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Flood and droughts:
food, human lives, political
CrISES Going Hungry
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Number of natural disaster events since 1900 to 2007
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:"‘-"”3’T he cytle is changing?
- eIncreased risks?
~*Growing.vulnerability?

~ *More disasters ?

Less water for people’P“
Crisis is looming?
s\What crisis?

*Global or local?



First message:

Humans are changing the global water
system in a globally-significant way

without.....
adequate knowledge of the system and
thus its response to change

(GWSP)



Global change drivers:

Population growth, movement and age
structures

Geo-political changes and realignments
Trade and subsidies
Technological changes
Climate change

Human Population

Billions of people
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World Cities exceeding 5 million residents

Source:
U.N. Population
Division
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The Global Water System

* Water Cycling
Deeply Embedded
In Earth System

* Interconnections
are Strong

e Change to One
Part Reverberates
Throughout

Global
Environmental

Change

Climate

',,r*"'x Earth
System
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Changes in
Water Quality
and Quantity

1/; e

Socio-economic
changes




Rural and Urban Population Density

GIObaI POpUIation DenSity, 2000 Global Rural Urban Mapping Project (GRUMP) alpha

Center for International Earth Science
Information Network (CIESIN)
Columbia University

in the City of New York
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IMPACTS OF FOREST CLEARINGS:

» Concentration time is changing

e INCREASED RUNOFF

e INCREASED FLOODING
* Increased volume
 Shortened time-base
e Increased frequency

12



Stored Runoff
< 2% annual flow
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e 700% increase in
water held by river
systems

» Several years of
residence time
change in many
basins

* Tripling of river runoff
travel times globally
(from 20 up to 60
days)
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» Substantial impact
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Infrastructure gap: Water storage [m3/person]
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Temperature (°C)
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Major floods and droughts worldwide in 2002

£ Flood {3 Drought
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There is pressing need to develop advanced risk

b -lRahagement.on.water-hazard.in.order.to.secure
human life and ensure sustainable socio-economic
development and poverty alleviation.




ADAPTATION OPTIONS:

= MORE STORAGE

* MORE HYDROPOWER

* MORE GROUNDWATER USE
= MORE INLAND NAVIGATION




Climate Is changing...

e There are many factors leading to
changes in the rate of climate change ~

e \WWhatever the main reason is, the climate variations
prompt for

developing the water management strategies
that take climate uncertainties into account

— More observation systems

— Better predictive modelling tools

— Methods to handle uncertainty

— Changes in design and adaptive management practices
— Changes in educational programmes at all levels



Water hazard as a major challenge

» Intensifying and increasing occurrence of water
related hazard in many part of the world

» Serious concern on climate change such as
extreme hydrologic events and sea level rising




(1 Aug 2007 Sirajgong District, Bangladesh)



FLOOD LOSSES IN FUNCTION OF GDP

Map 10.3 Impact of flood losses (comparative losses based on national GDP)

Risk deciles
B 1st-4th (low)
© 0O 5th-7th (medium)
. W 8th-10th (high)

Mote: Deciles refer to the level of risk, normalized for comparing 10 categories.
Source: Based on Dilley et al. 2005.
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Urban expansion in flood prone areas

May 24, 2004: flooding of the trans-boundary
River Soliette killed >1,000 Haitian and Dominican

Before

(Brandimarte et al., 2009)



Urban expansion in flood prone areas

May 24, 2004: flooding of the trans-boundary
River Soliette killed >1,000 Haitian and Dominican
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(Brandimarte et al., 2009)
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O Urban expansion taking place (Source: Herat, UNU)
downward - Underground flood
risk

O Recent developments 2 Long term
risks are not experienced

Volume of water entered into
underground space:

*2,017m3 (SI mulated VOIume) 8:00 900 1000 11 :[:":3 1200 13:00 1400
1,320 m3 (total pumped water station) (Time)



Fourth message:

“There 1s no sustainable
development without
adequate information about
the state of the Earth and its
environment”

Statement at WSSD



Flow of information in a Hydroinformatics
SyStem Data = Models = Knowledge = Decisions

— >

Earth observation, Numerical Weather Data modelling, Accessto Decision

monitoring Prediction Models integration with  modelling support
hydrologic and  results ' B
hydraulic models \

...............

................

= urce: D. Solomatine



Modelling Is the heart of
Hydroinformatics

e Technologies ensuring the whole
Information cycle, and /ntegrates
data, models, and humans
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Applications of models for RT situations:

e River/urban flood forecasting and
management

e Reservolir operations
e 2D inundation forecasting

e Forecasting storm surges and coastal
flooding

e \WWarning and evacuation alerts through
ITCs



Precise orbits
edit data,
write partials

Monthiy solutions
(=230 GB data)

Remotely sensed data

Mean solution
(60-130 GB data)
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(Source: D. Solomatine)



One-day-ahead
forecasts of the
KALMAN-filtered
DLCM structural
and AR(1)
autoregressive
(stochastic)
combined model
with the forecast
error standard
deviation (+/- 0)

One-day-ahead
forecast error
seguence.
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High Technology Earth Systems Tools
«Satellite data
eSimulation models
*Geospatial analysis tools

Present vegetation
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Fifth message: Our capacity to
monitor remains
limited

Map 13.1 Distribution of Global Runoff Data Centre streamflow gauges

Global Runoff
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time series end
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The data issue: a major source of
risk and vulnerability

e The case of Africa
e Interconnectedness through data
e |Local data networks:
The ethical choice vs.
The global needs to mimimize bias
e GEOSS: space and in situ observations
e Will data secrecy be gone?
e Will it be replaced by sharing?
e What is the way out of trouble?



The challenge we all have




SIXTH MESSAGE:

WATER EDUCATION
AND
CAPACITY BUILDING



1S THE HYDROLOGICAL CYCLE
ACCELERATING?

1S THE WORLD STATIONARY?

ARE OUR AGE OLD HYDROLOGICAL
CONCEPTS STILL VALID?

WHAT WILL BE THE BIGGEST DRIVER 40
YEARS FROM NOW?

ISN'T URBANIZATION TOTALLY
CHANGING THE SHOW?

SHOULDN'T WE DO MORE IN WATER
GOVERNANCE?



Where do we go from
here?



Eight lessons learned.:

e Firstly, a flood forecasting model should
always encapsulate, even if in a strongly
simplified manner, the physics of the
processes involved.

e Secondly, a forecasting model should always
encapsulate the treatment of the unavoidable
uncertainties as well.

e Thirdly, the deterministic — structural part and
the stochastic part, which describes the
dynamics of the errors of the previous part,
need to be coupled in combined forecasting
models.



Eight lessons learned.:

Fourthly, forecasts are to be updated through
error feedback whenever a new piece of
relevant information becomes available.

Fifthly, there is no unigue forecasting model.
Sixthly, there is no best forecasting model.

Seventhly, in operational hydrological
forecasting backup systems are always needed
(see Murphy’s extended relevant Laws).



Eight lessons learned.:

 Eighthly, never fully trust your model but trust
your oldest technician in the Forecasting
Center. Models are excellent decision support
tools, yet the human operator should never be
excluded from the process of issuing forecast.



The Eight Laws of Flood Studies
(Modified after Mr. Murphy).

§1 The flood always hits at Sunday 02:00 AM
when there is nobody in the forecasting
center.

§2 If § 1 does not apply than the flood comes
when the staff is windsurfing on the nearby
lake.

§3 If one is lucky one meets only once in a life
time the flood that is greater than the design
flood.



The Eight Laws of Hydrological
Forecasting

§4 If one is unlucky this happens regularly.

§5 The 100-year return period flood returns
every ten years minimum twice.

§6 When the Big Flood comes the on-line data
collection system fails within minutes.

§7 When the Big Flood comes all our precious
hardware breaks down in maximum K hours,
where K i1s one fifth of the concentration time
of the catchment



The Eight Laws of Hydrological
Forecasting

§8 The probability of the joint occurrence of
unfixable computer bugs in the code of our
forecasting model and the Big Flood is one.



Final lessons:

e Model development and usage is only a small
fraction of the costs of establishing and running
an operational hydrological forecasting system.

e Models play the same role as the heart does in the
human body. Small but one just cannot live
without them.
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