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OUTLINE
ÅWhat are hydrological ensembles and how are they used?

ÅThe HEPEX community

ÅThe European and Global Flood Awareness Systems

ÅRepresenting uncertainty

ÅEarly flood warnings, humanitarian action and decision making under 
uncertainty

ÅThe economic value of hydrological ensemble forecasts
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HYDROLOGICAL ENSEMBLES OFé.

Åsoil moisture, runoff, river flow (including floods), groundwater, snow, 
reservoir inflows/volumesé
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WHAT IS THIS THING CALLED ENSEMBLES?
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The ñEnsembles Manò
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ENSEMBLE FLOOD FORECASTS
BETTER DECISION MAKING

Cloke & Pappenberger (2009) Ensemble Flood Forecasting. 
Journal of Hydrology

Reasonable 
worst case 
scenario

Most likely

Ensemble Forecast Hydrograph
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Somerset Levels, February 2014 Winter 2013/14: coastal storms and 
persistent large rainfall accumulations 
led to significant and widespread 
flooding across the southern UK. 
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THAMES BARRIER, River Thames, London, UK
Environment Agency
Use of ensemble forecasting led to increased
preparedness and a reduction in flood risk in winter 2013/14

Stephens, E. and Cloke, H. (2014) Improving flood forecasts 
for better flood preparedness in the UK (and beyond). 
Geographical Journal, 180 (4). pp. 310-316. doi: 
10.1111/geoj.12103 



European Flood Awareness System (EFAS):
Floods in Central Europe June 2013

Å EFAS: pioneer of ensemble 
flood forecasts

Å June 2013, EFAS warnings and 
alerts were issued for all 
major rivers in central Europe
(Elbe, Danube, Rhine) up
to 8 days in advance 

Pappenberger et al (2011) HP
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European Flood Awareness System
Severe floods in the Balkans, May 2014
EMERGENCY RESPONSE COORDINATION

Warnings to EC Emergency Response Coordination 
Centre and National Authorities, 8 days before the 
flooding
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EARLY HUMANITARIAN ACTION WITH 
ENSEMBLE FLOOD FORECASTING
ïFORECAST BASED FINANCING

Photo credit: Peruvian Red Cross (top left, below right), Floodlist (centre), Juan Bazo(right)

Project FATHUMContact: 
Elisabeth.Stephens@reading.ac.uk
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HEPEX Chairs are:
Maria-Helena Ramos (IRSTEA, France)
QJ Wang (University of Melbourne , Australia)
Fredrik Wetterhall (ECMWF, UK)
Andy Wood (UCAR, USA)

HEPEX Hydrologic Ensemble Prediction 
Experiment
began in 2004 at an ECMWF workshop 
jointly organized with the US National 
Weather Service (NWS) & the European 
Commission (EC). 

It continues to connect the research 
community, forecasters and forecast 
users and facilitates the exchange of 
ideas, data, methods and experience.

Find out more: www.hepex.org
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ÅThe theme for the 2018 HEPEX workshop is óbreaking the barriersŏ ĵİ 
highlight current challenges facing ensemble forecasting researchers and 
practitioners and how they can be overcome:
Åusing ensemble forecasts to improve decisions in practice,

Åextending forecasts in space (including to ungauged areas) and across lead-times, from 
short - term to sub-seasonal to seasonal forecast horizons,

Åusing ensemble forecasts to maximise economic returns from existing water infrastructure 
(e.g. reservoirs), even as inflows and demand for water change,

Åusing ensemble forecasts to improve environmental management of rivers,

Åapplying ensemble forecasts for agriculture,

Åsearching for better/new sources of forecast skill,

Åbalancing the use of dynamical climate and hydrological models with the need for reliable 
ensembles,

Åcommunicating forecast quality and uncertainty to end users.
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Emerton et al (2016) Continental and global scale flood forecasting systems. Wiley Interdisciplinary Reviews: Water, 3 (3). pp. 391-418. 
doi: 10.1002/wat2.1137 

Can be coupled (as earth system)
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case study of a flood event in Romania in 
October 2007; TIGGE archive. 
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- awareness of flood 
up to 8 days before 
the event

- subsequent 
forecasts provide 
increasing insight 
into the range of 
possible flood 
conditions 

- Flood alert issued in 
EFAS: when the forecast 

is persistent, meaning 

that 3 consecutive 

ECMWF ensemble 

forecasts exceed the 

EFAS 5 year return 

period threshold with a 

probability of greater 

than 30%Pappenberger et al (2008), New dimensions in early flood warning 
across the globe using grand-ensemble weather predictions, 
Geophys. Res. Lett., 35, L10404, doi:10.1029/2008GL033837.

http://dx.doi.org/10.1029/2008GL033837
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REPRESENTING UNCERTAINTY

ÅLand surface is incredibly complex. 
ċĪħħĪĤĶĭĵ ĵİ Ĭįİĸ ĸĩĢĵŏĴ ĶįĥĦĳ ĵĩĦ 
ground & therefore parameterise

Ålack of knowledge about the 
parameterisation of processes at the 
grid scale being used.

ÅGrids or hydrological response units?

ÅIn catchment hydrology ïmodelling 
uncertainty represented by e.g. 
ensemble of perturbed parameter sets 
(10000 runs) ïmany realistic sets

ÅAim ïto combine these ideas in land 
surface hydrology/earth system 
experiments

17

Courtesy of M Weiler

Bevenet al (2015) Hyperresolution information and 
hyperresolution ignorance in modelling the hydrology of 
the land surface. Science China: Earth Sciences

Perturbed parameter ensemble river flow forecast Soil pipes Infiltration dye experiment
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Å(Challenging) experiments with parameter 
perturbation/stochastic techniques

ÅPotential  for improving ensemble reliability by 
representing land surface uncertainty ïparameter and 
initial conditions

Åperturbed parameter approach improves the forecast 
of extreme air temperature for summer 2003, through 
better representation of negative soil moisture 
anomalies and upward sensible heat þux

ÅPerturbed parameter approach outperforms stochastic 
tendency experimenté

ÅData assimilation and non-closure of water balance ï
problematic for hydrology (Kauffeldt et al, 2015, GRL)

ÅñStop hiding model error under the soil moisture 
carpetò(Balsamo, 2017)

ÅDo we need a more holistic approach to earth system 
uncertainty?
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LAND SURFACE UNCERTAINTY ï
LAND SURFACE ïATMOSPHERE FEEDBACKS
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THE GLOBAL FLOOD AWARENESS SYSTEM

Output from global NWP land-surface scheme  
forecast: HTESSEL (ECMWF)

-Surface heat & evaporation
-Soil water budget
Output: surface flux & subsurface flux

Routing models
Simplified LISFLOOD (JRC) / CAMAFLOOD

Post-processing for end users

Made possible by the archiving of  
hydrological variablesfrom forecasts 
and reanalysis at ECMWF



ÅGlobal scale probabilistic (ensemble) forecasts provide:

Å Global overviews of upcoming flood events in large river basins

Å Early warnings and info on upstream river conditions to downstream countries

Forecast frequency:
Updated daily

Forecast lead time:
Up to 30 days

Forecast variable:
River Flow

Forecast type:
Probabilistic

Forecast resolution:
0.1o (~11km at equator)

TAKING DECISIONS FROM FLOOD FORECASTING:
GLOFAS



GLOFAS: MODEL SET-UP

ÅECMWF ensemble forecasting system contains land surface scheme producing gridded runoff 

ÅLisflood hydrological model routes this runoff through the global river network

ÅReturn period thresholds (flood severity classification) calculated using 30-year reanalysis

18km Resolution

Emerton et al (2016) Continental and global scale flood forecasting systems. Wiley Interdisciplinary Reviews: Water, 3 (3). pp. 391-418. 
doi: 10.1002/wat2.1137 



GLOFAS: FLOOD SEVERITY CLASSIFICATION

ÅReturn period thresholds used to give 

severity of flood compared to past events

Å Model reanalysis (climatology) used to 
derive return period statistics

ÅThis approach

Å Helps to deal with systematic biases

Å Simple to use

Å Can be linked more easily to national levels

Å Better link to potential flood impact

ÅShading indicates return period exceeded:

Å < 2 year (green) 

Å > 2 year (yellow)

Å > 5 year (red)

Å > 20 year (purple)

Find out more at 
WWW.GLOBALFLOODS.EU

Clickable hotspot maps
Flood probability maps
Accumulated rainfall maps
Persistence plots
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Ensemble forecasts and 
warnings  can only reach 
their full potential if they 
are understood and 
acted upon by the 
person receiving

Communication of 
uncertainty

Coproduction of warning 
systems

Demeritt D, Nobert S, ClokeHL, PappenbergerF (2013) The European Flood Alert System (EFAS) and the communication, 
perception and use of ensemble predictions for operational flood risk management. Hydrological Processes, 27 (1). pp. 147-157. 

Wetterhall F, PappenbergerF, ClokeHL et al + 30 authors (2013) Forecasters priorities for improving probabilistic flood forecasts , 
Hydrology and Earth System Sciences, 17, 4389-4399



h.l.cloke@reading.ac.uk

24

FiorellaVega Jacomeand Carlos Antonio Fernandez-Palomino

Hydroclimate scientists at SENAMHI (Peru)

The principal thing we have learnt is the way that GloFASworks, also how to use the GloFAS

forecast and to evaluate the performance in different basins of Peru ςthis is very important to 

us. 

We would like to learn more about the hydrological model used by GloFASbecause currently, 

we only use aggregated models for our simulation and flow predictions. We would also like to 

be part of the GloFASCommunity so we can give feedback to GloFASfor the improvement of 

ǘƘŜ ŦƻǊŜŎŀǎǘƛƴƎ ƛƴ ƻǳǊ ŎƻǳƴǘǊȅΩǎ ǊƛǾŜǊǎΦ

Learning Framework

With support from 

With funding from 

Two way knowledge transfer between 
GloFASdevelopers, forecasters and users
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Floods in Bangladesh August 2017

Sazzad Hossain, 

Flood Forecasting and Warning Center (FFWC)

Bangladesh Water Development Board

September 2017

ñFFWC follows the GLOFAS forecast every day 
during the flood period. The potential flood event 
ĪįħİĳĮĢĵĪİį ĸĢĴ ĥĪĴĴĦĮĪįĢĵĦĥ ĵİ ĉĞċĉŏĴ ħĪĦĭĥ ĭĦķĦĭ 
offices to take proper care of flood management 
infrastructureò
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GLOFASAND EARLY HUMANITARIAN ACTION

Photo credit: Peruvian Red Cross (top left, below right), Floodlist (centre), Juan Bazo(right)

Coughlan de Perez et al (2016) Action -based flood forecasting for triggering humanitarian action , 
Hydrol. Earth Syst. Sci., 20, 3549-3560, https://doi.org/10.5194/hess -20-3549-2016, 2016

Project FATHUMContact: 
Elisabeth.Stephens@reading.ac.uk
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UNDERSTANDING LARGE SCALE FLOODINESS

Å Precipitation forecasts should not be used as a proxy for floodiness
Å When floodiness during a rainy season is higher than normal, it can put pressure on humanitarian 

resources

Variations in floodiness can put 

different pressures on 

humanitarian resources: We 

need to be able to forecast this

FLOODINESS: the 

percentage of major 

river cells that exceed a 

defined flow threshold 

(e.g. 1 in 100 year) during 

a given time period.

Town in orange 

flooded, floodiness

low

Town in orange 

flooded, floodiness

high
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USING TELECONNECTIONS 
FOR FLOOD EARLY WARNING

ÅGlobal links between El Nino and 
flooding widely discussed but not 
well understood.

28

Photo credit: Peruvian Red Cross (left)
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(February following an El Niño)
What is the probability that a region will experience abnormally high or low river 
flow during an El Niño, in any given month?

Emerton et al (2017)

Å Blobs of 
impact used 
for decision 
making 

Å Emerton et al 
- Detailed 
analysis of link 
for 
humanitarian 
decision 
making from 
ERA20CM-R 
reanalysis 
river flow
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Pathways to running 
a flood forecasting 
centre: an adventure 
game!

L .  Ar n a l ,  F.  P a p p e n b e r g e r ,  M . - H .  R a m o s ,  H .  

C l o k e ,  L .  C r o c h e m o r e ,  M .  G i u l i a n i ,  E .  Aa l b e r s &

E .  S t e p h e n s
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Information

e.g. forecast, 
expert advice

Decision

e.g. flood defences

Consequences

positive vs. 
negative

Aim of the game

To understand this process 
through real life decisions
& in a fun environment

31Louise Arnal �t l.l.s.arnal@pgr.reading.ac.uk; louise.arnal@ecmwf.int 


