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From eager grad student to seasoned professional: Is forecasting coming of age?
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From eager grad student to seasoned professional: Is forecasting coming of age?

Reflections from three intertwined stories

A coming of age of forecasting

A coming of age of Delft FEWS Perspectives from a personal journey




Flood warning systems and
communication methods

“The operation of a flood warning and
response system is the most effective method
for reducing the risk of loss of life and
economic losses”

Guidelines for Reducing Flood Losses

United Nations Office
for Disaster Risk
Reduction (UNDRR,
2002)




Enter the eager grad student... (and the flood forecasting system)

Observations
precipitation,
temperature,
levels, flows etc

Climatological

Meteorological
forecast
data

information

Central Forecééting Servers L
Database & Modelling Systems QQ

Web Server(s)

Hydrometric Archive

Forecasting clients at central &
regional offices

Werner M. Schellekens J. Gijsbers P. van Dijk M. Heynert K. Akker O.. 2013. The Delft-FEWS flow
forecasting system. Environmental Modelling & Software 40: 65-77.
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What is the ambition of the Delft FEWS group — where will we be in 10 years?

Marc’s response: “Well, we do have ambition, Delft FEWS used in 50% of the world”
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What was the Delft FEWS community talking about at the time?

FEWS User days 2005

* Doug Whifiled: NFFS UK
 Stevan Vogt: FEWS Switzerland
* Ming Horng: FEWS Taiwan:

* Slivano Pecora: FEWS Po

* GlUnther Reichel: FEWS Austria
e Jutta Thielen: EFAS

Topics addressed & worries

* How to develop forecasting systems and forecast

processes?
* How to integrated data and models?

A

Flood event August 2005 — Experiences with FEWS
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Becoming more mature ... recognising and addressing forecast uncertainty

Journal of Hydrology 375 (2009) 613-626

Contents lists available at ScienceDirect

Journal of Hydrology

journal homepage: www.elsevier.com/locate/jhydrol

HYDrROLOGY

..;1

Review
Ensemble flood forecasting: A review

H.L. Cloke?®*, F. Pappenberger®

* Department of Geography, King's College London, Strand, London WC2R 2LS, UK
b Furopean Centre for Medium Range Weather Forecasts, Shinfield Park, Reading RG2 9AX, UK

# Publications on Ensemble Forecasting

Computers & Geosciences
Volume 36, Issue 4, April 2010, Pages 453-463

" g

ELSEVIER

Application of generic data assimilation tools
(DATools) for flood forecasting purposes

Albrecht H. Weerts & B, Ghada Y. El Serafy, Stef Hummel, Juzer Dhondia, Herman Gerritsen

2500 Journal of Hydrology
9 e ® I 0 Y| . Volume 540, September 2016, Pages 712-726
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Delft FEWS community — embracing ensemble forecasting and beyond

Dizcharge (m2ds)
3

Operational Water Management
ol s ittt Sttty inelulelof dbeinloly Rl bty and Real-Time Control
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[1] 31-05-2007 06:00 Current HEY_Update [2] 21-05-2007 06:00 Current HBY_Forecast_COSMO-LEPS

An “early” ensemble forecast — FEWS-CH

Delft FEWS Users Meeting 2007
Schwanenberg

Long-term streamflow forecasts

I AT BEN
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Sequence Manager

McManamon, 2016
(Bonneville Power Admin.)
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Oh please don’t let me be misunderstood...

Meteorological Applications

Demeritt, 2020
FEWS User Days

Open Access
Science and Technology for Weather and Climate

Special Issue Article = ) Free Access

. L. . . i — The Challenges of
Challenges in communicating and using ensembles in . L. )

. . 2 Communicating Uncertainty
operational flood forecasting

David Demeritt B4 Sébastien Nobert, Hannah Cloke, Florian Pappenberger

First published: 17 June 2010 | https://doi.org/10.1002/met.194 | Citations: 85

Professor David Demeritt,
Department of Geography
King’s College London

Meteorological Applications

ooy v ERMetS

Ao Vg s docery.

Science and Technology for Weather and Climate

Rajabali, 2020
: : . Beyond the Forecast: Communicating Flood
Speepl SIS | Seedd Risk in the Toronto Region FEWS User Days
Communicating uncertainty in hydro-meteorological forecasts: FEWS User Days — November 2020

mission impossible? Ptk s

Associate Director, Engineering Services
Toronto and Region Conservation Authority

Maria-Helena Ramos ¥4 Thibault Mathevet, Jutta Thielen, Florian Pappenberger

TE\‘"‘ Toronto and Rllqloﬂ
<« Conservation
Authority
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The midlife crisis...

SRR A

Frank Sherwood Rowland (1927 — 2012)
Nobel Laureate, Chemistry 1995

“What’s the use of having developed a science well
enough to make predictions, if in the end, all we’re willing
to do is stand around and wait for them to come true?”

Hydrol. Earth Syst. Sci., 21, 4517-4524, 2017 Hydrology and
https://doi.org/10.5194/hess-21-4517-2017

© Author(s) 2017. This work is distributed under Earth System
the Creative Commons Attribution 3.0 License. Sciences

Should seasonal rainfall forecasts be used for flood preparedness?

Erin Coughlan de Perez'~**, Elisabeth Stephens’, Konstantinos Bischiniotis’, Maarten van Aalst'*,
Bart van den Hurk’, Simon Mason®, Hannah Nissan®, and Florian Pappenberger®

IRed Cross Red Crescent Climate Centre, The Hague, 2521 CV, the Netherlands

2School of Archaeology, Geography and Environmental Science, University of Reading, Reading, RG6 6AH. UK
3Institute for Environmental Studies, VU University Amsterdam, 1081 HV, the Netherlands

*International Research Institute for Climate and Society, Columbia University, New York, 10964, USA

5Roy'a] Netherlands Meteorological Institute (KNMI), De Bilt, 3731 GA, the Netherlands

“European Centre for Medium-Range Weather Forecasts, Reading, RG2 9AX, UK

Are Flood Warnings Futile?
Risk communication in emergencies

The Australasian Journal of Disaster
and Trauma Studies
ISSN: 1174-4707
Volume : 2000-2

Are Flood Warnings Futile?
Risk communication in emergencies

Handmer, 2002




Bigger, Better, Faster, More [Data & Models]

Does better data & forecasts, more ensembles, improved models and data assimilation lead to better decisions?

Challenges & Barriers

Translation of information provided in forecasts into
information that is useful and usable

Incorporation of social and behavioural factors & local
knowledge and customs of those who are expected to
respond

Understanding of multi-temporal and multi-scalar
dimensions of the impacts of extreme events and
options to respnond to them

Lack of transdisciplinary approaches across the full
forecast and climate services value chain




Re-assessing how we look at forecasting & warning — starting from the user perspective

Meteorological Applications : (@
e Acrate B RMetS Research Questions crew o
Science and Technology for Weather and Climate ——r S
w0
) . Assessing the effectiveness of 8'
Research Article | () Free Access * Are customers happy with the Scotland's public flood warning S
X " L ’ flood alerts and warnings the service: Summary report ~

Understanding and enhancing the public's behavioural response S BRey L -
to flood warning information e ihidtrmatiansmmil .2 =
D. ). Parker &4, S. J. Priest, S. M. Tapsell customers like to receive in n
advance of/immediately prior _FLoop ALerT C
to and during potential ‘8
flooding? =

1 - Flash flood
Improving the social floud T T—— 2
performance of flash flood early warnings customers take on receipt of g
warnings using mobile services f'OOd messages.to reduce the =
Lydia Cumiskey 57 impact of flooding? 0%

Deltares, Delft, The Netherlands T
Micha Werner R Do 014 B
Deltares, Deift, The Netherlands and UNESCOIHE Institute for Water Education, — A<ved7December 2014 hrd
Delft, The Netherlands <

. ournal of |
Karen Meijer J @
Deltares, Delft, The Netherlands and German Development [nstitute,

Bonn, Germany

S.HM. Fakhruddin
Politecnico di Milano, Milano, llaly and

et vy st (RIMES), Flood warning responses of farmer households: a case study in
. Abmadul Hassan Uria Union in the Brahmaputra flood plain, Bangladesh
Centre for Environmental and Geographical Information Services (CEGIS),
Dhaka, Bangladesh M.A.R. Shah'?, W.J.A.M. Douven', M. Werner' and J. Leentvaar’

1 UNESCO-IHE Institute for Water Education, Delft, The Netherlands
2 R&D and Training Division, Center for Environmental and Geographic Information Services (CEGIS), Dhaka, Bangladesh
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The advent of impact-based forecasting

& preventionweb.net/news/impact-based-forecasting-moving-what-weather-will-be-what-it-will-do-m

ore-effective-disaster

N\ P UNDERSTANDING KNOWLEDGE SENDAI
. P revention \.Ne D HOME DISASTER RISK BASE COMMUNITY FRAMEWORK Q

HOME " NEWS " UPDATES

IMPACT-BASED FORECASTING: MOVING FROM WHAT WEATHER

WILL BE TO WHAT IT WILL DO FOR MORE EFFECTIVE DISASTER
RISK MANAGEMENT

@ UPLOAD YOUR CONTENT

THE FUTURE OF FORECASTS:
IMPACT-BASED

FOR EARLY ACTION
5“;?9-9 o Met Odhoe 0 10T % ?:...._ w@;_?
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Impact based forecasting in the Delft FEWS community

Peerce & De Kleermaeker, 2019

Bfau:  Australian Government
S ————

Impac;—gased flood forecasting
proof of concept

‘,“':
w Queensland Govemment
Department of Transport and Main Roads

_ Australian Government

Geoscience Australia

Australian Government

Bureau of Meteorology

“After a demo of the Mackay inundation forecasting (research)
system we asked the district disaster and emergency
coordinators...

1. What decisions do you make that are affected by weather?
2. Where do you get the information from currently?

3. How would you improve on it if you had a magic wand?

And they said.... “

Extended forecasting system

Hydrological
analysis

Hydrodynamic
(river)

Water level

Hydrodynamic

(protected area) :

Impacts
(protected area)

Boot, 2018

=
School Flood

Calculation of possible impacts: FEWS-Risk

sprea

Impacts to
people, critical |
infrastructure
etc.

DOL: 10.1111/jfr3.12587

ORIGINAL ARTICLE CIWEM

harter
Water
Mana

WILEY

Exploring protective decision-making in the context of

impact-based flood warnings

Erika R. Meléndez-Landaverde' ® | Micha Werner'* | Jan Verkade®

=
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Recognising that multiple knowledges are used in taking a response decision

Journal of Applied
Meteorology and
Climatology

=: Volume 56: Issue 8

v Sections

v References

Editorial Type: Article

Article Type: Research Article
The Best of Both Worlds: A Decision-Making Framework for Combining
Traditional and Contemporary Forecast Systems

Roan D. Plotz, Lynda E. Chambers, and Charlotte K. Finn

Print Publication: 01 Aug 201/

DOI: https://doi.org/10.1175/JAMC-D-17-0012.1

Page(s): 2377-2392

Natural Hazards
https://doi.org/10.1007/511069-022-05468-8

REVIEW ARTICLE

®

Check for
updates

Exploring the integration of local and scientific knowledge
in early warning systems for disaster risk reduction: a review

Thirze D. G. Hermans' () . Robert Saki¢ Trogrli¢? - Marc J. C. van den Homberg?
Hannah Bailon® - Rebecca Sarku' - Anuszka Mosurska'




Example: Combining local knowledge and scientific data for drought early warning:
Salima, Mangochi & Zomba Districts, Malawi

Clearing Field

Influenced by Drought

Conservation agriculture
——— NoInfluence

Manure making + application

Making (box) ridges
Seed/Crop Selection —
Planting

Fertilizer and herbicide application

(Light) Weeding
Banking Exploring seasonal calendar in a Focus Group
Harvesting Discussion (Streefkerk et al, 2021)

Storage of produce

Grading & Marketing NVNYNYNY NNV, | lIHHMEFWMW!Wﬁ”i|||||I||||||IIIIIIII

T T
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Agricultural Practices during the Season and the Influence of Drought (source: Streefkerk, 2021)

Decision Activity Criteria Cues
Type

o)
e O
8 E When Manure Making Drought Conditions Advice (Extension); from October
o < seas. forecast
23
% ; What Seed selection Drought or Normal Adwc: (Exter:smn): from Nov/December Farming calendar built during focus group
6 % seas. forecas discussions with farmers (Calvel et al, 2020)
mn £ What Applying Pesticides Type of pests Advice (Extension) Feb/March
. . AN INITIATIVE OF Da!ﬂ ) V:l
Environmental cues and actions farmers take (after Calvel et al, 2020) 5'0 lll THE NETHERLANDS TU De'f Ukemityol L ERSITY OF LEﬂ
=

I E Calvel A, Werner M, van den Homberg M, Cabrera Flamini A, Streefkerk I, Mittal N. Whitfield S. Langton Vanya C. Boyce C. 2020. Communication Structures and
. DELFT B Decision Making Cues and Criteria to Support Effective Drought Warning in Central Malawi. Front. Clim. 2:578327. doi: 10.3389/fclim.2020.578327



Example: Using local knowldge to identify hydro-meteorological conditions associated
with flash flooding and catchments susceptible to flash flooding: Karonga, Malawi

Building common knowledge of flash Mapping flash-flood susceptibility based on Identifying hydro-meteorological conditions
flooding — where, when, why & signs geomorphological data associated with flash flooding

/ - Maximum dally precipitation in January (average of 2002-2018)
0

" GSMAP Max precip
. intensities April

ipitation in April (aves

Maximum dally prec rage of 2002-2018)

Relative catchment
susceptibility to flash
Flood

Latitude

Il o.00-0.10
B o.10-0.20 Longitude
Transect walks Focus Group Discussions E i GSMAP Max precip
[ 00-0 intensities January
Secondary data collection [ o0-060 Longitude
Disaster databases, reports, online media . % 9:50-0.20
0.70 -0.80
M o0.s0-0.90
W os0-100
s ECMWF (71
CDS
Wind Speed & Direction
Database of flash flood T
occurrence and impacts Temperature & Humldlty
Community drawing Convective available potential energy
'mpa.“ FF list at i ;
slo + :{Eg gsgsgm oS -[ 5:;::;;? GVHIS|eje| SOII MOIStU re
== !
ll s ' I E Bucherie A., Werner M., van den Homberg M., Tembo S., 2022, Flash Flood warning in context: combining local knowledge and large-scale hydro-meteorological
=—_  peLFT M npatterns. Nat. Hazards Earth Syst. Sci., 22, 461480, https://doi.org/10.5194/nhess-22-461-2022.

maximum daily rain (mm/d)



Example: Using local knowldge to identify hydro-meteorological conditions associated
with flash flooding and catchments susceptible to flash flooding: Karonga, Malawi

“ What the data

were saying

January FF events
Pattern for FF affecting the North

tep2017-01-06T14

What the people
were saying

wind speed and direction: ti

Local & Scientific hydro-meteorological Knowledge

April FF events
FF affecting the North only

wind speed and direction : timestep2017-04-18T07

The analysis of high resolution GSMaP precipitation

Precipitation

Short and intense precipitation events are
indicated as the main trigger of flash floods

for all communities.

An increase of temperature is experienced

during flash flood events confirms that daily maximum
hourly rainfall rates are the most important indicator

explaining historical flash flood events.
Daily Temperatures from ERAS5 do not reveal any specific

increase before FF events. However, a rise in humidity is

Latitude

Temperature )
before flash flood events observed in ERA5 data before flash flood events,
potentially linked to an increase in ambient temperature.
The higher soil water saturation in the flat L . . .
. ) ) . __ ERAS5 volumetric soil water data confirm higher values
Soil Moisture  plain along Lake Malawi in April is _ .
; ; . during the late wet season and in the North.
responsible for an increased flood duration.
Change in wind direction and strength ERAS5 wind data reveals two different regimes at the
associated with flash flooding. Some beginning and at the end of the wet season, with higher 000 e e e e )
Wind 5! AN .
communities reported strong winds from the instability during the early wet season potentially linked to 0.900 * v al N
0.800
lake as a precondition to flash floods. LK observation. 50
_ ) ) ERAS5 CAPE and Relative Humidity are good indicators of 5 0co0
Localised storms, with rotating black clouds L . . E
. » the susceptibility of convective events developing. These 20500
Storms and thunder are described as conditions o . ) g 0.400
. . show promising signals of FF potential during the early F
associated with flash floods. 510300
wet season. 0.200
0.100
510 o i occo - o .

Iponga

Kyungu

Kasantha

Kibwe

Kasisi

Kasoba

Nkhomi

Lwasho

Bwaye

Kasimba

Remero

Sabi
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Bucherie A., Werner M., van den Homberg M., Tembo S., 2022, Flash Flood warning in context: combining local knowledge and large-scale hydro-meteorological
ELFT . patterns. Nat. Hazards Earth Syst. Sci., 22, 461-480, https://doi.org/10.5194/nhess-22-461-2022.



Example: Combining local knowledge and scientific data for drought early warning:
Salima, Mangochi & Zomba Districts, Malawi

Predictor Predictands

As recognised by farmers identified from focus group discussions

| ] | ] I I
A4 4 AN/ Ny \ l
8 e 9 o -1 i b H b H b

T4 r1r7 rr? rr’ rr’ rr7
.N, :ormal I EA"VdSDE” y Exploring seasonal calendar in a Focus Group
- v oderate Rain Discussion (Streefkerk et al, 2021)
Rainfall e e
Normal I Moderate Wind
Dry I Strong Wind
WiNG
Relativelv Cold
+ Normal Moderate
Dry . I Relatively Warm
Temperature I
Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May
Conditions before and in the rainy season during normal and dry conditions, according to farmers. NE
= North Easterly winds. Mwera = strong South Easterly winds (Source: Streefkerk et al, 2021) Farming calendar built during focus group
discussions with farmers (Calvel et al, 2020)
5'0 + D cross TU Delf %’é’cmagy UNIVERSITY OF LEEDS
=

I H Streefkerk I, van den Homberg M, Whitfield S, Mittal N, Pope E, Werner M, Winsemius H, Comes T, Ertsen M. 2021. Contextualising seasonal climate forecasts by
. DELFT . integrating local knowledge on drought in Malawi. Climate Services, 25, 100268, https://doi.org/10.1016/j.cliser.2021.100268
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Example: Water Allocation in the Ebro Basin, Spain — Key questions in managing drought impacts
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CAyC
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Catchment area Ealvodlor
Rivers

Cinca river
Irrigation channels
Measurement stations Ebro river

Segre river

Irrigation Association
What do they want to know?

Availability & demand to end of Season

What are they worried about?

Not having enough to reach end of season

What influences those worries?
Uncertainty of inflow to reservoir
Uncertainty of demand — what will the farmers do?

ElUES
What do they want to know?

Water available to end of season

What are they worried about?
Not getting enough for planted crops

What influences those worries?

Formal information & perceptions of available water —

What will the operator do? Apply curtailments that
reduce yield & reduce return on investment?

E Linés, C., Iglesias, A., Garrote, L., Sotés, V., and Werner, M.: Do users benefit from additional information in support of operational drought
FT B management decisions in the Ebro basin?, Hydrol. Earth Syst. Sci., 22, 5901-5917, https://doi.org/10.5194/hess-22-5901-2018, 2018



Example: Water Allocation in the Ebro Basin, Spain — Key questions in managing drought impacts

Decision Moments ‘ ‘ ‘ ‘
‘ . o | ~n | 0 | J | F I Mm [ A M | J | J | A 5

T1
{» Short-cycle barley > Short-cycle maize
— A
Tz » longodemaize
A A
Available Water | T1 Short-cycle maize
Resource Estimation — Short-cycle barley % e
(expected supply and PO Fallow
demand) T2
b e
R1
R2
2 Short-cycle barley
v T2 pmmmmmmmmmmm e \ ’—'
Ly Wait ! >
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______________ [
i Wait s
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(influencing demand)
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| H E Linés, C., Iglesias, A., Garrote, L., Sotés, V., and Werner, M.: Do users benefit from additional information in support of operational drought
' peLFT B management decisions in the Ebro basin?, Hydrol. Earth Syst. Sci., 22, 5901-5917, https://doi.org/10.5194/hess-22-5901-2018, 2018




A question of equity — who benefits and who does not?

Subsistence Maize Farming, Lesotho Irrigated agriculture, Ebro Basin, Spain
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H2020 EU-Project: Innovating Climate Services through Integration of local & Scientific Knowledge
onraproyiperg DT INTEGRATORS  SERVICE SERVICE Key objectives
& DEVELOPERS PROVIDERS PURVEYORS * Framework for co-creation of next-generation,
human-centred climate services

Modellers, Sectoral Private Services Government

IS Sl oo AR +  Advance integration of scientific [Copernicus,

Public Services Private Sector GEOSS, etc) & local data and knowledge
* Foster access to & use of climate information
and insights into short and long term

Provider

Researchers
Purveyors
Citizens

Copernicus (CDS)
feedbacks to avoid maladaptation

User

EO Data GEOSS
Data Hubs
Communities,
NGO's
* Demonstrate value-proposition through pre-
operational CS co-created with actors in Seven

Socio-Economic
Datasets
In-Situ & Citizen
Data
% Living Labs

N\
35
HUMAN CENTRED CLIMATE SERVICES

Increasing value-add
https://icisk.eu
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https://icisk.eu/

The science and practice of forecasting has come of age...

Social
Sciences &

i, @ Humanities

Meteo. Behavioural
Sciences sciences
Forecasting
& Warning /

Data Climate

Sciences Services Commun-

ication
Sciences

Inform- Policy &

_atlon organ-
Sciences & isational

Technology Sciences

A seasoned professional!
Irrigation canal headworks operator
for 42 years, Alazani Basin, Georgia




..right on time to meet new global challenge

v/ S\ .

(&) United_| UN News = D
\54;\\4/ Natlons Global perspective Human stories ) o
I S T T R N

AUDIO HUB & SUBSCRIBE &%
UN weather agency to spearhead 5 year early warning plan, boosting climate
action

earhead new actign to enasure every person on Earth
Pause (k)

is protected by earlyv'rarning systems
within fiveyears.

Antdnio Guterres (UN Secretary-General) on the International Meteorological Data (March 23™).......

plan of action to be announced at COP27
DELFT .




..with many challenges ahead

* A hydometeorological challenge: developing skillful forecasts to support decision
making at scales relevant to users

* A data challenge: availability and reliability of (in-situ) data at the global scale

* A capacity and sustainability challenge: establishing sufficient expertise at global
scale and maintaining investment & commitment

* A social challenge: understanding how environment, people and livelihoods are
impacted, the options available, and the social, economic, behavioural and
political realities within which decisions are taken

* An equity challenge: ensuring all benefit, particularly those more vulnerable

* A transdisciplinary challenge: bringing together different scientific, local and
indegenous knowledges to enhance trust and usage

We will no doubt discuss and contribute to addressing some of these challenges!!




Thanks

Contact Details:
Micha Werner

www.un-ihe.org

@ihedelft

Facebook

LinkedIn
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