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IPCC, CHRISTENSEN et al. 2007

Uncertainty, global Scale:
Range of GCM: 21 Projections (A1B)

Figure 1: Number of models projecting an increased annual mean precipitation 
(comparison of the periods 1980–1999 and 2080–2099, Multi-Model Data (MMD), 
A1B Scenario)
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Policy Questions

How will climate change influence inland 
and coastal waterways in Germany?

When will changes occur? 

What is the range of regional potential 
changes?

What adaptation measures can help?
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Model chain - schematic

Model chain - data

Multi model approach



Selection of relevant indicators

Diagnostics Notation Unit Description and definitions 
Average 
discharge 

MQ m³/s Mean discharge; arithmetic mean of daily mean discharge per 
time-span  
(annual and seasonal, with reference to the hydrological year or hydrological 
season); averaged to 30- year long-term annual seasonal means; hydrological 
yearbook primary statistic 

NM7Q m³/s Lowest arithmetic mean of discharge during 7 consecutive 
days;  
calculated per hydrological season; averaged to 30- long long-term annual or 
seasonal means 

Low flow 

FDC_Q90 m³/s Discharge undershot on 10% of all days of a 30- year period 
(i.e. the 90th percentile of the flow duration curve representing 10950 days, no 
leapyears taken into account) 

MHQ m³/s Mean maximum discharge;  
arihtmetic mean of all annual maximum discharges (per hydrological year) per 
timespan (here: 30- year, 3000- year); hydrological yearbook primary statistic 

HQ10 m³/s Discharge corresponding to a 10- year return period,  
i.e. discharge which occurs once every 10 years; calculated from a fitted 
distribution to the annual (hydrological year) maximum discharge values per 
timespan in a return level plot; for HQ10 a 30-year time-span is used 

HQ100 m³/s Discharge corresponding to a 100- year return period; 
 a 3000-year time-span from the rainfall generator is used 

High flow 

HQ1000 m³/s Discharge corresponding to a 1000- year return period 
 



vulnerability

Step 1

Step 2



gauge Kaub, Rhine
Change in low flow*

-5/+10% -15/0%

* NM7Q, water year (Apr-Mar), 31 years, moving average
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Morphodynamics

Hillebrand et al. 2013
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chain 1 chain 2 chain 3

chain 1 chain 5chain 4

Model chains:  
1 = C20-A1B_ECHAM5r3_REMO-ENS_QSIM
2 = C20-A1B_BCM_RCA3_QSIM
3 = C20-A1B_HADCMQ0_HADRMQ0_QSIM
4 = C20-A1B_ECHAM5r3_RACMO_QSIM
5 = C20-A1B_ECHAM5r1_CLM24_QSIM

Rhine, ~ km 360 - 865

Water temperature

Hardenbicker et al. 2013



Impacts of climate change on 
annual total transport costs [€ /a]

Optimistic and pessimistic discharge scenario

Cost rise
~60 Mio. EUR/a ~ 9%

Cost rise
~30 Mio. EUR/a ~ 5%

Distant future

Quelle: Nilson et al. (2013)

Ch
an

ge
 o

f t
ot

al
 c

os
ts

 [€
/a

]



vulnerability

Step 1
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Step 3



Science + responsibility

Uses/functions  
depending on 

Parameters Need for action with view 
to 

Assessment of 
information 

River basin/ 
waterway 

Period Signal 
intensity 

Confid-
ence 

Water supply (e.g. 
water 
abstractions) 

MQ (mean river discharge),  
hydrological year  
(Nov.-Oct.) 

Rhine - 0 + 
Elbe Since 

2050 
++ + 

Danube Since 
2050 

++ + 
Summer flow (e.g. 
water resources 
management) 
 

MQ (mean river discharge),  
hydrological summer  
(May-Oct.) 

Rhine° Since 
2050 

++ ++ 
Elbe At once + ++ 
Danube° At once + ++ 

Minimum water 
volume (e.g. fish 
migration, 
navigability) 

NM7Q (lowest mean discharge 
in a period of 7 days) or  
NMoMQ (lowest mean monthly 
discharge),  
water year  
(Apr.-March) 

Rhine° Since 
2050 

+ ++ 
Elbe Since 

2050 
++ + 

Danube° At once + ++ 
 



Operation mode

Dynamic
tunnel apron

Diesel-electric
engine

High strength steal
Multiple

propellers

Reduction of
max. draught

Reduction of
safety depth

Small vessels as 
tug-barge systems

Technical and operational
adaptation options

Fleet composition

Hydraulic engineering



Currently ….

Project reports & publications
dimension of climate signals & when, 
dimension and relevance of impacts for 
running the waterways, adaptation options

Synthesis for decision makers

Synthesis on methodology 

contributions for the GFCS



Currently + outlook

Step 1

Step 2

Step 3

Step 4 Ministry & 
Water and 
Shipping 
Authorities
& research



Seasonal prognosis/ decadal projections

•

planning 
horizon
investments in 
infrastructure

Short-term long-term
2071-21002021-2050

Currently …



outlook: new projections

Source: Sperna Weiland & Bouaziz (2014)



outlook: consistent scenarios for all 
transport modes

Source: dpa (2013)



Thanks

To the KLIWASians

Foto: BSH
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KLIWAS 

within the network of 
science and departmental research

45

45

11

7
2

110 cooperations
100 partners



Projections, near & distant future

planning horizon
investments in 
infrastructure

Short-term long-term
2071-21002021-2050



Impacts of climate change on 
annual total transport costs

Optimistic and pessimistic discharge scenario

= „optimistisches“ Szenario 

= „pessimistisches“ Szenario

Cost reduction
~15 Mio. EUR/a (~ 2%)

Cost rise
~60 Mio. EUR/a ~ 9%

Cost rise
~30 Mio. EUR/a ~ 5%

Cost rise
~25 Mio. EUR/a ~ 4%

Near future Distant future

Quelle: Nilson et al. (2013)
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gauge Kaub, Rhine
Change in low flow*

-5/+10% -15/0%

* NM7Q, water year (Apr-Mar), 31 years, moving average



Änderung der Wassertemperatur

Water temperature

Änderung der Wassertemperatur
- ferne Zukunft alle Ketten: + 2 °C (Mittelwert über 9 Stationen)
- Monatsmittelwerte:  ∆ nahe Zukunft: + 1,7 °C ∆ ferne Zukunft: + 3,4 °C

Kette 3 Kette 5
(alle: - 0,2 bis + 1,7 °C)      (alle: + 0,4 bis + 3,4 °C)Rhein 

Hardenbicker et al. 2013



+ 
national and international 

cooperation

Departmental Research



30 

Coast & Estuaries Inland
meteorological climate scenarios, 
regionalisation, reference data
changes in the oceanografic & 
hydrological system
morphological, qualitative, ecological
impacts on waters
options to adapt

+ 
national and 
international 
cooperation



Ship drifting at Loreley / RhineLow flows Rhine 2011

Koblenz =
Confluence…

groins

Courtesy: BAWCourtesy: TM

Courtesy: BAW

Courtesy: BfGwww.zdf.de Low flows Rhine 2003



Modellergebnisse ….

Entscheidungsrelevanter machen

Challenge to simplify …

Thank you for your attention!

www.kliwas.de



Model chain - schematic

Model chain – Network partners

Europe

Scientific
level

CIS
DAS

Policy
level

Neighboring
countries: e.g.

Federal
states: e.g.

World

Germany

KLIWAS research framework:
Network partners

national



Model Chain

Source: BMVBS (2008)

5.  Sediment and morpho-hydraulic
and navigation models

1.   Global emission scenarios / future development

economic 
valuation inland 
navigation



30 

Coast & Estuaries Inland
meteorological climate scenarios, 
regionalisation, reference data
changes in the oceanografic & 
hydrological system
morphological, qualitative, ecological
impacts on waters
options to adapt



Inventory and 
Fundaments

• Data processing
• Climate projections

• Model generation
• Discharge and        
other projections
• …

Sensitivity analysis
of sectors and sub-
systems

• quantity
• quality
• ecology

inland + coast

Adaptation options and 
vulnerability

Decision

Planning and 
implementation of 
adaption measures

Adaptation strategy BMVBS 
embedded in the German Adaptation Strategy (DAS)

KLIWAS-Research 2009-2013

KLIWAS + WSV BMVBS +
BfG, BSH, BAW + WSV

Impact of CC: Research 
Adaptation



Illustration

GCM

RCM
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Research programme

research task 1: 
climate szenarios, 

-projections
(3 Projekte)

research task 2: 
Hydrology
(5 projects)

research task 3: 
waterbody state

(9 projects)

Vorhaben 4: 
Hydrology
(5 Projects)

Research task 5: 
waterbody state 

(8 Projects)

C
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System of the Waterways



Ausblick

• KLIWAS-Berichte
– z.B. Vorhaben 4 (Hydrologie Binnen)

• Neue Projektionen
– CMIP5 (5. IPCC Sachstandsbericht)
– EURO-CORDEX

• Bewirtschaftungsszenarien
– Natürliche Wasserdargebotsänderungen + anthropogene 

Einwirkungen
– BfG-Projekt, KHR-Aktivität

• Verkehrsträgerübergreifende Szenarien
– Expertennetzwerk des BMVI (DWD, BfG, BAW, EBA, BASt, 

BBSR)



handling the uncertainty

Niedrigstes 7-Tagesmittel (NM7Q) am Pegel Kaub, hyd. Sommer

1. minimum/maximum

2. percentiles

3. median

4. arithmetic mean

5. „scenario corridors"

Source: Nilson, E.  (2011) http://dx.doi.org/10.5675/KLIWAS_Statuskonferenz_2011_4Source: Nilson, E.  (2011) http://dx.doi.org/10.5675/KLIWAS_Statuskonferenz_2011_4
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•Europa

•Wissenschaftl.
•Arbeitsgruppen

•CIS
•DAS

•Politik-
•beratung

•Nachbar-
•länder: z.B.

•Bundes-
•länder: z.B.

•Deutschland

Ergebniskette  -
in der Kooperation und Kommunikation

•national

•Weltweit



KLIWAS approaches

Multi-model approach: bandwidths
Different SRES scenarios (IPCC AR4)
17 plausible GCM-RCM-combinations
two different bias-corrections
Attempted are at least two different hydrological models for 
each river basin

System approach: model chain

See KLIWAS contributions in ICWRER programme for more information



System analysis

after BMVBS (2007): Proceedings of First KLIWAS Status Conference, Berlin



Navigable waterways 
in Germany
Rivers and canals          7.300 km

Coastal waterways      23.000 km²

managed by the

Federal Waterways and Shipping 
Administration (WSV)
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Assessing the Impacts of Climate 
Change on Navigation and 

Waterways
The German Departmental Research Programme KLIWAS

- Approach and recent results -

Prof. Dr. H. Moser
Federal Institute of Hydrology (BfG)
Dr. B. Rudolf
National Meteorological Service of Germany (DWD)
Dr. H. Heinrich
Federal Maritime and Hydrographic Agency (BSH) 
Dr. A. Schmidt
Federal Waterways Engineering and Research Institute (BAW)
Dr. S. Kofalk
Coordination & Operational Office, BfG



Span CO2-Concentrations

Daten: IPCC-SRES, EU-ENSEMBLES



System oriented Approach: Model Chain

Source: BMVBS (2008)

5.  Sediment and morpho-hydraulic
and navigation models

1.   Global emission scenarios / future development

economic 
valuation inland 
navigation



River Basins, Central Europe 

~ 1.000 km
Scale



Uncertainty, regional Scale:
Range of RCM: 19 Projections (A1B)
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Operational Uncertainty Assessment
Model chain + Multi-Model approach

Nilson, 2010



“Climate Variables” - Indicators

Inland navigation
low/high water periods, 
water depth, navigability
water temperatures (warming, ice)
water quality, 
water ecology
…

Maritime navigation
sea level changes 
tidal dynamics 
waves, wind
water temperatures (warming, ice)
water quality, 
water ecology
….



low flow, discharge undershot on 10% of all days of a 30- year period)

Operational Uncertainty Assessment
Impacts by Projection Ensembles



Scientific Findings

1. Air temperature: Increase of annual average at least 
1.5°C (far future, regional differences)

2. Precipitation tendency: Decrease in summer and 
increase in winter

3. Sea level rise: Further research need (unknown effects 
concerning melting of ice caps and connecting ocean-atmosphere 
models),  no acceleration of sea level rise (1mm-3mm/a) at 
present but possible in future (first observations) 

4. Discharge: Magnitude of changes in main rivers 
10 up to 30% (2100, far future)



Conclusions, adaptation messages

1. research and operational task: 
dealing with uncertainty

2. ensembles and multi model results 
= „state of the art“ for policy advise 

3. Communication of projection uncertainties is 
essential for decision making

4. Adaptation challenge: Options selection taking 
measures at the right time & on an appropriate level



Thank you for your attention!

www.kliwas.de



PIANC       www.pianc.org

global organisation 

guidance for sustainable 
waterborne transport and 
infrastructure sector.

Permanent Task Group on 
Climate Change (PTGCC)

Review CC drivers, 
impacts, responses + 
mitigation



Methods and Outcomes



Ausblick: Neue Projektionen

Source: Sperna Weiland & Bouaziz (2014)
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