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Introduction

l OO2NRAY3 (2 b!L!'59{ LLLX (G4KS dzaS 2F (KS 9! Qa akyf I\
coherent infrastructure and fairway quality assurance. Droughts and floods can severely disrupt transport activities
by: temporarily blocking waterway sections, imposing restrictions on the amounts of loads transported, and
requiring additional vessels tbmpensate for reduced load factors, or even a shift to other modes of transport. In
consequence, under such circumstances, the supply of raw materials and manufactured goods can become
insufficient or even interrupted, the transportation costs will incgeaand the impact on the economy can be
dramatic. For example, in the third and fourth quarters of the year 2018, the production losses of the German
industry due to persistent low water levels on Rhine river amounted to approximatively 4.7 billion EER. Th
corresponds to 0.63 % of the entire German industrial production. Several companies had to cope with substantial
production losses, like BASF in the order of 250 million EUR and ThyssenKrupp in the order of 100 million EUR.

In general, in the past 20@ears, such low water events occurred regularly, although in the last 50 years these
events have become less and shorter lasting. However, also in the light of no climate change such events will happe
in the coming decades. Accounting for climate changeacts on the hydrology, it is expected that such events will
occur more often in the futurgas shown in this reportofF example, in the Rhine area (Lobith) the low water event

of 2018 is projected ttake place every 10 to 20 years instead of oncey®6ryears till 2050, according to research
findings of DeltaresThe impact of the past longer lasting lavater events on inland waterway transport was not
that strong as in 2018 he reason is that in those times the vessels were smaller and lessahlingy waterlevel
changes compared tilve much larger new ones which entered operation in the past 20 years. This holds also for a
part of the pusher antlug fleet on the Danube which displayed initial design draughts between 1.1 m and 1.5 min
the 1960sand 1970sg KA f S (G KS RNI dAKGa&a 2F Yz2ad f130SNI RSarA3aIySR
1.5 m and 2.2 mallowing for higher propulsive power, larger convoys and, thereby, for greater energy and cost
efficiency of tharansport at normal watr-level conditions.

Considering these severe impacts on the economy and the inland waterway transport as result of low water, which
is being increased by climate change impacts, it is necessaryetateate the logistical concepts in place today,
including the size and design of inland vessalsich can improve the vulnerability to climate change in single cases.
However, it is stressed that in order to reduce the vulnerability of the entire EU fleet, comprising more tbad 12
operational vessels BFOMINENT (2015)j which approximately 40 % are assumed to be vulnerable to low water
dedicated infrastructure measures, starting with proper maintenance matagement of waterways on short
term, have to be considered for improving the climate resileentinlandwaterway transport on the long termt
infrastructure measures are neglected, the navigation conditions will become worse as a consequence, and the
vulnerability of inland waterway transport to climate change will increase, reducing therebsetivice quality of

inland waterway transport, which cannot be compensated by newly built vessels or modified logistics concepts,
e.g. modified ship operation.

Complementing existing research,ighreport provides an information package displaying the storecent
developments focussed on climate change and infrastructure. It is not directly a guideline for waterway and port
adaptation as such guidelines are already existing. Moreover, it can be taken as a guide to most recent guidelines
complemented withselected examples for climate change adaptation deemed important, assisting thereby
waterway and port managers in their efforts to cope with climate change impactencise state of the art on this

issue became available through the realisation of th& PINA 3 Stage Event 3 (Brussels Sessions), see also Annex
1 of this report.
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Developments in meteorology and relevant weather phenomena

Temperature

The global average temperature will increase significantly by the end of the current centurymdciwthe exact
increase will be cannot be said with 100 percent precision, but there is very high agreement in the scientific
community that the climate will become warmer. The different studiessultedfurther suggest that this warming

will have differet regional impacts. While the temperature increase will be gradual from the northwest toward the
southeast, it appears that global warming will also have a greater regional impact on the Damulbasin than

on the global average.

Precipitation

The stitements on the future change of precipitation are much less accurate than those on the future change of
temperature. There is a small consensus that, at least in the Danube river basin, summer precipitation will decrease
and winter precipitation will in@ase. However, even these statements are not universally valid. Due to high
regional differences and a lack of nationally available data, especially from Southeastern Europe, it is very difficul
to predict the future precipitation change for the whole d¢orent.

Low water

Low water periods on European waterways will in all likelihood occur more frequently and last longer in the future.
The seasons in which these periods occur more frequently may also shift from the winter months to the summer
months. Reasns for all these changes, among others, are likely to be the higher average temperatures and the
resulting increased evapotranspiration values. Another effect that is conducive to low flows is precipitation deficits
over a longer period of time. The exteto which this effect affects future low flow trends is also subject to great
uncertainty due to the uncertainty in the field of precipitation forecasting. One effect that has so far enjoyed rather
marginal status in the literature, but which could proradbw water in the future, especially in Southeastern
Europe, is water withdrawals. Overall, the forecasts indicate that low water periods will change little until the
middle of the current century, but there are increasing indications that more and |dagewater periods are to

be expected towards the end of the centysee also Fig. 1).

Future sectoral impact: inland navigation
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Figure 1: Compilation and projections of low flow carried out for the Rhine, Main and Upper Danube, presented for three time periods 1989
2018, 2031-2060 and 20712100. Horizontal line in bar = median value (50 % of projections are above it and 50 % of projections are below it);
strongly coloured bars = 15 % of projections fall below this area, 15 % of projections exceed this ar ea => 70 % of projections fall in this area;
lightly coloured bars denote minimum and maximum values of all projections (all projections fall in this range). Source: slid e from Nilson and

Klein (2022).

High water

For the future highwater situation on European inland waterways, the picture that emerges from the data is not a
clear one. Although trends can be identified that suggest a shift in seasonality in the occurrence-whteigh
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events towards the winter motis, accurate forecasts are increasingly difficult to make the further one looks into
the future. Due to the hydrometeorological changes influenced by climate change, it can be assumed that on
average the number of days on which there will be navigat@evant restrictions due to high water will increase.

At midcentury, the changes are expected to be moderate but significant. Towards the end of the century, the
dispersion of the results will be larger, but here, too, the trends point in the direction ofaease in the number

of highwater days.

Ice

It is to be noted that not all waterways are affected by the occurrence of ice. E.g. on the Upper and Middle Rhine
navigation has not been suspended due to ice since at least the 70s of'theeRtury.

In summary, it can be said that shippirgjated restrictions on European waterways due to river ice will decrease

in the future, although they will still occur in the distant future. The literature suggests that air temperature below
0°C and ice formatioon rivers are correlated and that, taking into account the future change in air temperatures,
it is reasonable to assume that ice will be less likely to affect inland navigation negatively in the future.

Visibility

While there are changes in the frequgnef sightrestricted days on European waterways, the apparent correlation
with climatic change does not sufficiently explain the changes in fog occurrence. There are several hypotheses the
try to explain the reasons for these changes, but not all ofélreasons are climatic. In essence, there is still a need

to catch up in the area of visibility on the waterways when it comes to relevant détamugh the visibility has
improved on the Rhine and the Main starting from the 1970s.

Wind

Asalready stated in EWENT (2011), wind gust is one of the most difficult variables for numerical models to predict
and there are large differences in how they are parameterised in the Regional Climate Change models (RCMs
Therefore, for wind extremes, chaeg are expected to be fairly uncertain, with larger discrepancies among
different models. Some pessimistic projections of the report indicate a slight increase of wind gusts of 17 m/s for
Rotterdam and Amsterdam for the period 204¢2070. In general, negjge developments for inland waterway
transport on the main inland waterways due to changes in wind gusts are not projected. However, it is noted once
again that a valid conclusion on the occurrence of wind gusts with negative effects cannot be drawn.

Forcompleteness, results with respect to surface wind change of the latest version of the IPCC WG1 Interactive
Atlas are given for the Mediterranean, Western and Central Europe, and Northern Eltopaesults display
changes in percent derived from compamns of longerm projections (2082100) of surface wind velocities with

the ones of the period 19962014, using the SSE5 climate scenario and CMIP6 model projections. In general,

no significant increase in surface wind is obtained for the Europ®sn land with waterways (the median stays in

the range of 0 %), being in line with the results of EWENT.

Sealevel rise

Using the SSP8.5 climate scenario and CMIP6 mogdabjections carried out for the long ternt2081:-2100) the
changes irsealevel isederivedfrom the latest version of the IPCC WGL1 Interactive Attamparedwith the one
of the period 1995¢ 2014 amount to approximately 0.75 m(median) and 1.35 m(maximum) for the
Mediterranean, as well a’Western and Central Europe till 2100.

For Northern Europe, the median of sea level rise amounts to approximately 0.47 m, and the maximum amounts
to approximately 1.2 m till 2100.

PLATINAS



Impacts of climate change

This report gives a comprehensive overview of the impactéimfte changeffectson the performance of inland
waterway transport the infrastructure comprising waterways and ports, as well astt@momyrelying on inland
waterway transport. A quick overview of impacts with threshold values for extreme weather events relevant to
inland waterways and inland waterway transpastgiven in Annex 2 of this report.

Inland waterway transport

The reliability of navigation can be negatively affected by high water events and ice, resulting in suspension of
navigation. However, the mosnportant climate relevant phenomenon having an impact on the performance of
inland water way transport is the occurrence of low water causing the following impacts:

1 The cargo carrying capacity will be reducedhichis depending on the ship size: largessels arenore
vulnerable to low water than smaller ones if the load factor is considered.

1 The power demand and fuel consumption increase due to increased resistance and reduced propulsive

efficiency and therefore the emissions increase.

The vessel speedecreases and the sailing time increases.

More vessel movements will be necessary for the transportation of the same amount of cargo.

The manoeuvrability becomes worse, which is depending on the ship type. In certain cases, also positive

effects can occur.

1 The stopping duration and distance increase due to higher risk of ventilation, reduced thrust and a greater
added mass.

9 Starting the movement and operation of a vessel may be prevented by ventilation of the propeller, resulting
in a reduction of the thrus

1 The safety of navigation is reduced due to greater risk of grounding and more vessel movatients

water. In addition wind, high water, reduced visibility due to cloudiness, precipitation, position of the sun

or fog and ice flow may cause weathetated accidents.

The transportation costs per tkm and freight rates increase.

Finally, goods will be shifted to other modes of transport, which will be difficult to revert, as well as which

can cause capacity limitations of climatdtigation relevant infastructure like railways.

= =4 =
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Inland waterwaynfrastructure
Weather phenomena with relevance to inland waterway infrastructure are ice occurrence and high water.

The occurrence of ice as a result of ldagting periods with temperatures below zero degrees Celsius may damage
navigation signs leading to reducedetst of navigation, but also the waterway infrastructure e.g. locks may not be
operated anymore due to ice jams clogging the lock area or due to freezing of moving parts and mooring devices
In general, it may be expected that the infrastructure relatedsemuences due to ice will be become less severe

in the future as a result of global warming and warming trends in water temperature.

Long lasting heavy precipitation solely or in association with snow melt will result in increased discharges, flow
velocties and water levels having a significant impact on the inland waterway infrastructure in severe cases. In the
worst case, flooding endangering the property and lives of human beings can be the conseduencrost
common impacts are:

significant changesm sedimentation and river morphology;

driftwood, fallen trees and clogging by drifting items at and on river banks as well as on tow paths;
aggradation in ports and the fairway as well as at port entrances, berths, river junctions, and pipes;
damage ofiver banks, training walls, flood protection dams, bridges of tributaries, tow paths, signs, stairs,
ramps and gauges;

9 scour occurrence at paths and river banks.

= =4 -4 -9

The occurrence of low waters may lead to changes in the sedimentatioaggrddation processes compared with
normal or highwater conditions. However, due to the associated low flow velocities changes in riverbed
morphology may be expected to remain small once low water has occurred. Problems with low watereased
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by onging erosion in parts of the river bed. Low water in combination with erosion can lead to a restriction of the
space available for navigation. To waterway infrastructure operators the consideration of low waters is of
importance in order to create strategp and to take proper actions for the provision of navigation conditions
according to international agreements, where infrastructure adaptation measures will play an important role.

Due to higher temperatures waterwagfrastructure engineering structuredike moveable bridges and lock gates,
might jam or not close fully.

Ports

Ports are important economic actogsat local, national, regional and international levéiat have been identified

as being vulnerable to climate changes, and as such botiossaand inland ports have been particularly affected
by climatic conditions in the recent yea@nce a vessel reaches the port, ship manoeuvres and port operations can
be hindered by the weather conditions related to wind, water lewalgsed by lovand high waters, wave height,
heat waves, rain, fog, ice, riverine and pluvial flooding, etc.

Extreme precipitation leading to floodsas well as the lack of precipitation leading to droughts are the
meteorological phenomena with the biggest impact on inlgort operations, carrying the risk of decreasiig
extreme cases even paralysjtige activity in most European inland ports and along the inland waterways

For seaports,ising sea/river levels, increasing intensity of storms, increasing teight surmounting breakwater
design levels, and heavy rain above quay well drainage capacity increase the risk of fiedengding respective
flood protection measures, e.g. the installation of flood protection entrance gates.

Drought in associationith inland waterway transport results & higher number of motorised vessalsd lighters

to be loaded and unloadedA continuous arrival of vessetan be the consequengkeading to increased demand

of mooring of vessels and higher traffic in the pawnger sailing times of inland vessels may result in missing the
departure of a segoing vessel, demanding more capacities for storage of the cargo transported.

Similarly to inland waterwaysedimentation and aggregation dfie port areacan be a conggpience of extreme
weather, e.g. floods, demanding regular monitoring and dredging of port areas and their entrances.

Economy relying on inland waterway transport

1 The supply of raw materials and transportation of manufactured products can become iesufficeven
interrupted due to e.g. low water.

1 Significant losses in production amounting even to several billion EUR in Western Europe can occur.

1 Finally,companies may consider threlocation of production and distribution facilitiesesulting in losses
to the local economy and endangering working places there.

Adaptation strategies
Infrastructure adaptation strategies with respect to inland waterway transport relate to the maintenance,

improvement and extension of inland waterways, which shalldays be accomplished by taking the following
two main aspects of inland waterway infrastructure development into account:

1 economics of inland navigation, i.e. the connection between the existing waterway infrastructure and the
efficiency of transport;

1 ecological effects of infrastructure works, i.e. balancing environmental needs and the objectives of inland
navigation (integrated planning).

PLATINAS



A truly integrative waterway management system must be the objective to be readksskntial features for
integrated planning are:

9 identification of integrated project objectives incorporating inland navigation aims, environmental needs

and the objectives of other uses of the river reach such as nature protection, flood management and

fisheries;

integration of reévant stakeholders in the initial scoping phase of a project;

implementation of an integrated planning process to translate inland navigation and environmental

objectives into concrete project measures thereby creatingwiim results;

9 conduct of comprehesive environmental monitoring prior, during and after project works, thereby
enabling an adaptive implementation of the project when necessary.

E R

Climate proofing of infrastructure in the period 262027

On 16.9.2021, the European Commission publishedd@®MISSION NOTICEechnical guidance on the climate
proofing of infrastructure in the period 2022027 in the Official Journal of the European Union C 373 (European
Commission (2021)), setting out common principles and practices for the identificalessification and
management of physical climate risks when planning, developing, executing and monitoring infrastructure projects
and programmes. It shall give technical guidance on the climate proofing of investments in infrastructure, covering
the periad 202£2027.

It is aligned with a greenhouse gas emission reduction pathwapo®6 net emissions by 2030 and climate
YSdzi N} t AGeé o6& wnpnod LG F2ftf26a (GKS aSySNHe SFTFTAOAS
requirements set at in the legislation for several EU funds such as InvestEU, Connecting Europe Facility (CEF
European Regional Development Fund (ERDF), Cohesion Fund (CF) and the Just Transition Fund (JTF). It
integrates climateproofing with project cycle manageme(PCM), environmental impact assessments (EIA), and
strategic environmental assessment (SEA) processes, and it includes recommendations to support national climate
proofing processes in Member States. In short, the guidance is compulsory for all Ed fungkets, and it is
recommended to be applied also to small projects and nationally funded undertakings.

Both issues are to be taken into account: mitigation of climate change demanding carbon footprint considerations
according to updated methodologiesf the European Investment Bank (European Investment Bank (2020 b),
(2013)), as well as adaptation to climate change associated with a vulnerability and risk assessment. The basic id¢
is to take climate change effects into account already in an earlg sthgn mitigation or adaptation measures can

be relatively easily and at a lower cost implemented. Later infrastructure interventions are usually associated with
high costs and more difficult to be realised.

Climate change adaptation planning for portsdeinland waterways

In 2020, PIANC (The World Assaociation for Waterborne Infrastructure) published the PIANC Report 178 CLIMA”
CHANGE ADAPTATION PLANNING FOR PORTS AND INLAND WATERWAYS (PIANC (2020)). Itis a very comp
guidance document of the PIb / Q& G SOKYyAOFf 22N)JAy3a DNRdzZLJ mTy LINRZ
consequences of climate change and some of the challenges to be addressed in consequence if ports and waterwa
are to be adapted effectively. The guidance is focussed oexising infrastructure, giving practical guidance to
infrastructure operators, as well as setting out a portfolio of imggmtcific measures and case studies.

For practical useht report contains a table with generic measures strengthening theams#ior adapting assets,
operations or systemsas well asa comprehensive set of measures is given with respect to numerous climate
change impacts. They were identified through an extensive international engagement exercise involving Working
Group membersand their colleagues from 14 countries; running workshops in Europe (UK, Norway), Asia (The
Philippines), Africa (South Africa) and America (USA); and input from several international associations
GLYGSNYFGA2YIE abNAGAYS tANBAGN aBAGONEQA2EBR20§06
Organisation, UNCTAD and others). The measures considered relate to:

1 rainfallrelated or groundwater flooding (see Annex 3A)

1 flooding due to overtopping (see Annex 3B)
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high inchannel river flow velociteor changes in sea state (see Annex 3C)
low flow or drought (see Annex 3D)

changes in sediment or debris regime (see Annex 3E)

bed or bank erosion (see Annex 3F)

reduced visibility (see Annex 3G)

change in wind characteristics (see Annex; 3H)

extreme cold, ice or icing (see Annex 3I)

extreme heat (see Annex 3J)

changes in ocean water acidity (see Annex 3K)

changes in salinity or salt water intrusion (see Annex 3L)

changes in vegetation growth (see Annex 3M)

changes in specignigration or range (see Annex 3N)

changes in native species survivability or growth rate (see Annex 30)
introduction or spread of invasive, narative species (see Annex 3P)

= =4 =8 8 8 -8 _8_48_4a_4_-4_-4._-4_-2

Proactive waterway maintenance

Continuous maintenance works, e.g. dredgingnsiitute a nonstructural measure carried out by waterway
administrations in order to maintain the required fairway paramet&eedging works have to be contracted and
assigned. Right before and after dredging measures in the fairway, the interventias are surveyed to enable
monitoring of the works as quality control. The prioritisation of dredging activities within a defined time frame at
the beginning of the annual lowater period constitutes one of the most important measures. If low water periods
will change with regard to their seasonality due to climate change in the future, the dredging strategy has to be
adjusted accordingly, comprising one cefficient adaptation measure to possible climate change impacts. In
order to reduce the number ofetessary interventions for the sake of ecolagyongst othershe water depth to

be provided atiow navigablewater level LNWI. may be also changeé.g. from 2.5 m to 3 m, reducing thereby
the number of interventions to e.g. one per year, allowing fdnimum impact on fauna and flora, as well as
preservation of biodiversity for the rest of a maintenance year asstsitivelayer of 20to 30 cm of the river
bottom will be manipulated leastDone properly substantial savings of volume to be dredgedwel$ as
maintenance costs can be achieved.

Provision of information othe waterway

The availability of sufficient personnel resources and modern surveying equipment (i.e. surveying vessels as well ¢
software and hardware for data processing and anatysis the basis for proper collection and provision of
comprehensive information on the topography of the fairway and the corresponding water depths relevant for
navigation. This information is of particular value in shallow water stretches of the watemiaye regular
surveying activities have to be carried out. The full picture on the topography allows vessels to choose a route
within the fairway with sufficient water below the keel, even if the water depth is not sufficient over the entire
width of thefairway. This way, the fairway can be optimally used. In addition, the vessel may choose also the route
with greater water depths reducing the resistance and corresponding fuel consumption. Finally, the information
gained can be used also for the monitaiof effects of rehabilitation and river engineering measures, as well as
detection where maintenance and waterway management activities are necessary. For this purpose, also regulal
inspection trips with surveying vessels, being equipped with e.g. &4iegm echosounder, have to be carried out

over longer distances of the river in order to get a first idea where shallows have established and where more
detailed surveying, e.g. by mulieam equipment, will be necessa

In addition, measurementsf water depths or the river bottorperformed on commercial vessels in operation can

be used at locations where no or rare surveying results are available, e.g. via shipborne equiomtis. purpose,

the CoVadeninitiative can be applied, which is aramercialmonitoring network comprisig a growing fleet of

over 200 vessels currently mapping out the latest data on depths and bridge clearances on the river Rhine.
Additional developments were carried out in the H2020 EU project PROMINENT twiheliéferent systems were
created for the determination of navigation conditions by shipborne measurements performed on board
commercial vessels. The first one was applied in three vessels sailing on the Rhine, the second one was applied
ten different pushed envoys sailing on the Middle and Lower Danubeth giving promising resultdemarding,
however, further activities for roltout.
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Usually, water level forecasts of only a few days e.g. one up to two days have been sate of the art. Within the
Horizon 202U project IMPREX, forecast products for the River RfindzN2 LIS Qa Y2 & Acdahnd2 NI |
the German parts of the waterways Elbe and Danube, covering different lead times have been developed by the
Federal Institute of Hydrology (BfG) of GermaRye forecast products available at the time of writing this report
comprise:

a deterministic 4day waterlevel forecast\ww.elwis.dg;

a probabilistic 1@lay waterlevel forecast deveped for the waterway Rhinevivw.elwis.ds;

a probabilistic Bnveeks prediction (BfG to be contacted, operational in July 2022);

a probabilistic treemonth estimate: still under research.

=a =4 -4 -9

The products developed by BfG constitute a remarkable step forward. However, it has to be noted that the
reliability and lead time of water level forecasts is depending on the characteristics and dynamics of the river and
its catchment, meaning that one fecast product working well for one river may not work well for another river.

In addition to improved watelevel forecasts, BfG provides a comprehensive Climate Change Service, available at
https://www.das-basisdienst.de/DABasisdienst/DE/sub2 bfg/bfg_node.html

Means for provision of the information to the users of waterways barNotices to Skippers, River Information
Services, wasites, ECDIS, and locks etc.

Riverengineering measures and novel approaches

Classical riveengineering measures comprise the installation of groynes, training walls, amdpripmongst
others, having an impact on the hydnsorphological characteristics of the river, e.g. sediment transport or water
flow velocity, and influencinigs and the fairways general dimensions, e.g. width and depth.

The following measures contribute to the improvement of navigation:

1 optimisation of existing low water regulation to increase its effectiveness, to reduce sedimentation in
groyne fields ando reduce maintenance efforts;

9 dredging and defined reintroduction of material leading to a sediment balance (sediment nourishment, see
also Nature Based Solutions);

1 relocation of certain sections of the existing fairway in order to make use of deepes fonravigation
purposes. This measure also reduces the requirement for dredging.

1 Granulometric riverbed improvement. The reduced transport of bed load also reduces the need for
maintenance dredging.

An approach deviating from classical reggineeringnstallations is currently being planned in Austria and deals
with the use of secalled "mobile groynes". In order to counteract the potential effects of climate change on the
waterway in the least invasive way possible, in harmony with nature and yatavibcus on optimal fairway
conditions, viadonau is investigating and testing a combined concept of-soaddl, dynamic measures. Flexible
hydraulic structures in the form of loaded hulls, e.g. lighters will be tested, which are strategically posititimed
vicinity of shallow areas in order to provide additional fairway depths in the event of low water by creation of higher
flow velocities transporting the sediment and gravel away from the shallow. The dynamics of the river ai@r used
this purposewhich may be considered also as Nature Based Solution. The idea is that in the case of low water, the
fairway depth can be increased with the help of the "mobile groynes", but in the case of high and normal water
levels (i.e. when the "mobile groynes" aretmeeded) the flow velocity is not unfavourably influencasl the
position of the groynes can be modified accordingly.

Nature BasedSolutions

Nature Based Solutions are not new. Mackin mentioned as early as 1948 in his "Concept of the Graded.River," " .
working with rivers rather than working on rivers ..." (Mackin (1948)). He described even at that time that all one
had to do was to take advantage of the natural processes of the river. This concept has several names meaning th
same: Nature Based Sahns, Building with Nature, Engineering with Nature, Natural Flood Risk Management, and
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several more. They have many benefits besides flood risk reduction: for example, in terms of agriculture, recreation,
and habitat in general. There are many guidelingth best practices and examples, but they are not yet widely
used. Ventures are often in a pilot phase and need to be scaled up to become mainstream. However, this is a rapid|
growing field in science and application. Nature Based Solutions are deBrmadasures reflecting a "working with
nature" approach; they mitigate flood risk while being ceffective, resourceefficient, and providing multiple
environmental, social, and economic benefits. The International Guidance Document on Natural andB¥atote
Features for Flood Risk Management was published in August 2021 (Bridges et al. (2021)). This document is a ve
comprehensive guideline providing practitioners with the best available information concerning the
conceptualisation, planning, desigangineering, construction, and maintenance of natural and nahaeed
features to support resilience and flood risk reduction for coastlines, bays, and estuaries, as well as river anc
freshwater systems. It contains five parts dealing with fluvial systéims not an instruction guide, but it offers
suggestions and insights into benefits and best practices, as well as an-steperhecklist for fluvial systems

In general, the solutions to be applied will be mixed solutions, i.e. gfeatural) green-grey, and/or grey
(traditional engineeriny If done in the right way, &y can contribute to overall welbeing. Nature Based Solutions

can be linked to the United Nations Sustainable Development Goals (SDG). However, for this purpose, impacts mu
be measurable and an assessment framework must be in place, alldanmgonitoring and makingdjustments.

A methodology to this effect was published in Andrikopoulou (2021).

Canals

In general, canals display rather constant navigation conditions as watss leemain almost constant and flow
velocities relatively low close to zero. The most relevant weather event is the occurrence of ice, which can result in
suspension of navigation extending over several days up to several weeks. With respect to thisisspugiected

that climate change will have positive effects, resulting in less frequent and shorter lasting ice élgrasgh

canals are expected to be rather insensitive to furtdeect climate change effectsn severe drought periods,
problemscan arise alsthere as they are fed by river water and extractions may take place for other economic and
societal functbns,and adaptation measures have to be takefor example, in thease of the new locks in the
Albert Canal in Belgiuftarge Archimedes screw pumps at six lock systeere installed In the case of a drought,

water is pumped upstream to replace the water lost by the ships passing through the lock. In the case of an exces
of water, mainly in winter, the pumps are usedaabypass and also generate hydroelectricity.

Ports

Climate resilience of ports is characterised by the ability to prepare for and adapt to changing weather conditions
and withstand and/or recover rapidly from disruptions, with the aim of ensuring coityimf services and
movement of goods to, from and through ports.

There is no single approach to climate change adaptation and resilience planning for inland ports. Inland ports sha
start by drawing up policies and strategies to identiiynate-change risks, and also come up with scalable action
plans that can be applied over time.

Climate change is the second environmental priority of ports after energy consumption, according t8 the 6
Environmental Report by the European Sea Portgfiisation (ESPO) published in 2021. In 2021, the share of ports
that are taking steps to strengthen the resilience of their existing infrastructure in order to adapt to climate change
remains stable compared to 2020 (65, #)d 53 % of them has alreadycéal operational challenges due to climate
change.Meanwhile, mrts put greater emphasis to climate change adaptation as part of new infrastructure
development projects

A comprehensive set of adaptation measures dedicated to ports is given in PIANC (2020)

Selected examples of implemented adaptation measures are given for inland ports in Austria, Croatia, Slovakia
Hungary and Romania, as wellthe Port of Rotterdam comprisingotlek and Vondelingenplaatvaalhaven and
Eemhaven arealerwe-Vierhaven are, Europoort andMaasvlakte.

PLATINAS 12



Recommendations for further development and research

With regard to policy needs, it is noticed that the amount of research and pilot work needed to test new solutions
for inland waterways to adapt to the changir@imate is underestimated when it comes to research and
development. The conduction of one research project, or the consideration of only inland waterways in the direct
hinterland of maritime ports is not sufficient in order to arrive at a climate resilidand waterway infrastructure,
although it constitutes one important step forward. Moreover, a continuous consideration of the topic is necessary
as the framework conditions are subject to continuous changes, new critical locations evolve, as well as ne
approaches adapted to local conditions can be developed.

As this report shows, meanwhilspmeresearch and development has been carried out. However, this mostly on

a local level, e.g. the KLIWAS programme for the German waterways, or Climate Réstliarks for the Dutch
waterways. A comprehensive picture with a common climate modelling basis is still missing, in particular for the
Danube region, calling for climate change projects on European level involving all relevant representatives of
memberstates concerned. The following items shall be considarsdi where possible more in detail on a local
level:

9 creation of a common data basis with respect to climate projections (temperature, precipitation, discharge,
gl GSNJ RSLIIKZ ¢ ( SiMpactsSefenadtNd inladdNGt&rwa) thanspoyt,Rhe environment
and possible users of waterways, as well as local economies, e.g. the Danube region which has not bee
considered yet;

9 forecasting for improved utilisation and management of the waterway: msitsn of existing leatimes
and improvement of reliability by deterministic shaerm predictions, as well as probabilistic r&m
and seasonal predictions (e.g. 3 month);

9 investigation of interrelations between developments of surroundings of watgswiandborne activities
and the ones on waterways, e.g. impact of water withdrawal for agriculture, or sealing of land in the vicinity
of waterways, etc.;

1 review, elaboration and testing of maintenance approaches with respect to their appropriatenebswand
they can be improved;

1 review of fairways and navigation channels, as well as evaluation where relocation of fairways and marking
are meaningful,

9 application of Nature Based Solutions:

0 promotion of main streaming;
o evaluation of which and where they doe applied, e.g. creation of natural canals in a river delta
with a lot of sedimentation;

1 development and testing of innovations e.g. flexible waterway infrastructure, eventually considering
lessons from the past

1 in general, research on river engineegiand waterway management options for provision of reliable and
predictable navigation conditions;

1 usage of aquatic and flying drones for collection of information on developments in fairways and wide

waterways at low water for determination of e.g. neautes suitable for navigation;

water management, extension of existing water reservoirs and implementation of new water reservoirs;
implementation of the floatingship-data approach, supporting waterway management, as well as
providing improvednformation on navigation conditions (water depth);

1 further development of information systems providing relevant information to operation of waterways and
navigation conditions to users of inland waterways;

promotion of integrative planning of infrastruate projects;

elaboration and initiation of measures for the reduction of administrative efforts with respect to
permissions requested for the implementation of infrastructure projects

= =

=a =

With respect to the adaptation of the infrastructure, a dialogue betw the industry, logistics, politics, and
environmental organisations, as well as regulations and funding for modernisation on European and national level
will be necessary. Proper cooperation between the different stakeholders and an integrated apfoaoping

with climate change is necessary, what for also the European institutions are needed.
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Figure 1: Compilation andgjections of low flow carried out fahe Rhine, Main and Upper Danube, presented for three time
periods 1982018, 20312060 and 2072100. Horizontal line in bar = median value (50 % of projections are above it and 50
% of projections are below it); strongly coloured bars = 15 % of projecfal below this area, 15 % of projections exceed this
area => 70 % of projections fall in this area; lightly coloured bars denote minimum and maximum values of all projdctions (al
projections fall in this range). Source: slide from Nilson and KIERRF20............ccuiiiiiiiiiiiieiiiiiieee e 5

Figure 2: Compilation andgjections of low flow carried out for the Rhine, Main and ¥ppanube, presented for three time
periods 19892018, 20312060 and 2072100. Horizontal line in bar = median value (50 % of projections are above it and 50
% of projections are below it); strongly coloured bars = 15 % of projections fall below thida8#sof projections exceed this

area => 70 % of projections fall in this area; lightly coloured bars denote minimum and maximum values of all projdctions (al
projections fall in this range). Source: slide from Nilson and Klein (2022)............cooiiiiiiriiiiiiiie e 28

Figure 3: Development of the number days with water levels above the highest navigable water levelgtéS#ited for the

Rhine and three time periods 19-2D00, 20312060 and 2072100. Source: slide from Nilson and Klein (2022).......... 31

Figure 4: Development of the number days with water levels above the highest navigable water levelgtéSstijed for the

Main and three time periods 1972000, 20312060 and 2072100. Source: slide from Nilson and Klein (2022)........... 31

Figure 5: Development of the number days with water levels above the highest navigable water leveldi¢S&jed for the
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Figure 7: The date of freeag and breakup (a) and the ice cover duration (days/winter) at Tulcea station, in the lower part

of the Danube basin. Blue arrows indicate the freapedates and red arrows indicate the breag dates. Source: lonita et.al
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Figure 9: Mediteranean: surface wind change (top: annual change, bottom seasonal change given all month of the year) givel
in percent. Comparison of lorigrm projections (2082100) with surface wind velocities in the period 1998014, using the
SSP8B.5 climate scenario and CMIP6 model projections. Source: IPCC, https://interataisépcc.ch/ , accessed 7.6.2022.
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Figure 10: Western and Central Europe: surface wind change (top: annual change, bottom seasonal change given all month ¢
the year) given in percent. Comparison of ldegm projections(2081:-2100) with surface wind velocities in the period 1395

2014, using the SSP5 climate scenario and CMIP6 model projections. Source: IPCC, https://intetattdisépcc.ch/ ,
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Figure 11: Northern Europe: surface wind change (top: annual change, bottom seasonal change given all month of the year
given in percent. Compans of longterm projections (208422100) with surface wind velocities in the period 1992014,

using the SSP&.5 climate scenario and CMIP6 model projections. Source: IPCC, https://interattdivépcc.ch/ , accessed
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Figure 12: Mediterranean: sea level rise change in metres. Comparison @étomgrojections (20822100) with the sedevel

in the period 199%, 2014, using the SSF5 climate scenario and CMIP6 model projections. Source: IPCC, https://interactive
atlas.ipCC.Ch/ , ACCESSEU 7.6.2022.......cceieieee it e e e e e e e e e ar e et eeeeeesssa s s estaeeeeeeaaaaeeeseaaansettaeeeeeaeaesensessannsnen 39

Figure 13: Western and Central Europe: sea level rise change in metres. Comparisosierhigmmjections (2082100) with

the sea level in the period 19952014, using theSSP8.5 climate scenario and CMIP6 model projections. Source: IPCC,
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Figure 14: Northern Europe: sea level rise change in metres. Comparison -¢édongrojections (2082100) with the sea
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Figure 17: Turning circles and 20/20 zigzag tests with a shipmo@2 y FARSY GA L £ 0 4 Mm:»3S wHm:3
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ESPO European Sea Ports Organisation

FDC_Q95 flow value exceeded in 95 % of time steps in a reference period

GHG greenhouse gas

GIw Gt SAOKGSNIAISNI 21 d3aSNRGFYRET Sljdzi

GLQ discharge corresponding to GIW

GMS large motor cargo vessel

GSM Global System for Mobile Communication

h hour, water depth

H water depth

HQ100 high-water discharge with a statistical recurrence interval of 100 years

HSW HNWL highest navigable watdevel
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ICPDR International Commission for the Protection of the Danube River

IPCC Intergovernmental Panel on Climate Change

IWT inland waterway transport, inland waterborne transport

JTF Just Transition Fund

km kilometre

kt kilotonne

kw kilowatt

LI length, litre

LNWL low navigable water level

LNQ discharge corresponding to LNWL

m metre

mbes multi-beam sounding

MDK Main-DanubeCanal

MW mean water level

NGO Non-Governmental Organisation

NHN Normalhéhennullthe height above sedevelis referred to tlis niveauin
Germany

NtS Notices to Skippers

OPEX operational expenditures

PCM project cycle management

Po delivered power

PIANC World Association for Waterborne Transport Infrastructure, established in
1885

RIS River Information Services

RNW LNWL

Q disdharge

Q20 dischargaundercut on average twenty times a year, similar to GLQ and LNQ

RCM Regional Climate Change Model

RCP Representative Concentration Pathway

S second

SB distance between echgounder and river bottom

sbes singlebeam sounding

SDG Sustainable Development Goals

SEA strategic environmental assessment

SSP8.5 unfavourable emission scenario used by the IPCC, -fassilbased
development

SWL distance between waterline and echosounder

t tonne

T draught

tdw deadweight in t

tkm tonne kilometre

UKC under-keel clearance

v velocity

VBD Versuchsanstalt fir Binnenschiffbau e.V.
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VITUKI Environmental Protection and Water Management Research Institute Non
profit Company of Hungary

WD water depth

WIFI Wireless Fidelity

ZKR CCNR

- efficiency

-0 propulsive efficiency

Km midship section area

°C degree Celsius
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The Horizon 2020 PLATINABNRE 2 SO0 LINPOGARSaE LI FGF2NY F2N GKS AY
NAIADES Il action programme (European Commission @02tledicated to inland navigation. PLATINAS is
structured around four fields: market (WR1lget (WP2)jobs and skis (WP3) anéhfrastructure (WP4).

The work packagé dinfrastructuré RS f & ¢ A (K @ infkBtradde®, skchaslSOia 2F (GKS
1 inland waterway and port infrastructure ready for a changing climate
1 alternative energy infrastructure along the waterwagd in ports
71 smart waterway and port infrastructure and managemgnt
1 barriers to infrastructure implementation and proposed solutions.

¢ KA& NBLRZNI I miRkBvatengs and fo$ infiaruciur® ready for a changing clifafe ¢ K A O K
Task 2.2 of PLATINA3 according to the Grant Agreement. viadonau leads the execution of this task. The objecti
according to the Grant Agreement i€ S@St 2 LIYSy G 2F | LINF OGAOFE Ay T2N
waterway and port infrastructure manags illustrating strategies to react to climate change based on current state
2F GKS NI yR 06Sad LINIY OGAOSa | yR LINBMERIE ik 2ng with the A y L
actions to be taken requested by NAIADES$EIropean Commission (2021Yalrlagship 1: Helping waterway
managers to ensure a high level of service (Good Navigation Status) along EU inland waterway corridors by 3
December 203X Moreover, the greater frequency of lemater events will require a ser development and raell

out of innovative, climatadaptable vessels able to sail with low water levels while minimising impacts on aquatic
ecosystemsHorizon Europe will provide support to adapt fleets to future environmental, climate, and safety
requrements and to develop and test new methodgafisport infrastructure maintenanceandupgradesin order

to improve safetyclimate resilienceand environmental impact (including air and water pollution and biodiversity)
and accommodateevolving transporimodeg. In addition, NAIADES Il refers the adoption of thetechnical
guidance orclimate-proofing (European Commission (20219) help promoters take into account climate and
environmental objectives when investing in transport infrastructureing #ésoconsideredn this report.

As regards the contents of this report to guide the reader:

1 Chapter 2 provides a comprehensive overview ofdeeelopments in meteorology and relevant weather
phenomenatill the mid and the end of this century (2050, 2100). In most cases, also results for the past,
e.g. the time period 1974 2000, are given. The meteorological variables considered comprise temperature
and precipitation. The evolution of critical weathghenomenarelevant to inland waterways and inland
waterway transport (IWT) is described for low water, high water, ice occurrence, visibility, wind and wind
gusts, as well as sea level rise relevant to sea ports. In general, the area considered isviEnritgenain
waterways where appropriate. However, the focus is onRtdneMain-Danube axis.

1 Chapter 3 gives a comprehensive overview of the impacts of climate change on the performance of inland
waterway transport, the infrastructure including waterwsagnd ports, as well as the economy relying on
inland waterway transportclarifying the complexity of the topic and highlighting the necessity for
adaptation.

1 Chapter4 summarises a greater number of different options for coping \tlith climate change ipacts
considered in Chapter 3, comprising climate proofing of infrastructure, adaptation planning for ports and
inland waterways, proactive waterway maintenance, provision of information fairways, river
engineering measures and novel approaches, NaBased Solutions, as well as measures dedictie
selected canals and porfEhe installation of new locks and daaosdnland waterways is acknowledged
as a measure for improvement of navigation conditions in general. However, the impacts on the
surroundings are of major significance and the politisatietaland environmentathallenges to be solved
as well as the achievement of a consensus between the different stakeholders to be inawdvied far
beyond the scope of PLATINA 3. Therefore, thigi$s not considered in this report further.

1 Chapters gives recommendations for further development and research.

1 https://platina3.eu
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1 A concise sate of the art on the topic and stakeholder input of the inland waterway transport sector became
available through the PLATINA8ge Event 3 (Brussels Sessions), see Annex

1 For a quick overview, the impacts of weather phenomena on inland waterways and inland waterway
transport are listed in Anne&, and possible adaptation measuraddressingports and inland waterways
are given in Annex 3.

1 While, according toKlein and Meil3ner (2017}he Rhine displays mainly twmajor bottlenecks for
navigation: one at Ruhrort and the other one between St. Goar and Mainz (reference gaunetka
Danube is charcterised by the presence of a great number of bottlenqussiblyvulnerable o climate
change effects. In Annex 4 an overview including a map is given based latesiterzersion of thd-airway
Rehabilitation and Maintenance Master Plan for the Danuhe its navigable tributariesipdate 2022)

Complementing existing researclnetreport is tobe taken as an information package displaying the most recent
developmens focussed on climate change and infrastructutdas not directly a guideline for wateray and port
adaptation asuch guidelineare already existing. Moreovgt can be taken as a guide to most recent guidelines,
complemented with selected examples for climate change adaptation deemed impprasisting thereby
waterway and port manags in their efforts to cope with climate change impacts.

Starting with the findings of the IPCC (Sixth Assessment R&PGIE (202)1,)and seeral EU projects, e.g. IMPREX,
ECCONEEWENT, MOWE &hd national projects, e.g. the KLIWAS programme (KL(20A5)) this report brings
together the knowhow gained from a review ofp@roximately 8@ublications The knowhow wascomplemented

by stakeholder involvement and reception of feedback realised through the organisation and conduction of the
PLATINA™ Stage Event (Brussels Sessions, 236 registiaditspresentingwaterway managers, 28 representing
national governments, 15 representimmrts, 19 representing intergovernmental organisatipnas well as the
involvement of the majority of the PLATINA3 Advisory Board from the beginning on of the creation of this
deliverable. The Advisory Board involved comprises the following organisations

Table 1: Members of the PLATINA 3 Advisory Board involved in Taski. 1 (Inland waterway and port infrastructure ready for a changing climate ).

European Federation of Inland Ports (EFIP) Turi Fiorito

International Sava Riv@asin Commission i;St212 aAftl120A0
Dusko Isakovic

CBR Adri van der Hoeven

European Barge Union (EBU) Theresia Hacksteiner

Ministry of the Sea, Transport and Infrastructure Duska Kunstek

(MMPI)

German Federal Ministry for Digital and Transport | Muhammed Elemenler

(BMDV) Peter Segieth

Ministry of Transport and Construction Slovakia |{ 2z WI N2 OA | 2 Ot
(MoTCS)
Ministry of Transport Romania (MoJR Cristina Cuc

Ministry of Infrastructure and Water management | Gert Mensink
The Netherlands (Ministerie 1&W)

University Antwerp Edwin van Hassel
Development Centre for Ship Technology and Benjamin Friedhoff
Transport Systems (DST)

Deltares Rolien van der Mark

In addition,comprehensivanput and feedback on the contents elaborateds obtained from Enno Nilecand
Bastian Klein from the Federal Institute of Hyldgy of Germany (BfGas well as Karin de Schepper from Inland
Navigation Europe (INE)The feedback received andecommendations for improvement are gratefully
acknowledged.
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2.1. Meteorological variables

2.1.1. Temperature

With respectto future temperature developments for the area of the European inland watervthggesultsseem
to bevery similaboth overtime and on average. Looking at the regional impacts of climate change on temperature,
a somewhat more heterogeneous picture emerges.

Already in the KLIWAS final rep@KRLIWAS (2015i)) which mainly the rivers Elb&hine and Danube within the
German mtional border were investigated, relatively clear warming tendencies could be identified. According to
the report, an average temperature increase of +1 to +2 °C is to be expected for the Elbe catchment area for the
near future (2021 to 2050), and +2.5 @ °C for the distant future (2071 to 2100). The values for summer and
winter are very similar in this case. For the air temperatures in the Rhine catchment area, an increase of up to +2.
°C is expected in the near future (2021 to 2050). In the far &ufR071 to 2100), a further increase is expected. In

the case of the Danube catchment, similar to the Elbe, very comparable \aakiesportedwhen looking at the
predictions for summer and winter. On average, a temperature increase of +1 to +2 °Cdtedxpe the near

future, or +3 to +5 °C for the distant future.

In their revision and update of the Danube study, Mauser g8i18)conclude that, as in the first Danube study,
temperature increasés more drastic, especially Bouth-easternEurope.ln general, the results of the previous,

first Danube study have been confirmed. However, smaller but subsequentigigoificant deviations from the

first study were found, which can be explained by the different scenarios assumed and by the prdjeations.

As already presented in the first Danube study, the findings coincide that air temperature is likely to increase in the
future with a gradient from northwest to southeast in the Danube River Basin, both in the annual mean and at all
seasons. Fahe future period from 2021 to 2050, the annual mean temperature is projected to increase between
0.5 °C in the upper basins and up to 4 °C in the lower basins of the Danube River Basin. For the distant future 207
to 2100, an increase between 1°C in sopats of the upper basin and 5°C in the middle and lower basins is
projected. Studies with recent and higlsolution regional climate models show that large differences are
projected even within the Danube riparian countries. This is especially truedatrges with large mountain ranges

such as Austria, Croatia or Romaniais suggests thainly usingthe temperature mean for the whole country

does not seem appropriate.

The Climate Change Adaptation Strategyhe ICPDRICPDR (20193)so analges and compares the results of the

two Danube studies and confirms the trends identified by Mauser et al. atsauded for the Danube study shew

a regionally varying increase in mean annual air temperature between 0.5 °C and 2.6 °C by-21# ceiutury.

The increase reported in these documents is expected to level off at values between 1.8 °C and 5.4 °C by the en
of the century. Modelling results from the EURI®RDEproject show an increase in annual mean temperature

for the near future period (to 2050) under RCP4.5 of +1.1 °C and +1.5 °C and for the far future period (to 2100) o
+2.0 °C and +2.6 °C compared to the 12810 reference period. The ranges for tempeirat increase under
RCP8.5 are +1.3 °C to +1.7 °C (by 2050) and +4.0 °C to +5.0 °C (by 2100). The analysis of modelling results f
EURGCORDEX also provide a more nuanced view regarding the spatial heterogeneity of the range of temperature
increase, showig pronounced warming hotspots in the Alpine region &odth-easternEurope

In their case study othe climate change adaptation strategy for the Danube River Basin, Mair and Vasiljevic
examined a total of 59 projections and stud{&4air andVasiljeviq2020). All of them indicate that temperatures
will increase during this century. Both annually and per season temperatures will rise, although the models for
winter show relatively large uncertainties. Again, the tendency for temperatures to risesifisnas one moves

https://www.euro-cordex.net/index.php.er
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from the northwest to the southeast of the Danube River Basin. Mair and Vasiljevic were also able to determine,
despite considering climatimfluencing factors such as elevation, mountain ranges, and oceans, that future trends
for all regions in the Danube River Basin are very similar and show warming on average.

At the third PLATINAStage Event iBrusselsProf. Wolfram Mauser from Ludwig Maximilians University (LMU) in
Munich summarized the current research situation for the Danubhis presentation "Climate Changedahe

Danube River Basin". The most important finding is that each additional ton of greenhouse gas emitted in the future
leads almost linearly to a change in climate drivdauser (2022))This means that globalidace temperature

will increase correlatively with cumulative CO2 emissions. He also emphasized that global climate changes can diffe
significantly by region. For example, for the Danube River Basin, it can be said that a 2 °C increase in global avera
temperature means a regional temperature change ef/3C.

In summary, it can beoncludedthat the global average temperature will increase significantly by the end of the
current century.How much theexactincrease will be cannot be said with 100rpent precision, but there is very

high agreement in the scientific community thie climate will becomavarmer. The different studies further
suggest that this warming will have different regional impacts. While the temperature increase will be drahual

the northwest toward the southeast, it appears that global warming will also have a greater regional impact on the
Danube River Basin thamthe global average

2.1.2.Precipitation

In the case of precipitation, no such unequivocal results careperted compared tothe temperature. Although
it is expected that climate change will have a major influence on the amount and frequency of precipitation, it is
difficult to make exact predtions in that field.

In the final report of KLIWAELIWAS (2015)precipitation isalso examinedn the same way atemperature.

Special attention is paid to the German rivers Elbe, Rhine and Danube. In the area of the Elbe, no clear trends al
discenible for precipitation in the near future (2021 to 205@hetherin winter or in summer. In the distant future

(2071 to 2100), a decreasing trend for summer precipitation and an increasing trend for winter precipitation are
discernible. A similar picturean be seelin the Rhinearea Here, too, the projections for precipitation in the near
future (2021 to 2050¥0 not show clear trendsneither in winter nor in summer. In the distant future (2071 to
2100), on the other hand, a decreasing trend is expgdtad summer precipitation and an increasing trend for
winter precipitation. The forecasts for the Danube are almost identical. For precipitation in the near future (2021
to 2050), no clear trends are discernilsleither in winternor in summer. In the diant future (2071 to 2100), a
decreasing trend for summer precipitation and an increasing trend for winter precipitation are discernible.

In the revision and update of the Danube stuyf§auser et al. (2018)Xhe authors are more specific. Since the
Danwbe basin is located in a transition zone between increashaytfiern Europe) and decreasin§o(ithern
Europe) future precipitation, only very small changes in precipitation are to be expected on average. Therefore, the
mean annual precipitation sum showden remain almost constant. But in comparison to the first study models,

it becomes apparent with much greater clarity that there will be an intensification of seasonal precipitation
changes. Most likely are a strong decrease in summer precipitatioraarnidcrease in winter precipitation. In
particular, in thesouth-easternparts of the Danubeiver basin, the results of the second Danube study show a
reduction in precipitation by about 2% respectively 486 for the end of the century. It also appeahatt the
summer precipitation decrease is expected to be more pronounced in the Alps (Upper Damubasin). Despite

the high spatial variability, summer precipitation is expected to decrease and winter precipitation to increase on
average.

The authorsof the ICPDR Climate Change Adaptation StratEgyDR (2019¢pme to similar conclusions. It is
assumed that in the future wet regions will become wetter and dry regions even drier. According to the analysis of
both Danube studies, it can be assumedtttieese effects will be felt more drastically in the second half of the
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current century than in the first. Although mean annual precipitation is likely to remain nearly constant in many
regions, a trend toward more precipitation than in recent decade$iénrtorthern parts of the Danubéver basin

and less precipitation in the southern partsliscerniblefor the next few decades. The general trend of wet regions
becoming wetter and dry regions drier is also reflected regionally in the Alpine regimre the already drier
southreasternpart of Austria will in all likelihood become drier. However, the most visible change is projected in
the seasonal precipitation distribution. Across the Dantilser basin, the summer months could become drier by

up to 58% on average and the winter months wetter by up td?84Regionally, however, these numbers may differ
again significantly. The most significant trends are increasing winter precipitation in mountainous regions and
decreasing summer precipitation irgions that already experience relatively little precipitation. On the other
hand, there are regions where summer precipitation is expected to increase due to increased frequency of
thunderstorms and short heavy precipitation events. However, probablytdl@&ge spatial differences, in most
simulations the predictions for future precipitation are less accurate than for future temperature changes. Data
from the EURGCORDEX initiative nevertheless provide a detailed picture of spatially distributed tFandbie

winter, for example, higher temperatures affect the cryosphere. Overall, the snow season could become shorter at
all altitudes in the future. This is due to a number of developments, such as an increasingly early onset of snowmel
and an increaseiirainy days compared to snowfall days. However, these developments are not set in stone. Some
results cannot confirm this trend. For some mountain areas, there is no clear trend or even an increase in snowfal
due to a possible increase in winter precipibn. However, the results concerning the future of glaciers in the
Danuberiver basin are clear. Climate change leads to the complete disappearance of all glaciers in the Middle
Danuberiverbasin to a very drastic decrease in the Alpine part of the Up@mubebasin by the end of the century.

Prof Mauser made the following comments on precipitation patterns at the third PLATBtAge EventMauser

(2022)) according to him, precipitation changes are much more complex than temperature changegit@ieai
amounts will change in the future and seem to change more and more intensively due to increasing global warming.
Since the Danubbasin is in the border zone between an increase and a decrease in precipitation, it is difficult to
make general st@&ments about average precipitation amounts for the Dantiteer basin. One of the reasons why

it is so difficult to make predictions is also because there is no consistent picture of temperature increase values
from national adaptation studies, but availaldata indicate that the average regional temperature increase in the
Danuberiver basin is largely consistent with global patterns dani about twice the global average. Studies of
precipitation patterns conducted in the 2010s do not show a cleaupctPrecipitation patterns are complex and
uncertain. They show an increase in winter and a decrease in summer. However,Ntidthe andLower Danube,

a seasonal perspective far into the future is lacking. Nevertheless, there seems to be agreemesuinther
precipitation will decrease in thesmuth-easternDanube regions.

In summary, it can be said that the statements on the future change of precipitation are much less accurate than
those on the future change of temperature. There is a small consensus that, at least in the Diarubasin,
summer precipitation will deciase and winter precipitation will increase. However, even these statements are not
universally valid. Due to high regional differences and a lack of nationally available data, especiaBpdtbm
easternEurope, it is very difficult to predict the futuprecipitation change for the whole continent.

2.2. Critical weather phenomena

2.2.1.Low water

Typically, lowflow events or hydrologic droughts are seasonal phenomena, as they often occur after periods of low
precipitation, higher temperatures, and thus higher esipnspiration levels in precipitaticdominated flow
regimes ("summer lovilow") or when precipitation is stored as snow in srdaminated flow regimes ("winter
low-flow"). Both types of low flows result in a decrease in water stored in soils and groterdaguifers and a
decrease in river flow. These low flow events generally occur during months when mean monthly flows are already
lowest at present(Kleinand Meif3ner (2017)) In the context of climate change, both the usual frequencies and
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durations and the seasonal distribution of lavater days appear to be changing, resulting in changes to the inland
waterway that are relevant to navigation.

Thetechnicalreport (ECCONEZ({12 a))f the FP7EU project ECCONET mainly investigates the impact of climate
change on the rivers Rhine and Danube. Thereby, flow regimes from the pastA0@5pas well as flow regimes
predicted by simulations for the future (until 2100) were obsehand compared.

In the past, hydrological low flow indicators point to a general increase in the occurrence of low flows along the
entire Rhine. In the first half of the 2@entury, the winter season was the season with the lowest discharges. In
the recent past, however, the situation on the Middle and Lower Rhine has changed. In general, however, there
have been rather few low water events on the Rhine that have affected navigation. Since the 1970s, the number of
days below the FDC_Q95 threshold (ithose discharge rates that were equal to or exceeded 95% of the time
during the reference period from 1961 to 1990) has decreased at the Kaub and Ruhrort gauging stations. Beginnin
in the early 1990s, there was a decade with only a few days belowhtieishold at the respective gauging stations.

The year 2003 was the first year in which longer low water events occurred again.

At the gauges studied on the Danube (Hofkirchen, Germany; Vienna, Austria; Nagymaros, Hungary), similar trenc
as on the Rhine &re observed in the 20century: low water discharges generally increased, especially in the winter
season. Similar to the Rhine data, a decrease in days below FDC_Q95 is evident from the 1970s onward. Ti
following decades are characterized by a notidgdtw number of underflow days. The low water period of 2003
shows on the Danube for the first time a number of days below the threshold comparable to periods before the
1970s. At the gauge Hofkirchen, however, a comparatively high number of days beldlwdbhold was already
reached in the 1990s.

For the near future (through 2022050) at the Rhine, most discharge projections indicate that the number of days
below the FDC_Q95 threshold will remain in the range observed since the 1950s. For thdutistarf20712100),

a much wider dispersion of results is evident, but trends do emerge. An increasingly pronounced shift of the low
water season from the winter months to the summer months seems as likely as an increase in the intensity and
duration of these lowwater periods.

On the Danube, the data were collected monthly. The results are therefore not fully comparable with the
evaluations for the Rhine. Nevertheless, the main trends of change can be identified. The majority of the projections
for the rear future (20212050) show an increase in the number of months below the threshold mFDC_Q95
(compared to the reference period 1961 to 1990). Again, the far future 20DD) shows much greater dispersion,

with a large majority of projectionsignallingthat the current low water threshold will be underrun more
frequently. According to projections, the Danube also experiences a shift in thdlomwperiod and an
intensification trend in terms of duration and intensife CCONKZ20123)

In the KLIWAS fah report (KLIWAS (20215))e Elbe, Danube and Rhine rivers were examined with regard to low
water forecasts. According to the report, the mean annual discharges of the Elbe will hardly change in the near
future (2021 to 2050). Considering summer and efrgeparately, a tendency towards decreasing discharges can
be seen in the summer half of the year, while inconsistent changes are projected for the winter half of the year.

In the distant future (2071 to 2100), the difference between summer and wintareséers becomes more and

more pronounced. Then, both the projections of the mean annual discharges and even more those of the summer
half-year show predominantly a tendency towards decreasing discharges. For the wintgeaathere are no

clear predictbns even in the distant future.

Also on the Danube, the mean annual discharges hardly change in the near future. If summer and winter are
considered independently, predominantly inconsistent changes are projected in the winteraseoml period.
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Exceptims are the Inn and the gauges influenced by the Inn, where rather increasing discharges are projected. In
the summer haklyear, a general tendency towards decreasing discharges can be observed.

In the distant future, according to the projections for theam annual discharges, the difference between summer
and winter halfyear will increase, with decreases rather than increases predicted for the annual mean. Only the
Inn itself will then tend to show higher discharges in winter.

For the Rhine, the vast rjuity of projections show increasing mean annual discharges in the near future, with the
increase being mainly due to increases in the winter-haér with inconsistent changes in the summer fyaér.

In the far future, according to the projections, tbéference between summer and winter haléar increases, with

slight decreases and increases in the annual mean projected at about the same rate, except for the Lower Rhine
(KLIWA$2015))

In the Technical report of the H2020 project IMPREXin and MeiR3ner (2(07), the authors describe the reasons
and conditions for low water events on the rivers Rhine, Danube and Elbe. In summary, the following
hydrometeorological conditions lead to extreme low water events for the considered basins:

9 precipitation deficit over a large period of at least 6 months
1 high temperatures over a long period of time
1 high evapotranspiration values due to higher temperatures

Aboveaverage extreme lowater events in the study areas, which the authors used for closer examination, were
those from the years 2003, 2005, 2008, 2011, and 2015. Based on the courses of the extrema¢doavents of
2003 and 2015, the conditions leiad to lowwater events can once again be clearly seen.

The extreme low water event in 2003 was followed by a heavy rain period with high water in January 2003 on the
three waterways considered. It was caused by a large precipitation deficit in thedderio March to September

and the exceptionally hot summer of 2003, which was characterized by extreme temperatures for the months from
June to August. These two months were 5 °C warmer than the-198Q average. High evapotranspiration values,
were the onsequence in all river basins. On the Rhine waterway, minimum water levels were observed at the end
of September 2003. At thpper Danube gauge Hofkirchen, minimum water levels were measured at the end of
August. At the Kienstock and Nagymaros gauges|ditv water event lasted until the end of 2003. On the Elbe,
extreme water levels were observed at the end of August, but as at the Kienstock and Nagymaros gauges, the evel
lasted until the end of the year.

The last of the droughts examined in Europe wed in 2015, which, with reduced discharge values from June to
the end of November on the Elbe and from August to the end of 2015 on the Rhine and Danube waterways, wa:s
one of the most severe droughts since 2003. The summer was characterized in mangffi2entral and Eastern
Europe by exceptionally high temperatures with correspondingly high evapotranspiration values and reduced
precipitation. Maximum daily temperatures in most of Western Europe were on average 2 °C warmer than the
seasonal average (I%2000). In the east, this value was as high as 3 °C above the seasonal(iKie@rand
Meissner(2017))

According to the Danube Study revisidhauser et al. (2018)klimate change impacts will vary across the Danube
river basin regions, and almostlalater-related sectors are likely to be affected by changes in temperature and
precipitation. These changes are likely to reduce water availability with changes in seasonal runoff patterns, mainly
triggered by reduced snow storage, strong seasonality@fipitation, and increasing evapotranspiration. The main
reasons for quantitative changes in water availability are the significant increase in temperature and changes in
precipitation, groundwater recharge, soil water content, and glaciers. In termgtofrae events, droughts and

low flows in the Danub&ver basin are expected to become more intense, prolonged, and frequent, as highlighted
in the first study.
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In the Climate Impact and Risk Analysis 2021 for Gernm(amgweltbundesamt (2021a)), the Germa
Umweltbundesamt (Federal Environment Agency) concludes that for companies operating and using shipping, low
water-related depth bottlenecks and associated unloading restrictions are often more relevant tharélaoed
restrictions due to their longeduration.

The evaluations on the influences of climate change on waterway management as well as navigation are based o
projected time series of daily discharges. These were simulated using the L-RESAMter balance model based

on 16 climate projectios for the RCP8.5 (RCP = Representative Concentration Pathway) scenario in a five by five
kilometer grid. The indicator used here is the mean annual number of days with runoff below\atewthreshold.

As a threshold value, a discharge is chosen thatdercut on about 20 days per year in the reference period 1971

to 2000 (Q20 of the reference period 1971 to 2000). At this reference water level, which is undercut on a statistical
average of 20 (ic&ee) days per year, the target depth of the navigatitrannel is still guaranteed.

For the optimistic case (Y5ercentile of RCP8,fower area of lightly coloured bars in Fig, Rardly any relevant
changes compared to the reference period can be observed for the middle of the century. On the MaiHtaaan

Rhine up to the Dutch border and on the Moselle, an average of 20 to 28 days below the threshold is projected. Fol
the remaining waterways, no increase in days below threshold can be detected. In contrast, a general increase il
days below thresholdan be seen for the pessimistic case(@&rcentile of RCP8, bipper end of strongly coloured

bars in Fig. 2 Most waterways fall into the 20 to 28 day category under these conditions. Somewhat larger changes
(28 to 35 undershoot days) are projected fections of the Moselle, the Neckar, and the Rhine. For the Main River,
no changes are recorded compared to the reference period.

For the end of the century, in the optimistic case, an increase in the number of days below the threshold is only
discernibbe for a few waterway sections. This applies to the Moselle and the Middle and Lower Rhine, which
predominantly fall into the category of 20 to 28 days below threshold. For the remaining waterways, no changes
can be observed. In the pessimistic case, thmber of days below the threshold increases significantly. On most
waterways (the Elbe, the Weser, the Ems and the Main), the threshold value, which is undercut on 20 days in the
reference period on a lonterm average, is undercut on 28 to 35 days. Howethee focus for this indicator is on

the Rhine and the Danube. In the pessimistic case, the threshold value is undershot here on 42 days and mor
compared to 20 days in the reference perigdmweltbundesam{2021a))

At the third PLATINA 11l Stalgeent in Strasbourg, Dr. Bastian Klein from the Federal Institute of Hydrology (BfG) in
Germany spoke about the risks of climate change on German water(idilgon and Klein(2022). Climate
projections of the Rhine, Main and Danube rivers from the ye@Bl 20 2060 show large uncertainties when it
comes to predicting how often the Q20 value (those water levels that were undercut twenty times in the
comparison period from 1971 to 2000) will be undercut on these three rivers and a total of 8 gaugingsstation
contrast, the summarized projections from 2071 to 2100 show a much clearer picture. The days when the Q20
value is undershot will be much more frequenee figure below.

Another effect presented by Prof. Mauser at the third PLATINA 3 Stage ExarggiM2022)) that will influence
future runoff concerns water withdrawals from rivers. As future temperature increases and longer or more frequent
dry periods in the summer months lead to more irrigation demand in agriculture, water withdrawals frors river
are also likely to increase. Models show the hypothetical impacts of irrigating all currently existing maize fields in
the Danube river basin. The results show almost no flow changes in the Upper Danube basin, but a nearly 60 ¢
reduction in summer flowtathe mouth of the Danube
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Figure 2: Compilation and projections of low flow carried out for the Rhine, Main and Upper Danube, presented for three time periods 1989 -
2018, 2031-2060 and 20722100. Horizontal line in bar = median value (50 % of projections are above it and 50 % of projections are below it);
strongly coloured bars = 15 % of projections fall below this area, 15 % of projections exceed this area => 70 % of projections f all in this area;
lightly coloured bars denote minimum and maximum values of all projections (all projections fall in this range). Source: slide from Nilson and
Klein (2022).

In summary, it can be said that low water periods on European waterways will in all likelihood occur more frequently
and last longer in the future. The seasons in which these periods occur more frequently may also shift from the
winter months to the summemonths. Reasons for all these changes, among others, are likely to be the higher
average temperatures and the resulting increased evapotranspiration values. Another effect that is conducive to
low flows is precipitation deficits over a longer period ofi¢i. The extent to which this effect affects future low

flow trends is also subject to great uncertainty due to the uncertainty in the field of precipitation forecasting. One
effect that has so far enjoyed rather marginal status in the literature, but wbichd promote low water in the
future, especially irfoutheastern Europe, is water withdrawals. Overall, the forecasts indicate that low water
periods will change little until the middle of the current century, but there are increasing indications thatamod

longer low water periods are to be expected towards the end of the century.

2.2.2.High water

Highwater events can also lead to navigatioglevant restrictions on the European inland waterways. Although
the economic consequences are not as serious aselod lowwater periods due to the duration of these events,
they are nevertheless relevafUmweltbundesam{2021 a). Not only because theigh-water situation is expected

to worsen by the end of the century due to climate change.

Thetechnicalreport of the FP7EU project ECCONECCONET (2012 dghals, as already explained in the section
"Low Water", with observations from the recent past (1952005) as well as projections extending to the year
2100. Also when it comes to researching the otherexie, namehhigh-water situations, the two rivers Rhine and
Danube are treated as research objects.

In the observation period from 1950 to 2005, winter is the season with the highest discharges on the Middle and
Lower Rhine. The annual maxima increastecdily over the entire 20century. The reason for this is almost solely
an increase in the maxima of winter discharges. Overall, however, it can be stated that the number of days with
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restrictions for navigation varies considerably during the obseswaperiod and between the representative
gauges Kaub and Ruhrort. The number of days with navigegiemant restrictions due to high water is significantly
higher for Kaub than for Ruhrort. However, clear trends or tendencies cannot be derived frondtiase

In the 20" century, increasing discharge maxima can be observed for the Danube at the gauges Hofkirchen anc
Vienna. The Nagymaros gauge, on the other hand, shows a slightly decreasing trend. However, these trends do nt
reflect the number of daysvith high-water-related restrictions for navigation in the period 192005. A closer

look at the Hofkirchen and Vienna gauges does not show a clear trend of increase or decrease. While the Hofkirche
gauge shows patrticularly high daily discharges in wjritether downstream at Vienna and Nagymaros the winter
maxima tend to be lower than the summer maxima.

The projections for the Zicentury on the Rhine indicate increasing flood discharges. A large part of the discharge
projections and most of the stistical indicators show an aggravation of the flood situation for the near and distant
future compared to the reference period on the Middle and Lower Rhine. There are many indications that there
will be a higher number of days with restricted navigatiorhe future than today. Most forecasts are in a range
between 11 and 20 days. For the distant future, the range of results is much wider. Again, a majority of the
projections show more days above the threshold. However, the range here goes from aselayasper year to

as many as over 30 days per year.

Due to a lack of data, no comparable projection can be made for the Danube. The statements from the literature
are ambiguous. For examplBankers et al. (200%oncluded that the flood hazard in largarts of theUpper
Danube catchment could increase in the period 2@700 compared to the period 1961990.Prasch and Mauser
(2011)found regional differences with increased HQ100 flood events in the upper Danube reaches and alpine
valleys, but almost unchanged flood conditions on the main Danube river in Germany in the perio@928Hnhd
2036:2060 compared to the reference perid®71-2000.

In Austria,Bléschl et al. (20113tudied different processes generating HQ100 floods under changing climate
conditions. Compared to the reference period 12@7, they found regional differences with presumably higher
discharges in 2022050in the north and northwest of Austria and less pronounced changes in the rest of the
country. In addition, the authors find shifts in the seasonal occurrence of fl@admt et al. (2006@¢xpect more
frequent floods in winter, but the data do not shovelear trend in the magnitude of flood events. In summary, the
ECCONET report does not provide a clear picture of the future development of the number of days with restricted
navigation caused by floods on the Upper Danube. However, for the2ifidentury, the changes seem to be
comparatively moderate(ECCONKZ012a))

In the KLIWAS final repdi€LIWAS (2015)he rivers Elbe, Danube and Rhine were investigated. According to the
projections for the Elbe, depending on the gauging station, the developmil be partly inconsistent and partly
slightly decreasing. For the Danube, small but frequent respectively annual floods will tend to stagnate on average
in the near future at the gauges above the mouth of the Inn, and the frequency at the gaugendsfiiby the Inn

will tend to decrease. These trends will intensify towards the end of the century. On the Rhine, floods occurring
frequently respectively annually will tend to increase slightly on average in the near future and somewhat more
strongly in he distant future. An accumulation of exceedances of critical thresholds is to betegpe

Klein and Mei3ner (203 conclude that the main drivers bigh-water situations on major inland waterways are
large-scale precipitation over several days, whistpartly enhanced by snowmelt. Exclusively smelated spring

floods that occur without significant precipitation input, only due to warmer temperatures, do not usually lead to
traffic-impeding high waterson central European waterways. Also, srebale and / or shortterm heavy
precipitation events, which can cause severe floodihgmaller rivers, typically do not have a significant impact on

the larger rivers such as the Rhine. To cause a major flood in a large river basin, two main factors ragst Anter
triggering hydrometeorological event such as intense precipitation as well as basic hydrological conditions of the
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catchment area such as a snowy winter season or extensive land sealing triggered for example by intense frost c
the previous days. Heever, the intensity of the floodf a large main river also depends to a large extent on the
temporal interaction of the floodsfdts feeding rivers.

It was observed that at the gauges Kaub and Ruhrort the Middle and Lower Rhine showed a pronoutered win
tendency with respect to floods in the observed period from 1981 to 2015. At the gauge MiaiaeiUpper Rhine

there is no such clear behawoof the discharge maxima with respect to the season. Discharge maxima occur here
both as winter events anchilate spring or early summer. Also along the Danube, no clear seasonality can be
observed with regard to the annual maximum amounts. Events with high precipitation amounts in autumn and
summer alternate with floods in spring which are mainly caused bwsredt. The Elbe, on the other hand, shows

a comparatively clear flood seasonality with a strong tendency towards winter. Although the analysis of floods
generally shows a tendency towards winter floods, the most extreme flood events of thesesh@lgriodoccured

in the summers of 2002 and 201&leinandMeif3ner(2017))

In their climate impact and risk analysi®mweltbundesamt (2021 J) the authors of the German
Umweltbundesamt note that navigation restrictions resulting from exceedinchipbkest navigation water levels
are, on average, of significantly shorter duration than-eater-related restrictions. The 2013 flood represented a
rare extreme, with a duration of restrictions of close to two weeks. For inland navigation, high wates even
therefore considered less relevant compared to low water situations.

The evaluations on the influences of climate change on fledated navigation restrictions are based on
projections of daily discharges, as are the evaluationdoanwater-related navigation restrictions. The mean
annual number of days with discharges above a flmdted threshold is used here as an indicator of floelhted
navigation restrictions. The threshold value chosen is a discharge that is exceedeerageaon about four days
per year during the reference period 1971 to 2000.

In the optimistic case (15percentile of RCP8.5), there are hardly any changes in days above the threshold for the
middle of the century. Threshold exceedanoéfive to severdays are projected for the Rhine between Mainz and
Koblenz, as well as for the Ems and the Havel, which means a slight increase in exceedance days. The pessimi
case (85th percentile of RCP8.5) results in seven to 14 exceedance dayscantuig foralmost all observed
waterways. Exceptions are the Neckar, the Moselle and the Danube below the mouth of the Inn.

Also for the end of the century, minor changes are to be expected on most waterways in the optimistic case. For
the Middle and Lower Rhine agll as for the Elbe from the Saxon state border, there is a moderate increase to
five to seven days above the threshold. For the pessimistic case, the number of days above the threshold increase
at all waterways by the end of the century. In most casesgedances occur on seven to 14 days, but individual
sections, for example on the Elbe, also fall into the category of 14 to 21 exceedance days. Isolated sections in th
waterway system around Berlin show an even higher number of exceedance days. Hahevalidity of these

data is questioned due to the lack of water management measures in the calculation model used.

In their climate impact and risk analysis, the authors conclude that ffetaded shipping restrictions on German
inland waterways mawcrease in the future due to climate change. However, the restrictions are of less importance
in purely economic terms compared to lemater events, as these are of much shorter duration. thermid-
century, only minor changes in exceedance days are ¢éggéa the optimistic scenario. In the pessimistic case, up

to 14 days above threshold are projected. No significant changes are projected for the end of the century in the
optimistic case either. In the pessimistic case, there are no further changes cefripamid-century, apart from a

few exceptiondor most waterways(Umweltbundesam({2021 a)

Bastian Klein presented his view of futurigh-water events at the third PLATINA IIl Stage EYBiison and Klein
(2022)) The projections for the years 20812060 as well as for the period 2071 to 2100 show a significant increase
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in highrwater days. This trend is observable for the Danube, Main and Rhine,rsaadigurs below. It should be
noted that the projection data are compared with simulation ditam 1971 to 2000. The actually observed days
on which there were navigatiorelevant restrictions due to flood events approximately coincide with the
simulations and suggest that the projections also have an acceptable accuracy.

10 ) " Observed 1971-2000
°T — Simulated 1971-2000
8T —— — Projected 2031-2060
7+ — Projected 2071-2100
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Figure 3: Development of the number days with water levels above the highest navigable water level (HSW) , presented for the Rhine and three
time periods 19 71-2000, 2031-2060 and 207212100. Source: slide from Nilson and Klein (2022).
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In summary, for the futurdigh-water situation on European inland waterways, the picture that emerges from the
data is not a clear one. Although trends can be identified that suggest a shift in seasonality in the occurrence of
highrwater events towards the winter months, accurate forecasts imcreasingly difficult to make the further one

looks into the future. Due to the hydrometeorological changes influenced by climate change, it can be assumed
that on average the number of days on which there will be navigattevant restrictions duea high waterwill
increase. At migcentury, the changes are expected to be moderate but significant. Towards the end of the century,
the dispersion of the results will be larger, but here, too, the trends point in the direction of an increase in the
numberof high-water days.

2.2.3.Ice

According tcKlein and MeiRner (201,Miver ice is caused by persistently low air temperatures over several days in
combination with low flow velocities. Therefore, canals and dammed rivers are particularly affected by river ice.
Artificial influencing factors are heat and salt inflows from power plants and industry. Isetiion mainly the
climate changeelated influences on river ice formation and the associated navigatitavant restrictions on
waterways are highlighted.

There are different recording criteria into which river ice can be divided. The technical report of HiJRRBject
ECCONHECCONKEZ012 g) considers river ice from the point of view of its importance for the navigation fairway,
as it is the most revant information for navigation. For the observation period, the focus is on whether the
navigation channel is closed or not.

The sum of days between November and March when temperatures below 0°C are measured is typically used as
proxy for the intensity of a winter season associated with the disposition to ice formation on standing water (e.qg.,
lakes). Here, this proxy is ustmindicate changes in the disposition to ice formation on the RMiaén-Danube

Canal, which has a comparatively low water velocity. The ECCONET report indicates that there is a correlatio
between the sum of winter temperatures below 0°C (measured irehberg) and the number of days the Rhine
Main-Danube Canal is closed due to ice formation. For the future, daily temperatures are extracted from 28 regional
climate models in an area around the RhiMain-Danube Canal. The authors calculated changesnmultadive
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negative daily temperatures in winter (November to March) as an indicator of changes in ice disposition. The
validation performed shows that the observed value of river ice proxy is weakly reproduced by some climate
simulations in the control pesd. Many models tend to overestimate air temperatures and consequently the
disposition to river ice formation is underestimated according to the ice indicator. By choosing change signals, the
authors partially circumvent this problem because the referefmethe change analysis remains in the same
(simplified) world of the climate model in question. Assuming that the simulated data for the reference and future
periods have the same simplifications (and thus the same biases), the change signals are congtlytat
unaffected by model biases.

Since 1950, the number of days with river-re¢ated interruption of navigation has decreased. This is directly
evident from the data for the Mainiver since 1945. Construction of the Rhidain-Danube Canal did notelgin

until 1960. Information on ice occurrence there has been available since 1970. The river ice proxy used here
(cumulative sukzero temperatures between November and March) shows that the disposition to ice formation in
this area has a very similar teioal behaviar to that of the Main.

Navigation was stopped somewhat more frequently due to ice on the Rlaie-Danube Canal than on the Main
River during the overlap period. The same applies to the German and Austrian Danube. On tHddaRtriDanube

Canal, closed navigation periods of 5 days or less per year occurred in 22 years ofythar 3hservation period.

In 7 years, navigation was interrupted for more than 30 days in total. These years coincide with particularly cold
winters, as indicated by thcumulative negative daily temperatures.

For the future, the ECCONET report points to a clear direction of change in temperatures, hamely warming in al
regions of the study area and over the entire simulation period (3BBID). Therefore, it is not spirising that the
direction of change in the river ice proxy indicates less icing of the Rimm@Danube Canal. According to most
projections, the river ice proxy will decrease by a value of 20 to 100 in the near future and 60 to 130 in the far future
(2021-2050 and 2072100, respectively). For comparison, the threshold for a "severe" winter is 301, so a lower
number of days of restriction for navigation due to river ice can be expected. (ECCONET 2012 a)

In the Technical Report of the H2020 project IMRREein and Meil3ner (2017)Qhe authors describe that ice
formation on canals and rivers is triggered by low flow velocities and persistent low air temperatures over several
days. However, these factors are not fully sufficient to explain the occurr@ngehickness of river ice. Heat and

salt inputs from power plants and industry play a significant role. For all these reasons, canals and impoundec
sections of waterways are more susceptible to ice formation than-fimeing sections of waterways. Mangei
forecasting techniques are based on the value of cumulative totals of freezing degree days (sum of temperatures
below 0°C, e.g., between November and March) which is often used as a proxy for the intensity of a winter seasor
associated with the dispodiin to ice formation on standing water bodies (e.g., lakes). The intensity of the winter
season can be classified as a function of the sum of temperatures beldia®follows:

T Sum < 100: mild winter
f mann X adzy £ wHAanY Y2RSNIGSte& 4FNY gAydSND
T H AN XK 3JOodzbderately cold winter.
f {dzY x onnY SEGNBYS 46AyiSNI
(Kleinand Meissner(2016)

In 2020, Mair et al(2020)described in a case study that with regard to extreme weather events, simulations for
the Danube region show a future increase in the intensity and frequency of dry periods, heat days and heat waves
as well as an increase in heavy precipitation, the taiing uncertain in its spatial and temporal distribution. Due

to the general warming trend, fewer frost days are expected in winter.

3E.g.-10° -15°,-20° gives a sum of 45° C below 0° C.
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At the third PLATINA Stage Event in Strasbourg, Dr. Bastian Klein from the Federal Institute of Hydrology (BfG) in
Gemany also spoke about the icing of fairways. He reinforced the fact that observations between 1970 and 2020
on the Main/MainDanube canal showed that the days with restrictions due to ice formation approximately
coincide with the days when the temperatuveas below 0 °C. Therefore, the temperature is used as a proxy for
future ice formation days. A total of 16 projections until 2100 show that in the future there will be less restrictive
days due to ice but there will still at least be some ice winterserfain future(Fig. 6)(Nilsonand Klein 2022)
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Figure 6: Number of ice winters within a period of 30 years projected for the Main and the Main -Danube-Canal till 2100, based on 16 projections
(RCP 8.5). Source: Nilson and Kkin (2022).

Observations of VITUKI (Environmental Protection Afader Management Research Institute Nprofit Company

of Hungary Balint (2011)for the Hungariaanubegive a clearly declining trend for the ice flow (ice floe) and the

ice cove. Ice flow refers to the occurrence of any drifting ice particles covering at 1€sst 20 % of the river
surface. Ice cover refers to the phenomenon when the water surfacevisred fully or partially with ice. Narrow
stripes of ice cover formed during ice flow do not fall into this category. Between 1901 and 1960, the ice cover
accounted for 60 % on the Hungarian Danube. Between 1994 and 2010, no ice cover was observeddTfe t
caused partially by human influence and partially by global warming.

For the Lower Danube, also decreasing trends are observed)FAg.Tulcea, the number of winters with ice cover
has decreased significantly between 1960 and 2018, which latddgor the duration of the ice cover.
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Figure 7: The date of freeze -up and break-up (a) and the ice cover duration (days/winter) at Tulcea station, in the lower part of the Danube

basin. Blue arrows indicate the freeze -up dates and red arrows indicate the break -up dates. Source: lonita et al. (2018).
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It is to be noted that ot all waterways are affected by the occurrence of ice. E.g. on the Uppéviatuiie Rhine
navigation has not been suspended due to ice since at ldest70ies of the 26 century (Wasserund
Schifffahrtsdirektion Sidwest, 2009).

In summary, it can be said that shippiredated restrictions on European waterways due to river ice will decrease

in the future, although they will still occur in the distdnture. The literature suggests that air temperature below
0°C and ice formation on rivers are correlated and that, taking into account the future change in air temperatures,
it is reasonable to assume that ice will be less likely to affect inland rierigeegatively in the future.

2.2.4 Visibility

Extreme weather phenomena of various kinds can negatively affect visibility on European waterways. Heavy
snowfall or rainfalls are sheterm phenomena that can reduce visibility for minutes to several hours. Longer term
phenomena such as fog can affecsibility for the duration of several hours. Fog and haze are not only
meteorological phenomena that contribute significantly to temperature variability, their understanding and
prediction are also critical to transportation risk management. (Oldenborgth €010)

In the technical report of the FP7 EU project ECCQRETONET (2012,dyg is considered as a focus due to its,
compared to rain and snowfall, longer duration. The causes of fog can be manifoldariiizhirmer (1992)
mention four diffeent types of fog. For navigation, valley fog is of particular importance. Its causes of formation
are characterized by low air temperature, high water content in the air, and stable atmospheric conditions. Another
important factor for this type of fog foration is a high content of solid aerosols in the air which act as condensation
nuclei when the air reaches its dew point.

The ECCONET report looks at the trend in days with visibility less than 200 m between 1950 and 2005. Th
measuring stations record fierent frequencies of foggy days relevant for shipping. The measuring station in
Wirzburg is more affected than Karlsruhe and much more affected than Frankfurt. Despite these sometimes very
significant differences, a general decrease in foggy days wasvaokat all stations in the 1970s. In Karlsruhe and
Wirzburg, the number of days with a significant reduction in visibility decreased by more tBambd amounted

to only 5 to 10 days per year from 19@€g. 8).
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Figure 8: Days with visibility < 200 m at three different meteorological stations at a similar elevation like the neighbouring rivers Rhine and
Main. Source: ECCONET (2012 a).
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Oldenborgh et al. (2010) observed similar trends in data from other measuring stadiolenborgh and colleagues
hypothesize that a large decrease in aerosol emissions over Europe may be responsible for this trend.

Due to the lack of regional climate model data, it is not possible to draw direct conclusions about the number of
dayswith fog occurrence for future time horizons. However, there are several hypotheses about possible future
trends. Based on the assumption that changes in fog occurrence are related to changes in aerosol emissions, variol
predictions could be made with rpsct to technical innovations by emitters or advanced legislation. However, one
observes developments that contradict this hypothesis: such as the increase in droughts which could result in more
desert dust being discharged into the atmosphere. Of cowasepspheric circulation patterns also continue to be

a relevant factor affecting fog formation. In addition, the effects of urbanization must be considered. There are
various scenarios based on hypotheses about future socioeconomic development. Evaatd aiodels were
technically capable of providing quantitative information on fog, there would still be a large dependence-on non
climatic factors controlling fog formation, and thus inherently large uncertainties in the prediction EGGONET
(2012 3)

In summary, while there are changes in the frequency of siggtricted days on European waterways, the apparent
correlation with climatic change does not sufficiently explain the changes in fog occurrence. There are several
hypotheses that try to eXpin the reasons for these changes, but not all of these reasons are climatic. In essence,
there is still a need to catch up in the area of visibility on the waterways when it comes to relevant data.

2.2.5.Wind

As already stated in EWENT (2011), wind gustesof the most difficult variables for numerical models to predict

and there are large differences in how they are parameterised in the Regional Climate Change models (RCMs
Therefore, for wind extremes, changes are expected to be fairly uncertain, laviger discrepancies among
different models.Some pessimistic projections of the report indicate a slight increase of wind gusts of 17 m/s for
Rotterdam and Amsterdam for the period 204¢2070. In general, negative developments for inland waterway
transpat on the main inland waterways due to changes in wind gusts are not projected. However, it is noted once
again that a valid conclusion on the occurrence of wind gusts with negative effects cannot be drawn.

For completeness, resultsith respect to surfag wind changef the latest version of the IPCC WGL1 Interactive
Atlas are given in the figures below for the Mediterranean, Western and Central EuampeNorthern Europe
(Figs. 9, 10, 11). The results display changes in percent derived from compafismnggterm projections (2081
2100)of surface wind velocitiewith the ones ofthe period 199%; 2014, using the SSRE5 climate scenario and
CMIP6 model projectionsn general, no significant increase in surface wind is obtained for the Europeatanthin
with waterwayg(the median stays in the range of 0,%@ing in linavith the results of EWENA. maximum increase
by 11 % in February is projected by one model for Western and Central E8Bigp#icant changes in surface wind
are obtained for theéArctic, SouthAmerica (rain forest), Central Africa, as well as idiae vicinity and the Pacific
little south of the equator.

4 https://interactive-atlas.ipcc.ch/ accessed 7.6.2022
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Figure 9: Mediteranean: surface wind change (top: annual change, bottom seasonal change given a Il month of the year) given in percent.
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and CMIP6 model projections. Source: IPCC,https://interactive _-atlas.ipcc.ch/ , accessed 7.6.2022.
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2.2.6.Sea level rise

Results with respect teea level risef the latest version of the IPCC WGL Interactive Alesgiven in the figures
below for the Mediterranean, Western and Central Europe, and Northern Europe 1Bjgi, 14). The results
display changes mderived from comparisons of lorgrm projections (20812100) ofsea levelvith the ones of

the period 1995 2014, using the SSF5 climate scenario and CMIP6 model projections.

For the Mediterranean, the median of sea level rise amounts to 0.75 m, and the maximum amoir8S fu till
2100.

ForWestern and Central Europthe median of sea level rise amountsagproximatelyd.75m, and the maximum
amounts toapproximatelyl.35m till 2100.

ForNorthern Europe, the median of sea level rise amounts to approximatdlyr, and the maximum amounts
to approximately 1.2 m till 2100.

According to the news of the Port of Rotterdam from Februar), B®21, the port itself referredleeady at that
time to climate change projections predicting a sea level rise between 0.35 m and 1.10 m, which is well in line with
the latest findings of the IPCC.

5 https://interactive-atlas.ipcc.ch/ accessed 7.6.2022.
6 https://www.portofrotterdam.com/en/news-and-pressreleases/portauthority-and-municipalityunited-respondingsea
levelrise-port#:~:text=0ver%20the%20cont#20decades%2C%20the,from%201990%20until%20after%202100
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Figure 14: Northern Europe: sea level rise change in metres. Comparison of long -term projections (2081 -2100) with the sea level in the period
1995 3§ 2014, using the SSP858.5 climate scenario and CMIP6 model projections. Source: IPCC, https://interactive -atlas.ipcc.ch/ , accessed
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3. Impact of climate change

In Annex2, a table is given which displaysjor impacts of weathegphenomena on inland waterway infrastructure
and idand waterway transportincluding inland ports. For the different weather phenomena threshold values, as
well as critical weather constellations of the past are presented

3.1. Inland waterwaytransport

3.1.1.Cargo carrying capacity

On European waterways, the water levels accept regularly such low values that many vessels cannot be loaded u
to their maximum draught, resulting in reduction of the available deadweight (sum of provisions and caien) carr
and cargo carrying capacity. In severe cases, e.g. low water corresponding to the ones present in the years 20C
and 2018, the draught has to be reduced significantly, leading to uneconomic operation of the vessel, and if the
minimum draught has to bdeceeded, then the vessel will be prevented from safe operation
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0 e
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Draught [m]
Gustav Konigs (L=67 m)
Johan Welker extended, Europe vessel (L=85 m)
Large cargo vessel (GMS-type , L=110 m)
Large cargo vessel (GMS-type , L=135 m)
== Pysher + 4 lighters Europe Il B (Danube)
= Pusher + 4 lighters E Il (Rhine)
= Pushed convoy Elbe (pusher + TC100 + SP36/9.5 m lighters)

Figure 15: Deadweight of common inland waterway vessels and pushed convoys in Europe. The deadweight distribution over the draught start s
at the minimum draugh t of the vessel demanded for safe navigation. It ends at the maximum draught the vessel is designed for. lllustration

created based on Klein and Mei3ner (2017) and internal data of viadonau.

The impact of the draught on the deadweight is presented fdediht vessel types sailing European waterways in
Fig.15. The deadweight distribution over the draught is approximately linear as the vessels considered have a very
long parallel body of the hull. Seagoing vessels have usually in relation to their Ishgttesr parallel bodies,
resulting in a nodinear distribution. The deadweight distribution starts at the minimum draught of the vessel and

it ends at the maximum draught the vessel is designed for. The vessel can be loaded to draughts less than th
minimum draught. However, then a safe operation of the vessel will not be possible anymore. This area is not
displayed in the figure. A reduction of draught will cause a reduction of the deadweight available for transportation
of cargo, being different for eacvessel. Larger vessels and pushed convoys designed for transportation of great
amounts of cargo show significant reductions. E.g. for the pushed convoy on the Rhine or the Danube (4 lighters)

PEATINAS 41



D4.1

a reduction of deadweight by approximately 330 t per 10 cobisined. For the large cargo vessel (110 m), 145t
and for the small Gustav Koenigs vessel, 57 t are obtained. The negative impact on revenue is greatest for large
vessels as it is depending on the cargo carried. The economic operation of a vesgehidirg on its load factor

being the relation between the cargo carried and the maximum amount of loading which can be taken on board.
Considering as example a ship draught of 2 m, resulting in an approximate demand of 2.4 m up to 2.5 m for the
water depth the load factors of théollowing vessels argoushed convoy (Rhine) 40 % the large motor cargo
vessel (GMS 135) 45 % the large motor cargo vessel (GMS 123)0 % the small Gustav Koenigs64 % the
shallowwater pushed convoy (Elbe)95 %and the pushed convoy (Danube)68 %. The larger vessels show a
greater sensitivity to low water events. Uneconomic load factors are reached already at moderately low water
levels. Less sensitive to low water levels are smaller vessels, e.g. aKastays vessel, and pushed convoys using
pushers with very low draughts, e.g. the pushed convoy operating on the Elbe. At the draught considered, the
pushed convoy operating on the Danube shows also a reasonable load factor. However, if the watefuldhier is
reduced, only a maximum vessel draught of less than 1.8 m might be permitted, resulting in suspension of operatior
of the pushed convoy, which holds also for the one operating on the Rhine. For completeness, it is noted that on
the Danube, pusheraith a draught of less than 1.8 m are in operation, e.g. draughts down to approximately 1.3
m can be observed. However, values between 1.6 m and 2 m are common. 2 Téidslenain characteristics of
different common ship types in Europe are given

Table 2: Main characteristics of different common ship types in Europe (minimum, maximum draught and minimum, maximum deadweight).
Table created based on Klein and Mei8ner (2017) and internal data of viadonau.

Vessel type Length Width Draught Draught Deadweight | Deadweight
L [m] B [m] Trmax[M] Tin [M]2 tdWmax[t] tdWmin [t]
Gustav Koenigs 67 8.2 25 11 900 100
Gustav Koenigs ext. 80 8.2 25 11 1100 250
Johann Welker 80 9.5 25 1.2 1250 380
Johann Welker ext. (Europe vegsel | 85 9.5 25 1.2 1350 300
Stein type cargo vessel (GMS 95 m| 95 114 2.7 1.3 2000 530
Large cargo vessel (GMS 110 m) 110 11.45 35 1.35 2900 400
Large cargo vessel (GMS 135 m) 135 11.45 35 1.35 3800 670
JOWI (container vessel) 135 16.8 35 1.6 5200 1300
Coupled convoy Rhine consisting of 186.5 11.45 35 1.35 5200 1000
GMS110 + 1 Eighter)
Pushed convoy Rhine (pusher + 2 ] 153 19 4 1,75 11000 3600
E [Highters)
Coupled convoy Danube (GMS + E| 171.5 114 2.7 1.3 3700 1105
Il Blighters)
Pushed convoy Danube (pusher + ] 188 22 2.7 1.8 6800 3920
2 E Il Bighters)
Pushed convoy Danube (pusher + ] 188 11 2.7 1.8 3400 1960
Il Blighters)
Pushed convoy Elbe (push{ 129 9.5 2.1 1 1800 540

+TC108SP36/9.5 m lighters)

” The provisions, e.g. fuel carried, have been deduced from the deadweight at the considered draught. The maximum
deadweight is considered as the maximum loathefvessel used in the calculation of the load factor.

8 The minimum draught+ is the draught of the empty vessel trimmed aft and measured between the lowest point of the
vessel and the undisturbed water line, as well as the draught of the vessel sailing with even keel which allows séll for saf
operation of the vessel. Therefore, thessel carries some provisions or cargonat. Tf the minium draught is deceeded, safe
operation is not guaranteed anymore.
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3.1.2.Power demand and fuel consumption

In comparison to a seagoing vessel sailing open waters without limitation of water depth and width with exceptions
in coastal areas and in the port, an inland waterway vessel is usually operated in waters with limited water depth
and fairway width. Due tthe limitation of the water depth, the cross sections in the vicinity of the vessel in general
as well as the one between the keel and the river bottom in particular are reduced. As a result of the continuity and
the Bernoulli equations, the flow velocitéelow and aside the vessel increase and the pressure minima become
more distinct. In addition, the pattern of the flow changes from a thd@mensional one to a more twdimensional

one, meaning that a greater amount of water is shifted from the bottornthe sides, which can be problematic for
vessels with three propellers as the one in the centre of the propeller arrangement may suffer from a lack of
incoming water. Even in the case of sufficient availability of water in the propeller plane, negapaetsnmay

occur as the direction and speed of the incoming flow have changed, impacting the propulsive effigiency

In general, the power demand for operation of a vessel at a given speed is increasing, the shallower the water is
Alternatively, when the operation of the vessel is performed with constant engine power then the speed is reduced
the shallower the water is. In both cases, the fuel consumption is increastte alame rate as the powes
increasedor the velocityis deceased. These effects become more distinct when the width is limited too, e.g. in a
canal. However, in a canal, rather low power values associated with a low fuel consumption may be observed. Thi
is due to the speed limitations in some canals which reswlery low ship speeds, e.g. 11 km/h in the MBEnube

canal.

In Fig.16, the delivered power fthe versus the speed V of the motor cargo vessel Herso 1 in single operation is
presented for water depths H ranging from 3 m up to deep water. The vétisaejhtfor these speed/power profiles

was T= 2m. Considering the ship speed in calm water of 10 km/h, the requested power for achieving this speed
amounts to approximatively 100 kW in deep water and 135&t\& water depth of 3 m. For a ship speed imeal
water of 15 Km/h, the requested delivered power amounts to 225 kW in deep water and 900 kW in water with a
water depth of 3 m.

The significant impact on the power requirement at higher speeds and low water depth is clearly demonstrated for
the speed ofl5 km/h. Here, the power demand has increased by 308(99©0-225)/225*100)! Similarly, the impact

of shallow water on the ship speed can be derived from F8gAssuming a delivered power of 500 kW, the ship
speed in deep water amounts to 18 km/h, aiatl 3 m water depth, it amounts to 14 km/h, resulting in an increase

of sailing time in calm water with a limited water depth. For this vessel, the impact of shallow water on the power
demand is visible even for relatively great water depths, e.g. equahto

PLATINAS 43



D4.1

PD (kW)

800

750

700

650

600

550

300

250

~—=—PD-V; deep water

——PD-V;H
—~—PD-V; H
PD-V;H =
PD-V;H =
PD-V;H =
PD-V;H =

10.6m

= 8m

5.5m
5m
4.2m

3.3m

PD-V;H =3m
200

50 —

3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
V [km/h]

Figure 16: Delivered power PD versus speed V of the motor cargo vessel Herso 1 (L =84.95 m, B=9.5m, Tmax = 2.7 m, tdwmax = 1382 t) in

single operation presented for water depths H ranging from 3 m up to deep water. Ve s s el Source: Scl

(2018).

draught = 2m.

3.1.3.Vessel speed and sailing time

Shallow water increases the resistance and power demand of a vessel. For a given engine power, this circumstant
results in a loss of vessel speed which increases with decreasing water depth (46g Fige loss in vessel speed
leads to an increase ofiing time being directly related to theduction of thevessel speed. For a first evaluation

of the loss in vessel speed, the method of Lackenby can be Bsettam (2012), Pompée (2035Knowing the

mid ship ared a X~ , ewater depthH, hand theship speed in deep wataf, \4, the loss in ship speed in % of

the speed in deep watetan be derived from the graplis Bertram (2012and Pompée (20159r application of

the formula of Lackenb{lLackenby (1963Rompée (2015) The method of Lackenby cée used in cases with
weak shallowwater effects (Bertram, 2012). In the case of strong shallater effects, the physical phenomena
become that complex that simple corrections like the one of Lackenby may be not sufficient anymore and testing
or applicaion of numerical methods have to be applied (Bertram, 2012). In the literature, a great number of
different methods for estimation of the shallewater impact on vessel speed and resistance can be found, see
Pompée (2015w R2 26 A & , Raiteve(2048) 6 H 1 H M 0

The increase in sailing time can be very substantial, depending on the respective, transportation case, e.g. for som
vessels of the shipping company NAVROM, the low water on the Danube in 2015 resulted in transportation times
two up to three times higher than under normal water level conditions (22 days instead of 7 days, Negrea (2016)).
Larger convoys comprising nine lighters had to be separated in smaller convoys consisting of one or two lighters
resulting in more ship movements relating toettransportation of the same amount of cargo, increasing also
thereby the time for the delivery of cargo.
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3.1.4.Manoeuvrability and stopping

Shallow wateras result of drought caused by climate chamgs an effect on the manoeuvrability of a vessel, as

the flow field around the vessel is impacted by the limited water depth. According to Vantorre et al. (2017), the
hydrodynamic forces acting on the vessel as well as its inertia including the added masses and inertia moments ¢
sway increase. The impact of shallwater on the rudder forces seems to remain negligible. However, in the case
of rudder action, an asymmetric pressure field around the rudder will be induced extending to the aft part of the
hull. The sum of the rudder induced forces acting on the ruddedsthe hull increases in magnitude and the centre

of action moves farther forward in relation to the ship. The effect on the yawing moment may become less
important, and when the rudder induced total force (rudder + hull) acts in the forepart of thelyessadverse

effect on the control actions may be encountered.

The impact of shallowvater on the manoeuvrability of a vessel is not easy to be answered due to the complexity
of the topic. Inmost casesit has a negative impact and tineanoeuvrability becomes worse than in deep water,
which is shown in Fig.71displaying theurning circles and 20/20 zigzag tesfsa ship model at 106, 20%, and
100%underkeel clearancé Y/ 6 T . hhiKtbedvater depth and T is the draught bétvessel. A reduction of

the underkeel clearance increases the diameter of the turning circle and reduces the amplitude of the oscillating

zigzag path.
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Figure 17: Turning circles and 20/20 zigzag tests with a ship model (confidential) at 10%, 20%, and 100% UKQ=( h T T))pérférmed at BSHC,
Varna, Bulgaria, on behalf of FHR, Antwerp, Belgium. Source: Vantorre et al. (2017).

The impact of shallow water on the manoeuvrability of a vessel is also depending on se¢type InLiu et al.
(2015) for three ships a negative impact of shallow waterriported. However, foone ship the impact becomes
positive, meaning that shallowater effects need not to be always negative. This vessel was astrévvessel
with a wide beam, somehow similar to an inland waterway vessel. The reason for this exceptional belasgiour
an increase of the rudder forces due to high propeller loading in shallow water. A similar resplbriged for a
pushed convoy comprigina pusher and lighters (barges), $ée et al. (2015).

The shallowwater effects on manoeuvrability become noticeable when 1.5 < h/T <3.0, and significant for extremely
AaKFIftt26 61 0SN) 6KSYy MdH f Kk¢ §f mMdp oOowlR226A06 SaG

The stopping charactestics of a vessel may be negatively affected by shallow water, resulting in longer distances
for stopping. When sailing with reduced draught due to limited water depth and performing a stop manoeuvre, the
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propeller loading may become very high and airtisuncto the propeller may occur due to the small distance of the
propeller to the free surface and velgw-pressure areas at the propeller caused by the high loading.

The manoeuvrability of a vessehifectedby the forces acting oit. In the case o$trong winds andarge surfaces
above the waterline, e.g. when sailing with empty holds or empty containers, the wind forces may become so strong
that the vessel cannot be kept on course dalll control over the vessel may be logbllisions with othewvessels

or the waterway infrastructuree.g. locks mayccur. In addition, thetime for manoeuvring operationsnay
increaseas well as, in certain casée operation of the vessélas to beeveninterrupted, resulting in delaysFor
example, on the Daube close to the Iron Gates, navigation of pushed convoys in ballast without bow thrusters
may be suspendedue to wind.Because ofhe large wind lateral area of the vessels above the waterline, the side
forces acting on the vessel may becoméggh thatsafe manoeuvring may not be possible anymore by using only
the propulsiondevices of the pusheA threshold value of 18 m/s for wind spesdn agreement with the threshold
value authorities use in order tsuspend navigation for certain vessels on @&nube close to the Iron Gates.
Interviews with masters of vessels in this area indicated as critical an even lower wind speed of 15 m/s
(Schweighofer (2013)).

3.1.5.Safety of navigation

Human error i®y farthe most commoneason for accidents in inland waterway transport, e.g. improper navigation
of a vessel or rsieading communication (Schweighofer, 2013).

Considering climate change impacts as well as the occurrence of extreme weather phenomena, strong wind, as
specifc weather phenomenon, is the most common weathelated cause for acciden{Schweighofer, 2013Yhe

full manoeuvrability of a vessel may be lasd collisions with waterway infrastructure, for example, when entering
locks or other vessels may occurgsulting in additional repair and maintenance works tbé respective
infrastructure and vessels. In order to keep the vessel on course, steering forces are to be applied, which may
increase the roll amplitudes of a vessel compared with the ones of aiess to drift,leading toa more dangerous
scenario. Additionally, open cargo holds may flood and unlashed empty contiinated on the upper tiermay

start sliding.For example, in 2007, the container vessel M/V Excelsior almost capsized orethRhime due to
improperly stored containers and an unlucky combination of a turning manoeuvre, wind, current and squat action.
32 containers were lost and navigation on the Rhine was suspended for 6 days, affecting approximately 500 vessel
However, n most casesthe consequencesf wind are minor material damagedortunately.

Low water can have a negative impact on the safe operation of a vessel. This is very well demonstrated by ai
analysis ofiata obtainedfrom the traffic reports of the German Wetway and Shipping Directorate Soutfest

for the years 2002 up to 2010 (Schweighofer, 2013). The year 2003 was characterised by a very extreme and lon
lasting drought, leading to severe disruption of inland waterway transport in Europe. An increasaengcwas
observed, mainly caused by the great number of groundings, which rose by approximately 150 % in comparison tc
the other years (FidL8).

Consideringthe Danube stretch between Straubing and Vilshofévessel and Menzel (200¢)erformed a
comparison between accidents during 2002 and 20B8r 200292 accidentsand, for 2003 111 accidentsvere
reported. In 2002, characterised by high water levels, collisions with navigation signs were predonhirz6@3,
characterised by low water levelsiogindings were dominant.

Low water causebBmitations inthe cargo carrying capacityf vesseldecormning more significant the greater the
design draught of the vessel is, see Section 3Thgrefore, more vessel movememtdl be necessarin order to
maintain the total amounbf cargoto be transported resulting inincreased traffic density and risk ofcaents.
Further causesor accidents due to low watetelate to restricted fairway parameters as well as worsened ship
performance as described in the previous sectionsddition, it increases the risk for human errors relating to the
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correct determindion of the safe draught of a vess€br the sake of the maximum utilisation of the cargo carrying
capacity, the draught chosen might become taggeandgroundingmay be the consequence.

The safety of navigation is not necessarily negatiaéfgcted by drought on all waterways or waterway sections.
Usually, grounding is encountered mainly in ffE®ving sections, where shallows are present and the accident
rates seem to be highest.

In addition to wind, low water and high water, reduced billy due to cloudiness, precipitation, position of the
sun or fog and ice flow may cause weathelated accidents.
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Figure 18: Development of grounding events on the Upper and Middle Rhine within 2002 and 2010. Source: Schweighofer (2013).

3.1.6.Transporation costs

The occurrence of extreme lewater conditions causes an increase of the transportation costs for one ton of cargo.
In Fig. 9, the cevelopment of water depthsf the Rhineat Bingen/Ostrich anthe specific transportation costs of

a large motor cargo vessel (GMS, bulk caagepresented for the years 200&ith moderate and high wateevels

and 2003with extremelylow waterlevels in the third and fourth quarter of the e The specific costs in EUR/t
were determined by isulations carried out by DST within the framework of the German Kliwas Programme
(Holtmann and Bialonski (2009)Jhe cargo and relation considered are bulk cargo and the stretch leestwe
Rotterdam and Bsel.In the year 2002 and the first two quarters tietyear 2003, the transportation costs for one

ton of cargo are relatively low due to relatively moderate or higher water leiAglaiever, at extremely low water
levels aghey werepresent in he secondalf of the year 2003, a significant increase in the specific transportation
costs is observedn addition, the vessel cannot be operated anymfimeseveral dayslue to the limitation of its
draught, which is denoted by a limitation of the specific sdatFig. @ (e.g. days 220 up to 275he increase in

the specific transportation costs is caused by a reduction of cargo transported per round trip due to low water. In
addition, low water results in lower vessel speeds and longer travelling timesdmdrtrips. The staff costs,
operational costs and capital costs per day have to be applied to a greater number of days of a round trip, increasin
the costs per round trip. Higher total costs and less cargo for a round trip result in a significantenof¢has
transportation costs for one ton of cargo as displayed in Big. 1

Negrea (2016) reported for the low water on the Danube in 2015 a reduction of the cargo transported by vessels
of the shipping company NAVROM by 30 % from approximatively 1300GQ t, compared with normal water
level conditions. Larger convoys comprising nine lighters had to be separated into formations of one to two units,
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resulting in more movements with the pusher and increased number of sailed kms, as well as fuel carsumpti
addition to increased transportation costs due to the circumstances mentioned above, significant delays (five to
seven days and even more), damage of vessels as a result of grounding and loss of shipment contracts wel
reported.

The statements memned above are also applicable to the development of freight rates in EUR/t. ROFtbe
development of cargo transported, the number of shipments and the freight rate of inland waterway transport on
the Rhine are outlined for the year 2018, which veasracterized by severe low water in the third and fourth
guarter. The number of shipments increased in order to cope with the demand for supply, the cargo transported
decreased due to lack of floating transportation capacity and the freight rates iretteasa result of higher costs,
low-water surcharges applied and less cargo carried. According to CCNR (2019 a), the freight rate index for gasc
from the ARA region to destinations on the Rhine increased by 800 % compared with the ones at the end of 201
and the first half of 2018, and the one for dry cargo, metals, and container transport in the Rhine basin (the
Netherlands, Belgium, traditional Rhine) increased by approximately 100 % up to 150 %. More in detail, the freight
rates for coal, iron ore ancbntainers increasestrongerduring the lowwater period than for sand, stones, gravel

and building materials, as well as agribulk.
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Figure 19: Development of water depths at Bingen/Ostrich and specific transportation costs of a large motor cargo vessel (GMS, bulk cargo)

presented for the years 2002 (moderate and high water levels) and 2003 (low water). Reproduced from Holtmann and Bialonski (  2009).
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Figure 20: Development of cargo transported, number of shipments and freight rate of inland waterway transport on the Rhine in the year
2018. Reproduced from ZKR& Zentralkommission fiir die Rheinschifffahrt (2021), source: BASF.

3.1.7.Quspesionand reliabilityof navigation

The main causes for suspension of navigation are high water as a result of heavy precipitation, precipitation anc
snow melt, or snow melt, precipitation and ice jams in the case of winter high water or winter floosisll as the
appearance of ice on waterways due to long lasting temperatures far below zero Celsius degrees.

In the case of high waters navigation is usually suspended once the water level has reached or exceeded the highe
navigable water levdHNWL) by a certain degree (e.g. 90 cm in Aystriggeneralthe suspension of navigation is
limited to a short period of only a few days, and it may take place only a few times or not at all during a year. E.qg.
on the Austrian Danube navigation had bemuspended due to high water at the maximum of 8 days during a year
within the period1992¢ 2009 which took place in the year 2002 when severe flooding occurred in many parts of
Europe(Schweighofer (2013)Although the occurrence of high waters andspansion of navigation is a short
lasting phenomenon, it has some significance to inland waterway transport as it is difficult to predict, in particular
on waterways like the Danube where water levels may change veryMastsignificance of high waters snland
waterway transport is depending on the waterway under considerati@well as the cargo transported. E.g. on

the Middle Rhine inland waterway transport is almost not affected by high water, whereas on the Neckar the sum
of all days with suspendenavigation accounted for 37 in the year 20@&thweighofer (2013))Therefore, it is
important to distinguish between the different waterways when considering the impacts of high waters on inland
waterway transport. Related to the cargo transported, begkgo, e.g. iron ore, where jusi-time-deliveries are

not necessary is less sensitive to delayed deliveries as usually a larger stock is existing being regularl
complemented. More sensitive to suspension of navigation are high value goods e.g. aentdirah are provided

by liner services according to a strict schedule. Referring to the KLIWAS project manufacturers of chemical product
as well as prananufactured products can cope only with 1 up to 2 days delays, accounting for aroundc8ftper

of enterprises interviewedScholten and Rothstein (2009Most enterprises are able to cope with delays of 4 or
more days.

The occurrence of ice on inland waterways may lead to suspension of navigation, sometimes, even for many week
(Schweighofer (2013)¢ontrary to the relatively shofasting highwater events. Not all waterways are affected by

the occurrence of ice. E.g. on the Upper aididle Rhine navigation has not been suspended due to ice since at
least the 7Gies of the 2@ century (Wassermund Schifffahrtsdirektion Stidwest, 2009).

Low water can have an impact on the reliability of inland waterway transport, resulting in the worst case even in
suspension of navigation. This has been described in the sections before, as well as further comssderthtre
presented in the following sections.
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3.1.8.Modal shift

Extreme dw water results in a decrease of the service quality of inland waterway transport digssocargo
transported,increased freight rates, eventually longer transportation times inclgdnterruptions of transport,
increased administrative and financial burden with respect to organisation of more shipments, transfer of goods to
other vessels and consideration of alternative means of supply, e.g. per road or rail transport. In theasersto
satisfactory supply of goods and raw materials can be realised, resulting in severe losses in producrticsee

3.3

As a consequence, the cargo will be shifted from waterways to rail or road, causing a reduction of the share of
inland waerway transport in the modal split. This holds in particular for market segments which are in a strong
multimodal competition, e.g. container transport. The low water period in the second half of the year 2018 resulted
in a decrease of container transpday 16 % in the first half of 2019 compared with 2018 (ZKR (2021)). Severer is
the fact that once cargo has been moved to rail or road, it will not come back easily due to lost confidence in the
reliability of inland waterway transport, except noticeabéstrictions in the service quality of the other modes of
transport occur, e.g. in the first half of 2018, the interruption of the rail connection along the Rhine axis at Rastatt
caused a cargo shift from rail to inland waterways.

Although, rail and roaddmefit from the modal shift at low water, they are not necessarily capable of fully satisfying
the supply demand of the industry due to limited free capacities which will be challenged even more as a
consequence of steadily increasing demand for transpianeand political objectives to shift cargo and passengers
from road to rail. E.g., the year 2003 was characterised by many months of drought and low water levels, leading
to less cargo transported and more vessel movements in order to satisfy the defoat@nsportation. The
limitation in transport capacity led to a shift of cargo from water to railways. However, the railways could not cope
with the cargo shift sufficiently. Bernd Malmstrom, at that time CEO of Deutsche Bahn Cargo AG, justified in
Novenber 2003 in an interview with the DVZ (Deutsche Verk&eitung) the delay in delivery and the bad service

of the Deutsche Bahn amongst others with thlew waters of the rivers, which claimed all free reserves available

at short notice& (Jagers (2005)).

More importantly, given the current and foreseen policy changes at the E(d. the Green Dea] and national

levels, the IWT sector will not only need to compete, but also to collaborate with thetlansport sector, in
particular the rail sector. Mtimodality already is the norm in some geographical regions and/or for some
commodities at the EU level, and it will become so for others in the coming period. The IWT sector needs to adap
part of its components in order to ensure a smooth and fast tpanisof goods, but also its loading and unloading
operations in multimodal hubs. Additionally, while the more common (and preferred) types of transport operations
are those involving long(edistance trips, in the future there may be a need for a morgrtanted type of services,

with an increased number of stops along a return trip. Consequently, the climate resilience changes of IWT ship:
also need to include these operational and commercial aspects. Part of them, such as the loading capacity, hav
already been referred to in the document.

And while the (multiymodal shift will certainly be focused on the freight transport, in some cases, especially in and
around the big riverine cities, the IWT sector can also witness an increase in the passengertrafsgiowill put

further stress on the overall riverine transport operations. The IWT sector will thus start more and more facing
similar challenges to that of the rail sector, which needs to prioritise one type of transport operations over another
atdF FSNBYy G Y2YSyia Ay GAYSY gAGK GKS NBadzZ GAy3 AYLI (
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3.2. Infrastructure

3.2.1.Waterway

The occurrence of ice as a result of ldasgting periods with temperatures below zero degrees Celsius may damage
navigation signs leading to reduced safety of navigation, but also the waterway infrastructure e.g. locks may be not
be operated anymore due to ice jams clogging the lock area orad@reézing of moving parts and mooring devices

(Fig 21). As already discussed, the occurrence of ice is strongly depending on the location under consideration. Ir
general, it may be expected that the infrastructure related consequences due to ice wécbene less severe in

the future as a result of global warming and warming trends in water temperatureCBagpter 2.

Figure 21: Ice occurrence in locks on the Danube preventing their operation. The figure left was  taken in the year 2006. The figure right was

taken in the year 2008. Source: viadonau .

Long lasting heavy precipitation solely or in association with snow melt will result in increased discharges, flow
velocities and water levels having a significant iotfman the inland waterway infrastructure in severe cases. In the
worst cag, flooding endangering the property and lives of human beings can be the consequence.

ZENAR2003 gives a comprehensive overview of the impact of heavy precipitation and higérsvah several
modes of transport in Austria in the year 2002, when severe flooding occurred in many parts of Europe, including
a detailed presentation of associated costs. In the following the damages which occurred on the different parts of
the AustrianDanube are described. To some exteat similar conditions, they may be expected to occur on other
waterways, too.

In general, a strong change in river morphology and sedimentation took plac23)-ighe tow paths were clogged
by fallen trees, driftwod and drift items, as well as parts of them were washed away. Banks and training walls were
damaged. Aggradation took place in river junctions, port areas and shallows of the fairway.

In particular the following impacts occurred:

9 driftwood, fallen trees and clogging by drifting items at and on river banks as well as on tow, paths

9 aggradation in ports and the fairway as well as at port entrances, berths, river junctions, and pipes

1 damage of river banks, training walls, flood protection dams, bridg&#botaries, tow pathssigns, stairs,
ramps and gauges

9 scour occurrence at paths and river banks
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Sediment transport during high waters can be very significant leading to significant aggradation. E.g. at the cros:
section of the Danube in Aschach the daily amount of sediments transported by thénmamted tol 800 000

m?on August 18, 2002. Thedtal amount of sediments transported through the same cross section amouated

5 000 000 rhin the year 2002, illustrating very well how extraordinarily high the sediment volumes transported
may become during a highiater event(viadonau (2009)
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Figure 22: Changes in the river cross-section geometry of the Danube at river kilometre 1887.1 in 2002, being partly caused by the flood in
August. The y-axis denotes the height in meters above Adria. The x -axis denotes the extension of the cross section in meters. Source: ZENAR
(2003).

Driftwood is not only a danger to ¢hinfrastructure. In fredlowing sections as well as accumulated in locks
driftwood may damage vessels, in particular the propulsion devices may be severely affected
(WasserstraRendirektionOsterreich(2002)).

As already statedn Chapter 2 areliable quantitative conclusion on the future effects of high water on inland
waterways cannot be drawn at this stage. Nevertheless, the consideration of high waters will remain or become
even more important to inland waterway operation and maintenance in the édiate future, as a general
conclusion.

The occurrence of low waters may lead to changes in the sedimentation and aggradation processes compared witl
normal or highwater conditions. However, due to the associated low flow velocities changes in riverbed
morphology may be expected to remain small once low water has occuPrethlems with low water are further
increased by ongoing erosion in parts of the river bed. Low water in combination with ercsioteadto a
restriction of the space available for navigatidro waterway infrastructure operators the consideration of low
waters is of importance in order to create strategies and to take proper actions for the provision of navigation
conditions according tmternational agreements, where infrastructure adaptation measuveiglay an important

role.

Due to higher temperatures waterway infrastructure / engineering structures, like moveable bridges and lock gates,
might jam or not close fully.
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3.2.2.Ports

Ports ae important economic actorgat local, national, regional and international levéhat have been identified

as being vulnerable to climate changarsd as such both seaports and inland ports have been particularly affected
by climatic conditions in theecent years. Once a vessel reaches the port, ship manoeuvres and port operations can
be hindered by the weather conditions related to wind, water levels (shadloshigh waters), wave height, heat
waves, rain, fog, ice, riverine and pluvial flooding, &tig. 23).
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Figure 23: Interactions between climate parameters and processes and representative port assets and operations
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It is widely acknowledged that extreme precipitation (leading to floodsyedkas the lack of precipitation (leading

to droughts) are the meteorological phenomena with the biggest impact on inland port operations, carrying the
risk of decreasing (in extreme cases even paralysing) the activity in most European inland podsgittieahland
waterways. In case of inland ports, extreme winds and waves may cause problems, but to a much lower extent thar
in comparison to seaports. The potential for loss of life due to climatic events is generally low. Threats related to
higher temperatures are similar to that of other transport infrastructure in the context of thermal impact to paved
surfaces and load bearing equipment, as well as the increased possibility of heat related illnesses amongst staff.

Extreme weather conditions can h&a massive impact on cargo ships and port operations, both in terms of costs

and delays. A delay in the port will also cause disruption in several steps of the supply fchairport operations

to further transportation of (intermodal) cargpaffectingthe customers in the end. The losses are not only in days

of delay, but also in huge money loss as the lost time may have to be made up with increased speed. Inevitably thi
increases the fuel consumption, which leads to higher operating costs of thelvess

If hit by heavy winds, ports may be unable to operate their cranes, and even have to close down. Most facilities like
quays, pavements, open storage areas are of relatively low height, therefore not much affected by strong winds,
while covered warehoges and cargo handling equipment can be more sensitive to extreme effects. Potential
power outages, reduced visibility, capacity overload of rainwater sewage, drainage elements, flooding of port
infrastructure are other examples which can cause the infaticin of port activities.
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Some ports may reduce their delay charges and some terminal operators also stop their demurrage and detention
clocks during the extreme weather conditions and start them again once the ports operations reopen. There is
often anegotiation, based on force majeure, between carriers and terminals after a storm stop. Carriers may pay
for storage or they can decide to move their cargo to another port.

Scenarios of weather condition impact on ports

A. Drought
A clear decrease in precipitation in summer leads to dry weather conditions (experienced to a great extent
especially in the southern Danube basin), caukimgwater conditions ithe river, with a direct effect on
navigation behaviour and port operatiofsuch as vessels must to be underloaded in order to navigate the
river, convoys are becoming bigger (more barges are needed to transport the same amount of cargo), or a
higher number of motosed vessels is required and therefore continuous arrival afelesn ports leading
to increased demand of mooring of vessels in the port and higher traffic in theigrt24)
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Figure 24: Simplified schematic sketch of the impact of drought on ship and port operation.

B. Flooding of port areaf(ood protection entrance gates)

The impact of climate change on port infrastructure and facilities may take the form of serious natural
disasters and accidents as rising sea/river levels, increasing intensity of storms, increasing wave heigh
surmounting breakwater design levels, risimgter temperature and heavy rain above quay well drainage
capacity increases the risk of flooding. Therefore, in order to ensure that port areas remainetistant

in the future, more and more ports are looking into possible flood risks and how eaa tie prevented or
managed to an acceptable level; some are also investing into flood defence systeims examples from

the Danube Regioand the Port of Rotterdarhave been included in the following sections adaptation.

C. Sedimentation and aggregion of port area
Sediment aggregates are composed of smaller particles bound by the cohesive forces of clay or organi
material. They are formed by varying processes, resulting in different characteristics. Aggregation state
significantly influences theize, density, and transport characteristics of fine sediment which makes
aggregates of significant interest to the management of sediment within ports, channels, and coastal
waterways.
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Dredged sediment from the port and access channels is mostly fihess@ material, often forming fluid

mud ¢ a high concentration fluidediment suspension at the bed that can flow downslope. Filed
measurements and analyses of hydrographic surveys show where sedimentation problems occur first, and
that fluid mud formatian is a primary component of the probleRecommended solutions include agitation
dredging, a fluid mud trap, and the practice of active nautical depth, a practice employed in several
European portsoffering the greatest potential cost savings. Anothemnfosf mud aggregate is that which
results directly from erosion. When consolidated cohesive beds are eroded, the erosion often occurs in the
form of mud clasts, or bed aggregates, which have a particle density equal to that of the bed. Such action
is previausly described as mass erosidiud aggregates ranging in size from tens of microns to a few
millimetres are also observed in lessergetic environments.

Conducting regular dredging works aims to guarantee all port stakeholders operating isgferfgassage

of vessels and will therefore continue to contribute to the stable operations of these ports. Port entrances
need to be monitored regularly and dredging works need to be planned accordingly with a frequency of
approximately l/lyear and/or aftermajor weather events. There are clear recommendations that
inspections of the riverbed conditions in front of ports are done at least once a year, even after the
completion of the dredging works. At the same time, vessels calling at the ports shalbiredadfof the
changed riverbed conditions well in advance. The practices of several Danube ports such as Albern/Vienna
Budapest/Hungary, Lukoil port in Dunaféldvar/Hungary, Giurgiu/Romania, Reni&lsmail/Ukraine can be
regarded as good practice exampfesinland ports

D. Storage capacities too small, logistics chain modifications
Ports are nodal components along transportation, logistics, and supply chains. Port infrastructures and
facilities serve as the convergence points between different transportatiand logistics
components/stakeholders, hence they are pivotal in defining the smooth operation of regional and global
supply chains. As ports never operate in isolation, but as parts of complex transportation, logistics, and
supply chain systems, therefoamy climaterelated disruptions to ports have broader implications for the
resilience of the global economy and human welfare.

Therefore, the worse the weather conditions, the greater also the necessity for some overcapacity, which
will be used only dunig demand peaks, remaining unused during-ilemand periods. For example, cargo
KFa (2 0SS aGt2NBR F2NJ I tf2y3SNJ LISNRA2R 2F GAYS Ay
other modes of transport can be performed.

Port operations may stofor entire daysand, this, in combination with a congested terminal, can cause
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receive their goods on time.

3.3. Economy relying on inlandvaterway transport

The industrial production relying on a properly working inland waterway transportation is affbgtiedv water,

high water and ice occurrenc&he significance of high water on inland waterway transport is depending on the
waterway unde consideration. For instance, on the Middle Rhine, inland waterway transport is almost not affected
by high water, whereas on the Neckar, the sum of all days with suspended navigatomtad to37 in the year

2002 (Schweighofer (2013)). Therefore, itimgortant to distinguish between the different waterways when
considering the impacts of high waters on inland waterway transport and the ecortdowever in comparison

to low-water events, lgh water is usually a shdytlasting eventwith a relativelyminor impact on the supply of
goods by inland waterway vessels, although the impacts on the surroundings of waterways due to catastrophic
flooding can be very dramati@.g. floods in the years 2002 and 20&E occurrence as a longer lasting event
resulting in suspension of navigation is not existing onthpper and Middle Rhine since the 1970s (Schweighofer
(2013)),as well as it iprojectedto be encounteredesson other waterways, e.g. the Danube, in the futusee
Chapter 2).
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The occurrence of éseme low wateris usually a lon¢asting event, resulting in reduced transport performance

and service quality of inland waterway transport. In the worst case, vessels cannot be operated anymore due to
insufficient water depths. The associatgdpacts onthe economy of the EU with major inland waterways and
industrial productiorcan be very serious

In the second half of the year 2018, the Rhine was characterised by very low water levels, leading to a significan
drop of cargo transported (Fig5), exceeling even the drop due to the financial crisis in 2008, 2009 and 2010. In
addition to low water, negative impacts resulting from the economic contraction in the second half of 2018 played
also a role, however, of less importance (CCNR (2019 a)).

Logistial chains, notably for the delivery of raw materials (iron ore, coal) and for the delivery of final products of
the chemical and petrochemical industry, were heavily disturbed 2B)g.

According to the Kiel Institute for the World Economy, the distades in logistical chains curbed the growth rate

of industrial production in Germany in the third and fourth quarters of 2018 significantly2(FiGCNR (2019 a),
Ademmer et al. (2019)). For the third quarter 2018, the Kiel Institute estimates a deafghseGerman industrial
production by 1.9 billion Euro due to lewater levels on the Rhine. In the fourth quarter of 2018, the industrial
LINP RdzOGA2Y 6l a AYLI OGSR o6& t2¢ o6 GSNJ LISNA2Ra | faz
that raw materials, such as coal, iron ore, but also petrochemical commodities, are input factors in the entire
production process of an economy. The loss of industrial production due to this lag effect amounted to 1 billion
Euro in the fourth quarter of 218, while the loss due to the low water levels in the fourth quarter of 2018 itself
amounted to another 1.9 billion Euro (= 2.9 billion Euro in total for the fourth quarter of 2018). Detailed evaluations
of the CCNR with respect to the monthly impact oé tlow water on the German industrial production are
presented in Fig28. In total, the production losses in the third and fourth quarters of 2018 amounted to
approximatively 4.7 billion EUR corresponding to 0.63 % of the entire German industrial prodid&ti® (2021)).

Another study carried out in the Netherlands Byrenget al. (2020), arrives at lower values for the total losses
resulting from the impact of low water in 2018 on inland waterway transport and shippers (transport, production,
storage).In the Netherlands, the financial losses were estimated to 295 million EUR and for Germany 2.4 billion
EUR. The impact on the economy is very significant also in this study. 13, Ttaklénpact ofthis low water on the
production of different organis@&ins is presented $treng et al. (2020) The sectors affected were
construction/building, chemistry and steel production. Two companies gave a concrete estimate of their production
losses: ThyssenKrupp lost approximately 100 million EUR and BASF evenlli2BOEUR, resulting in the
construction of a dedicated lowvater vessel for BASF in order to avoid such significant losses in the future. Many
shippers expressed their intention to shift their cargo permanently from waterways to other modes of transport
and to increase their storage capaciti@&me representatives of the producing industry mentioned even that the
continuation of business at theroduction locations along the Upper Rhiaee critically evaluated due to the
uncertain developments of supply in the future (ZKR (2021).

According to BfG (2019), in 2018, the general provision of fuels was limited, causing very high fuel prices at petra
stations, as well as a part of the strategic energy reserves of the German government had to be released. Sever:
power plants along thetitne had to reduce their energy production, e.g. the nuclear power plant Philippsburg, as
well as the coafired power plantBergkamen, Walsurand Mannheim
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Figure 25: Development of transport performance in million tkm on  European inland waterways between 2015 and 2019. Source: CCNR 2019
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Figure 26: Goods transported on the traditional Rhine by type of goods in million tonnes, presented for the years 2013 up to 2018. Impac t of

low water du ring the year 2018 on the amount of transported goods. Source: CCNR (2019 a).
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IMPACT OF THE LOW WATER PERIOD OM THE RHIME IN 2018 ON THE GERMAMN
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Figure 27: Impact of low water period on the Rhine in 2018 on the German industrial production. Source: CCNR (' 2019 a).
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Figure 28: Impact of low water on the Rhine in 2018 on the German industrial production. Losses in billion EUR in the months August upt o
December, estimated by the CCNR. Reproduced from ZKR @021).

Table 3: Impact of low water on the Rhine in 2018 on the production of different organisations.  Reproduced from Streng et al. (2020).

Organisation Sector Costs/production
Strukton Construction Postponement of production
BTE Construction Suspension gbroduction
Nouryon Chemistry -25 % of production
BASF Chemistry Total: 250 million EUR loss
Solvay Chemistry Reduction of production
Vestolit Chemistry Reduction of production
Ineos Chemistry Reduction of production
Covestro Chemistry Reduction of production
Evonik Chemistry Reduction of production
ThyssenKrupp Steel Total: 100 million EUR loss
ArcelorMittal Steel Reduction of production
PLATINA3
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From a historical perspective, the low water in 2018 was not the severest one, althouighpihet on the economy

was very significant as described above. In FgthHz rumber of days per year with a discharge Q < 785 1t
equivalent low water dischargéy presented foiKaubon the Middle Rhine, including 3@ear moving averagest

can beseen that much longer periods with a discharge bef@8 n¥/s than in 2018 occurred in the past. In 2018,

the number of days amounted to 107, while in 1971 the number of days was 146. In general, in the past 200 years
such low water events occurred regtlig although in the last 50 years these events have become less and shorter
lasting. However, also in the light of no climate change such events will happen in the coming decades. Accountin
for climate change impacts on the hydrology, it is expected swah events will occur more often in the future

(BfG (2019))e.g. the low water event of 2018 is projected to take place every 10 to 20 years instead of every 60
years till 205@Gccording to research results of Deltaf@gHdry 2050Van der Mark (2021))he impact of the past

longer lasting lowwater events on inland waterway transport was not that strong as in 2018 as in those times the
vessels used were smaller and less vulnerable to water level changes than the much larger new ones which entere
operdion in the recent past years (ZKR (2021)). This holds also for a part of the pusher and tug fleet on the Danub:
which displayed initial design draughts between 1.1 m and 1.5 m in the 1960s and 1970s (ScHifffizletsn
Regensburg e.V. (2004),} R 2 2a&. @11 6 KAf S (GKS RN} dAKGa 2F vYz2ad f1
between approximatively 1.5 m and 2.2 m, allowing for higher propulsive power, larger convoys and, thereby, for
greater energy and cost efficiency of the transport at normates level conditions.

Considering the possible severe impacts on the economy and the inland waterway transport sector due to the
currently existing risk of low water which is even increased by climate change in future, it is necessanalaate

the logistical concepts in place today, including the size and design of vessels (ZKR (2021)). Such new concepts \
contribute to the reduction of the vulnerability of inland waterway transport to aater events, and they can be
implemented relatively faste.g. within two up to three years) dedicated single cases. However, in order to reduce

the vulnerability of the entire fleetomprisingvessels in operation and newbuildinggedicated infrastructure
measuresstarting with proper maintenance of waterays on short term, have to be considered for improving the
climate resilience of inland waterway transport on the long term.

Mumber of days per year <783 misec  30-year-moving-average
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Figure 29: Number of days per year with a discharge Q < 783 m®/s (= equivalent low water discharge) at Kaub, Middle Rhine, including 30 -year

moving averages. Source: CCNRZ019 a).
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Infrastructure adaptation strategie®late to themaintenance, improvement and extension of inland waterways
whichshould always be accortighed by taking the following two main aspects of inland waterway infrastructure
development into account:

9 economics of inland navigation, i.e. the connection between the existing waterway infrastructure and the
efficiency of transport;

1 ecological effectsf infrastructure works, i.e. balancing environmental needs and the objectives of inland
navigation (integrated planning)

According to Siedl and Schweighofer (201age river systems are highly complex, mdlthensional, dynamic
ecosystems and thusequire comprehensive observation and management within their catchment area. The
planning and implementation of waterway projects bring together sometimes conflicting interests of navigation
and the environment. An interdisciplinary planning approach ekt Sadt ot AaKYSyd 27F |
across all disciplines involved in the planning and implementation process can help to overcénigteyests,
resulting in winwin solutions for both sides. The basic philosophy is to integrate environmental imefgEato the
project design, thus preventing legahvironmental barriers and significantly reducing twaount of potential
compensation measureé truly integrative waterwaynanagement systemmust be the objective to be reached,
whichwill succeed in alancing the needsf inland waterway transpotinfrastructure and the natural cgcological
functions of therivers.

Essential features for integrated planniage:

9 identification of integrated project objectives incorporating inland navigatons,environmental needs

and the objectives of other uses of the river reach such as nagiurtection, flood management and

fisheries

integration of relevant stakeholders in the initial scoping phase of a project

implementation of an integrated planninprocess to translate inland navigation asdvironmental

objectives into concrete project measures thereby creating-wiim results

1 conduct of comprehensive environmental monitoring prior, during and after project wahereby
enabling an adaptive inipmentation of the project when necessary

= =

4.1. dimate proofing ofinfrastructure in the period 20232027

0On16.9.2021, the European Commission publisttetdd COMMISSION NOTHCEechnical guidance on the climate
proofing of infrastructure in th@eriod 20222027 in the Official Journal of the European Union C @&Gropean
Commission (2021))setting out common principles and practices for the identification, classification and
management of physical climate risks when planning, developingugrg@and monitoring infrastructure projects
and programmesilt shallgive technical guidance on the climate proofing of investments in infrastruatokering
the period 20232027. The guidance is natompletelynew. It is @ update of the one formajor infrastructure
projects betweer2014 up to 2028 (European Commission (2016)here amajor project is defined as a project
with a total eligible cost exceeding 50 million EUR (and 75 million EUR for e.g. transport profextSimpean

I 2YYA&aA 2y QaBefitZAnR\SIs df Bvestniest BrojeétEuropean Commission (201d¥ed for major
projects in the period 2012020 remains a relevant reference ftre consideration ofmitigation as well as
adaptation

% https://eur-lex.europa.eu/legatontent/EN/TXT/?uri=CELEX:52021XC0916(03)
10 https://op.europa.eu/en/publicationdetail/-/publication/5535c9687a41-11e6b076:01aa75ed71al/languagen
11 hitps://ec.europa.eu/regional_policy/sources/docgener/studies/pdf/cba_guide.pdf

PLATINAS 60


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52021XC0916(03)
https://op.europa.eu/en/publication-detail/-/publication/5535c968-7a41-11e6-b076-01aa75ed71a1/language-en
https://ec.europa.eu/regional_policy/sources/docgener/studies/pdf/cba_guide.pdf

D4.1

The guidance aipted shall supportthe EUin deliveringthe European Green Deal, implemang requirements

under the European Climate Law and rimgEU spendingigreener. It is aligned with a greenhouse gas emission
reduction pathway of55% net emissions by 2030 anéh@hte neutrality by 2050It follows thedenergy efficiency

first¢ and édo no significant hargprinciples and it fulfils requirements set out in the legislation for several EU
funds such as InvestEU, Connecting Europe Facility (CEF), European Regaoiieat Fund (ERDF), Cohesion
Fund (CF) and the Just Transition Fund (JfT&lgso integrates climat@roofing with project cycle management
(PCM), environmental impact assessments (EIA), and strategic environmental assessment (SEA) processes, an
includes recommendations to support national climgiofing processes in Member Statés short, the guidance

is compulsory foall EU funded projects, andit recommended tde applied also to small projects and nationally
funded undertakings.

Climateproofing means that loth issues are to be taken into account: mitigation of climate change demanding
carbon footprint considerationaccording taupdatedmethodologies of the Eopean Investment Bank(ropean
Investment Bank (2020 18) (2013%%), aswell asadaptation to climate change associated with a vulnerability and
risk assessmenfThe basic idea is to take climate change effects into account already in an early stage when
mitigation or adaptation measures can be relatively easily and at a loasrimplemented. Later infrastructure
interventions are usually associated with high castd more difficult to be realised.

The approach iglustrated inFig.30. Climate proofing is carried out with respect to mitigation and adaptation. The
processtself consists of two phases:

1. screening;
2. detailed analysis.

4.1.1.Mitigation of climate change

With respect to mitigationfirst,a screenindpas to be carried out in order determine to which category the planned
project belongs and whether a detailed anadyisirequired. While infrastructure projects for road and rail transport
require a detailed analysis, inland waterway infrastructure projects are literally not mentioned, neither in the list
of project categories demanding no analysis nor in the one reguan analysis. However, as not specified in detail,
inland waterway infrastructure projects may besumed to fallizy’ R Snidtheerinfrastructure project category or

scale of project for which the absolute and/or relative emissions could exceed 20@88stCO2¢p/year (positive

2N ySAlILGAGSVEDd ¢KS 0a2fdziS INBSYyK2dzaS 3AL & SyAraairz
operation for the project. The baseline greenhouse gas emissions are the emissions that would be generated unde
the expected alternative scenario that reasonably represents the emissions that would be generated if the project
is not carried out. The relative greenhouse gas emissions represent the difference between the absolute emission:
and the baseline emissions.

If the screening results in a detailed analysis to be carried out, then the greenhouse gas emissions (CO2eg.) have
be quantified for one typical year of operation and a comparison with the thresholds for absolute and relative
emissions has to be perforrde If the expected impact on greenhouse gas emissions exca@d¥)0 tonnes
CO2gq./year (positive or negativethe emissions must be monetised using the shadow costs of carbon, see Table
4 and Fig. 31. 2000 tonnes CO2 eq./year corresponds to the ye@M2 eq. emissions of approximatively 20 motor
cargo vessels (300 | gasoillyear and vessel) sailing on European inland waterways or 250 trucl30Q100
km/year and truck, 30 | diesel/100 km).

12 https://www.eib.org/attachments/strategies/eib_project_carbon_footprint_methodologies_en.pdf
13 hitps://www.eib.org/attachments/thematic/economic_appraisal _of investment _projects _en.pdf
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Figure 30: Overview of the climate -proofing process. Source: European Comnission (2021).
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The guidance uses updated shadow costs of carbon published liyutlpean Investment Bar€IB as the best
available evidence (European Investment Bank (2020)) on the cost of meeting thertgorp goal of the Paris
Agreement (i.e. the 1,5 °C target). The shadow cost of carbon is measured in real terms and indicated in 2016 price
The shadow costs of carbon to be used for infrastructure projects for the period22Z are given in the tabl

and figure below.

Table 4: Shadow cost of carbon for GHG emissions and reductions in EUR/t CO2eq, 2016 prices. Reproduced from European Commssion(2021).

Year 2020 2025 2030 2035 2040 2045 2050
EUR/t CO2 eq 80 165 250 390 525 660 800
600 .f..____.-'._.a.
[ .--'"l;.f
% ~
':' o~
Q -
e >4
= -
L -~
| -.r.___,.-""#
1 I.: t-- ___.- -
2020 2025 2030 2035 2040 2045 2050
Year

Figure 31: Shadow cost of carbon for GHG emissions and reductions in EUR/t CO2eq, 2016 prices. Source: European Commssion (2021).

The shadow costs above are minimum values to be used to monetise greenhousmigsi®ns and reductions.
Higher values for the shadow cost of carbon can be used for the purpose of climate proofing abénefit
analysis, for instance when higher values are used in the Member State or by the lending institution concerned or
where there are other requirements. The shadow cost of carbon may also be adjusted when more information
becomes availablélonetised greenhouse gas emissions are usually subject to discounting, which is to be described
in the climate-proofing documentationlt is recommended to usir the social discount rate 5 % for major projects

in Cohesion countries and 3 % for the other Member States.

Finallyi KS LINP2SO0GQa O2yaAraidSyoOe sgAlK NBfS@lIyd 9! FyR &
reductions by 2030 and climate neutrality by 20B8s to be denonstrated and a climate neutrality proofing
documentation has to be elaborated as basis for investment decisions.

4.1.2.Adaptationto climate change

With respect to admate change adaption, the first phase comprises the conduction akcreening wherea
vulnerability analysis consisting of a sensitivity analysisaanekposure analysis are carried ¢kiig. 32)It aims to

identify potential significant hazards and related risk, and if®the basis for the decision to continue to the risk
assessment phase. Typically, it unveils the most relevant hazards for the risk assessment (these can be consider
a4 (GKS @dzZ ySNIoAfAGASAE NIY1SR |a aKA 3 HKféthe vuh&ability2 & a A
assessment concludes that all vulnerabilities are ranked as low or insignificant in a justified manner, no further
(climate) risk assessment might be needed (this concludes the screening and phase 1). Nonetheless, the decisic
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on vulrerabilities to take forward to a detailed risk analysis will depend on the justified assessment of the project
promoter and the climate assessment team.

Phase 1 (screening)
SENSITIVITY ANALYSIS

EXPOSURE ANALY SIS

Indicative sensitivity table: Clmnate variables and hazards Indicative exposure table; Climate venables and hazands

{eamplal Flood Heal Drought [exampi) Flood Heat Dingughi
On-site gssets, | High Low Low Currant cimate Iadium Lo Lo

£ iputs (water, ...} Medium — Medium Low Future eimate High Mediuim Lew

,i—" ?r':_lp:;ihpﬁ:m ol M';m " ﬁ E: Highest score, cureni+futune High Wedium Low
Fighest score 4 hemes High Wedium Low he cutput of the exposure analysis may be summarised in @ table with the

The output of the sensilivity analysis may be summarised n a lable wéh the
sansilvaly ianking of the rolvant climale varables and hazards far & glied
project type, imespective of the lacation, including critical parameters, and
divided in e.g. the four themes

sxpasure ranking of the relevant climate variables and heazards for the selected
gration, imespeciive of the project type, and diided in cument and future cimate:
For both the sensitivity and exposure analysis, the scoring system should be
arefully defined and explained, and the given scores should be justified.

VULNERABILITY ANALYSIS

Expasure (current + future climate)
High Megium Low
Fiand

Indicative wainarabilty iable:
{exampla)

SenBILY [hgnast

across the four themes)

Legerd:
Vulnerability level
High
Medium
Law

Hadgh
Medium
Low

Heat

Diraught
The vulnerabilty analysis may be summarised in a table for the given specific project type at the selected location. It combines the sensitivity and the exposure
analysis. The most relevant cimate variables and hazards are those with a high or medium vulnerability level, which are then taken forwand to the sieps below. The
vulnarability levels should be canafuly defined and explained, and the given scones justified

Figure 32: Overview of the screening phase with the vulnerability analysis of the climate -proofing process (adaptation) . Source: European
Commission (2021).

If climate risks of significance are identified, a detailed analysis has to be carried out Zpbassisting of three
pillars (see Fig3):

1 alikelihood analysis;

I animpact analysis;

1 andarisk assessment.

The likelihood analyslsoks at how likely the identified climate hazards are to occur within a given timescale, e.g.
the lifetime of the projet The impact analysisoks at the consequences if the climate hazard identified occurs.
This should be assessed on a scale of impact per hazard. This is also referred to as severity or magnitude. Fo
range of climate hazards it can be expected thatltkelihood and impacts will change during the lifespan of the
project, as global warming and climate change unfolds. The projected changes in likelihood and impacts should b
integrated in the risk assessment. For this purpose, it can be useful to theidifespan into a sequence of shorter
periods (e.g. 1@o 20 years). Particular attention should be given to weather extremes and cascade €effeets.
results of thelikelihood and the impacssessmentsf each hazardre combined in the risk assessmemlere the

risks can be plotted on a risk matrix (as part of the overall project risk assessment) to identify the most significant
potential risks and those where adaptation measures need to be takée.categorisation usednust be
defendable, clearly spified and described in a clear and logical manner, and coherently integrated into the overall
project risk assessment. For example, it may be considered that a catastrophic event, even if it is rare or unlikely
still represents an extreme risk to the fjeat as the consequences are so severe.
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Phase 2 (subject to the outcome of phase 1

LIKELIHOOD ANALYSIS IMPACT ANALYSIS
Indicative scale for assessing the likelihood of a climate hazard (example): Indicative scale for Impacts:

Term Qualitative Quantitative (*) assessing the potential = 2

Rare Highly unlikely to occur 5% impact of a climate hazard S o S
Unlikely Unlikely to occur 20 % (example) T le [ B e B
Moderate As likely to occur as not 50 % . , 212388
Likely Likely to occur 80 % Risk areas: — : SIS == 1O

Almost certain Very likely to occur 95 % Asset damage, engineering, operational

The output of the likelinood analysis may be summarised in a qualitative or [| -Sarety and health -
quantitative estimation of the lkelihood for each of the essential climate Jj -Environment, cuttural heritage
variables and hazards. (*) Defining the scales requires careful analysis for S.ocnal.

various reasons including e.g. that the likelihood and impacts of the essential j _Financial

climate hazards may change significantly during the lifespan of the infrastructure | _Reputation i

project among other due to climate change. Various scales are referred to in the Any other relevant risk area(s)
literature. Overall for the above-listed risk areas

The impact analysis provides an expert assessment of the potential impact for
each of the essential climate variables and hazards.

Indicative risk table: Overall impact of the essential climate variables and hazards (example) Legend:

(example) Insignificant Minor Moderate Major Catastrophic Risk level

- Rare \ Low

g _Uniikely Drought Medium

% Moderate Heat Flood High

= Likely -alﬁm
Almost certain

The output of the risk analysis may be summarised in a table combining likelihood and impact of the essential climate variables and hazards. Detailed explanations
are required to qualify and substantiate the assessment conclusions. The risk levels should be explained and justified.

IDENTIFYING ADAPTATION OPTIONS APPRAISING ADAPTATION OPTIONS ADAPTATION PLANNING

Option identification process: The appraisal of adaptation options should give due | Integrate relevant climate resilience measures into
~— Identify options responding to the risks (use e.g. regard to the specific circumstances and availability the technical project design and management

expert workshops, meetings, evaluations, ...) gwfaﬂa;?jﬁ!g o oress oihe rqgg;;‘egx?n‘;"; Juwdagr?argler:at Ggmz-r %Z‘mgﬁr:mF:ﬁ:ﬁerztsatg)nﬂsglaﬂbﬁ"?OT:CE pl?l;?}
— Adaptation may involve a mix of responses, €.9.. | getailed cost-benefit analysis. It may be relevant to Eeview of the %ssumptio?ls a’ndp the c‘isr;nate
— training, capacity building, monitoring, ... consider the robustness of various adaplation | vulnerability and risk assessment, and so on. The
— use of best practices, standards, ... options vis-a-vis climate change uncertainties. vulnerability and risk assessment and adaptation
— nature-based solutions, ... planning is aiming to reduce the remaining climate
— engineering solutions, technical design, ... risks to an acceptable level.

— risk management, insurance, ...

Figure 33: Overview of the climate risk assessment in phase 2 of the climate -proofing process (adaptation), including the identification,
appraisal and planning/integration of relevant adaptation measures . Source: European Commission (2021).

If the risk assessment concludes that there are significant climate risks to the project, the risks must be managec
and reduced to an acceptable level by assessimg) immplementing targeted adaptation measures. Meanwhile,
there is an increasing volume of literature and experience on adaptation options, appraisal and planning, as well a:
related resources in the Member Statgailablé* (European Commission (2018))ore information on adaptation
planning in the Member States is available on ClirfsBBAP . With respect to inland waterways and ports, the
following section®f this reportwill provide dedicated information for further use.

Adaptation will often invtve adopting a mix of structural and natructural measures, e.@gnfrastructure design

or improvedmonitoring. Given the considerable uncertainty in future predictions for climate change hazards, the
key is often to identify adaptation solutions (wheregsible) that will perform well in the current situation and in

all future scenarios. Such measures are often termed low eregeet options. It may also be appropriate to
consider flexible/adaptive measures such as monitoring the situation and onlyrmepteng physical measures
when the situation reaches a critical threshold. This option may be particularly useful when climate predictions
show high levels of uncertainty. It is appropriate as long as the thresholds or trigger points are clearly set out an

14 hitps://ec.europa.eu/regional_policy/en/information/publications/studies/2018/climathangeadaptationof-major-
infrastructureprojects
15 https://climate-adapt.eea.europa.eu/
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the future proposed measures can be proven to address the risks sufficiently. Monitoring should be integrated in
the infrastructure management processes.

Assessing the adaptation options can be quantitative or qualitative, depending cav#ilability of information
and other factors. In some circumstances, such as relativelvébuwe infrastructure with limited climate risks, it
may be sufficient with a rapid expert assessment. In other circumstances, in particular for options witbasignif
socioeconomic impact, it will be important to use more comprehensive information, for example on the climate
KETFNRQa LINRBOIOAfAGE RA&AUNRODziAZ2YITIT GKS SO2y2YAO0O Ot
Finally, he adaptation plar of climate proofing should include:
 OSNAFEAY3I (GKS AYFTNIadNHzOGdzZNBE LINRP2SOGQa O2yaradis
strategies and plans on adaptation to climate change, and other relevant strategic and planning documents;
and
1 assessing the scope and need for regular monitoring and fallpwor example of critical assumptions in
relation to future climate change.

Both aspects should be properly integrated into the project development cycle.

The guide refers also to the mulsory Environmental Impact Assessment (EIA), as well as the Strategic
Environmental Assessment (SEA). In all phases of an infrastructure project, mitigation and adaptation have to be
integrated. This might lead to some overlap with the European reguisitbn the EIA and the SEA. However, the
activities in the guide armeant to bea part of the compulsory EIA and SEA, meaning that the exstoisgdnot
increase the burden associated with the initiation of an infrastructure project.

In general, the pject promoter will include in the project organisation the expertise needed for climate proofing
and coordinate with other work in the project development process, for instance, environmental assessments.
Depending on the specific nature of the projebis may include bringing in a climapeoofing manager and a team

of experts in climate change mitigation and adaptation.

4.2. Climatechangeadaptation planning forports andinland waterways

In 2020, PIANCThe World Association for Waterborne Infrastrualpublished the PIANC Report 178 CLIMATE
CHANGE ADAPTATION PLANNING FOR PORTS AND INLAND WATERWAYS (PIANGs (2026)
comprehensive guidance documentoftheL ! b/ Q& G SOKYy A OF f  3nga\diek igt@dudidnRodzL)
the potential caisequences of climate change and some of the challenges to be addirssBthequencd ports

and waterways are tbe adaptedeffectively.The guidance is focussed on the existing infrastrucuivéngpractical
guidance to infrastructure operatoras well asettiing out a portfolio of impacispecific measures and case studies.

It introduces a foustage methodological framework to help port and waterway operators plan how best to adapt
(Fig.34):

1 Stage 1 facilitates understanding of the assets, operations and systems that could be affected by climate
change; highlights possible interdependencies with other sectors that are also susceptible; encourages
engagement with internal and external stakeholdeasd enables the setting of climate change adaptation
objectives. It also stresses the need for data collection and its effective management.

I Stage 2 identifies the type of information needed to determine baseline conditions and to explore possible
future changes in relevant climatelated parameters and processes. It also introduces the use of climate
change scenarios to assist in understanding the range of possible future changes, and highlights the
importance of monitoring and collecting local data.

16 hitps://www.pianc.org/publications/envicom/wg178
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1 Stage 3 describes how the vulnerability of waterborne transport infrastructure assets, operations and
systems can be assessed and, where appropriate, a more detailed risk analysis undertaken to understanc
the likelihood and potential consequences of the paigd changes.

1 Stage 4 introduces some of the concepts that need to be considered when deciding how best to address
Of AYIFIGS Nxaia FyR KFETFNRa® LG Ffaz2 LINBaSyda I U
institutional), and provides gdance on how to screen and evaluate options that might be included on an
adaptation pathway.

In addition, $xteen international good practice case studies are appended to the guidance, along with various
templates to be used for data collection aretord keeping.

— [ 1.1 Set Goals )

1.3 Indicate the 7 1.4 Identify Relevant 2.1 Establish Climate
Susceptibility of Stakeholders and Information Needs
Assets, Operations 1.2 Identify Critical Assets, Encourage 4 4
and Systems ‘0—» Operations Systems - Ownership ‘L L
l ; s Inisicenencencies] I 2.2 Understand 2.3 Explore Possible
’ l Baseline Conditions Future Climate Conditions
| 1.5 Determine Adaptation Objectives | l i

'

1.6 Consider Data Needs
and Data Management

 sTAGE2 |
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l L i 3.5 Assess it N 3.6 Assess
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\ 4.7 Implement Adaptation Strategy ‘

Figure 34: The four stages in the climate adaptation planning process . Source: PIANC(2020).
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The report containga table with generic measures strengthening the resilience or adapting aspeistions or
systems gee ablebelow).

In addition to generic measures, a comprehensive set of measures is given with respect to numerous climate chang
impacts.They were identified through an extensive international engagemexercise involving Wonkg Group
members and their colleagues from 14 countries; running workshogsrope (UK, Norway), Asia (The Philippines),
Africa (South Africa) and America (USA); and ifmout several international associations (International Maritime
t Af 20aQn; In@raadiodadl Hatbbu | A G SNEQ ! 3a20A1 GA2Yy T 9dzNRBLISEHY { ¢
others). The measures considered relate to:

rainfallrelated or groundwater flooding (see Anngx)

flooding due to overtopping (see AnnaRk)

high inchannel riverflow velocities or changes in sea state (see ArB&x

low flow or drought (see Anne3D)

changes in sediment or debris regime (see ArBtex

bed or bank erosion (see Anngx)

reduced visibility (see Ann&G)

change in wind characteristics (see AnBeY

extreme cold, ice or icing (see Anri#x

extreme heat (see Anneid)

changes in ocean water acidity (see An8KX

changes in salinity or salt water intrusion (see AnBleEX

changes in vegetation growth (see Anr3dA)

changes in species migration or rengee AnnegN)

changes in native species survivability or growth rate (see ABOgX

introduction or spread of invasive, narative species (see Ann8R)

gegeegeeegeeegeeegeeeece

For completeness, the respective tables can be found in Annex 3.
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Table 5: Generic measures for strengthening resilience or adapting assets, operations or systems of ports and inland waterway infras tructure. Source: PIANC (2020).

Physical measures

Structures, systems, technologies, services

Social measures

People, behaviour, operations, information

Institutional measures

Govemance, economics, regulation, policy

Prontise maintenance to maximise operational resiience and
improve adaptive capacity

Install real-time monitoring infrastructure

Use Cloud (back-up) for data storage to reduce physical nsks
to systems

Relocate vulnerable assets and equipment out of high-rizk
areas

Revert to phased array for radar

Inwest in redundancy, temporary infrastructure or other
physical back-up provision for critical assets (including power
and water supply)

Reinforce, raise, strengthen or otherwise protect or modify
critical assets

Install or develop new,
infrastructure or equipment

responsive or  demountable

Install warming equipment

Mominate or provide physical sanctuaries

Increase storage capacity

Install multi-modal equipment

An:-_lyr m_iture-hased solutions, Working with Mature, soft
engineearing

Install treatment or reception facilities

Incorporate flexibility in new or replacement infrastruciure
design to allow for modification as conditions change

Modify material or equipment selection to accommodate
changing conditions

Invest in SMART technology

Undertake climate change risk assessment, prepare rnisk maps

Prepare and raise awareness of confingency, emergency or
disaster responze plans

Introduce and regulary review warning systems
Prioritize asset inspection
Educate workforce, stakeholders, local communities

Ligize and coordinate with utilities and ather service providers;
develop information-sharing protocols

Improve {or instigate) monitoring, record keeping and data
management, consider cybersecurity issues

Undertake trend analysis or forecasting

Develop revised operational protocols; modify working
practices as conditicns changes

Introduce and implement adaptive management procedures,
base operations or working arrangements on monitoring outputs
Allow for flexibility and responsivensss in programming
(increase operational hours, modify staffing rotas, vessel
scheduling, lock operation, etc.)

Revert o traditional, low tech, ways of operating, ensure
binoculars, telephone, paper charts, two-way radios are available

Ensure availability of transport and
personned during an incident

accommodation  for

Temporarily or permanently restrict activities in high-risk areas
Mominate safe routes and areas, identify diversions

ldentify and exploit interconnectivity and intermodal options to
maintain buginess continuity during events

Provide training on new tools, codes of practice, procedures or
protocols, ensure importance of redundancy is understood

Facilitate technology transfer

Prepare strategic level climate change adaptation strategies

Review and revise relevant codes of practice, standards,
specifications or guidelines to accommedate changing conditions

Review health and safety reguirements and revise if needed
Introduce penalties for non-compliance with standards
Require zoning of assets, operations or activities based on risk

Use local regulations (e.g. byelaws) to reduce risks, especially in
multi-use locations

Policies to encourage relocation out of high-risk areas

Cuollaborate with land-use planning systems e.g. to introduce set
back or buffer areas

Limit new infrastructure development in high-nsk areas

Identify, secure and coordinate altermative trangport routes or
modes

Promote reduced insurance premiums if improved resilience is
demonsirated

Set up contingency or disaster response fund

Introduce and enforce build-back-better or build-out-of-harm's-

way policy

Facilitate diversification in facilities and employment as conditions
change

Improve legal protection for vulnerable habitats with risk reduction
role (e.g. absorbing wave energy, providing erosion protection)

Provide grants or incentives e.g. for development or maintenance
aof resilient infrastructure

Research and develop novel tools and methods

PLATINA3

IWT policy platform

69



D4.1

The report stresses thdtefore accessing the impaspecific tables, be aware that the portfolio of measures is not
intended to be a comprehensive list of possible solutions. Rathéantiénisled as a source of ideas and inspiration

to supplement local knowledge and experience. It aims to encourage those developing adaptation pathways to
consider emerging technologies, soft engineering or nabased solutions, changes in operations or

maintenance practices, hybrid options, or policy interventions, alongside more conventional structural solutions.
Further, it is noted thatdr each impact affectinthe infrastructure potentially suitable shorterm or interim,
mediumterm andlong-term measures should be highlighted as appropriaedthe following points should also

be noted:
w

PLATINAS

Not all climate change adaptation requires the port or waterway to engage consultants or
undertake expensive retrofitting programmes. There can be seeng simple and cheap options,
including prioritising maintenance to maximise operational resilience, developing extreme
weather warning systems and putting contingency plans in place, modifying working practices, or
awareness raising.

There may not be argyle solution. Climate change adaptation measures are typically explored
simultaneously or implemented ioombination. Developing a phased adaptation pathway,

possibly including measures from each category (i.e. physical, social and institutional) thay be
most effective approach

In addition to the direct physical impacts highlighted above, a port or waterway may also
experience indirect, economic effects as a result of climate change, for example associated with
changes in agricultural production, meaaturing, tourism, etc. As noted in the introduction, the
stepwise methodology set out in this guidance document can equally well be used to identify and
assess the adaptation responses needed to address such changes.

Climate change adaptation or resilmnstrengthening is often an incremental process, addressing
immediate concerns whilst retaining flexibility to respond appropriately if future requirements
vary as the climate changes. In some cases, however, adaptation has to involve transformative or
disruptive change. For example, increases in flooding frequency or erosion rates may make
continued costeffective operation untenable, such that (part of) a port may have to close-or re
locate, or the increased incidence of drought or low water levels ro@gfa change to smaller,
shallow draft vessels if waterborne transport is to remain viable.

No or lowregret measures provide benefits under any foreseeable climate scenario including
present day climate. Such interventions are useful irrespective ofdliovate parameters and
processes change over time.

Climate change is likely to drive collaboration in the interests of economic efficiency or to achieve
cost savings. Wiwin measures that provide eoenefits to other organisations may offer the
possibiliy of sharing implementation costs, so should be explored. Organising a workshop with
key stakeholders to discuss opportunities for collaboration could provide a useful means of
identifying such measures.

Adaptation measures might be implemented at a systaratrategic level, or at the scale of the

site, project, asset or operation. Measures might be grouped, or they might be implemented
individually.

Retrofitting existing infrastructure is listed in the tables as a generic option requiring arsite
assetspecific investigation into potentially feasible engineering designs.

Natureo  a SR az2fdziAzya OFy SylFoftS I LER2NI 2N gl b€
may also represent a cosffective solution. For example, some habitats provide imparta
ecosystem services such as storm surge attennatio

Climate change is already driving innovation; future changes in the technical or economic
feasibility of options for adaptation may need to be anticipated. donventional or innovative
solutions carbe the best ones: it is important to take account of local conditions and think
w2dziaARS GKS 62EQ GF1Ay3a y238 2F GKS LI NI A Od
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4.3. Proactive waterway maintenance

The first step and a rather simple measuredoping with climate change effects on inland waterway infrastructure

is the conduction o$uitablemaintenance activities in a proactive way, resulting in certain cases even in less efforts
to be takenand economic benefitg done in aproper way. Genedlly, it can be said that a wethaintained
infrastructure is less vulnerable to climate change effects than a badly maintained one. In addition, a badly
maintained infrastructure becomes even worse in the course of time, resulting in afAreveasing vlnerability

to climate changeandfailure in the worst case.

Accordirg to ECCONET (2012)het basic elements of waterway maintenance are interdependent and
interconnected in a logical contexiherefore the interactions between these elements are subseagly described
as "waterway maintenance cycleéing described in the following@rig. 35)

1. The first step in waterway maintenance is the continuous monitoring and general bathymetrical survey of
the fairway in order to identify shallows. Detailbdthymetrical surveys are then undertaken for shallows
which are the basis for the planning and monitoring of the subsequent dredging measures.

2. Dredging works have to be contracted and assigned. Right before and after dredging measures in the
fairway, theintervention areas are surveyed to enable monitoring of the works as quality coiitnel.
prioritisation of dredging activities within a defined time frame at the beginning of the annualvter
period constitutes one of the most important measur@sg 36). If low water periods will change with
regard totheir seasonality due to climate change in the futuilee dredging strategy has to be adjusted
accordingly, comprising one ceefficient adaptation measure to possible climate change impéactstde
to reduce the number of necessary interventions for the sake of ecology, the water depth to be provided
at LNWL may balsochanged e.g. from 2.5 m to 3 m, reducing thereby the number ofiietgions to e.g.
one per year, allowing faminimum impact orfauna and floraas well as preservation of biodiversityr
the rest of a maintenance yeagde also Soare (2022 the valuable layer of 280 cm of the river bottom
will be manipulated least

3. Dredging measures are followed bytinusedocumentation and external communication to target groups,
e.g. shipping companies, assuring continuous information on the current status of the fairway
infrastructure. The provision of information is achieved by means of various channels, e.g. Notices to
Skippers, websiteof River Information Services (RIS), information at locks or Inland ECDIS charts.
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Surveying

+ Continuous monitoring and
general bathymetrical survey of
the fairway in order to identify
shallow areas (fords)

« Detailed bathymetrical survey of
shallow areas in order to plan
and monitor dredging measure

!
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status of the fairway infrastructure for the
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Figure 35: Waterway maintenance cycle . Source: ECCONET (2012).
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Figure 36: Water levels at the gauge Wildungsmauer (Danube). Timeframe for most urgent dredging activities. The y -axis denotes the average
daily water level at the gauge Wildungsmauer on the Austrian Danube in the year 2009. The x-axis denotes the days and months of the year
2009. RNW96 = LNWL96. RNW96+50 ENWL96+50 cm. MW = MWL96. HSW96 = HNWL96. HSW96+90 = HNWL96+9redging shall take place

in September prior to the low water in autumn and winter. Source: ECCONET (2012).
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Hfective measuresf proactive waterway management have been implemented by viadonau in the past. In 2014,
the viadonau efficiency enhancement prognarawas launched. The optisdtion of the use of resources pursued

in the efficiency enhancement prograne was intended to ense the economic implementation of the corporate

and impact goals. In spring 2014, a catalog of efficimmhancing measures was developed and successfully
implemented over the next four years. A significant monetary contribution, which could also bly chessured,

was made by hydraulic engineering measures. Between 2015 and 2017, twosaptns in the area of waterway
management deserve special mention. By opsing thetraining wallsand groynes at the Witzelsdorf and Bad
DeutschAltenburg shallow (Fig. 37)it was possible to reduce the annual dredging volume by around 110,000 m3
YR G(GKdzda GKS Fyydzt YIFEAYyiSylry0OS SELISYRAGIZNSE o6& | N
construction costs). In Witzelsdorf in particular, it was possibkchieve a great effect with relatively little effort,

both from a monetary and an ecological point of view. Bank reconstructions and backfilling with dredged gravel not
only created habitats for fish, but also significantly improved fairway conditibhe.annual cost savings there
amountdto around 20Qn n i1 € P

Figure 37: Optimisation of the river section Witzelsdorf . Source: viadonau.

Also m the Lower Danube, the principle of proactive waterway maintenanceriently being implementa (Soare
(2022)).Based on monitoring results, a proper scheduling of interventions and an interventiomsgistablished

in accordance with the development of water levels and the respective foredagisatBechet, thenumber of

days with water levels below the Low Navigable Water Level accounted for 52 in 2021. The days occurred in the
period between September and December. Knowing this behaviour of the water level development during a year,
allows for proper schedulingf waterway interventionse.g. prior to September before the occurrence of low
water. This way, the waterway will be in an improved condition when it becomes necelsstiig.Lower Danube

area, low water occurs usually between August and November. Tidrerehe optimal period for starting the
maintenance works is between May and July, demanding a timely reservation of technical and financial resources
The number of interventions shall be minimised, reducing thereby the impact on the environmengtiaviand
resources demanded. The existing mechanisms and systems shall be further developed, considering the effects ¢
climate change. All in all, thevailability of sufficient financial resources and proper scheduling of activities are of
key importane when the goal is to successfully maintain the waterway throughout the year.

4.4, Provision of information on waterway

The determination of proper knowledge on navigation conditions comprising allows for detection of unfavourable
locations andmproved maintenancand managementf the waterway, serving the efficient navigation of vessels
sailing in the respective areas, as well as the establishment of more reliable transport services. In addition, safety
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margins with respect to the loading ofvassel can be reduced, allowing for more cargo to be transported. Finally,
the knowledge on navigation conditions is also one precondition for ereffipient ship operation and
development of ship performance tools e.g. relating to voyage planning.

4.4.1.Compehensive information omhe fairway

The availability of sufficient personnel resources and modern surveying equipment (i.e. surveyingagassdias
software and hardwarefor data processing and analysing)the basisfor proper collection andprovison of
comprehensive information on the topography of the fairway and the corresponding water depths relevant for
navigation(Fig. 38)This informatiorisof particular value in shallow water stretches of the waterway where regular
surveying actiities have to be carried out. The full picture on the topography allows vessels to choose a route
within the fairway with sufficient water below the keel, even if the water depth is not sufficient over the entire
width of the fairway. This way, the fairway candyimally used. In addition, the vessel may choose also the route
with greater water depths reducing the resistance and corresponding fuel consumpiimadly, the information
gained can be used also for thaonitoring of effects of rehabilitation and By engineering measures, as well as
detection where maintenance and waterway management activities are necessary. For this purpose, also regulal
inspection trips with surveying vessels, being equipped with e.g. a single beam echosounder, have to beutarried
over longer distances of the river in order to get a first idea where shallows have established and where more
detailed surveying, e.g. by mulieam equipment, will be necessargee also next section.

Min. water depth in marked fairway:
22 dm below LNWL 2010

2 - 2 . o
airway markings "¢ S : 7 :
el IR ST NP g Min. water depth in fairway channel:
: ; : 25 dm below LNWL 2010

-~

Figure 38: Provision of comprehensive topography information on the fairway and fairway channel of an inland waterway (Petronell -Witzelsdorf,

Austrian Danube, LNWL = low navigable water level ). Source: viadonau.

4.4.2 .Floating ship dateon-board measurements by commeativessels

The determination of proper knowledge on navigation conditions comprising water depths and flow veloaities

be derived by comprehensive surveying of the entire waterway using dedicated surveying vessels and applicatior
of proper waterlevel and hydromorphologic models accounting for watkavel and riverbed changes in real time,
demanding significant efforts rarely available. In addition, measurements performed on commercial vessels in
operation can be used at locations where no or rare syingresults are available, e.g. via shipboeggipment
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CoVadem

One tool that can support proactive and intelligent management of the navigation channel is the "CoVadem"
initiative'’, which provides continuous insight into the current water depthsnsport and consumption
performance of inland vessels and their journeys in relation to the constantly changing river conditions (flow and
water depth Fig. 39. This inland navigation initiatiyéirst activities were taken in the FP7 EU project MoV& |T

lays the foundation for continuous improvement of both energy and transport performance of inland navigation.
One of the beneficiaries of CoVadem is the dredging industry, where it is believed that the data from the initiative
can contribute to a snmréer, more efficient dredging process and thus improved navigability of waterways at a lower
cost. Due to this increase in efficiency, not only is a positive contribution to the maintenance costs or navigability
of the waterways in general expected, bus@la structural contribution to the G@argets.

In the short term, the initiative will allow an objective visgalion and optimsation of the loading and consumption

of all inland vessels. It also paves the way for an independent platform in whéctransport performance of
vessels can be continuously compared on the initiative of participating skippers on the basis of objective, automatec
measurements. This development will make it possible to objectively demonstrate the transportation footiprint
inland navigation to shippers and other stakeholders at any desired level of detail.

The CoVadem monitoring netwodomprises growing fleet of over 200 vessels currently mapping out the latest
data on depths and bridge clearances on the river Rhine.

> o) 1:22/340 B & Youlube

Figure 39: Collective collection of water depth information by commercial vessels operating within the CoVadem initiative, promotion vid eo.

IN the front of the vessel, the echo -sounder is located sensoring the river bottom. S ource: autena®®

17 hitps://www.covadem.com/en/home/
18 hitps://cordis.europa.eu/project/id/285405
19 hitps://autena.nl/overons/innovatieprojecten/covadem/
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H2020 EU project PROMINENT

In the Horizon 2020 EU project PROMINENWo different systems were developed for the determination of
navigation conditions by shipborne measurements performed on board commercial vessels. Thaefigas
applied in three vessels sailing on the Rhine, the second one was applied in ten different pushed convoys sailing a
the Middle and Lower Danul@&chweighofer et al. (2020$chweighofer et al. (2018)

For the Rhine vessels, in general, a verydgagreement between surveying and on board measured resulthdor

water depth was obtainedFig. 40) Taking into account corrections for pitch and roll, the overall averaged
difference between the ofboard measurements and mulbeam soundings of thgear 2014 amourgd to 2 cm.
However, due to their spatial resolution, the measurements cannot replace professional echo soundings with a
multibeamsystem. In areas where professional echo soundings are not available or the time between echo
soundings is to long, shighased measurements can significantly improve the data basis, providing additional
information for navigation or route planning. The same applies to areas with high morphological activity.

For the flow velocities at mean water level, a ratgeod agreement of the aboard measurements with the ones
derived from a hydrenumericalmodelwasobtained (Fig. 40) The results obtained at the equivalent water level
(GIW) showed greater deviations from the modelled ones, due to unreliable resultshi®@magnitude of the flow
velocities because of small under keel clearances together with a small immersion depth of the ADCP.

The procedure for measuring and transmitting the dates promising. However, further developments relating to
automatic plausibity check and processing of the collected data, as well as provision of it in a suitable manner to
the boatmaster or shipping company are necessary.

Starting inJanuary 2016, ehoard monitoring hd been taking place for a group of ten vessels of thenRuan
shipping company NAVROM sailing mainly on the Middle and Lower Danube. The measurements performed aime
at analysing the engine performance of the vessels and navigatinditions such as waterway depth and flow
velocities. The measurements colledtwere stored in a database with over 100,000 hours of data utilised in this
pilot for estimation of the waterway depths at the city of Corabia in Romania, which is considered a bottleneck due
to the shallowness of the Danube there.

In general, the ofboard measurementsaye plausible results for the water dep{Rig. 41) The agreement with

the surveying results (single beamds good at several points, although at some points maximum deviations of up
to 1 m occured. The deviations may be explained laght of consideration of sinkagad trim of the vessels,
different densities of measurement points across the fairway as well as different time periods between-the on
board measurements and the surveying results.

The usefulness of the data and the qualitiythe depth estimates indicate that the method developed may be
suitable to be used in other bottlenecks of the Danube as well. In a further step, it may be thought of extending the
procedure for the creation of a waterway map with depth contours, deniagdhowever, a significant amount of
efforts and resources. A meaningful processing of theflelocity measurements could not be performed.

20 https://cordis.europa.eu/project/id/633929
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Figure 40: Onboard measurements of flow velocity and bottom height compared with results of a  hydro-numerical-model and surveying of
the river bottom carried in the H2020 EU project PROMINENT. Source: Schweighofer et al. (2020), poster.
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Figure 41: Onboard measurements of water depth giving a qualitatively correct reproduction of the water depth at Corabia carried out in the
H2020 EU project PROMINENT. Source: Schweighofer et al. (2020), poster.

4.4.3.Water level forecastgyood practiceservices provided by BfG

In order to beprepared for extreme lover highflow events, to optinse transport costs and efficiency, as well as
to avoid supply shortfall for major industries as long as it is possible, there is a strong need for flvatardvel

forecasts of different lead times with special focus on the waterway transportation sé€tein and Meil3ner
(2019)).

Users of waterways need shexd-medium term waterlevel forecasts to optinse the load capacity of their vessels

as well ago take into account in time that waterways might be blocked due to floods, to plan complete transport
cycles, multmodal transport planning, stock and supply management, and optimised timing of transports. Monthly
to seasonal forecasts are required file medium to longterm planning and optinsation of the water bound

logistic chain (stock management, fleet composition, adjustment of the industrial production chain, modal split
planning).See also Table 6.

rallisatd 78



D4.1

Table 6: User needs of the different waterway users (mainly on the Rhine) and corresponding decisions requiring additional forecast lead -
time 2%, Source: Klein and Meil3ner (2019).

Within the Horizon 2020 EU projetMPREZX, forecast products for the River Rhiged dzN2 LIS Q &

short-range  medium-range manthly seagonal
(= 7 days) (= 14 days) (= 1month] (= 3 months)

Dptirnization of current vssel load »

Shifting cargo fram shipping to another mean of

transportation in case of low Tows K "

scheduling of a complete transgort cycles {wg- and

downstraam trig) K

Dptimized daliverable of goods arriving via maritime

vessels K (]
Schaduling of special transport {heawy / large kead) =} X

Optirnized timing of transports to aveid additicnal

posts in case of low flows I} " B
Adaption of fleet [ usable transport capacity " ®

Shilting cargo fram shipping 1o another mean af

transportation in case of low flows X X

Building up stacks {e.g. coal power plants, refineries

ete.) ¥ X

Hire additional storage space for industrial goods

[intesim storage facility) K "

Guarantes security of energy supply {Redispach) W W
Flanning f Timing of measuremeant projects x :H (1]
Tirning / suspending of dredge operations x "

reduction of dredge aperations {Il X =

Ecomamic Dutlaok [x) ®
Timing J/ suspending of dredge operatians [x) % X
reduction af dredge operations ';"J.

Y2ai

waterway ¢ and the German parts of the waterways Elbe and Danube, covering different lead times have been
developed by the Federal Institute of Hydrology (Bitsermany The forecasproduds available at the time of
writing this reportcomprise:

1
1
1
1

a deterministic 4day waterlevelforecast (ww.elwis.de);
aprobabilistic 16day waterlevel forecast developed for the waterway Rhimevw.elwis.de Fig42);
a probabilistic 8nveeks prediction (BfG to be contacted, operational in July 2022);
aprobabilistic treemonth estimate: still under research.

2L For the Danube and transportation from the Black Sea to Central Europe, kebgidinger lead times than seven days will
be necessary for optimisation of vessel load.
2 hitps://www.imprex.eu/
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Figure 42: Probabilistic 10 -day water-level forecast for the gauge Kaub on the Rhine . The vertical axis displays the water level in cm, the

horizontal axis displays the date. The blue colours give the probability bandwidth of the projections. Source: www.elwis.de
(https://10tagerhein.bafg.de/Kaub 10Tage.pdf , accessed 2.6.2022).

Usually, water level forecasts of only a few days @ng.up to two days have been sate of the art. Therefore, the
products developed by BfG constitute a remarkable step forwidmvever, it has to be noted that the reliability
and lead time of water level forecasts is depending on the characteristidsdynamicsof the river and its
catchment meaning that one forecast product working well for one river may not work well for another hiver.
addition to improved wateilevel forecass, BfG provides a comprehensive Climate Change Service, available
https://www.das-basisdienst.de/DA8asisdienst/DE/sub2 bfg/bfg_node.html

4.5. Riverengineering measures and novel approaches

4.5.1.Classical riveengineering masures

Classical riveengineering measures comprise the installation of groynes, training walls, amdpripmongst
others, having an impact on the hydneorphologi@l characteristics of the river, e.g. sediment transport or water
flow velocity, and infiencing its and the fairways general dimensions, e.g. width and depth. The effectiveness of
river engineering elements can be measured and can also change in the course of timemidguiological
processes in the river, e.g. erosion processes of thelrde can lead to an alteration of the relative position of the
river engineering elements within the river and thus influence their effectivenasd an altered temporal
distribution of the water discharge, e.gaused by climate change, may affect thiéeetiveness of the river
engineering element®o andthus influence the available fairway parameterghie case of low water conditions,
especially irfree-flowing sections(Simoner et al. (2012))

Furthermore, continuous maintenance works, edgedging, constitute a nestructural measure carried out by
waterway administrations in order to maintain the required fairway parameters. Related to improved coping with
low-water events, effective dredging works of shallow sections are best carrieldedorte the occurrence of low
water periods(Simoner et al. (2012)Predging activities can be minimised by farctive waterway maintenance,

as well as proper installation of rivengineering elements or implementation of Nature Based Solutions, see the
following sectionsFurther, the creation of a fairwayn-the fairway can be considered if the fairway interventions

are to be kept at a minimum, demanding however most likely solutions for proper traffic management in the advent
of a lowwater event.
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Thefollowing measures contribute tthe improvement of navigation:

1 optimisation of existing low water regulation to increase its effectiveness, to reduce sedimentation in
groyne fields and to reduce maintenance efforts;

9 dredging and defined reintroduction afaterial leading to a sediment balance (sediment nourishment, see
alsoNature Based Solutions)

1 relocation of certain sections of the existing fairway in order to make use of deeper zonssvfgation
purposes. This measure also reduces the requirerf@ndredging.

1 Granulometric riverbed improvement. The reduced transport of bed load also reduces the need for
maintenance dredging.

The realisation of these measures has to be accompanied by a continuous monitoring prog(&inmoeer et al.
(2012))

4.5.2.Flexible waterway installations

An approach deviating from classical riegrgineering installations is currently being planned in Austria and deals
with the use of secalled "mobile groynes". In order to counteract the potengéfiects of climate change on the
waterway in the least invasive way possible, in harmony with nature and yet with a focus on optimal fairway
conditions, viadonau is investigating and testing a combined concept ofsoadd, dynamic measures.

One of these concepts is the idea of using flexible and adaptive regulation of hydraulic structupedlest'mobile
groynes". Flexible hydraulic structures in the form of loaded hulls, e.qg. lighters will be tested, which are strategically
positioned in the vicity of shallow areas in order to provide additional fairway depths in the event of low water
by creation of higher flow velocities transporting the sediment and gravel away from the shallow (Fig. 43). The
dynamics of the river are used, which may be considaalso as Nature Based Solution, see Section 4.6. In doing
so, viadonau refers to historical sources dating back to tifecEdtury (Fig. 44). The idea is that in the case of low
water, the fairway depth can be increased with the help of the "mobilgges", but in the case of high and normal
water levels (i.e. when the "mobile groynes" are not needed) the flow velocity is not unfavourably influenced.
Potential savings in terms of costs through possibly lower dredging requirements or positive effeitte on
environment in the river basin cannot yet be quantified. Research in this area is still pending. However, the fact
that it is possible to regulate the river basin flexibly in terms of time and thus react specifically to weather
phenomena is already pmising.
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Figure 43: Use of a "mobile groyne" and its effects on the fairway. It can be shifted up - and down-stream (acting like a training wall) , as well
as it can be turned into fairway (acting like a groyne) impacting the sediment transport and water depth there.  In the case of high water, it

can be put parallel to the bank or it can be completely removed. Source: viadonau.

Figure 44: Two sketches from Lorenz-Liburnau (1890), showing that already at that time the use of "mobile groynes" was considered.
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4.6. Nature based solutions

Schielen (2022) gives a very concise overgélatest developments relating to the application of Nature Based
Solutions (NBS), providing possitlg-win solutions for dealing with a fastehanging climate. At the beginning
reference is madeo the heavy rainfall and floods e year2021, which indicate rapid climate change. They
caused severe damage, espdlgisn Germany, but also in the Netherlands and Belgium. Discharges from the Meuse
River exceeded levels never before observed during the summer. The associated damage amounted to around ha
a billion euros. In the past, severe high and low water eventsiwed with increasing frequency. However, the
time span between these events wathe further one looks into the pastionger and was usually in the range of
several years. Nowadays, such events occur over a shorter period of time. For example, th&¥@iBas severe
highrwater event at Lobith in Janugrgnd a everelow-water event in August of the same year. The difference in
water level was 8 m within one year, which is a remarkable difference in level compared to the records. Other
extremes ae observed to follow each other more quickly. A similar message was conveyed by COP26 and the IPCC
SixthAssessment Repo(tPCC (2021yhich was underscored by COP26 speakers such as Prince Chai®s and
Richard Attenborough, who pointed out that theapacts of climate change can be devastating and MNeiiure

Based Solutionsan be one way to address them. NatlBa&sedSolutions are not new. Mackin mentioned as early

as 1948 in his "Concept of tlgradedRiver," " ... working with rivers rather thamorking on rivers ...(Mackin

(1948)) He described eveat that timethat all one had to do was to take advantage of the natural processes of
the river. This concept has several names niegithe same: NatureBased Solutions, Building with Nature,
Engineering with Nature, Natural Flood Risk Management, and several ma h@iie many benefits besides
flood risk reduction: for example, in terms of agriculture, recreation, and habitat in general. There are many
guidelines with best practices and examples, but they are not yet widely used. Ventures are often in a pilot phase
and need to be scaled up to become mainstream. However, this is a rapidly growing field in science and applicatior
Nature BasedSolutions are defined as measuresflectinga "working with nature" approach; they mitigate flood

risk while being cosetffective, resourceefficient, and providing multiple environmental, social, and economic
benefits.The International Guidance Document on Natural and NaBased-eaturedor Flood Risk Management
waspublished in August 2023 (Bridges et al. (2021)This deument is avery comprehensivguidelineproviding
practitioners with the best available information concerning the concepatitin, planning, design, engineering,
construction, and maintenance aftural and naturebased featureso support resiliencerad flood risk reduction

for coastlines, bays, and estuaries, as well as river and freshwater sy#tenr#ains five parts dealing with fluvial
systems. It is notrainstruction guidebut it offers suggestions and insights into benefits and pesttices, as well

as an elevesstep checklist for fluvial systems:

Complete a system analysis.

Specify your specific challenge.

Locate your position in the catchment (upper, middle, or lower).

Create awareness of the challenge.

Select a measure apprdpte for your challenge and location in the catchment.

Formulate a design and involve stakeholders, NGOs, landowners, and local authorities to get their support.
{StSOG FLIINBLNARFGS Y2RSta (02 aAaydzZladS GKS YSI adz
Formulate a londerm plan to nonitor specific processes and parameters including adaptive management.
Make sure there is sufficient funding to construct the measure.

10 After construction, implement the monitoring plan.

11. Regularly check whether the objective is being reached and thesuneas working as anticipated.

CoNoORWNE

In generalNature BasedSolutions can work in larger and smaller systems. However, solutions may vary depending
on the river system, e.g., a leaking dam concept that works on Eddleston Water would not work on the Rétiee, wh
natural ways to increasgischargecapacity are sought for flood control. With respect to navigation,dseharges

low water levels, and degradation are a problem. Especially when rock layers become more and more obstacle:
during low water becauséhey do not show erosion or erosion is much slower than that of the river(Big#45).

The Dutch Rhine system experiencagplio 2 m of degradation between 1959 and 2018, and trends are constantly

23 https://lewn.erdc.dren.mil/?page id=4351
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changing. Lowlischarges in combinatiomith erosion leado a restriction of the space available for navigat{6ig.

45). The impact is even more severe when solid layers, such as rocks, are present. In addition, cables, locks, sluic
and connecting channels may become obstacles due to degradation of theetivas they may be considered in

the same manner as fixed obstacles. Natural solutions may aglag of the problem. Possible solutions that have
been explored in the Netherlands include th@dm for the river" concept’, wheredischargecapacity has been
increased, but space for biodiversity and recreation has also been crébigdd6). Another solution is the
construction of longitudinal dams, which seem to be a technical solution, but also create side arms with the
mentioned benefitsin addition to providing enough water for navigation during low weg.47). Similar positive
effectscan be achieved by reconnecting flood plains (Fig. B@fourth measure mentioned concerns sediment

nourishment(Fig.48), a technical solutiomiwhich sediment or gravel is introduced into the river to mitigate bed
erosion

and... fixed layers cause

increasing problems Low discharge with erosion

Figure 45: Erosion with non-eroding fixed layers in fairway, e.g. rocks ( left). Impacts of low discharge without erosion and with erosion (right).
Source: Schielen (2022).

low water level high water level / 7 \

4
E000323c
1 = lowering of groynes 5 = locally setting back dikes
2 - deepening low flow channel 6 - setting back dikes on a large scale
3 - removing hydraulic obstacles 7 = detention reservoir
4 . lowering flood plains 8 - reduction lateral inflow

Figure 46: Eight different Room for the River measures . Source: Silva et al. (2001). Additional measures not featured in the figure relate to

creating a by-pass or a high water channel, as well as proper land use planning within the floodplain, preventing the increase of flood
exposition?®.

24 hitps://www.dutchwatersector.com/news/roordor-the-river-programme
25 https://www.stowa.nl/deltafacts/waterveiligheid/waterveiligheidsbeleign-regelgeving/roorriver#Technical
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Figure 47: Longitudinal dams (left). Reconnecting flood plains (right). Source: Schielen (2022).

Figure 48: Sediment nourishment. Source: Schielen (2022).

viadonau has already implemented several projestshe AustrianDanubein the past that use synergies between
navigation and ecology in order to serve both aspects of the river basin. For example, a gravel island was heape
up at the flow crossection in the "Rote Werd", a critical shallow section for navigation, whiclowarthe cross
section in such a way that aggradation can no longer occur locally in the navigation cfiagnéb) In this way,

the natural dynamics of the riverere used sustainably to provide the prescribed fairway parameters for navigation
without additional dredging measures. In addition to the hydraulic engineering ogtion, the island bank also
has ecological advantagesn the back side of the islandalm areasprotected againstvave action and flowed
through were created, which represent ble fish spawning grounds. In addition, the island createw
shorelines and areas with different flow conditiomseatingnew habitats. A total of around 50,000°mf gravel
from maintenance dredging asrelocatedfor the creation of the island, shamg how gray (traditional engineering)
and green (natural) solutions can be combined in a meaningfuPtvay

26 hinnenschifffahrtonline, 2018 https://binnenschifffahrtonline.de/2018/03/haefeawasserstrassen/2914/kuenstliche
donauinselsollseichtstellerote-werd-beheben/. Accessed on: 02.0822.
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