
ECCONET - Assessing effects of climate change on the inland waterway network and developing adaptation strategies
Website: http://www.ecconet.eu

Dear Readers,

On January 1st, 2010, the ECCONET, or “Effects of Climate Change on the inland waterway NETwork”, pro-
ject officially started. ECCONET is a 3-year Coordination and Support Action funded by the European Com-
mission (DG-MOVE) in the context of the 7th Framework Programme. It is conducted by an interdisciplinary 
consortium of 10 partners and is coordinated by Transport & Mobility Leuven. The objective of ECCONET is 
to assess the navigation conditions in the future, taking into account the influence of climate change on the 
waterway network. In parallel, ECCONET also analyzes the possibility for adaptation measures to improve 
the performance of inland waterway transport (IWT) in the light of climate change. 

Taking into account its complex and ambitious nature, ECCONET integrates past and ongoing research in 
meteorology, hydrology, infrastructure operation, ship-building, transportation, and economics. This is reflec-
ted in a diverse consortium with partners of international scientific excellence and high personal motivation. 

This newsletter provides a summary of the activities of ECCONET during the first year of the project. It gives 
an overview of the activities ahead. More details on the project including public deliverables can be found at 
http://www.ecconet.eu.

To be regularly informed about the project, please send an e-mail to christophe@tmleuven.be.

The ECCONET consortium                                      

Figure 1: The ECCONET consortium at 
the kick-off meeting in Leuven in January, 
2010. The brains of the project from the 
left to the right are: Martin Quispel (NEA), 
András Horanyi (OMSZ), Barry Ubbels 
(NEA), Gabor Balint (VITUKI), Berthold 
Holtmann (DST), Tim Breemersch (TML), 
Tanya Prozny (KNMI), Peter Krahe (BfG), 
Christophe Heyndrickx (TML), Maximil-
lian Bauernfeind (EC), Astrid Schlewing 
(EC), Michel Beuthe (FUCAM), Gabriella 
Szépszó (OMSZ), Juha Schweighofer (via 
donau), Adrienn Hunyady (VITUKI), Bra-
nislav Zigic (DST), Enno Nilson (BfG). Be-
hind the camera: Veerle Vranckx (TML). 
Not shown: Imke Lingemann (BfG), Bo-
glarka Gnandt (VITUKI), Bastian Klein 
(BfG), Frank Bruinsma (VU), Markus Si-
moner (via donau).
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The main sequence of activities

The ECCONET project assesses navigation condi-
tions in the future as projected by current climate 
models. As there is no single best climate model, 
ECCONET uses many different models to assess 
the current state of knowledge on climate change, 
including its uncertainty band. This band is samp-
led by selecting relatively dry and relatively wet cli-
mate models as scenarios. The wet and dry scena-
rios reflect the range of possible future navigation 
conditions with special emphasis on low water si-
tuations. The target period for the simulations, pro-
viding the basis for the considerations related to 
adaptation and economics, is 2021-2050 denoted 
as “near future” or “2050”. Further, projections with 
respect to navigation conditions in the “far future” 
will be provided  for the period 2071-2100 (also de-
noted aas “2100” hereafter). All future changes are 
expressed with reference to a “control period” from 
1961-1990.

The next step of the project is to estimate the ef-
fect of climate change on the transport network. 
ECCONET applies the NODUS model, a virtual 
network model for freight transport, combined with 
the origin-destination (O/D) matrices of the TRAN-
STOOLS model. This enables the simulation of a 
scenario, where adaptation is excluded (i.e. the re-
ference scenario). 

In parallel with the construction of the reference 
scenario, proper adaptation strategies for coping 
with possible climate change effects on IWT are 
identified and assessed in a multi-criteria analy-
sis (MCA) with respect to their applicability. Both 
qualitative and quantitative criteria are taken into 
account. This provides the project with a first indi-
cation of more and less cost-effective strategies. 
The most promising adaptation strategies will be 
assessed with the NODUS model in a later stage 
for the purpose of an in-depth cost-effectiveness 
analysis (CEA) and inclusion of transportation ef-
fects, leading to policy guidelines and a develop-
ment plan for inland waterway transport. 

MAIN OBJECTIVES: 

1) Provide a coherent overview of the impacts of 
climate change on the inland waterway transport 
system and the related actors.

2) Identify, analyse and assess adaptation stra-
tegies for improved operation of inland waterway 
vessels under climate change conditions.

WP1: 
Determine the effects of climate change on the in-
land waterway network by applying recent findings 
from meteorological and hydrological modeling.

WP2: 
Determine and asses a broad range of adaptation 
strategies with relevance to climate change.

WP3: 
Use transport economic modeling to calculate net-
work based effects on critical links, based upon the 
input from WP1 and WP2. 

WP4: 
Make a broader analysis of the results from WP2 
and WP3 and combine these into a cost-effective-
ness study.

WP5: 
Formulate policy advice for a sustainable develop-
ment of the inland waterway network under climate 
change conditions.

Figure 2: Structure of the ECCONET project.

General assessment of climate change effects 
on European inland waterways

A general assessment of climate change effects 
on European inland waterways was carried out by 
considering the most recent research relevant to 
this topic. The most important waterways covered 
comprise the Rhine, the Danube, the Elbe and the 
Seine-Nord Canal. For the entirety of Europe in ge-
neral, as well as the particular catchments of the 
inland waterways considered, the impact of clima-
te change on hydrometeorological variables, e.g., 
temperature and precipitation, and hydrological va-
riables, e.g., discharge, was assessed in order to 
provide projections of future changes.
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General remarks on uncertainty of climate 
impact analyses

Future climate change is simulated using global 
and regional climate models (GCMs, RCMs), re-
presenting a simplification of reality and being as-
sociated with uncertainties to some degree. For 
proper assessment of these uncertainties, it is 
highly recommended and state-of-the-art to use 
a multi-model approach where multiple climate 
models are utilized in order to generate spans of 
possible future climate impacts rather than single 
values.  For an example, see the EU-FP6 project 
ENSEMBLES or the German KLIWAS programme.

In addition to model uncertainty, the future emissi-
ons of greenhouse gasses are also uncertain. For 
2050, the uncertainty resulting from differences in 
emission scenarios, which is associated with diffe-
ring assumptions about socio-economic develop-
ment, is relatively small compared with the model 
uncertainty. However, for 2100 and beyond, emis-
sion scenario related uncertainty becomes more 
dominant.

General trends in hydrometeorology

Concerning the projected changes in seasonal 
mean surface air temperature for the future period 
2021-2050 relative to the control period 1961-1990, 
results from the ENSEMBLES project suggest that 
the temperature will increase for all areas of Eu-
rope for all seasons, however the strength of the 
increase varies from region to region. In Northern 
Europe, the warming is greatest during winter (De-
cember, January, February), spring (March, April, 
May) and autumn (September, October, Novem-
ber), but it is less pronounced in summer (June, 
July, August). In Southern Europe, the greatest 
warming is projected to occur in summer.

Concerning the projected changes in annual preci-
pitation for the future period 2021-2050 relative to 
the control period 1961-1990, the annual precipita-
tion is projected to increase in the north of Europe 
and decrease in the south of Europe (the Mediter-
ranean), according to results of the ENSEMBLES 
project; almost no change is projected for the Rhi-
ne-Main-Danube axis. In many regions, projections 
of seasonal precipitation show decreasing tenden-
cies during summer, being strongest in the south. 
Indeed, the precipitation in the southern regions is 
projected to decrease during all seasons, but by a 
smaller amount during winter. In the northern regi-
ons, an increase of precipitation is projected during 
all seasons, being strongest in winter.

General trends in changes of hydrology due to cli-
mate change

Entire Europe

For North-East Europe (Finland, Russia) and the 
south of Spain, a significant decrease in the 100-
year return levels of river discharge (floods) is pro-
jected by the EC-JRC-Peseta project for the end of 
the 21st century. For the rest of Europe, either an 
increase or almost no change is projected, depen-
ding on the regions considered.

Rhine region

For the Rhine region, recent and comprehensive 
results related to hydrology are available from the 
KLIWAS programme. Based on an ensemble of 20 
discharge projections, results from KLIWAS for the 
occurrence of summer half-year (May through Oc-
tober) low-water discharge show no clear changes 
for the entire Rhine until the middle of the 21st cen-
tury (Fig. 3). For the winter half-year (November 
through April), a moderate increase is obtained, 
indicating less severe low-water conditions  (not 
shown). 

Figure 3: Lowest seven-day mean discharge (NM7Q) at major 
gauges along the Rhine during the summer half year (May 
through October) according to an ensemble of 20 discharge 
projections. Values are expressed as percent changes in the 
period 2021-2050 (near future) compared to the control peri-
od1961-1990. Thick lines denote the margins of a “scenario 
corridor“ which covers most (~80%) of all simulations.
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For changes in mean discharge, a clear tendency 
is not evident from the KLIWAS results.

Summarising the results of studies published bet-
ween 2000 and 2008, the expert group KLIMA of 
the International Commission for the Protection of 
the Rhine (ICPR) obtains increasing trends for the 
average discharge in winter and decreasing trends 
in summer. At Lobith the average  discharge is pro-
jected to increase by 16% in winter and decrease 
significantly by 42% in summer as described by 
the extreme KNMI ‘06 W+ scenario. Considering 
the contradiction with KLIWAS results, the expert 
group KLIMA intends to carry out further investi-
gations based on new scenarios harmonized with 
KLIWAS, Rheinblick 2050, KLIWA and other rele-
vant projects.

In the Rhine region, the occurrence of 100-year re-
turn levels of river discharge (floods) is projected to 
remain unchanged up until the end of the 21st cen-
tury, according to results from the Peseta project.

Danube region

For the Upper Danube in Germany, the GLOWA 
Danube project shows a moderate decrease of 
the annual average discharge until 2060, beco-
ming more pronounced by 2100. The maximum 
of the monthly average discharge is projected to 
shift from summer to spring while the minimum of 
the monthly average discharge is projected to shift 
from autumn and winter to the summer. Low-water 
discharge as represented by NM7Q, the lowest se-
ven-day discharge, is projected to decrease clearly 
until 2060, whereas the regional climate models 
used in GLOWA Danube as alternatives to the cli-
mate simulator produce contradictory trends. Until 
2100, all projections show an obvious reduction in 
low-water discharge.

The 100-year return levels of river discharge 
(floods) are projected to decrease slightly by GLO-
WA Danube. However, contradictory trends are 
again obtained by the regional climate models 
used. The results of the Peseta project show either 
no change for the SRES A2 emission scenario, or 
a moderate increase for the B2 emission 
scenario.

A minor influence of melting ice on the monthly 
mean discharge is obtained by GLOWA Danu-
be, being most significant in August with a share 
of slightly less than 10% of the monthly mean di-
scharge in 2011. The influence of melting ice on

the discharge remains limited to the summer 
months of June, July, August and September. Star-
ting from approximately 2031, however, melting 
ice is projected to have almost no influence on the 
monthly mean discharge in August. The contributi-
on of melting ice on the average annual discharge 
accounted for 1.6% at the Danube gauging station 
Achleiten during the period 1991-2000.

The results of GLOWA Danube are based mainly 
on an ensemble of warm, hot and dry scenarios, 
describing rather “worst-case” scenarios, as well 
as the application of a climate simulator which re-
produces the future climate from the past clima-
te. Furthermore, the results obtained with the two 
regional climate models are based upon the input 
of only one global climate model run, making it dif-
ficult to assess a proper bandwidth of projections. 
Further research that utilizes more climate models, 
as well as possible wet scenarios, is necessary in 
order to obtain a comprehensive overview of pos-
sible climate change impacts on the hydrology of 
the Upper Danube. 

For the Central Danube close to Bazias, Romania, 
hydrological simulations carried out in the Clavier 
project for the period 2021-2050 indicate that the 
mean spring and summer discharges decrease 
moderately, the mean winter discharges increase 
moderately, and the autumn discharges will remain 
unchanged, leading to a more balanced distribu-
tion of monthly discharge over the year, compared 
with the reference period 1961-1990. The dura-
tion and frequency of occurring low-water periods 
is projected to decrease.

According to the Peseta project, the occurrence of 
100-year return levels of river discharge (floods) 
for the Central Danube is projected to remain un-
changed under the SRES B2 emission scenario, 
or to moderately increase under the A2 emission 
scenario. For the Lower Danube, either no chan-
ges or significant increases are projected for the 
B2 and A2 emission scenarios respectively.

Alpine region

According to results of ClimChalp, significant 
changes in precipitation, snow cover and glacier 
volume may be reflected in river discharge pat-
terns and induce a long term decrease of availab-
le water resources following a temporary increase 
in the upcoming decades, characterized by heavy 
melting rates.
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Elbe region

Based on GLOWA Elbe results, for the Elbe bet-
ween Hamburg and Magdeburg, the daily mean di-
scharge is projected to decrease for almost every 
day of the year in the period 2044-2053, compared 
with the period 1961-1990. The maximum dischar-
ge is projected to shift from the beginning of the se-
cond quarter to the middle of the first quarter of the 
year, and the duration of periods with low dischar-
ge is projected to increase to almost 5 months du-
ring the third and fourth quarters of the year.

At Dresden in the Mulde-Elbe region, the low-
water discharge, which is defined as a minimum 
threshold value that is reached no more than 20 
days per year, is projected to decrease severely by 
roughly 25% up to 75% compared to 2005, depen-
ding on the simulation, until 2053.

According to the Peseta project, the occurrence of 
100-year return levels of river discharge (floods) 
for the Elbe is projected to remain unchanged un-
der the SRES B2 emission scenario, or moderately 
increase under the A2 emission scenario.

Due to the single model approach used in GLOWA 
Elbe, a serious uncertainty assessment leading to 
a proper bandwidth of projections cannot be per-
formed. Therefore, further research is necessary in 
order to obtain a comprehensive overview of pos-
sible climate change impacts on the hydrology of 
the Elbe. 

Seine-Nord Canal

Studies initiated by Voies Navigables de France 
(VNF) show no vulnerability of the Seine-Nord Ca-
nal to climate change, even under very unfavou-
rable climate conditions. According to the study, 
the available water storage capacity is sufficient to 
cope with future climate conditions as they appear 
in South Algeria or Tunisia today.

The general assessment of climate change effects 
on European inland waterways shows that the 
uncertainties in the projections of the future climate 
and hydrological conditions of waterways are still 
high. Many results show contradictory trends for 
the same area of interest. The large bandwidths 
of projected results with respect to temperature in-
crease, as well as change in precipitation and di-
scharge, may lead to conflicting conclusions that 
climate change has almost no impact or a severe 
impact on the hydrological conditions in the area 
of interest.

For further clarification, ECCONET will perform 
complementary investigations based on the results 
of the EU-FP6 ENSEMBLES project and the KLI-
WAS programme for the Rhine as well as the Up-
per and Central Danube.

Definition of climate change scenarios and pro-
vision of a meteorological basis for ECCONET 
impact studies

A key point of view during planning of the investiga-
tions in ECCONET was that all the impact studies 
conducted within the project should be compara-
ble to each other by basing them on a common 
meteorological basis. At the same time, the clima-
te model simulations, which are the physics- and 
process-oriented tools for the description of future 
climate evolution, include several uncertainties: (1) 
the internal variability which is a natural characte-
ristic of the climate system and also exists in the 
absence of any external radiative forcing; (2) the 
future human activity that is quantified within the 
projections in the form of different greenhouse gas 
and aerosol emission scenarios; (3) the differences 
in the formulation of the global and regional climate 
models (GCMs and RCMs, respectively) which in-
troduce further uncertainties in the climate change 
simulations.

In ECCONET, an effort is made to address these 
uncertainties by determining “representative pro-
jections” or “extreme model chains” for the Rhine 
and Upper Danube catchments. These “extreme 
model chains” attempt to represent both the lo-
wer and upper signals of consistent simulations of 
hydrological parameters by most of the ensemble 
members for two future time horizons, 2021–2050 
(near-future) and 2071–2100 (far-future). In the 
KLIWAS programme, a major part of the currently 
known spectrum of uncertainty was taken into ac-
count by utilizing hydrological impact models and 
an ensemble of different GCMs and RCMs. For the 
Upper Danube, using the same thorough method 
as KLIWAS was not feasible in ECCONET due to 
resource and temporal constraints.Therefore, a 
correlation analysis was applied between lowest 
seven-day mean discharge from May through Oc-
tober and climate variables, namely precipitation 
sum, as a proxy. As a result of this selection me-
thod, a total of five regional climate model simula-
tions was chosen to represent the lower and upper 
changes in the hydrological conditions for the near- 
and far-future over the two target regions (Fig. 4). 
The selected model simulations are:
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Table 1: Selected model simulations providing input for dis- 
charge evaluations dedicated to the Rhine and the Danube, 
representing low and high climate extremes. 

Figure 4: Projections of precipitation change in the Rhine 
catchment during May through October (MJJASO) and the 
Upper Danube catchment during both September through Ja-
nuary (SONDJ) and MJJASO for the near-future (2021–2050) 
and the far-future (2071–2100). The chosen “representative 
projections” or “extreme model chains” for further use in EC-
CONET are denoted by ellipses.

The RCM validation results for the Upper and 
Middle Rhine and Upper Danube catchment are-
as indicated that while the temperature simulations 
of the five regional climate models are reasonable 
compared with observed values and show a rela-
tively low spread between the models, the precipi-
tation climatology  is less well reproduced and the 
spread is larger.

The climatic time series will be coupled to non-li-
near hydrological models of the Rhine and Danube 
in order to determine the future change in various 
discharge characteristics.The biases may cause 
wrong climate impacts on hydrological parameters, 
demanding a proper correction. Thus, all ECCO-
NET studies will be based on statistically corrected 
meteorological data. The bias correction was ac-
complished using a linear scaling method for the 
daily minimum, maximum and mean temperature, 
and daily precipitation sum. Another important “pre-
processing” task to be carried out in ECCONET 
is the spatial downscaling of the regional climate 
model results. The application of regional clima-
te models versus global climate models enlarged 
the horizontal resolution of the climate simulations. 
However, there is still a gap between the 20-25 km 
horizontal resolution of the chosen RCMs and the 
requirements of hydrological impact models, whe-
re 10 km or even finer resolution is needed. There-
fore, it is vital to apply a dynamical or statistical 
downscaling method in order to reach the desired 
fine resolution required by the impact models. In 
ECCONET a two-step interpolation technique was 
chosen because it has not been accomplished yet.

Further developments related to the evaluation 
of climate change impacts on navigation con-
ditions

The impact of climate change on the performance 
of inland waterway transport, including conside-
rations related to economy and reliability, is being 
analyzed for the Rhine-Main-Danube corridor as 
part of the ECCONET project. In order to achie-
ve this, it is necessary to provide projections about 
possible future navigation conditions at critical lo-
cations, i.e., the “bottlenecks” of the inland water-
way transport system, consisting of information on 
discharges and stream velocities, as well as mean 
and minimum water levels for different river stret-
ches. The discharge information is provided using 
hydrological models with various bias-corrected 
climate projections as input, and the resulting wa-
ter levels are produced by channel routing models 
that transfer discharges to downstream locations.

Comprehensive results of the KLIWAS program-
me are used for the Rhine within this project. An 
ensemble of 20 bias-corrected climate simulations 
has been used as meteorological input for the se-
mi-distributed HBV hydrological model and further 
linked to the hydrodynamic SOBEK river model.

Out of the 20 continuous water level simulations, 
two climate scenarios have been selected for both 
the near-future (time horizon 2050) and far-future 
(time horizon 2100), respectively.
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At the beginning of the ECCONET project, hydro-
logical and hydrodynamic model results were una-
vailable for the study area of the Upper and Cen-
tral Danube. As a result of the efforts made within 
ECCONET, the VITUKI NHFS hydrologic and hy-
drodynamic modelling system has been extended 
and improved, and is now available for the Danu-
be drainage basin downstream to the Hungarian-
Croatian border (gauge Mohács). The models will 
be driven by four bias-corrected climate simulati-
ons which will represent the uncertainty range of 
climate modelling for the near- and the far-future 
(see Fig.4, Table 1). The results of the Hungarian 
NHFS model can be further improved and its accu-
racy may be evaluated for the German reach of the 
Upper Danube by additional high-spatial-resolution 
hydrological and hydrodynamic models. This pha-
se of ECCONET will result in continuous daily time 
series of discharge, water levels and flow velocities 
on the Danube and the Rhine rivers which will be 
readily available for the economic analysis to fol-
low.

Adaptation strategies

The objectives of ECCONET comprise the iden-
tification, analysis, and assessment of adapta-
tion strategies which are considered to improve 
the performance of the inland waterway transport 
mode under the influence of climate change. 

At present, appropriate strategies are being iden-
tified and analysed. The following focal points are 
considered:

• Fleet- and transport-related strategies covering
technical approaches, e.g., adjustment of the 
fleet, operational concepts as well as logistic 
chains including other modes of transport, for in-
stance rail; 

• Infrastructure measures (adaptation of waterway
  infrastructure) in order to maintain minimum water        
  depths; 
• Possibilities of improved methods of forecasting   
  water levels on, e.g., seasonal time-scales in or-
  der to support the shipping industry;
• Measures and options of the shipping industry
  in terms of, e.g. short- or mid-term storekeeping,
  shifts to other transport modes or adaptation of 
  production procedures.

The next step comprises a more in-depth analysis
of the adaptation measures in order to identify 
which are the most feasible and appropriate ones.  
Also in this context, the effects of adaptation strate-

gies on transport costs shall be analysed. 

Furthermore, a validation workshop will be organi-
sed with key stakeholders and experts from the re-
spective fields. Within this workshop, draft results 
regarding identified and analysed adaptation stra-
tegies (as well as their expected impacts) shall be 
presented and discussed.

Effects of climate change on the transport net-
work

The main objective of this task is to evaluate the 
performance of inland waterway transport in the 
presence of climate change, using the results de-
rived from the projections related to the future na-
vigation conditions. The NODUS transport model 
is used to determine future transport effects while 
taking into account climate change, economic de-
velopments, and transport infrastructure changes. 
For this purpose, the NODUS model is being cali-
brated for both the reference year 2005 and also 
a future situation with updated cost functions for 
inland waterway transport. The effects of adap-
tation strategies on inland waterways will also be 
modeled.  Input to further work on the economic 
evaluation of the adaptation strategies, and the de-
rivation of policy recommendations, will be provi-
ded.

In the first year of ECCONET, the work focussed 
on two important milestones: the determination of 
cost functions and the calibration of the NODUS 
model. After intensive discussion, the cost func-
tions as well as the origin-destination (O/D) flows 
to be used in the calibration of NODUS for the 
reference year 2005 have been determined. The 
requested transport flows were derived from the 
TRANSTOOLS model.

Upcoming event

On March 8th, 2011, the First ECCONET Stakehol-
der Workshop will take place in Vienna with parti-
cipation of invited stakeholders of the inland wa-
terway transport sector as well as partners of the 
project. The major objectives of the workshop are:
• Presentation of first project results;
• Collection of critical feedback from stakeholders 

on project results, approaches related to the 
further conduction of the project, as well as sta-    
keholder priorities related to the investigation of 
climate change effects on inland waterway 
transport.
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Interested?

Please contact Ir. Christophe Heyndrickx, 
Transport & Mobility Leuven, Belgium
Telephone: +32 16 745121
E-mail: christophe.heyndrickx@tmleuven.be

Disclaimer 

The content of the publication herein is the sole responsibility of the publishers and it does not necessarily represent the views ex-
pressed by the European Commission or its services. While the information contained in the documents is believed to be accurate, 
the authors(s) or any other participant in the ECCONET consortium make no warranty of any kind with regard to this material inclu-
ding, but not limited to the implied warranties of merchantability and fitness for a particular purpose. Neither the ECCONET Consor-
tium nor any of its members, their officers, employees or agents shall be responsible or liable in negligence or otherwise howsoever 
in respect of any inaccuracy or omission herein.
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