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Seamless forecasting of extreme events on a global scale

® Hires forecasts 10 days Twice daily

® Ensemble forecasts 10-15days Twice daily

® Extended ensemble forecasts 15-32 days  Twice weekly
® Seasonal forecasts 7 months Monthly

— Any merged forecast will have “seams”, they are not seamless!
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Seemingly seamless forecasting of floods
and droughts on a global scale
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Seamless forecasting of extreme events on a global scale
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Evaluating extremes: Evolution of forecast skill
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Evaluating extremes: ECMWEF ‘Severe Event Catalogue’
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The daily, weekly to monthly scale: EFI, EFAS and GloFAS

Extreme Forecast Index

® First indication already 8-9 days ahead of
potential extreme event in this area

® Signal got gradually stronger closer to the event

® From 4-5 days in advance the area of extreme
observed precipitation was highlighted quite
well with EFI close to 1
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EFAS - Floods in Central Europe June 2013

The image shows the EFAS multi-model streamflow prediction for Passau,

Germany. Forecast date is 30/05/2013 12 UTC. The colours indicate the different
alert levels.

The box plots show the ECMWEF EPS, the red line the ECMWEF Highres, the black
line the DWD COSMO.

The forecasts gives a clear indication of a flooding in 3-4 days
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GloFAS - (Global Flood Awareness System)

Global probabilistic weather

Decision support information
forecast 51 members
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Calculation of thresholds

Concept

Simulated discharge time
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SE Asia floods Sept/Oct 2011 (Chao Praya and Mekong)
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Thailand floods: More than 200 die, temples
threatened

More than 200 people have died in monsoon
flooding in Thailand since mid-July, officials
say.

More heavy rain is forecast, reservoirs are at full n
vy and Fvers are veshomi '
—
Water has inundated 58 of Thailand's 77 w
provinces, with 25 still badly hit. Huge tracts of
farmland are submerged, threatening this year's
rice crop.

Flooding in Ayutthaya threatens ancient Buddhist
temples
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Assam (India) Floods: e

September —October 2012
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GloFAS - Validation

Peirce’s skill score of simulated versus observed discharge at each of the 620 stations
considered. Circle size is proportional to the upstream area of each river station.
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GloFAS validation CRPSS

CRPSS maps of HEPS for 2009-
2010 (above 0 skillfull)
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.... 10 the seasonal and monthly scale: Drought
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Examples of current systems
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http://droughtmonitor.unl.edu/
WMO Regional Climate Outlook Products

™ " http://www.wmo.int/pages/prog/wcp/wcasp/clips/outlooks/climate_forecasts.html

51 - - Greater Horn of Africa consensus Climate output for Sep-Dec 2012 (ICPAC)
http://www.icpac.net/Forecasts/forecasts.html

These seasonal outlooks merge models with forecasters experience

Latitude [N/S)
‘

Can we process model data and provide a useful and straightforward
product to forecasters ? A meteorological drought index ?
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Monitoring and forecasting SPI: merging data

How to merge the monitoring with the seasonal foyecast ?

12 month accumulation i
] Long lead time '[N/ "~ ; - !
Observation Forecast omiering [ /SR S ZJ
+ forecast -3'“'; """ \ }{ """ P \4/ ; ;
_ Short lead ti L
Observatl n +n?cr)ni$§rin;;me Monitoring Forecast
V_ forecast Probabilistic forecasts
Forecast date Verification date

1) Spatial averaging of monitoring and forecast to the target region

2) Bias correct seasonal forecast
Pmé’ ameerf O ] = Pm” ’rP

m.l

3) Merge monitoring and forecasts to create the SPI

Yoon et al 2012, J. Hydrometeor
Dutra et al. 2013 HESS

e
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Probabilistic monitoring of SPI

HoF precipitation
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Initial results showed that monthly means of the EPS had a reduced spread:
* The EPS is not designed to generate a large spread in the first forecast hours and/or to generate

monthly means;
* |If we use a longer forecast lead time (e.g. 5 days), we would increase the spread, but loose skill

* Artificially increase the monthly means forecast spread:
* F"=Fa+F*(1-a); a-inflatign factor (4 was selected), F* the forecast ensemble mean

== erss mmm EPs — GPcc  — FGE - - ciM|

SPI6 in the Horn of Africa
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Monitoring and forecasting SPI: merging data

Limpopo 1991/1992 drought: SPI-12
Example of displaying the seasonal forecasts, S4 (blue), CLM (gray).

LP SPI 12

LP SPI 12 LP SPI 12

-0.5
Dec91
-1t -1.5
Oct91
-1.5r GLM oy GLM i
sl S4 ] S4 X
—#— VER - _o5|l —®—VER .
-25[ g MON f —#— MON
25 L L L . L L L 3 L L L L . L L 3 L L L . A . L
Jun91 Julg1 Aug91 Sep?1 Octd1 Nov@1 Decd1 Jan92 Feb92 Aug91 Sep91 Octd1 Novd1 Dec91 Jan92 Feb92 Mar92 Apro2 Oct91 Nov91 Dec91 Jan92 Feb92 Mar22 Apr92 May92 Jun92
LP SPI 12 LP SPI12 LP SPI12
0 T -1.2 T T -1.2 T

s\, Feb92

CLM ] —1.41 GLM 1 —1.4F CcLMm 1
— ol —=  Aproz L Jun92  —=
1t —#— VER ] - —i— VER . —#— VER
—#— MON 18k —#— MON
-1.5
-2F
-2F
2.2
2.5 —2.4
_a L L L L " L L 26 4 L L " L L L 26 L L L L L . "
Dec91 Jan92 Feb92 Mar92 Apr92 May92 Jun92 Jul92 Aug92 Feb92 Mar92 Apr92 May92 Jun92 Jul92 Aug92 Sepd2 Oct92 Apr92 May92 Jun92 Jul92 Aug92 Sep92 Oct92 Nov92 Dec92

Monitoring (magenta: ERA-Interim) in good agreement with verification (red, GPCP)
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Pan-African map viewer (JRC)
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European drought observatory (JRC) June 2014

=? Situation of Combined Drought Indicator in Europe - % ten-day period of June 2014

Cwatch: rainfall deficit

[ Warning: soil moisture
deficit

I Alert vegetation stress
following rainfall f
soil moisture deficit

B Partial recavery Situation of drought in Europe, 2014-06-11
of vegetation

I Full recovery
of vegetation
to normal conditions

Brovse this map

Time Series Animation

© Eunpean Drought Observatory. (EDO) 2013
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Use of system-4 in the consensus framework - MAM 2009
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.... 10 the seasonal and monthly scale: Malaria
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Malaria is constrained by weather/climate conditions

Rainfall : provides breeding

sites for larvae. '/ \

human ; . 1st 2nd
. Intrl Ite _ bloodmeal:
Temperature: larvae growth, vector infected by bloodmeal: oodmeal:
survival, egg deve|0pment mosquitc acquire fransmit

infection infection

In vector, parasite development in
vector (plasmodium falciparum/ :
; ] ext site
plasmodium vivax)

adult  oviposition
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Input fields for the malaria prediction system

1-25 days from the monthly
e EPS system

Weather and Climate
Dynamical Forecasts

Y R QA

Medium-Range Monthly Seasonal
Forecasts Forecast Forecast

>

Day 1-10(15) Day 10-32 Month 2-7
MALARIA MODEL N 26-120 days from the seasonal

SYS4

Fields are bias corrected using their own hindcast against
the same set of observation to guarantee seamlessness

- e
HEPEX 10 year — NCWCP 24 June 2014 slide 25 of 29 © ECMWF g ECMWF
A\ 4



Malaria Product 1: Mean transmission

EIR is a measure of the transmission intensity, it is the number of infective bites per
person per unit time

An annual average of 500 is very high 100 intermediate, and in epidemic zones it is
often below 10 per year.

Mean transmission is calculated over the hindcast period (not including the
forecast)

) . # Show guide Mean malaria transmission
® Show guide Mean malaria transmission
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Malaria Product 2: Mean inter-annual variability

Inter-annual variability is calculated using the hindcast years. It shows areas where
the malaria is epidemic for that period of the year.

@ Hide guide Malaria Interannual variability
parameter EIR is a measure of the transmission intensity, it is the number of infective bites per person per

unit time An annual average of 500 is very high 100 intermediate, and in epidemic zones it is

M lari
canmasoe often below 10 per year. Interannual variability is calculated owver the 18 years of the hindcast

transmission
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variability
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Model e — —
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Malaria Product 3: Forecast Probability

Forecast probability summary:
Shows the number of ensemble members which predicts transmission above or

below the 3th upper or lower percentile

1 = all the 51 members in agreement

@ Show guide
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Mean malaria
transmission

Malaria Interannual
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Malaria forecast risk
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Imm
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Malaria forecast risk
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Malaria forecast risk

Method | Area | Plottype | Ferange
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Questions?

Take home messages:

1. Hydrological forecasts are
KULTURisk

important for all time scales

2. Models can be implemented GLOWASIS

globally but their skill needs to
be assessed locally

References:

*Special issue on droughts in HESS
*GloFAS paper in HESS

*ECMWEF newsletter
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