusier: 5{oi5), mlaion 5, repres. member: 43




Regime transitions
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Alternative scenarios

MOST LIKELY LESS LIKELY

Rain and Snow
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Probabilities

Total precipitation probability >10
Tuesday 12 Sep, 00 UTC T+24 Valid: Wednesday 13 Sep, 00 UTC
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ECMWEF Newsletter

a Number 65 Spring 1994

24hr Total Precipitation greater than 5 mm 24hr Total Precipitation greater than 10 mm

Shinfield Park, Reading, Berkshire RG2 9AX, England. Telephone: U.K. (0734) 499000,
International (+44 734) 499000, Telex: 847908 ECMWF G, Fax: (0734) 869450

® AP, European Centre for Medium-Range Weather Forecasts
¥ Europaisches Zentrum fiir mittelfristige Wettervorhersage
Centre européen pour les prévisions météorologiques a moyen terme
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Interactive probabilities (and more ...) ecCharts

B .

« ENS combined and weighted
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© Add Layers ..

What is the YR

O | p——— ol °‘ ¢ @ 7 Probability of total precipitation = | mm over last & hour (s) /B prObabI“tleS
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precipitaticn !i 6\ R m{ - Cyclone strike probabilities
> iy » Cyclone tracks

* Model-climate
:| + Meteograms
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How about _
over 24 hr ? 5 °

» Similar customisation applies for percentiles and probability of
combined events and weighted probabilities ...
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Point forecasts: time-series

ECMWF Ensemble forecasts
Reading, United Kingdom 51.52°N 0.97°W (ENS land point) 81 m
High Resolution Forecast and ENS Distribution
Friday 8 September 2017 00 UTC
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EMS Meteogram

POlnt forecasts tlme_serles (meteogram) Reading, United Kingdom 51.52°N 0.97°W (ENS land point) 81 m

Extended Range Forecast based on ENS distribution Friday 8 September 2017 00 UTC
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EMNS Meteogram
Reading, United Kingdom 51.52°*N 0.97°W (ENS land point) 81 m

POI nt fo recasts : tl me'Se rl eS (meteog ram) Extended Range Forecast based on ENS distribution Friday 8 September 2017 00 UTC

g)aily mean of Total Cloud Cover (okta)
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H-Climgaécsh e M-Climate: this stands for Model Climate, It is a
i a0 function of lead time, date (+/-15days), and model
m ?s%an m edian version. It is derived by rerunning a 11 member
1% 1 ensemble over the last 20 years twice a week (1980

realisations). M-Climate is always from the same
model version as the displayed ENS data.
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Multi-parameter EFI (24-h up to valid time) - Friday & Sep 2017, 00 UTC VT Thursday 14 Sep 2017, 00 UTC Step 144
2 ECMWF 2017
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. Fri 08 Sep 2017 12UTC ©ECMWF t+108-132h VT: Wed 13 Sep 2017 00UTC - Thu 14 Sep 2017 00UTC
Extrel I Ie O recast I n eX E F I Extreme forecast index and Shift of Tails (black contours 0,1,2,5,8) for 10m wind gusts

0.5 06 07 08 0.9 1

I
CDF for 24h maximum wind gust (m/s) 77 AT e, N
—24-48h Climate extrema [Max = 24, Min = 4] SLE A D TR
100% e
80% — “
40% — S
20%— ~ S
6 9 12 15 18 21 24 P N e Semd N R

Measures the distance between the ENS cumulative distribution and the model climate distribution
Ranges from -1 (all members break climate minimum records) to +1 (all break climate maximum records)

Indicates places where the ENS distribution is towards the extreme of the climate distribution
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Forecast and M-Climate cumulative distribution functions with EFl values

25.23°N 80.52°W

“alid for 24 hours from Sunday 10 September 2017 00 UTC to Monday 11 September 2017 00 UTC
CDF for 24h precipitation (mm)

—24-48h Climate extrema [Max = 56, Min = 0] J100%  -50% EFI S0% 100%
100% ==T7 ot [48-72R] T
t+ [60-84h] 28%
80% t+ [72-96h] T6%
t+ [B4-108h] 74%
G0% t+ [96-120h] 56%

t+ [108-132h] 5 1%

40%

20%

0% — T T T T T T T
1) =1 100 150 200 250 200 250

CDF for 24h maximum wind gust (m/s)

— 24-48h Climate extrema [Max = 27, Min = 4] -100% -50% EFI 50% 100%
100% Dr/— t+ [48-72h]
s t+ [60-84h]
80% — t+ [72-96h]
t+ [84-108h]
0% — t+ [96-120h]
t+ [108-132h]
40% —
20% —
0% T

10 20 0 40 50 &0 70
CDF for 24h mean 2m temperature (*C)

— 24-48h Climate extrema [Max = 30, Min = 25] -100% -50% EFI 50% 100%
100% t+ [48-72h] -32%
t+ [60-B4h] -17%
80% t+ [72-96h] -20%
t+ [84-108h] 7%
0% — t+ [96-120h] 9%
t+ [108-132h] a5
40% |
20% |
0% —= T T T T

M—(z_".lsimate: 2Hﬂs starﬁfﬁs for r&gdel Climate, It is a function of lead time,

date (+/-15days), and model version. It is derived by rerunning all member
ensemble over the last 20 years twice a week (1980 realisations).

M-Climate is always from the same model version as the displayed ENS data.
On this page only the 24-48 lead M-Climate is displayed.
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EMNS Meteogram
Key Largo, United States 25.23°N 80.52°W (ENS land point) 1 m
Extended Range Forecast based on ENS distribution Friday 8 September 2017 00 UTC

Daily mean of Total Cloud Cowver (okta)
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I'-'I-Climgagtnfh e M-Climate: this stands for Model Climate, It is a
a0 s function of lead time, date (+/-15days), and model
?S%ian @ medin version, It is derived by rerunning a 11 member
10% 0% ensemble over the last 20 years twice a week (1980

min

realisations). M-Climate is always from the same
model version as the displayed ENS data.



Extra-tropical cyclonic feature tracking
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Extra-tropical cyclonic feature tracking

Data time 20100227 007 Feoture—specific plume of pressure
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T+ 0 100% D, 0,0,2,545,5,789,10,11,12,15,14,15,18,17,18,19,20,21,22,23,24 26,26,17,24,29,30,31, 32,53,34 15 36,57, 58, 39,40, 41,41, 43 44,45 48 47,48,45,50
[T+ 12 1008 Det, 09.2,5456749,10,10121851 4,151617,18,19,20,21,22,23.54.95,26, 7,24,29,30,31 12,33,34, 35,36,37,30,30, 40,41 A 143 44,4546 47,48,40.50
[T 26100 Db, 00,2,545,5,789,10,11,12,13,14,15,18,17,1,19,20,21,22,73,24.25,26,7,24,39,30,71,32,53,34 35 36,57, 38, 39,40, 41,4 1,43 £4 45 48.47,48,45,5%0
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Tropical cyclones

Date 200170501 00 UTC @ECMWF
Probability that 1RMA will pass within 120 km radius during the next 240 hours

tracks: solid=HRES; dot=Ens Mean [reported minimum central pressure (hPa) 967 |
Prolability (%) of Trapical Cyclone Infensity faliing in each categary
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Supporting decision making: societal and economic value of forecasts

« Forecasts only have value if people use them
— make a decision or take an action which would not otherwise have been made
* Decisions can be based on deterministic forecasts, but ...

 Decisions involve assessment of risk

Help | Terms and Conditions | Links | Display Options

Weather warnings: Europe

wareness Reports - You can find detailed information about the warnings in the awareness re
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Decisions, risk and flow-dependent uncertainty

Date 20170903 12 UTC @ECMWF Date 20170907 00 UTC @ECMWF
Individual trajectories for IRMA during the next 240 hours Individual trajectories for JOSE during the next 240 hours
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