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Water, disasters & climate
change

Prof. Petteri Taalas
Secretary-General

-

WEATHER CLIMATE WATER
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World Meteorological Organization
Organisation météorologique mondiale



World Meteorological Organization

 UN Specialized Agency on
weather, climate & water

e 191 Members, HQ in Geneva

e Coordinates work of >200 000
national experts from
meteorological & hydrological
services, academia (& private
sector)

* Co-Founder and host agency of
IPCC (15t World Climate
Conference)

e Co-Founder of UNFCCC (2"
World Climate Conference)
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WMO Global Observing Networks >10000 statlons
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http://www.un.org/sustainabledevelopment/poverty/
http://www.un.org/sustainabledevelopment/energy/
http://www.un.org/sustainabledevelopment/climate-change-2/
http://www.un.org/sustainabledevelopment/hunger/
http://www.un.org/sustainabledevelopment/economic-growth/
http://www.un.org/sustainabledevelopment/oceans/
http://www.un.org/sustainabledevelopment/health/
http://www.un.org/sustainabledevelopment/infrastructure-industrialization/
http://www.un.org/sustainabledevelopment/biodiversity/
http://www.un.org/sustainabledevelopment/education/
http://www.un.org/sustainabledevelopment/inequality/
http://www.un.org/sustainabledevelopment/peace-justice/
http://www.un.org/sustainabledevelopment/gender-equality/
http://www.un.org/sustainabledevelopment/cities/
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http://www.un.org/sustainabledevelopment/water-and-sanitation/
http://www.un.org/sustainabledevelopment/sustainable-consumption-production/
http://www.un.org/apps/news/rss/rss_environment.asp

Weather & water risks are the top economic risks
World Economic Forum, Davos - Global Risk Landscape 2018
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Loss events worldwide 1980 — 2017

Number
800

600

400

200

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
B Geophysicalevents [ Meteorological events M Hydrologicalevents [l Climatological events
(Earthquake, tsunami,  (Tropical storm, extratropical  (Flood, mass movement) (Extreme temperature,
volcanicactivity) storm, convective storm, drought, forestfire)
local sto rm) Accounted events have caused at least one

fatality and/or produced normalized losses >
WM O O M M USS 100k, 300k, 1m, or 3m (depending on
the assigned World Bank income group of

the affected country).




2017 Record breaking economic losses

Losses from natural Less than half of the

catastrophes losses insured
2017

US$ 330bn US$ 135bn
(41%)

S E OO

Costliest hurricane Floods in South Asia:
season on record a humanitarian disaster

US$ 215bn 2,700 people

killed

<3 ) WMO OMM




A 1

Flooding in Houston August 2017

ongyiew

Louisiana

HOUSTO

HOLISLOT]
3

Track with Storm Type

Preliminary Best Track
= Hurricane
: Landfall: —— Tropical Storm
""" 26 August 2017 around 0300 UTC o 135 35 50
s ™ o | X £

Hurricane Harvey, 25 - 31 August 2017
Annual Exceedance Probabilities (AEPs) for the Worst Case 4-day Rainfall

Hydrometeorological Design Studies Center <= 1/10
Office of Water Prediction, National Weather Service ) <>1/50 - 110
MNational Oceanic and Atmospheric Administration N @ 1/100 - 1/50
hittp:/fwww_nws.noaa gowiohd/hdse/ @>1/200 - 1/100
= 1/500 - 17200
Craated 16 November 2017 & 1/1000 - 1/500

Ralntall freguency estimates are from preliminary NOAA Alas 14, Volume 11, Version 1.
Ralnfall values come from G-hour Stage IV d3ta. &< 11000



Loss events worldwide 1980 — 2017

Percentage distribution

Number of relevant events: 17,300 Overall losses: USS 4,600bn B Geophysical events
(Earthquake, tsunami,

volcanicactivity)
B Meteorological events
m 9% m20% (Tropical storm, extratropical

= 39% m 44%, storm, convective storm,
m40% u22% local storm)
=12% u14%
B Hydrological events
(Flood, mass movement)
B climatological events
o (Extreme temperature,
Fatalities: 1,720,000 Insured losses: USS 1,300bn drought, forest fire)
‘ Accounted events have caused at least one
o o fatality and/or produced normalized losses >
= 49% =10% USS 100k, 300k, 1m, or 3m (depending on
u26% u72% the assigned World Bank income group of
m14% m 9% the affected country).
=11% =9% Inflation adjusted via country-specific

consumer price index and consideration of
exchange rate fluctuations between local
currency and USS.




Global adaptation index

,&W >3

Cape Verde

s-rnuom/

.'

2014 Annual Scores for 157 Countries

Univ. Notre Dame

WMO OMM 10



Anomaly relative to 1880-1900 (° C)

Global temperature deviations 1850-2017
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Specific humidity has risen in large parts
of the Northern Hemisphere
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Change in near-surface specifichumidity overtime inthe northern hemisphere 1973-2012 (Source: Willettet. al.
(2013), Clim. Past, 9, 657-677.Black dots: trends significantatthe 95% level

12
Climate model studies: Increase due to anthropogenicclimate change (Willetetal., 2010, Environ. Res. Letter,
5; Santer et al., 2007, PNAS, 104)



Global precipitation 1986—-2015 vs. 1901-1960

Change in Precipitation (inches)

=l T ] [ -
12 -10 8 6 -4 -2 0 2 4 6 8 10 12
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Effect of 1°C temperature increase on per capita output

Source: International Monetary Fund (IMF) World Economic Outlook



Contributions to global sea level rise

- Th | Glaciers
1963-2004 071 )
GMSL rise (094 mmiyr) > Total land ice: 47%
=27 mmlyr Greenland
(0.3 mmlyr)
20 Antarctica
—> . (0.29 mmlyr)
WaterVapor
(~0.03 mmiyr)
Glaciers
GMSL rise Expansion
(1.14 mmlyr)
= 3.5 mmlyr
Greenland ]
" : (0.82 mmiyr) - Total land ice: 55%
Watervapor A YYaLers = “Antarctica
(~0.05 mmyr)

Source: LEGOS



Annual mean hydrological cycle change (RCP8.5: 2081-2100)
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Impact of 3 C warming on crop yields

Most studies now project adverse impacts on crop yields due to climate change (3°C warmer world)

Percentage change in yields between present and 2050

-50% Change +100% Change

9,:/‘ WORLD RESOURCES INSTITUTE Sources: hittp:/ow.ly/rpfMN

WMO OMM 17




1) WMO OMM

WMO/ Water

Water one of the three focal areas

Promotion of national multi-hazard early warning systems: weather,
hydrology, oceanography, seismology, volcanology, air quality, space weather

Earth System observation and IT infrastructures, WIGOS

Climate research and services

Better engagement of hydrological actorsin WMO activities

One day of WMO Executive Council June 2018 dedicated to water

Investments in science, new Chief Scientist prof. Pavel Kabat/IIASA
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£1) WMO OMM

Expected impact of the conference

WMO is serving the interests of global water/hydrology community more
effectively

Global hydrological infrastructures are improved and exchange of data
enhanced

Co-operation between meteorological, climate and water communities is
enhanced at global, regional and national levels

Additional development resources are dedicated to hydrometeorological
infrastructure and service development

Water becomes more integral part of all WMO activities and hydrological
community benefits from the expertise of meteorological community
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The value of hydrological sciences for
operational applications and services

Gunter Bloschl, TU Wien

' \PVI\T]

Leibniz (1646—1716)

7 May 2018, Geneva



The value of science for practice

"He who loves practice without theory is like
the sailor who boards ship without a rudder
and compass and never knows where he
may cast.”

Da Vinci (1452-1519)

new
The value of science ..

Four examples from my own research group



1st example

Science = Surface flow
paths in karst areas

- New mapping method
(large scale)

- Spatial information for
distributed hydrol. models

Reszler et al. (2018) HESS



- Flow path lengths from new mapping method
- Testing against sink holes from Lidar

Sinks_3m

# == Permanenter Bach

A Temporares Gerinne s s
| Surface flow length (m)E=* 3
X%

Reszler et al. (2018) HESS



Precip (mm/15min)

Precip (mm/15min)

Modelled spatial patterns of surface runoff based on flow paths
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Reszler et al. (2018)



Application = Land management to protect karst springs
(Vienna water supply)

- Surface runoff may enhance pollution

Value = Prioritisation of protection zones, management
options

Wasserwerk Lobau

IIl. Wiener Wasserleitung
Wasserwerk Moosbrunn

Fuchspassquelle v. a.

O Mariazell

Behalter Neusied|
.
T O Neunkirchen C. Quelie
S-r_hneealpeﬂsn;l'len b Brunnen E
Héllbachquellen ieben Quellen Hirsc Bl Wasserbena &
Se n m— Wasserleitung
Klafferquellen © Mirzzuschlag ] Schutz- und Schongebl




2hd example

Science = New methods of ensemble streamflow forecasts
- Soil moisture updating based on streamflow
- Ensemble spread consistent with forecasting uncertainty

~ e Precipitation
~, A Streamflow
' £ Forecastpoints



Ensemble forecasts
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9 July 2005 ime (hrs) Bléschl et al. (2005)



Forecasterror (s.dev.)

Ensuring consistency of ensemble spread with
forecast uncertainty of streamflow

—
o

-
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- Total forecast error . Forecast error due to
1 precipitation forecast
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Ensemble spread (s. dev.)

48 hr forecasts for tributaries to Danube
Errors and spread scaled by mean streamflow

Nester et al. (2011) WRR



Application = Flood warning at the Danube by
governments; Cargo optimisation — low flows (Viadonau)

Value = More reliable assessment of uncertainties

Kienstock Prognose DurchflussPrognose [m3/s] June 2013
= HQ30 — HQ5 ~ HQ1 = MQ = wahrscheinlichste Prognose — Messwerte

10000 8 Forecast 11400 m3/s =
~—~~ ] - 3
@ a0o- X Observed 11200 m?3/s
E |
=
S
E 4
@®
D
N

N3 06 A

www.noel.gv.at



3rd Example

Science =flood frequency hydrology
Combining process understanding + statistics

O ®
S e ®
0: ..:. )
i ’{O: .
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E Flood
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Return period Merz und Bléschl (2008) WRR



Causal expansion of information
e.g. Frequency of flood process types

025 05 0.7/5 1

12000 Events
Frequenc
Catchments >100km? k Y Merz und Bléschl (2004) WRR



Causal expansion of information
Eg. timing of floods within the year to understand changes

5000 Stations, 1960-2010 Bldschl et al. (2017) SCIENCE



Application = Flood risk mapping Austria (HORA)
(Ministry, states, insurance industry, general public)

Value = More

reliable risk estimates under change

YJMB2 - eHORA_Karte2 - Mozilla Firefox

Datei Bearbeiten Ansicht Gehe Lesezeichen Extras Hilfe

a- - & ) @ |0 http://gis.lebensministerium.at/ehora/frames/index.php?PHPSESSID=10bb593ca4fb1734120c4b9929d96634&gui_id: v | ® Go |[G. |

Themen Legende
B Basiskarte
Topographische Karte Osterreich
Satellitenbild/Lufthild
B Fachkarten

, T ierung Austri
O Lokale Bezeichnungen
Gewassernetz

Gefahrenzonenplan / HW-Anschlagsliy -~ [

Erdbebengefahrdung Osterreich
Hagelschadensereignisse Sachschad

BE EEANEG X=E.e@

Flood
prone
areas

——————
0 0.2 0.4 0.6 0.8 1 km

Projekt HORA - www.hochwasserrisiko.at



4th example
Science = propagation of flood probabilities through
catchments
- Robust spatial stochastic precipitation modelling
- Regional Monte Carlo Simulations

Bavaria

B Urban
Bl Forest
| Grassland
B Cropland
Grassland
| Rocks
~ Glacier



Stochastic precipitation model

Simulated

/|

I

Observed | ..

" flj\ Mﬂg"

40 80 120 160 mm/d

Salinas et al. (2018)



Monte Carlo Simulations (spatially distributed rainfall-runoff)

- Testing return periods of flood runoff spatially

- Confluence of floods — how do return periods combine?

Abfluss (m3/s)

6000

5000

4000

3000

2000

1000

1985 e

1987 ]

- 2005 m— N\
s \

Oberaudorf

Nester et al. (2018)



Application = Strategic flood risk management at the Inn
(Tirol, Bavaria)

Value = Understanding effectiveness of retention
reservoirs in headwater catchments for main stream

&'%’;

A~ Innsbruck { e
nnNspruc w
!

""”’ ‘("" ' P ;@%v

not
effective

Effectiveness

e
0 50 100%

Nester et al. (2018)



Good science leads to better applications,
which lead to better science

>

Science

.. published in
recent literature

.| Surface flow paths
In karst areas

. | New methods of

ensemble stream-
flow forecasts

. | Flood frequency
hydrology

. | How do flood

probabilities
propagate through
catchments?

—>

Applications and
services

.. direct societal value

Land managementto
protect karst springs
(Vienna water supply)

Flood warning at the
Danube; Cargo
optimisation (Viadonau)

Flood risk mapping
(HORA), including
change

Strategic flood risk
managementat the Inn
(Tirol, Bavaria)



Icelandic Met

The economic benefit of integrating Oficc )

weather, hydrological and climate services '
- A Nordic case study

Arni Snorrason
Director-General
The Icelandic Meteorological Office



Icelandic Met

Overview Office )

A Y
<
Challenges

Nordic collaboration
Case study

Methodology
Results

Application — Implementation
Case study from the National Power Company in Iceland

Summary



Icelandic Met

Changes in volume and seasonality of runoff Office ).
A<V

Nordic Energy
Research

CES: Nordic Projects on Climate and Energy Systems



Icelandic Met

Extremes! Office )
A‘V

2nd May 2008 FIood and mud-sllde north of the centre of Otta in Oppland Photo Tom ﬁsthuus @ Nordic Energy
Research

CES: Nordic Projects on Climate and Energy Systems



Icelandic Met

Dam safety office )
<

Nordic Energy
Research

CES: Nordic Projects on Climate and Energy Systems



Extended chain of successful Nordic/ Icelandic climate change projects gff'iac':di‘ ""et

and their impacts on renewable energy resources led by the Icelandic A‘V
Met Office

Main objectives: To improve the decision framework of the energy sector in the face of
imminent impacts of climate change on renewable resources and the energy system

with special emphasis on the near future relevant to the energy sector

Partners:

Nordic Project on Climate and Hydropower (CCEP) 1991-1993

All Nordic meteorological and

hydrologica insttutes, energy
companies, universities and research
nstitutes

Funded by the energy sector and: Climate and Energy Systems 2007-2010 (18MNOK)

@ NordicEnergy @) norden
Research

Top-level Research Initiative



Icelandic Met

Main milestones and deliverables office )
4
Provide a coherent and consistent analysis of a new generation of regional

climate scenarios and subsequent projections for renewable energy for the

Nordic region, for use in energy systems analysis, risk assessments and
adaptation strategies.

Provide risk assessment framework for use in climate change management
within the energy sector.

Provide assistance to the energy sector in developing strategies for
adaptation to climate change through an intensified stake-holder dialogue.

Report improved methodologies in general to the scientific community and

stakeholders across borders.

@ Nordic Energy
Research
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Methodology Office A:v
Downscale output from Global Climate Models to regional / local scale

---------------
3 4

TrrTterree

ooooooooooooo
ooooooooooooo

RCM

Smallerdomain
Higher resolution © Nordic Energy
Lateral boundaries from Research
AOGCM

Whole globe
Lower resolution

CES: Nordic Projects on Climate and Energy Systems
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Hydrological information Office )
A Y

ArcticHYDRA
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Integration Office A:v

Runoff (mml/year)
[ ]0-500
[ 1500 - 1,000
[ 1,000 - 2,000
I 2,000 - 3,000
I 3,000 - 4,000
I 4,000 - 5,000
50 25 0 50 100 I 5,000 - 10,000
= — | Km I 10,000 - 20,000

HYDROLOGICAL
I M I SERVICE




Changes in average
annual runoff from the
period 1961-1990 to

2071-2100 for the
Hadley A2 scenario

Annual runoff change (mm)
Hadley/A2

Icelandic Met
Office )
A ‘v

HYDROLOGICAL
I M I SERVICE
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Melting of glaciers due to climate change Office )
A<V

» Glacial river flow is forecasted to

increase
» The runoff is expected to peek . ,
around 2050 | Vqu_me ofglacial ice | | | | 3,5

O
O

o
o™

» Flows are expected to stay high for
more than a century

800/0 | |
Runofffrom glaciers

' 4

60%

» In 2200 it is forecasted that almost
no glaciers will be left in Iceland

40%

Volum of ice respective to 2000
Runoff due to melting [m/y]

20%

...unless we manage to control
the changes o -

2000 2020 2040 2060 2080 2100 2120 2140 2160 2180 2200
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Changes in glacial river runoff Office ).
A Y
4
Mean discharge seasonality for a = Viean 19611950
partly glacier covered watershed in g | = enaiosra 02 2050

northern Iceland

70

» The magnitude of spring floods
is predicted to decrease and 50\
they will appear earlier in the
year.

Discharge [msls]
(8]
(o]

N
o

» Seasonal discharge becomes
more evenly distributed with 30}
higher winter discharge.

20

10 1 1 1 1 l | 1 1 1 1 1 |
Sep  Oct Nov  Dec Jan Feb  Mar Apr  May Jun Jul Aug Sep
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The National Power Company of Iceland office )
Case study <

Better utilization of present system

I-_l Landsvirkjun

National Power Company of Iceland

Redesign of existing powerplants
Operations based on scenarios



Not-so glacial response to temperature change W consion

Annual change of Vatnajokull glacier total mass

Cold years

Specific balance (m_)

Warm year

1992 1996 2000 2004 2008 2012 2016



Glacial river runoff - observations ] E——

Change in averageinflow to Karahnjukar storage reservoir

120 |

100 |

i (@) 00]
()] o ()]

Average inflow [m3/s]

N
o

0

B 235t 50 years ™ Last 20 years ®Last 15 years = Last10 years ®Last5 years



Climate change projection

= Runoff has increased in the last 20
years

=" Annual energy generation capacity
had increased by 8% in 2010 due to
warming

" Energy in inflow to Landsvirkjun’s
system is expected to increase
further by 15% from 2010 to 2050

= Current system will only be able to
utilize 30% of the increased runoff

= Capacity increase and storage
increase is needed for further
utilization of increased runoff

.-_l Landsvirkjun

National Power Company of Iceland

Gwh/yr Runoff increase w.r.t. 2010
2500

2000

Total increase

AN

1500

1000

500 -

2050

Usable increase

Source: Landsvirkjun



Changes in seasonal patterns

Average total inflow to Fljotsdalur station

— R2015
. — Previous Estimate
U — — Average (R2015)
— — Average (Prev. Est)
— 400
.3&.
= 300
= 200
100
0
01 02 03 04 05 06 o7 08 09 10 n 12
Month

.-_l Landsvirkjun



Changes in seasonal patterns

Average total inflow to Fljotsdalur station

— R2015

— Previous Estimate

FY:\
. 200
°
=
&
U0
100

07 08 Q9 10
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.-_l Landsvirkjun



Changes in seasonal patterns

Average total inflow to Fljotsdalur station

— R2015
— Previous Estimate |

— — Average (R2015)

— — Average (Prev. Est)

ey )0

300

Runoff |m3/s

01 02 03 04 05 06 07 08 Q9 10 11 12

rs Month

.-_l Landsvirkjun
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Capacity increase - responding to changing inflows

» Burfell is Landsvirkjun’s oldest
hydropower station utilizing a
glacial river

« At Burfell spilling of water has
increased in the last decades

« The station is now being expanded,
a response to changing climate

» Taking into account the forecasted
2025 flows the capacity of the new
turbine will be 100MW.

GWh

Annual increased generation capacity by
adding power to Burfell

250

202

200

150

W ([@35Pm3/s

100

50

10 20 30 40 50 60 0 80 90 100

Capacity increase [MW]

- Historical series transformed to account for climate change until 2010
: Historical series transformed to account for climate change until 2025

21



Taking small steps

.-_l Landsvirkjun

Increased production capacity of current generation system

TWh/a

15.0

14.0

13.0

12.0

Current production capacity (constant)

Meas Meas 20

Meas 20K

2010

2015

2025

2035

2050



Taking small steps | _[EP——

Increased production capacity with redesign

15.0 . . ‘
Potential with redesign

14.0

Current production capacity (constant)

TWh/a

13.0

12.0
Meas Meas 20 Meas 20K 2010 2015 2025 2035 2050
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Conclusions Office )

O\ 4
<
» The overall conclusion s that the predictability of the response of

the cryosphere to climate change is fundamental in achieving
changes in the decision making framework of the energy sector

» Hydropower production is expected to increase mostly due to changes in
the glacial contribution

» The annual rhythm in river flow will be more favorable due to changes in
snow accumulation and melting

» Impact on extremes and dam safety is not self-evident and has to be
analyzed carefully



Icelandic Met

Conclusions office )
» Successful changes in the decisionframework in all of the Nordic ¢
hydropower sector

» The National Power Company of Iceland has implemented radical
changes in their decision framework at all time scales based on stepwise
adaptation of climate scenarios rather than the historical record. This is
generating significant benefits from:

» Selling additional firm energy from present system at the same risk with
significant benefit at no additional cost

» Re-designing and expanding capacity in powerplants already in operation
at low marginal cost

» Scheduling seasonal and interannual operations based on scenarios
generating considerable additional benefits
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Hydrological Data Management
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Outline

« Current state & Challenges — personal experience

« Key-elements of addressed initiatives

* Reflections & Constructive messages

http://hydroconference.wmo.int/en/resources

What do we need
to ensure data availability?

Logistical Data
Infrastructure

Management

Networks Dissemination

OO

Data
Collection

Quality
Management

Capacity
Building

Do our initiatives cover
all critical areas?

@g HydroHub _IL @ iHp-wiNs
Wt
W@GW

Global Assessment
of the State of
Hydrological Services

O & Moxxi

UGG ==a=

@
-

What kind of support
is needed?

Seconded Financial
Expert Support

Technology
Sanalar Partnerships w
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Why do hydrologists need to share data NOW?

Traditionally:
Hydrology is local vs. Meteorology is global

Some societal drivers:

"  Transboundary rivers and aquifers
= Climate change adaptation

=  Globalisation and SDG
=> Predictions in un-gauged basins (transferring info from gauged sites).

Some technical drivers:
= Earth observations and global databases

= Better precipitation estimates from meteorological/climate models and re-analysis
= Regional and global model calibration techniques

Some scientific drivers:
=  Transparency and reproducible research

= Comparative hydrology for better understanding of ‘cause-effect’ relationships.
= Critical mass is needed to advance scientific research
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Example of going global with catchment modelling

River flow (m?3s-1) using the World-Wide HYPE model version 1.3

[m3/s]

0-1
1-2
2-5
5-10.
10-20
20-40

~140-80
80-100

http://hypecode.smhi.se/

v" Open source code _ ' - |
v" Annual open course To be used in C3S global climate service:

A Forum farsersupport http://climateservice-global.eu/
“Get a piece of a world!” GQQCQ!Q% Cf@\ Climate Change

Service
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Data needed for evaluation and parameter estimation

Min.of 10 years and max +/-10% catchmentdiscrepancy vs metadata

KGE usmg some 11 500 statlons (>1000 km2)
= ”

0.2
-0.4
-0.6
-0.8
-1
-5
-1135
Run info 2 HisiRarEm ot KGE KGE Statistics
£ 1000 - .
start (cdate) : 1981-01-01 5 800 ; Median : 0.402
. B . (0] i
enq (edate).. 2012-12-31 :_; 600 | Max : 0.929
variable : Discharge (m3/s) 2 400 T )
comparison : rout vs cout S 200 e
' ; E ./ I e Q25:0.027
obs vs sim 3 e g
. 5 = o © = & S & = © o = Min : -1.1e+03
time step : monthly s & S 9 9 o o o c o o «©
exec.time : 3 h 7 min g ~= = g T T ¢ g 3§ § ¢
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Easily accessible open data of river flow

« Some 22 000 time-series from 11 data sources (half was disqualified for WWH)
« +some 30 sources with info on locations of gauges

Data set Coverage Provider/reference
GRDC Global GRDC

EWA Europe GRDC

ds553.2 Russian Riverdata Former Soviet

by Bodo Union Byron Bodo. 2000
R-ArcticNetv4.0 Arcticregion UNH

RIVDISv 1.1 Global Vorosmartyet al., 1998
USGS USA U.S. Geological Survey
HYDAT Canada Water Survey of Canada (WSC)
Er;?::: Hydrology Data China Henck et al., 2011
National data Spain Spanish authorities
CICOS

WISKI Sweden SNMHI




9102
G102
102
€10e
cloc
L10C
0l10¢c
600C
8002
£00¢
9002
S002
7002
€002
c00c
100C
000c
6661
8661
L661
9661
G661
661
€661
Z661
1661
0661
6861
8861
1861
9861
G861
861
€861
2861l
1861
0861
6161
8461
L161
9/61
G/61
.61
€461
¢/l6l
161
0461
6961
8961
2961
9961
Go61
o6l
€961
o6l
1961

<20%
20-40%
40-60%
60-80%

%]
w
2
>
o
w
"
-
<
g
3
]
(¢]
<4
(a]
>
= =
I
o
=
(¢]
(<4
I
(=
>
=
o
w
Q.
v
O
<4
Q.

®
Q
]
[+2]
e
w4y~
©
U
w3
&S =
wn
LS §
Nn
Oéd
Of g
- & ®
<tz
Om
432
OEg =
@)
>
P

0

Y
HY
2

&
\ Vi

v
¥
A

Data availability per year 1961-2016

_
o @
N

60 —
40 —

_
o
(s

100 —

(94,) suonels Jo uolodolid



GLOBAL CONFERENCE:

N 1!‘ PROSPERITY THROUGH HYDROLOGICAL SERVICES

(o
{I‘ Y

sy
K191
VAAAAYS
WMO “AAAAL» WMO Headquarters, Geneva, Switzerland, 7 to 9 May 2018

Distribution of daily and monthy time-series
(1961-2016)

o "..‘
- s
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e
~ “ :a.’ﬁ
i, -
Time step of Qobs
e Daily

Monthly
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Other initiatives from the scientific community

NEW: The Global Streamflow Indices and Metadata Archive (GSIM)
Published in Earth Syst. Sci. Data, 2018

Indices from more than 35 000 daily streamflow time-series from 12 databases.

Hong Xuan Do et al., Part 1: The production of daily streamflow archive and metadata

Gudmundsson et al., Part 2: Quality control, time-series indices and homogeneity

Earth Syst Sci. Data, 10, TES-T8E, 2018 Earth Syster Earth Syst Sci. Data, 10, TE7-804, 2018 F_:--l_. SyetaiT
i /1051 947es50-10-786-2018 i Science s 10,51 94'e550-10-797-2018 ¥ 5cience

2 Authors) 2018, This work is distribuiad under 5 i Authar(s) 2018. This work is distribuied under 5
& Da ta he Crealive Commans Atfrioution 4.0 License. & Da ta

fna Creative Commons Atfrioution 4.0 Licansa.

The Global Streamflow Indices and Metadata Archive

The Global Streamflow Indices and Metadata Archive
(GSIM) = Part 1: The production of a daily
streamflow archive and metadata

Hong Xuan Do', Lukas Gudmundssan’, Michsel Leonard' . and Seth Westra'
18chool ||t:(.'i'.'iL Environmentzl and Mining Engineering, University of Adelaide, Adelzide, A ustralis
“ETH Farich, Institute for A tmospheric and Climaie Science, Zirich, Switerland
Comespandence: Hong Xuan Do (hong.do@ade laide sdu au)

Recetved: 7 Sepéember 2017 - Disomssion staried: 240 Sepiember 2007
Fevised: 9 March 2008 - Acoepled: 16 March 201E - Published: 17 April 2018

AD5Iract. This is the first part of 2 two-paper series presenting the Global Streamflow Indices and Metzdatz
archive (GEIM, 2 worldwide collection of metadats and indices derived from more than 35 00 daily streamfiow

time series. Thix paper focuses on the compilation of the daily steamflow time sries based on 12 free-to-

(GSIM) — Part 2: Quality control, time-series
indices and homogeneity assessment

Laukas Gudmundsson', Hong Xuan Do?, Michael Leonard”, and Seth Westra®

Vnstitute for Atmospheric and Climate Science, Department of Exmvironmental Sysems Science,
ETH Fusich, Universitaedstrasse |6, Furich 80592, Switnerland
&chool of Civil, Environmentsl and Mining Engineering, University of Adelside, Adelzide, Australiz

Comespondence: Lukas Cudmundsson (lukes gudmundsson @emwv.ethe.ch)

Recetved: 7 Sepiember 2017 - Disomssion taned: 20 Sepember 2017
Fevised: 9 March 2008 - Acoepied: 16 March 2018 — Published: 17 April J01E

Absaract. This is Part 2 of 2 two-paper series presenting the Glohal Stmeamflow Indices and Metadata Archive
(GSIM, which is & collection of daily steamflow cheervations at mome than 30 (00 stations srcand the world.
Whik Pari | (Tho et 2l 20182) descnibes the data collection process a5 well as the gemeration of ausiliary
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Basic Metadata available from sources in GSIM

NEW: The Global Streamflow Indices and Metadata Archive (GSIM)
Published in Earth Syst. Sci. Data, 2018

Database Station  Station River Geographical Station Drainage  Catchment
ID name name  coordinates  elevation area boundary
GRDB X X X X X X X
EWA X X X X X X X
CHDP X X X X — X —
GAME X X X X X X —
ARCTICNET X X X X X X —
USGS X X — X X X —
HYDAT X X — X — X —
ANA X E E X X X —
ADF X E E X X X —
MLIT X E E X — — —
BOM X X — X — — —
WRIS X X X X X X —

X: metadata available; — metadata are unavailable; E: metadata are not available in English.
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Other major data needed (and sources)

Topography and routing

- GWD-LR [3arcsec]: flow direction, upstream area, river width (Yamazaki et al., 2014)
- SRTM - Digital elevation database [3arcsec] (USGS)

- HYDRO-1K [30 arcsec] (USGS)

- GIMP [90 m] (Howat etat., 2014)

Land cover

- CCl Land Cover [300 m] (ESA)

- MIRCA2000 (Arendtet al., 2015)

- GMIA (Siebertet al., 2013)

- RandolphGlacier Inventory (RGI) (Arendt et al., 2015)
- Greenland Glacier Inventory (Rastner et al, 2012)

Waterbodies

Global Lakes & Wetland Database, GLWD (Lehner & Do6ll, 2004)
Global Reservoirand Dam Database (GRanD) (Lehner et al. 2011)
CCl water bodies [150 m] (ESA)

GWD-LR (Yamazaki et al., 2014)

Forcing data

- MSWEP (Bek et al., 2017; HESS) Princeton Uni., USA
- Hydro-GFD (Berg et al., 2018; HESS) SMHI, Sweden
- CRU, Uni East Anglia, UK
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Current trends in shared data management

= Shared catalogues for data search (key-words, geogr. position) using
Metadata and a spatial data/info platform for:

O Quick visualisation and inspection
o Distributed storage and maintenance (e.g. WMO-WIS; GEOSYS)

=  From Downloading to Processing at data site (e.g. HydroShare/ CUASHI;
ESA-TEP; Copernicus Services/C3S-ECMWF)

=  From Databases to Data services — all data management systems needs
user guidance, training, instructions and tutorials, e.g. Services.

hydrology
tep

An open, collaborative and inclusive community where A portal providing LARGE SCALE EO SERVICES & A workspace based on the Cloud where users can discover,
users can SHARE information, knowledge, algorithms, =~ PRODUCTS customised for hydrology applications. Flood  access, PROCESS, UPLOAD, visualise, manipulate and
methods, tools, results, products, services. monitoring and small Water bodies mapping, Water quality compare data.

and level, Hydrological models.
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Potentials with data/info sharing?

= Earth system modelling — increased scientific knowledge of planet functioning

= (Local) Water management — hazards, floods & droughts, effective use, multiple use, etc.

= (Global) Economic growth and improved quality of life

r——

A e
PR

Edited by Berit Arheimer, Adrian Collins,
; V;_alentina Krysanova, Elango Lakshmanan,
Michel Meybeck & Mike Stone

IAHS Publ 361
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Challenges for the Hydro. community?

=  Meta-data: standard attributes (formats?)
= Quality assurance and workflows (shared protocols)

= |mmature community for big data — lack technical skills!

Fragmentation of Accumulation of
knowledge building knowledge
L L

"'. i

Bloshl et al. 2013
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What do we need
to ensure data availability?

Logistical Data
Infrastructure Management

Networks Dissemination

eno=0

Data
Collection

Quality Capacity
Management Building
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We I‘IEEd FAI R data! Wilkinson, M. D. et al. 2016; Nature Sci. Data

To be Findable:

F1. (meta)data are assigned a globally unique and persistent identifier

F2. data are described with rich metadata (defined by R1 below)

F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

SCIENTIFIC D ATA:

OPEN: Comment: The FAIR Guiding

SUBJECT CATEGORIES :

s ;. PFINCIPles for scientific data
» Publication :

e . MMA@Nagement and stewardship

© Mark D. Wilkinson et aL*

- There urgent need to improve the infrastructure supporting the reuse of scholardy data. A diverse

. seto fstal( eholders—re presenting academia, industry, funding agencies, and scholady publishers—have

Recsived: 10 Dacomber 2015 - COME together to design and jointly endorse a concise and measureable set of principles that we refer
A 12 Februsry 2016 I toas the FNRDataPrlnnplE The intent is that these may act as a guideline for thnsewnshlngt

e b il s ok dnnie A i Pk e Erm e ik bk fm e e b e
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We I‘IeEd FAI R data! Wilkinson, M. D. et al. 2016; Nature Sci. Data

To be Accessible:

Al. (meta)data are retrievable by their identifier using a standardized
communications protocol

Al.1 the protocolis open, free, and universally implementable

Al.2 the protocol allows for an authentication and authorization procedure,

where necessary
A2. metadata are accessible, even when the data are no longer available

SCIENTIFIC DATA:

OPEN: Comment: The FAIR Guiding
SUBJECT CATEGORIES

e | PriNCiples for scientific data
~awe | MANagement and stewardship

¢ Mark D. Wilkinson et al.*

There is an urgent need to improve the infrastructure supporting the reuse of scholary data. A diverse
. set of stakeholders—re presenting academia, industry, funding agencies, and scholarly publishers—have
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We I‘IEEd FAI R data! Wilkinson, M. D. et al. 2016; Nature Sci. Data

To be Interoperable:

11. (meta)data use a formal, accessible, shared, and broadly applicable
language for knowledge representation.

12. (meta)data use vocabularies that follow FAIR principles

13. (meta)data include qualified referencesto other (meta)data

SCIENTIFIC D ATAE:

OPEN: Comment: The FAIR Guiding

SUBJECT CATEGORIES :

s ;. PFINCIPles for scientific data
» Publication :

e . MMA@Nagement and stewardship

© Mark D. Wilkinson et aL*

- There urgent need to improve the infrastructure supporting the reuse of scholardy data. A diverse

. seto fstal( eholders—re presenting academia, industry, funding agencies, and scholady publishers—have

Recsived: 10 Dacomber 2015 - COME together to design and jointly endorse a concise and measureable set of principles that we refer
A 12 Februsry 2016 I toas the FNRDataPrlnnplE The intent is that these may act as a guideline for thnsewnshlngt

e b il s ok dnnie A i Pk e Erm e ik bk fm e e b e
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We I‘IEEd FAIR data! Wilkinson, M. D. et al. 2016; Nature Sci. Data

To be Reusable:

R1. meta(data) are richly described with a plurality of accurate and relevant
attributes

R1.1. (meta)data are released with a clear and accessible data usage license

R1.2. (meta)data are associated with detailed provenance

R1.3. (meta)data meet domain-relevant community standards

SCIENTIFIC DATA::

OPEN: Comment: The FAIR Guiding

SUBJECT CATEGORIES ' . . . .
s | PEINCIPles for scientific data

» Publication :

s | MM@Nagement and stewardship

* Mark D. Wilkinson et al.*

: There is an urgent need to improve the infrastructure supporting the reuse of scholary data. A diverse
* setof stakeholders—re presenting academia, industry, funding agencies, and scholardy publishers—have
Banssignd: 10 Dueamiae 301 - COME together to design and jointly endorse a concise and measureable set of principles that we refer
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We need a road map!

*
Australian Government

Bureau of Meteorology

the World Water Data Initiative,
on behalf of the United Nations and World

_ GOOD PRACTICE
Bank High Level Panel on Water. GUIDELINES

FOR WATER DATA
MANAGEMENT

WORLD WATER
Water management objectives @

@ Water data access and licensing

Water data institutions @ Good
practice

@ Water data information systems

Water data monitoring systems @

@ Water data quality management

Water data standards @
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We need Open Datal!

Open data =
“data that can be freely used, re-used and redistributed by anyone...”

License: e.g. Creative Commons, Open Data Commons

Some of the many benefits:

 Improving the efficiency of public services
 Improving data quality

* Developing innovative services

 Creating new business models
 Improving transparency and accountability

« Enhancing citizen participation
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We need good examples!

http://www.water-switch-on.eu/

The SWITCH-ON data portal
>800 water-related datasets ek
Copyright

: s 11%
. . Scientific use
/" Society |
21%
ercial use
: Scientific _ Spatial

Domain Distribution License

14 innovative commercial products
Virtual water-science lab.

430

Acquisition
Method

EU FP7 Collaborative project
(grant agreement No. 603587)
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Do we need water data standards?
WaterM L Bureau of Meteorology, 2017. (Australia)

Part Description Status @
November 2017

WaterML2.0 Part1: Time Series A standard information mode! for exchanging water Endorsed and

Encoding Standard observations data sets between users and information published by OGC*

aystems. Highly recommended for adoption.

WaterML2.0 Part2: Ratings, A standard information model for exchanging rating Endorsed and

Gaugings and Sections tables, gauging observations, and river sections. Highly published by OGC=
recommended for adoption.

WaterML2.0 Part3: Surface A standard information model for defining fundamental Being considered

Hydrology Features relationships among major components of the by OGC for
hydrosphere such as hierarchies of catchments, river endorsement™

network topologies and water bodies. Further reference
to this standard will be made in Chapter 10 of these
guidelines. Highly recommended for adoption once
approved.

WaterML2.0 Partd: Groundwater A standard information model for the exchange of Endorsed and
groundwater data, also referred to as GroundWaterML2.0 published by OGC=2
(GWMLZ2). Highly recommended for adoption.

WaterML2.0 Part5: Water Quality A standard information model for the exchange of water  Being considered
quality data. Still in early stages of development and by OGC for
consultation amongst the water data community. endorsement®
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NetCDF

Title
1. General
1.1 Summary

summary
1.2 Units

units
1.3 Keywords

keywords
1.4 Contact

contact

2. Dataset coverage
2.1 Geographic area
Longitude: geospatial_lon_min — geospatial_lon_max
Latitude: geospatial lat_min — geospatial_lat_max
2.2 Temporal resolution
Output_frequency
2.3 Time period
Reference period: reference_period
Time Cowerage: time_coverage_start — time_cowerage_end
2.4 Spatial resolution
Spatial_resolution
3. Usage
3.1 License conditions
licence
3.2 Acknowledgements and citations
acknowledgements
references
4. Lineage statement
4.1 Original data source
history
source
4.2 Tools used in production of indicators (post-processing)
production_tools
5. Data quality
data_quality

Attributes:

title

summary

units

keywords

contact
geospatial_lon_min
geospatial_lon_max
geospatial_lat_min
geospatial_lat_max
temporal_resolution
output_frequency
reference_period (neeeded forreturn periods?)
time_coverage_start
time_coverage_end
spatial_resolution
licence
acknowledgement
references

history

source
production_tools
data_quality
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) GFDRR (@) woriosankoroue

Global Facility for Disaster Reduction and Recovery

Activities of a Typical National Meterological Service

Effective prediction of a hyrdromet event is critical in mitigating the effects. A good national meteoroligical I\/I " " =
service is designed with its end users in mind—including businesses, institutions, and community members. I S S I O n -

Observations ——»  Assimilation ——— Numerical Weather Predicton E
Models and Other Forecast Tools 1 U pg er | ng
\ l / Infrastructure
—O—
/ T AN Training

ad
/ l Building

v

- -
A — Expert Forecaster 3 Coordination
Analysis and Interpretationand —> Product Generation
Data Assimilation Quality Control and Dissemination

I I
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@) WORLD BANKGROUP

Global Facility for Disaster Reduction and Recovery

ACTIVE ENGAGEMENTS

ENGAGEMENT LEVEL
$1,000,000 and less

$1,000,100-$2,500,000

@

$2,500,100+

WORLD BANK GROUP PROJECTS

@ Under Implementation
In Preparation
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@) GFDRR

Global Facility for Disaster Reduction and Recovery

@ WORLD BANKGROUP

GFDRR’s Weather and Climate Resilience report, 2017

HYDROMET $2.4 trillion
Improving monitoring and prediction of
meteorological and hydrological hazards .

Improved hydro-meteorological forecasting 1k
and early warning could save at least: 26 ml||IOﬂ

$65 billion

: . . 2 million
$13 billion  $22 billion $30 billion

per year per year in per year in

in asset losses fo increased

losses well-being productivity
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GFDRR

Global Facility for Disaster Reduction and Recovery

Modernization is needed in more than 100 countries, half of which are in Africa.

Geophysical Hydrological Meteorological Climatological

Average annual damages caused by reported natural diso=*

Average annual estimated damages per disaster grour

I o\

ce0" eal*
e qon@ ™ 2017)
oenef™ ot 500 port
WS ey SO 13007 nce P o
€2t 7 _ygiion? Resiie’
a‘\ 0 ad ‘m Ote <RICAS ASIA EUROPE OCEANIA
With @ nd ¢!
her ¢
DRR,S \Ne .wons) per disaster group, 2005-2015
(GF AFRICA AMERICAS ASIA EUROPE OCEANIA
22.94 410 29.29 0.12 0.19

Hydrological 0.25 162 3858 0.15 0.06
Meteorological 3.02 433 7481 0.37 0.08

_ [ —

Climatological 004 107 736 002 006 AFRICA AMERICAS ASIA EUROPE OCEANIA

Measuring
Impact

OVER $600 MILLION to impr

‘ ogram ha | MORE
THAN 300 SPECIALISTS i1

100 MILLION PEOPLE |/
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IAHS « COMMISSIONS « WORKING GROUPS « MOXXI
MOXXI
.AR
Measurements &
Observations in the
21 Century

MOXXI: Measurements and observations in the XXI Century

Task:
“bromote the advancement of novel observational techniques that leads to new
sources of informationto help better understand the hydrological cycle”

« 131 researchers signed up from more than 15 countries

* Dedicatedsessions at EGU, AGU, and IAHS meetings

* Yearly topical conferences (hosted at ESA in 2016, jointly organized at WMO
in 2017)

« Key researchquestions:
« What are the key gaps in our understanding of hydrologic change?
« How can we advance our monitoring and data analysis capabilities to
predict and manage hydrologic change?
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IAR MOXXI MOXXI is a growing community of
‘ISH — researchers fromdiverse fields
MO

Observations in the
21% Century

= SM2RAIN ®= Remote sensing

. -Rérrioie sensing
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IAHS « COMMISSIONS « WORKING GROUPS « MOXXI
MOXXI
IAHS
Measurements &
Observations in the
21 Century

Dedicated website with contributions presented at MOXXI sessions/events

HOME IAHS UPH IAHS COMMISSIONS  PUBLICATIONS  NEWS CALENDAR  LINKS ﬁ a Q

IAHS « COMMISSIONS « WORKING GROUPS « X1« EVENTS « MO

‘ MOXXI 2017
IAH

INNOVATION IN HYDROMETRY - FROM IDEAS TO OPERATION

Major achievements:
* Recently published community paper
in Hydrological Sciences Journal

« Participationin the EU COST Action
HARMONIOUS: Harmonization of
UAS techniques for agricultural and
natural ecosystems monitoring

% @ Taylor & Francis

IAHS MEASUREMENTS AND OBSERVATIONS IN THE XXI CENTURY (MOXXI) AND
WMO HYDROHUB JOINT MEETING 2017

) M

WORLD Working Group - International Association of Hydrological Sciences
METEOROLOGICAL
ORGANIZATION

Measurements &

Observations in the
2 ury

GENERAL ASSEMBLY The workshop will be held in Geneva at WMO headquarters on December 4th and 5th

2017
READ HERE THE REPORT OF THE EVENT!

MOXXI 2016

Sensing the hydrological cycle is key to understand natural processes. However, the
monitoring systems currently operated by National Hydrological Services are very
expensive to install and maintain. Too expensive for some applications, such as
capacity p efforts in | . Limited budgets in developing
countries but also shrinking budgets in developed countries put pressure on manufacturers and customers of
hydrometry equipment to find more cost-effective solutions. MOXXI and HydroHub jointly address the need for
incraasad data auality. en. al and itv of ione by o

HYDROLOGICAL SCIENCES JOURNAL, 2
hetpr /Aot orgy 1 0. 1080006 26667 20

Measurements and Observations in the XXI century (MOXXI): innovation and
multi-disciplinarity to sense the hydrological cycle

Flavia Tauro®, John Selker®, Nick van de Giesen’, Tommaso Abrate’, Remko Ujjlenhoet @, Maurizio Porfiri’
Salvatore Manfreda®, Kelly Caylor®, Tommaso Moramarco', Jerome Benveniste, Giuseppe Ciraolo*

Lyndon Estes', Alessio Domeneghetti™, Matthew T. Perks”, Chiara Corbari®, Ehsan Rabiei®

Giovanni Ravazzani ¢°, Heye Bogena®, Antoine Harfouche*, Luca Brocca', Antonino Maltese*, Andy Wickert'
Angelica Tarpanelli, Stephen Good", Jose Manuel Lopez Alcala’, Andrea Petroselli’, Christophe Cudennec*
Theresa Blume”, Rolf Hut® and Salvatore Grimaldi*’

*Department for innovation in Biological, Agro-food and Forest Systems, University of Tuscla, Viterbo, Italy; *Department of Biological and
Ecological Engineering, Oregon State University, Corvallis, Oregon, USA; “Department of Civil Engineering and Geosclences, Deift University
of Technology, Delft, The Netherlands; “Basic Systems in Hydrology Division, World Meteorological Organization, Geneva, Switzerland,
“Department of Environmental Sciences, Wageningen University, Wageningen, The Netherlands, Department of Mechankal and Aerospace
Engineering, New York University Tandon School of Engineering. Brooklyn, New York, USA: *Dipartimento delle Culture Europee e del
Mediterraneo, University of Basilicata, Potenza, Raly; *€arth Research institute, University of California Santa Barbara, Santa Barbara,

PR N R RO R T R TIPS PR SO AR R = SR PN
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WHYCES

WORLD HYDROLOGICAL CYCLE OBSERVING SYSTEM

| Search |

Ay
Y

v: L"/

—

wWMO OMM

HWRP | CHY

Home About WHYCOS Projects Training Material Documents Data and Products  Partners

Welcome to WHYCOS Portal

NEWS
The World Hydrological Cycle Observing System (WHYCOS) is a « Lake CHAD-HYCOS Project Document,
framework programme of the World Meteorological Organization dedicated 2015 - PDF 1.9Mb

« Since 1997 — on-going
« Data sharing between National HydMet. inst. of a water body/catchment/aquifer
« Collaboration with GPCC, GRDC and GEMS-water
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WHYCSS )

WORLD HYDROLOGICAL CYCLE OBSERVING SYSTEM WMO OMM

WHYCOS IN 2015
Q _‘ Hc-Hycos ,‘;;?)'6 l'::lcos :

2014 QDC_M
Med-Hycos going_ HKH-Hycos 2009-

Carib-HYCOS 1997-200 on going

2007 - on going | 'WigerHycos @ Melong:

O i%oéi-_w%?)go £ ’ing O Hycos 2006-
2000-2002 }’ - O 2012

Pacific- Congo+-Hycos O

HYCOS 2006 2010-0on going SADC-HYCOS

—on going SADC-HYCRS " Phasell
Phase | 1998- 2005-2009

2001

CONTENT
* 4 implemented projects

* 7 projects under
implementation

* 6 project proposals in
advanced preparation
stage

« 1 project proposal in
preparatory stage

Each projectinitiation, implementation and post-maintenance

according to pre-conditions.
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\l

w H Y C@ s ,y Drought and Floods in WestAfrica:

WORLD HYDROLOGICAL CYCLE OBSERVING SYSTEM WHO OMM

- Bulletin from Niger-HYCOS

AUTORITE DU BASSIN DU NIGER
Projet Niger-HYCOS
Bulletin Mensuel janvier 2008

NIGER BASIN AUTHORITY
Niger-HYCOS Project
January 2008 Monthly Bulletin

LA CRUE GUINEENE
ATTEINT SA POINTE
La crue guinéenne a atteint sa pointe au niveau du
Niger moyen a Niamey avec un débit maximum de
1830 m 3/s observé entre le 1 au 6 janvier 2008.

Le volume d’eau écoulé de juin a janvier 2008 est
de I'ordre de : 29,15 milliards de m3 a Koulikoro,
26,76 milliards de m3 a Nantaka, 25,04 milliards
de m3 a Niamey et 174,26 milliards de m3 a

I okoia comme montrent le tahlean 1 et les fio 1 A

THE BLACK FLOOD ATTAINED ITS PEAK

The black flood flow attained its peak between 1"
and 6" January 2008 at the Middle Niger in
Niamey with a maximum flow of 1830 m3/s.

The total flow volume since the beginning of the
last wet season in June 2007 to 31" January 2008
is as follows; Koulikoro about 29.15 billion m3;
Nantaka about 26.76 billion m3; Niamey 25.04
billion m3 and Lokoja about 174.26 billion m3 as
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f.:“{!, Climate changein theArctic:
W H Y CE s \'{L !_‘_f - 79 Arctic-HYCOS flow-to-ocean stations

WORLD HYDROLOGICAL CYCLE OBSERVING SYSTEM MO OMM - 540 Arctic HYCOS upstream stations
(model evaluation period 1971-2010)

| Hypeweb Arctic -HYCOS http://hypeweb.smhi.se/arctichype

Long-term means Time series Climate change Model performance Forecast About Arctic-HYPE

-~ <+ Noap Keg i
> Model performance
o Show stations
o) @9° &0% < “W\ I\ ) Flow to ocean (Arctic-HYCOS stations)
= (N
Yalfsioo o8 ° o B . Y (® Arctic-HYCOS stations
y )

\
| O Al stations
% & o%mo Y ;\\ W
8 -t \,| ¥ Large >200000 km?
¥ Medium 10000 - 200000 km?2
! Small 0 - 10000 km?

Mean river discharge
,,./ Click dots to identify stations
25000

20000

15000 -

g
Simulated [m%/s]

/ 10000 s
] s 9
- ﬂ(aragandq;
° ‘ f, 1 4 5000 . .
Kazakhstan ‘f D alative e
ohabiabine Taj QI COO L. —r
L N8 MAP LEGEND: Criteria-based evaluation Relatlveherror in stgndard deviation
/. Main river basins Evaluation criteria: | Relative error in mean v | Correlation coefficient
i KGE
P Lakes l NSE-value
Rivers C Relative error in mean v

Sub-basins

Number of stations

—~d
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Register Signin Q

—V Layers Maps Documents People Groups TimeSeries
—_— [
: NZ 1yp
ed Nations .  International ‘F
Jucation clentific and « Myd g

Welcome to the Water Information Network System
by the International Hydrological Programme of UNESCO

IHP WNS

AboutUs Termsofuse Get Started English | Poremily
;< GeoNode

Geospatial Information Platform — for data search, visualisation and download
Allows storing, combining from several sources, and sharing open data
GIS-layers, maps, documents, people, groups, (time-series)

Standard Metadata + DOI

Creative Commons Attribution 4.0 license


http://ihp-wins.unesco.org/
http://ihp-wins.unesco.org/
http://ihp-wins.unesco.org/
http://ihp-wins.unesco.org/
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7y .
ii Hg % r/ Explore Layers
= WENS

nited Nabions
Educational, Scentific and - Hydrological
Cross-cutting

rganza + Programme

Content (sinceJan 2017):

= 153 layers (12 raster, 141 vector) Ecohydrology
= 3 maps Groundwater
= 42 documents SDGs

= 169 people, 10 with affiliation (and not Unesco)
= 61 groups with 1-5 members
(Groundwater and Education = 9)

Water education

Water for settlements

Water quality

Remivnih Birdavs
Search by text

Water-related disasters
> KEYWORDS

Water scarcity
> EXTENT

> TYPE

g

®o

> RESPONSIBLES

http://ihp-wins.unesco.ora/

> DATE

> REGIONS



http://ihp-wins.unesco.org/
http://ihp-wins.unesco.org/
http://ihp-wins.unesco.org/
http://ihp-wins.unesco.org/

§ O GLOBAL CONFERENCE:
‘!\ 72

PROSPERITY THROUGH HYDROLOGICAL SERVICES
WMO w WMO Headquarters, Geneva, Switzerland, 7 to 9 May 2018

Do our initiatives cover
all critical areas?

Sharing in communities Map and community portal
@2 HydroHub - @ ” IHP-WINS
Datacollection @& 9 @ New Data sources

Global Assessment

Hyd?él?&fgféigices UGG %_:MOXXI
Open data?
Processing facilities?

Million dollar questions: Metadata is key!

=  There are many “donors” investing (competing?) — but which system is sustainable when

“donor” is gone?
=  There are many scientific publications — but how to make new data marketable for society?
= There are many DATA Portals and Platforms — where is the content and the users?

= |t's already complicated to share in closed communities — so how to foster open data policies?
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Hydrological services value chain

Evolving climate servicesinto knowledge-action systems

Climate

4 Chan i i
ge Adaptation
-% % Knowledge-Action Systems FOSte rn g
By (CCAKAS) ., Collaboration!
@ a Climate >
Change Adaptation i \’/\
Services (CCAS) : sy

P %

Q

2

E

Change Adaptation
Products (CCAP)

2 &

s

. Weichselgartner and Arheimer, 2018:

In review for Nature Climate Change

Past Present Future
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Data management and product/services:

Who is the target audience?

Practical implementation

Management decisions on investment

Integration with other management aspects

Shared accumulated knowledge in decision support

Indicators integrated with local data/tools, e.qg. for design values

Customised products, e.q. indicators tailored to user needs, key-messages

Modelled and integrated data, e.g. bias adjustments, climate change impact indicators

Information service, including functions for data search, metadata, visualisation, downloading

Observed and modelled status (Earth observations, global/continental modelling and in-situ monitoring)

V)

Users & Producers

V)

Users & Producers

V)

Users & Producers

\

VA
wn
1]
=
w
o
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=
(@]
o
c
(»]
1]
=
n

Users & Producers

\

Users & Producers

\

Users & Producers

\

Users & Producers

U

Weichselgartner and Arheimer, 2018:
In review for Nature Climate Change
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To be continued....

What kind of support
Is needed?

Seconded Financial
Expert Support

Technology
- transfer Pertnerships
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Some key messages

= Fostering data management is needed for collaboration in hydrology.

=  Global databases with open data from 20-40 thousands gauged time-series of
river flow can ‘easily’ be compiled.

= Standards for metadata, quality assurance, format, etc is currently missing.
=  There is a risk of data loss and reduced in-situ monitoring.

= We need FAIR data for sharing.

=  We need Open Data.

= We need to recognise good examples from the scientific community.

= Hydrologists are immature and must learn from Big data communities.

= Current trend is to process data were the data is stored.

=  Be user specific and evolve to interacting services.

Thank you for your attention!
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Personal reflections

=  Technology transfer:

o Work agile with incremental development - starting small, then trial and error based on
user requests and feedback.

o Use new (but not newest) technology and thinking, but adapted to local setting.
O Be specific and targeted — no “one size fits all”, instead Recycle pieces and build new!
o Distributed systems, which communicates between eachother.

= Seconded experts:
o Build institutions and leadership/management during collaboration.

= Financial support:

o Work agile with incremental development - starting small, then trial and error based on
user requests and feedback.

O Long-term commitments.

= Partnership:
o Alliances with complementary competences.
O Build trust through endurance and engagement.
o Openness and Ownership....
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