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Interim information from the Infrastructure and Environment Committee on the effects of
climate change on the Rhine waterway
(June 2025)

0. Summary

Between 2008 and 2011, the CCNR published three reports on climate change and Rhine navigation
based on the 4th IPCC report. In 2011, the CCNR instructed its then Permanent Technical Committee
(TP) to continue to monitor the issue of climate change intensively and to submit a revised version of
the submitted report by 2020 at the latest. The Infrastructure and Environment Committee (IEN), as the
successor to the TP, last reviewed the conclusions based on the 5th IPCC report in 2019, with the result
that they are still valid. New scientific findings on the hydrological regime of the Rhine are not expected
to be available until after the publication and regionalization of the 6th IPCC report in 2024.

In 2023, the CCNR began preparations to update the assessment report on climate change and its
impact on infrastructure. It became apparent that the regionalization of the results based on the 6th
IPCC report will not be available in 2024, but in 2026 at the earliest. As initial results show that there are
relevant differences between the regionalized results of the 5th and 6th IPCC reports, it makes sense
to base the work on updating the IEN Committee's assessment report on these new results, even if this
means postponing the work by a further two years.

The following work by other organizations is relevant for updating the Committee's assessment report:

In its report on "Climate change induced discharge scenarios for the Rhine basin" based on the 5th
IPCC report, the ICPR expert group HCLIM came to the conclusion that the earlier statements on
changes in Rhine runoff are basically confirmed, but with a wider range and that many projections show
that existing management practices may reach their limits in the future. The ICPR expert group HCLIM
therefore recommends a review of the ICPR climate change adaptation strategy.

The CHR is expected to publish its "RheinBlick2027" report with the results of the regionalization of the
6th IPCC report in 2027. Initial results could possibly be made available to the IEN Committee as early
as 2026.

Initial preliminary projections by Deltares based on the Dutch KNMI'23 scenarios based on the 6th IPCC
report show an increase in maximum annual runoff of 5 to 25 % by 2100 for all moderate and high
emission scenarios at the gauge station of Kaub. The low flow over a period of seven days (NM7Q, an
indicator of droughts) will be lower in all wet and dry scenarios. The decrease varies between 10 and
30 % for the year 2100.

Based on these considerations, the committee has therefore decided to postpone the update of the
assessment report and publish interim information instead. The IEN Committee's assessment report is
expected to be completed in 2027. Conclusions on the possible adaptation of the waterway
infrastructure cannot be drawn from this yet. To this end, the further CHR studies as part of the
"RheinBlick2027" project must first be completed.



1.

1.1

Background
Activities of the IEN Committee

Between 2008 and 2011, the CCNR's Permanent Technical Committee (TP) drew up three
reports on the effects of climate change on Rhine runoff and navigation:
i. The first report' from 2008 analyzes the effects of climate change on Rhine discharges
and the impact on Rhine navigation and identifies measures to reduce the impact on
inland navigation and the inland waterway infrastructure.

ii. The second report? , written in 2009, is an update of the first report and additionally
summarizes complementary strategies, policies and activities of the Member States and
the European Union as well as other international organizations such as the International
Commission for the Protection of the Rhine (ICPR), the Commission for the Hydrology of
the Rhine (CHR) and PIANC.

ii. The third report® , published in 2011, identifies possible activities to mitigate climate
change by reducing emissions from inland navigation and adapting inland navigation and
logistics to the negative effects of climate change.

In Resolution 2011-11-9* , the CCNR instructed its TP Committee to continue to closely monitor
the issue of climate change and to submit a revised version of the submitted report by 2020 at
the latest. The Infrastructure and Environment Committee (IEN), as the successor to TP, last
reviewed the conclusions in 2019, with the result that they are still valid and that new scientific
findings on the hydrological regime of the Rhine are not expected to be available until after the
publication and regionalization of the sixth IPCC report in 2024.

In the meantime, the IEN Committee, in cooperation with the Economic Committee (ECO), has
produced several editions of the reflection paper "Act Now!"® , which deals with low water and
possible adaptation options. The Committee's assessment report on the effects of climate
change on the Rhine waterway goes beyond low water and is also intended to identify changes
in medium and high water discharge, analyze the effects and identify adaptation options.

At the meeting of the IEN/G working group on 21 February 2024, the CHR and the ICPR
reported on the timetable for updating their reports that the regionalized discharge data based
on the sixth report of the Intergovernmental Panel on Climate Change will not be available until
2026 at the earliest. The completion of the assessment report must therefore be postponed
accordingly. In the meantime, the Committee is publishing this interim information on the
CCNR's current work on climate change.
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https://www.ccr-zkr.org/files/infovoiedeau/Resolution2008-1-12_de.pdf

https://www.ccr-zkr.org/files/infovoiedeau/Resolution2009-1-5 de.pdf

https://www.ccr-zkr.org/files/infovoiedeau/Resolution2011-11-9 de.pdf

https://www.ccr-zkr.org/files/documents/resolutions/ccr2011_lld.pdf

https://www.ccr-zkr.org/13020156-en.html
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https://www.ccr-zkr.org/files/infovoiedeau/Resolution2008-I-12_de.pdf
https://www.ccr-zkr.org/files/infovoiedeau/Resolution2009-I-5_de.pdf
https://www.ccr-zkr.org/files/infovoiedeau/Resolution2011-II-9_de.pdf
https://www.ccr-zkr.org/files/documents/resolutions/ccr2011_IId.pdf
https://www.ccr-zkr.org/13020156-en.html

1.2 Activities in CCNR Member States
1.2.1 Belgium

In Flanders the following actions have been put in place:

a) The new Flemish Climate Adaptation Plan (https://www.vlaanderen.be/publicaties/vlaams-
klimaatadaptatieplan-vlaanderen-wapenen-tegen-de-klimaatverandering) was approved and
published in 2023. Three of the six adaptation strategies are aimed at reducing the risk of
water shortage or flooding.

b) Following water shortages in 2017, 2018, 2019 and 2020, the Flemish government decided in
2020 to invest an additional 500 million euros in 2020 - 2024 through the “Blue Deal”
programme. The aim is to reduce the risks of water shortages
(https://bluedeal.integraalwaterbeleid.be/over-blue-deal).

c) Flemish waterway authorities have been aware of the risks associated with low water levels
since the early 2000s.

e In 2003, a low-water strategy was published for the Albert Canal. In economic terms this
is the most important waterway in Flanders. On the basis of this strategy, pumping
stations were installed at the locks at Olen, Ham, Diepenbeek and Hasselt on the Albert
Canal. Construction of the facility at the lock at Genk began in 2023. The final lock at
Wijnegem will follow. An investment of 17 million euros has been allocated from current
Blue Deal resources for the construction of pumping stations at Genk and Wijnegem. In
the event of a water shortage, these pumping stations pump water back upstream. When
there is enough water, the pumps act as hydroelectric power stations.

e Inrecent years, pumping stations have also been included in the renovation of locks on
other waterways in Flanders, or in other cases provisions have been made to install
pumping stations in the future if this is necessary to deal with the effects of climate
change. This applies particularly to the Seine-Scheldt link. (For more information, see:
https://www.vlaamsewaterweg.be/pompinstallaties).

e In addition, the Flemish waterway authorities are also adopting other measures to
optimise water management, restore nature, examine and reduce the impact of water
shortages and use water even more efficiently. For more information, see:
https://www.vlaamsewaterweg.be/blue-deal

1.2.2 Germany

The Federal Climate Adaptation Act, which will come into force in mid-2024, will create a binding
framework in Germany for a preventive climate change adaptation strategy on the part of the
Federal State as well as for cooperation between the Federal State, the Lander and other
administrative bodies®. In accordance with Article 3 of the Federal Climate Adaptation Act, the
Federal government has presented its first strategy: German Strategy for Adaptation to climate
Change (DAS 2024). It contains measurable objectives for adapting to the effects of climate
change in its area of responsibility and competence. It was adopted by the government in
December 2024 and extends DAS 2008. For more information, see:
https://www.bmuv.de/download/deutsche-anpassungsstrategie-an-den-klimawandel-2024

The aims and measures set out for the first time in DAS 2024 will be examined and, where
necessary, developed as part of the regular updates that will take place every four years.
Broadly speaking, the formulation of the objectives is based primarily on the analysis of the
climate impacts and risks for Germany carried out in 2021.

6 https://www.bmuv.de/WS7195
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The general objective of the ‘Transport and transport infrastructure’ action programme is to
make transport systems more resilient to the impact of climate change. For waterway transport,
the aim is to optimise the transport and logistics situation near German waterways by 2030-
2040 in order to cope with periods of low water.

The measures intended to achieve this objective include:

1.2.3 France

Implementing the action plan “Low water on the Rhine”;

Providing and developing operational forecasts during periods of low water/average
flow for selected waterways;

DAS ‘Climate and water’ basic service;
Providing boatmasters with up-to-date depth information for selected waterways;
Adapting transport concepts/optimising containers for transport and loading;

Continuing to eliminate bottlenecks on selected waterways (in particular the Rhine)
and implementing further innovative solutions for water planning and management;

Contributing to water resource management, with the focus on low water and drought;

Continuing the “Climate Change Adaptation” process of the Federal Waterways and
Shipping Administration (WSV) in its area of competence.

Since 2011, France has had a National Climate Change Adaptation Plan (PNACC), the third
edition of which will be adopted in 2025. This plan addresses all aspects of society and the
range of sectors of activity potentially affected, examining the resilience of transport and mobility
in all modes.

In this context, a plan to adapt the waterways will be drawn up, based on the following guidelines
and perspectives:

The Directorate-General for Transport Infrastructure will work with the various inland
navigation users operating within the State public waterways network to develop studies
examining the vulnerability of infrastructure, services and materials to the various
threats posed by the effects of climate change. These studies will be organised by river
basin and will cover the short (2030) and medium term (2050). In particular, they will
consider the interdependence of structures (such as lakes, canals, feeder rivers, etc.)
and of the different networks;

These vulnerability studies will be supplemented by a study analysing the potential to
adapt the infrastructure and its management methods, so that the waterways network
becomes a player in adapting to climate change, particularly with regard to the
movement of water between the various river basins;

Infrastructure adaptation plans will be drawn up on the basis of the conclusions of these
vulnerability studies and analyses. These will set out the levels of service that it will be
necessary and possible to provide in the light of the risks assessed, as well as the
strategies and actions implemented to ensure their continuity. The plans will be broken
down by major river basin and by route. The target date for delivery of these adaptation
plans is 2026.

The definition of plans for adaptation will be accompanied by a timetable for their
implementation, whereby the deadlines will naturally depend on the conclusions reached.
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In parallel, the Directorate-General for Transport Infrastructure will conduct a study to define the
potential impact of extreme situations on the activity and missions of the navigation authority
Voies Navigables de France. This will involve the sectors of the Canal du Midi and the lle-de
France area of the Seine. The conclusions of this study could then be adapted to suit the
particular characteristics of the Rhine.

1.2.4 The Netherlands

The “Klimaatbestendige Netwerken” programme (KBN, Climate Change Resistant Networks)
implements the goals set out in the “Deltaprogramma Ruimtelijke Adaptatie” (DPRA, National
Delta Programme), which are to render the Netherlands climate-proof by 2050, with actions
being implemented from 2020. Using techniques such as stress tests and risk dialogues, a
programme of implementation is being developed. This includes measures to achieve climate-
proof networks, including for the network of main waterways (HVWN).

The Ministry of Infrastructure and Water Management is keen to ensure that inland waterways
remain reliable and accessible, taking into account the expected effect of climate change on the
maintenance and upkeep of the infrastructure. To this end, the KBW-HWVN programme will
identify the additional social cost and impact resulting from climate change, as well as the risks
associated with failing to take action. The programme examines direct climate threats such as
drought (in combination with soil erosion), floods and heat, as well as indirect threats to
navigation. The latter include measures taken in the water system of the Dutch river delta for
the benefit of other water uses that are also struggling with the effects of climate change. It also
examines the impact of these measures on navigation.

Over the last six years, resilience testing and complementary studies have been carried out.
This research activity has produced over 2,000 pages of reports. The majority of these reports
are available in the public domain.

A synthesis document has been drawn up to enable the coordination of the various climate
adaptation activities and research in the Netherlands with neighbouring countries, international
commissions (including river commissions) and the EU (Regulation TEN-T). This document sets
out the results (impact on navigation and future actions) of the various studies by area of
research and includes relevant links to published source documents. It also shows the relation
to the programme “Ruimte voor de Rivier 2.0” (Room for the River). (This was formerly known
as the “Integraal Riviermanagement” (Integral Waterway Management) programme.)

1.2.5 Switzerland
a) Developing a climate change adaptation strategy in Switzerland

The Federal Office for the Environment is currently working on the development of
climate change adaptation strategy in Switzerland. A key task will be to verify and, where
necessary, adapt the climate-related risks and opportunities in Switzerland, on the basis
of the CH2018 climate scenarios and the Hydro-CH2018 hydrological data and
scenarios. One chapter of this strategy deals with water management in the event of an
increase in summer droughts. Possible fields of action are defined, some of which also
concern navigation.
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1.3

b)

d)

Implementation of a ‘Drought early warning and detection system’

The Federal Office for the Environment has been working together with Météo Suisse
to develop a ‘Drought early warning and detection system’. The National Drought
Platform has been put online in the spring of 2025: https://www.trockenheit.admin.ch/en.
In the event of an imminent or ongoing drought, it will provide a weekly assessment of
the situation. The system provides daily updated data on drought conditions and, if
necessary, issues warnings in the form of a traffic light system. In Switzerland, as with
all other natural hazards, drought management is the joint responsibility of the
municipalities, cantons and the Federal government. This system is not solely a
forecasting tool. It also allows access to databases going back to 1991. The ‘Drought
early warning and detection system’ also includes information and forecasts on water
levels, as well as flow data for Switzerland's main rivers and lakes. A data interface is
also available for institutional users such as power plant operators, who generally
already have their own forecasting tools. There are plans to continually develop and
improve this system in the future.

Revision of the law governing the transport of goods

The primary aim of the revision of the law governing the transport of goods is a
significant reduction in the amount of greenhouse gas emissions caused by freight
transport, together with the sustainable use of space and the environment. Although the
revision focuses primarily on freight transport by rail, it also includes provisions relating
to freight transport by ship. The draft law includes measures to strengthen navigation
on the Rhine as part of multimodal transport chains, and to introduce incentives for the
use of carbon-free engines for rail freight transport and freight shipping.

Parliament has adopted the revised law. It is expected to enter into force at the
beginning of 2027, unless a referendum is called.

Deepening the navigable channel at Basel

In order to be better prepared to cope with future climate-related periods of low water,
the navigable channel in Basel was deepened by about 30 cm at the end of 2017. The
aim of this correction was to provide vessels with a deeper water, allowing them to travel
even during periods of low water. The measure was completed successfully in 2017.

Activities of other international organizations

Intergovernmental Panel on Climate Change (IPCC)

The following reports of the working groups on the 6th report of the Intergovernmental Panel
on Climate Change (AR6) have been published so far:

Report of Working Group 1 "The Physical Science Basis" on August 9, 20217
Report of Working Group 2 "Impacts, Adaptation and Vulnerability" on February 28, 20228
Report of Working Group 3 "Mitigation of Climate Change" on April 2, 2022°

The synthesis report'® was published on March 20, 2023 to provide information for the 2023
global stocktake under the United Nations Framework Convention on Climate Change.

https://www.ipcc.ch/report/sixth-assessment-report-working-group-i/

https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/

https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/

https://www.ipcc.ch/assessment-report/ar6/
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The reports of the Intergovernmental Panel on Climate Change contain the basic statements
on climate change worldwide and for Europe. Regional statements on temperature and
precipitation changes require a regionalization of the models of the Intergovernmental Panel
on Climate Change. This regionalization is carried out for the Rhine region by CHR.

European Commission

On February 24, 2021, the European Commission adopted its new EU Strategy on Adaptation
to Climate Change''. The strategy is a central component of the European Green Deal. It aims
to strengthen and accelerate the EU's efforts to protect nature, people and livelihoods from
the unavoidable impacts of climate change. The strategy has four main objectives: smarter,
faster and more systematic adaptation and stepping up international action on climate change
adaptation.

In its NAIADES Il Communication "Boosting future-proof European inland waterway
transport"'?, the European Commission publishes its action plan for the fundamental
transformation of transport systems towards zero-emission mobility by 2030. This requires an
integrated multimodal approach that explicitly aims to promote the use of more sustainable
and less congested modes of transport.

The implementation of NAIADES is supported by the PLATINA projects funded by the EU. The
PLATINAS3 project provides for targeted coordination and support measures to promote inland
navigation in Europe. The project began in January 2021 and ran for 30 months. As part of
this project, a report on adaptation strategies for inland navigation infrastructure to climate
change'® was also published.

4The Joint Research Center (JRC) of the European Commission is currently working on the
4th part of the PESETA study "Projection of Economic impacts of climate change in Sectors
of the European Union based on bottom-up Analysis" on projections of the economic impacts
of climate change in the sectors of the European Union based on a bottom-up analysis as well
as on the "European Drought Risk Observatory (EDO)"'® , an activity on the consequences of
droughts on Europe in the framework of the Copernicus program.

The PESETA IV study'® aims to better understand the impacts of climate change on Europe
for a number of sectors affected by climate change and how these impacts could be avoided
through mitigation and adaptation measures. The PESETA IV study "Global warming and
drought impacts in the EU"'7'® also looks at the consequences of low water for inland
navigation vessels and proposes measures such as lighter inland vessels.

EDO', the European Drought Observatory, is part of the Copernicus emergency management
service and provides drought-related information and early warnings for Europe. EDO also
produced the "European Drought Risk Atlas" report?® , which also contains information for
inland navigation.

https://ec.europa.eu/clima/eu-action/adaptation-climate-change/eu-adaptation-strategy _en
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021DC0324
https://platina3.eu/climate-change-adaptation-strategies/

https://www.copernicus.eu/en (Copernicus is an EU program for the development of European information services based on
satellite-based earth observation and in-situ data).

https://drought.emergency.copernicus.eu/

https://joint-research-centre.ec.europa.eu/peseta-projects en
https://joint-research-centre.ec.europa.eu/system/files/2020-05/pesetaiv_summary final report.pdf
https://joint-research-centre.ec.europa.eu/system/files/2020-05/pesetaiv_task_7_drought_final_report.pdf
https://drought.emergency.copernicus.eu/tumbo/edo/map/
https://publications.jrc.ec.europa.eu/repository/handle/JRC135215
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United Nations Economic Commission for Europe (UNECE)

Through standards, conventions and policy support, the UNECE provides practical tools to
support countries in their efforts in the four action areas of climate change mitigation, adaptation
to climate change, mobilizing finance and strengthening cooperation. The UNECE provides a
harmonized legal and regulatory framework for the decarbonization of mobility and transport?!,
supported by a strategy of the Inland Transport Committee (ITC)?? to reduce greenhouse gas
emissions.

Inland waterways and ports are critical transportation resources and are under unprecedented
threat from an already changing climate. By 2100, over 60% of the EU's seaports could be at
high risk of flooding. The UNECE is analyzing the main risks and hazards in order to strengthen
the resilience of transport infrastructure by identifying appropriate and most cost-effective
adaptation measures.?®

Commission for the Hydrology of the Rhine (CHR)

The CHR study "Impact of climate change on the rain, snow and glacier melt components of
streamflow of the river Rhine and its tributaries"?* on climate change and low water in the Rhine
catchment was published in 2022.

The CHR report "Impact of regional climate change on discharge in the Rhine River basin
(formerly "RheinBlick2050")"?% is being updated.

The CHR report on socio-economic scenarios (SES)? is being updated. Changes in socio-
economic activities can lead to changes in water use and water consumption, and also
influence the discharge of the Rhine.

The discharge forecasts for the Rhine required for updating the IEN Committee's assessment
report on adapting the waterway and Rhine navigation to the effects of climate change also
form the basis for updating the CHR report "Rheinblick 2050". The CHR estimates that the
regionalization required for this will take around 2 years and could be available in 2026 and
that the "RheinBlick2027" report?” is expected to be published in 2027. (See also the minutes
of the 92nd meeting of the CHR, item 3.0128 ). The study on the effects of melting snow and
glaciers already shows that the absence of these runoff components in summer will exacerbate
possible periods of low water.

International Commission for the Protection of the Rhine (ICPR)

The ICPR climate change adaptation strategy?® 2015 already included shipping and its possible
restrictions due to high and low water. According to the strategy, low water could lead to lesser
loads and greater restrictions on shipping. Ship sizes would therefore have to be adjusted and
shipping channels deepened in order to ensure navigation even at low tide.

21
22
23
24
25
26
27
28
29

https://unece.org/transport

https://unece.org/transport/publications/itc-strategy-until-2030

https://unece.org/transport/press/unece-study-maps-transport-infrastructure-high-risk-due-climate-change-pan-european

https://www.chr-khr.org/en/news/when-melt-water-missing-more-often-low-water-expected-rhine-future

https://www.chr-khr.org/en/project/impact-regional-climate-change-discharge-rhine-river-basin-rheinblick2050-2007-2011

https://www.chr-khr.org/de/projekt/sozio-oekonomische-szenarien-ses-2018-2021

2027 refers to the year of the planned publication.
https://www.chr-khr.org/sites/default/files/chrpublications/CHR 92 public.pdf

https://www.iksr.org/fileadmin/user_upload/DKDM/Dokumente/Fachberichte/DE/rp De 0219.pdf
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In February 2020, the responsible ministers and their representatives adopted the "Rhine 2040"
program. It aims to create a sustainably managed Rhine catchment area with valuable lifelines
for people and nature that is resilient to the effects of climate change. Various global
environmental problems - above all biodiversity loss, environmental pollution and climate
change - have an impact on the water cycle. The ICPR will continue to update its climate
change adaptation strategy until 2025.3°

In 2024, the ICPR published a report by the HCLIM expert group on "Climate change induced
discharge scenarios for the Rhine basin". The report is an update of the ICPR runoff scenario
study based on the 5th IPCC report. The HCLIM expert group comes to the conclusion that

e previous statements on change are basically confirmed, but the range is widening,

e a change towards more rain-fed runoff regimes to the detriment of snow- or glacier-fed
runoff regimes is to be expected in the Rhine catchment, and

e As a result, the discharge decreases in summer and increases in winter, whereby the
average annual discharge hardly changes.

These conclusions are also used by the CHR for its work on the regionalization of the 6th IPCC
report. The ICPR also requires the results of this regionalization for the update of the climate
change adaptation strategy, which are expected to be published by the CHR with the
RheinBlick2027 report in 2027.

World Association for Waterborne Transport Infrastructure (PIANC)

Following the publication of the report in 2008 of Task Group 3 "Climate Change and Navigation
- Waterborne Transport, Ports and Waterways: A Review of Climate Change Drivers, Impacts,
Responses and Mitigation", PIANC concluded that continuous action is needed to monitor and
respond to the evolving challenges of climate change. A cross-commission Permanent Task
Group on Climate Change (PTGCC) was therefore established. 3

The following working groups and reports are relevant:

e TG3: The report of Task Group 3 on Climate Change and Shipping®? was updated and
published in 2023 as "Waterborne Transport, Ports and Waterways: A 2023 Update of
Climate Change Drivers and Impacts".

e TG193: The report of Task Group 193 on "Resilience of the Maritime and Inland
Waterborne Transport System"32 was published in 2020.

e WG178: The report on "Climate Change Adaptation Planning for Ports and Inland
Waterways"3* was published in 2020.

e \WG188: The report on "Carbon Management for Port and Navigation Infrastructure"3®
was published in 2019.

e  WG249: The working group on "Adaptation of inland waterways infrastructure for
climate change impacts" began its work in 2024.

https://www.iksr.org/de/themen/klimaaenderung

https://www.pianc.org/permanent-task-group-on-climate-change
https://www.pianc.org/publication/waterborne-transport-ports-and-waterways-a-2023-update-of-climate-change-drivers-and-
impacts/

https://www.pianc.org/publications/envicom/tg193

https://www.pianc.org/shop/download/12611

https://www.pianc.org/publications/envicom/wg188
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Effects of climate change on the Rhine discharge

Conclusions from the fourth IPCC report

In 2011, the CCNR concluded on the basis of the scientific findings presented by the ICPR and
the CHR that there will be no clear changes in the hydrological regime by 2050 compared to
today. From 2050 onwards, the effects of climate change on the functioning of infrastructure
structures cannot be ruled out. Therefore, no immediate infrastructure measures are urgently
required. All three CCNR reports on climate change (see also Chapter 1.1) and the scientific
input of the CHR and ICPR were based on the fourth IPCC report, the results of which were
published in 2007.

Conclusions from the fifth IPCC report

Investigations by the member states, the ICPR and the CHR from 2019 show that there has
been no significant change in the hydrological regime of the Rhine catchment between the
regionalized results of the 4th and 5th IPCC reports. The IEN Committee therefore came to the
conclusion in 2019 that the results from 2011 are still valid. However, on the basis of further
developed hydrological models, the climatic effects on temperature and precipitation predicted
by the climate models could be modeled more meaningfully. This resulted in more reliable
statements on the effects of climate change on the Rhine discharge.

No significant effects of climate change on Rhine shipping are expected until 2050. Moderate
increases in precipitation are predicted for winter. Increased winter precipitation, which also
increasingly falls as rain instead of snow due to the higher temperatures, may lead to a
moderate increase in medium and low water discharges as well as flood discharges
downstream of Kaub. The results of the forecasts for the summer show no clear trend for
precipitation. Discharge will remain more or less unchanged in summer compared to the current
situation.

The following changes in the water balance and runoff regime are expected from 2050
onwards:

In the hydrological winter half-year: (November to April)

e Increase in precipitation

e Increase in outflows

e  Early melting of snow/ice/permafrost, shift in the snow line

In the hydrological summer half-year: (May to October)
e Decrease in precipitation

e Decrease in outflows

e Increase in low water periods

Initial findings from the sixth IPCC report

The sixth IPCC report (synthesis report) was published in 2023. The report presents

the latest forecasts for global climate change. The projections are based on the latest scientific

findings and the latest climate models. Important key messages are that:

e the global surface temperature in the period 2011-2020 is 1.1°C above the value of 1850-
1900,

e global greenhouse gas emissions have continued to increase,

e far-reaching and rapid changes have occurred in the atmosphere, the oceans, the
cryosphere and the biosphere,
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e climate change is already having an impact on many weather and climate extremes in all
regions of the world, and

e for any given future level of warming, many climate-related risks are rated higher than in
the ARS5,

The global effects on temperature and precipitation are shown in the following graphic from the
6th IPCC report.
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Figure 1: Global warming and impact on precipitation (Source: IPCC, 6th Synthesis Report)
The first regionalized data for the Rhine is expected to be available from 2026.

So far, only the Dutch Meteorological Institute (KNMI) has presented a set of climate
projections, KNMI'23, which are in line with the latest scenarios from the sixth report (and are
an update of the KNMI'14 scenarios based on the fifth IPCC report).

Based on the KNMI'23 scenarios, Deltares analyzed the effects on the discharge regime of the
Rhine®® . The results are preliminary and can only be used if the assumptions made are taken
into account. Further work for the entire Rhine catchment area by the CHR is required.
Nevertheless, the preliminary results show initial trends.

36 "The implications of the KNMI'23 scenarios for the Rhine and Meuse rivers", Deltares, 2024
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Climate change will lead to a further rise in temperatures in the catchment area. In the high
emission scenarios, the temperature of the Rhine catchment area could rise by an average of
six degrees by 2150. The rise in temperature will lead to an increase in water losses through
evaporation. In addition, the climate scenarios also predict changes in precipitation. These
changes vary depending on the season and sub-catchment area.

Initial preliminary results for the Rhine discharge show that the change in the mean annual
discharge as an indicator is uncertain. The risks of climate change can be positive (2 out of 6
scenarios) or negative (4 out of 6). However, if the summer and winter periods are considered,
the annual winter discharges are higher in all scenarios and the annual summer discharges
are significantly lower in all scenarios. The annual low water discharges also indicate that the
discharges will be lower in all scenarios. It is therefore to be expected that the climate risks for
Rhine shipping will increase.

,E_, Minimum discharge of the Rhine

Expected relative change in 7-day minimum discharge
of the Rhine compared to current conditions (in %)
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Figure 2: Change in mean annual low flow (NM7Q) at Lobith (Source: Deltares)

The preliminary projections for all moderate and high emission scenarios show an increase in
maximum annual runoff of 5 to 25 % by 2100. The low flow over a period of seven days (NM7Q,
an indicator of droughts) will be lower in all wet and dry scenarios. The decrease varies
between 10 and 30 % for the year 2100.
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Rhine at Kaub Annual — Average Rhine at Kaub Annual — 7 day minimum
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Figure 3: Change in mean annual runoff Figure 4: Change in mean annual low flow
at Kaub (source: Deltares) Water discharge (NM/Q) at Kaub (source: Deltares)
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Figure 5: Change in mean discharge in the Figure 6: Change in mean discharge in the
Summer half-year at Kaub (Source: Deltares) Winter half-year near Kaub (Source: Deltares)
3. Conclusions on the adaptation of waterway infrastructure to climate change

To date, the IEN Committee has taken the view that there will be no clear changes to the hydrological
regime by 2050 compared to today. From 2050 onwards, the effects of climate change on the functioning
of infrastructure structures cannot be ruled out. These conclusions were based on the regionalized
results of the fourth and fifth IPCC reports.

In its report on "Climate change induced discharge scenarios for the Rhine basin" based on the 5" IPCC
report, the ICPR expert group HCLIM came to the conclusion that the previous statements on changes
in Rhine runoff are basically confirmed, but with a greater range and that existing management practices
may reach their limits in the future.

The sixth IPCC report concludes that far-reaching and rapid changes have occurred, that climate change
is already having an impact on many weather and climate extremes and that many climate-related risks
must be rated higher than in the fifth IPCC report.

Nevertheless, it is not yet possible to decide on this basis which specific measures should be taken and
when. This is shown in particular by the ICPR's conclusions for the Rhine with reference to the wide

ranges of the model results. Therefore, the regionalized results from the CHR's RheinBlick2027 study
must first be awaited.

Irrespective of the results of the RheinBlick2027 study, so-called "no-regret measures" can already be
implemented today, for example to improve navigation conditions at low water in conjunction with
supporting the achievement of the objectives of the Water Framework Directive (WFD), whereby the
objectives of the Regulation on Union guidelines for the development of a trans-European transport
network (TEN-T) could also be taken into account.

*k*k
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