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The impact of climate change 
on the water levels on the 

Rhine: 
the consequences for the hinterland 

connections via the inland waterways from 
Antwerp? 



Problem definition (1) 

The Rhine is a combined rain-melting water river   

- Due to climate changes it is expected that the Rhine will 
be more rain oriented (Jonkeren et al, 2012)  

- In winter time more melting of snow in the Alps will 
increase the water levels and in summer time more and 
longer low water levels could be expected (Jonkeren et 
al, 2012)  

The load factor of an inland ship is directly linked to the 
available water depth of the river 

- The German hinterland is an important market for the 
ports in North Europe  

- It can well be reached via inland navigation (Antwerp 
 and Rotterdam) 



Problem definition (2) 

So the question is what will be impact of larger 
fluctuations of the water levels of the Rhine on the 
competitive position of the Flemish – Dutch ports on the 
hinterland regions near the Rhine 

 

Q1: Could the north German ports or Le Havre increase 
their market share in these regions? 

Q2: Is there be a modal shift to road and rail for the 
Flemish and Dutch ports?  



Rhine regions (1) 



To these regions 5.150.000 TEUs are transported from the 6 main 
container ports in North-West-Europe 

This is 20.74% from the total hinterland transport to all the regions  

 These are important hinterland areas  

Rhine regions (2) 

source: based on PoA 
data (2012) 



Transport volumes (1) 

From Rotterdam 1.740.000 TEU to these regions 

From Antwerp 1.516.000 TEU to these regions 

Rotterdam Antwerp 

source: based on PoA 
data (2012) 



Transport volumes (2) 

From Bremerhaven 460.000 TEU to these regions 

From Hamburg 1.000.000 TEU to these regions 

Bremen Hamburg 

source: based on PoA 
data (2012) 



Modal split (1) 

  ROT + ANT HAM + BREM 

region code IWT Rail Road IWT Rail Road 

CH01 77% 22% 1% 0% 98% 2% 

CH02 77% 22% 1% 0% 98% 2% 

CH03 77% 22% 1% 0% 98% 2% 

CH04 77% 22% 1% 0% 98% 2% 

CH05 77% 22% 1% 0% 98% 2% 

CH06 77% 22% 1% 0% 98% 2% 

CH07 77% 22% 1% 0% 98% 2% 

DE12 96% - 4% 0% 61% 39% 

DE13 70% - 30% 0% 61% 39% 

DE71 64% 21% 15% 0% 54% 46% 

DE72 - - 100% 0% 54% 46% 

DEA1 61% 15% 24% 2% 22% 76% 

DEA2 61% 2% 37% 2% 22% 76% 

DEA3 1% - 99% 2% 22% 76% 

DEA5 2% - 98% 2% 22% 76% 

DEB1 75% 2% 23% 0% 2% 98% 

DEB2 27% - 73% 0% 2% 98% 

DEB3 82% 15% 3% 0% 2% 98% 

Dec0 - - 100% 0% 89% 11% 

FR41 3% - 97% 0% 45% 55% 

FR42 39% 43% 18% 0% 45% 55% 

LU00 1.2% 0 98.8% 0% 0% 100% 

- IWT most used 
transport mode from 
Antwerp and 
Rotterdam 

- Rail most used by 
German ports 

source: based on PoA 
data (2012) 



Modal split (2) 

IWT volumes show that 
1.600.000 TEU are 
transported via the Rhine  

For Antwerp and Rotterdam 
the modal share of IWT is 
about 50% 

For Hamburg and Bremen it 
is less then 1% 

 Container transport via 
the Rhine is of great 
importance for the Flemish 
and Dutch ports  

ANT ROT HAM BREM 

CH01 24,802 32,580 - - 

CH02 30,189 39,657 - - 

CH03 18,105 23,783 - - 

CH04 23,259 30,553 - - 

CH05 19,157 25,165 - - 

CH06 12,962 17,027 - - 

CH07 5,478 7,196 - - 

DE12 53,489 46,444 - - 

DE13 31,321 27,195 - - 

DE71 43,926 49,501 - - 

DE72 - - - - 

DEA1 110,594 193,207 2,462 1,562 

DEA2 91,029 159,028 2,034 1,291 

DEA3 745 1,301 1,237 784 

DEA5 2,446 4,273 1,761 1,117 

DEB1 83,421 95,775 - - 

DEB2 10,203 11,714 - - 

DEB3 120,935 138,843 - - 

DEC0 - - - - 

FR41 4,033 366 - - 

FR42 41,135 3,731 - - 

LU00 352 - - - 

Total 727,581 907,339 7,494 4,754 

Modal split 48.0% 52.2% 0.7% 1.0% 

source: based on PoA 
data (2012) 



Water levels Rhine  (1) 

1) Large variations on the water level of the Rhine 
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Median KAUB 3 day journey = 2.00 m / MODUS = 1.64 m  

Median KAUB 4 day journey = 1.98 m / MODUS = 1.64 m  



Water levels (2) 

2) There is the “IWT Paradox” 

 Low water levels are seen as a “good” thing  

 There is overcapacity in the market, so due to low 

water levels the total loading capacity decreases  

 As a result the prices increase per tonne transported 
(low water surcharge)  

 

However the owner of the cargo can opt for an other 
mode of transport if the periods of low water increases 

(shift to rail or even road transport) 



Supply and demand on 
the dry cargo market 
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Loading capacity correct for water levels 

Difference between loading capacity on average water level and 
design draft has increase from 46.000 to 656.000 ton  total 

fleet capacity has become more dependent on water levels 



Inland ships (1) 
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Source: Own figure based on Vereniging de Binnenvaart (2013) 

In recent years only large ships (>86 meter) have been built 
(1.900.000 tonne in 14 years) 

These larger ships also have increased drafts 



Inland ships (2) 

Large ships have an increase in design draft 

 These ships are more sensitive for changes in water levels 

y = 0.0003x + 2.5809 

R² = 0.5629 
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Inland ships (3) 

A lot of the large dry cargo inland ships are used for the 
transportation of containers to Germany and Switzerland 
400 TEU  +/- 4.800 tonne cargo lading (mass container 12 
tonne)  
 

Draft of a large Rhine ship is between 3.25 to 3.80 meters 
(110 meter) and between 3.50 en 4.00 meters for a 135 
meter ship 

Payload capacity decreases with 50% if maximum draft is 
limited to 2.0 meters if containers are loaded (for empty 
container the payload hardly decreases) 
 



Inland ships (4) 

Overview of the dry cargo fleet 

Huidige vloot Gesloopte schepen van 1940 tot 2013 

  aantal tonnage Gemiddelde leeftijd Aantal tonnage Gemiddelde leeftijd 

  [-] [ton] [jaar] [-] [ton] [jaar] 

< 55 meter 755 321,910 78.18 453 210,272 66.00 

< 86 meter 2,619 2,933,584 59.15 625 620,110 59.70 

> 86 meter 1,009 2,865,284 14.94 72 155,881 61.44 

totaal 4,383 6,120,778 - 1,150 986,263 - 

Source: Own calc based on Vereniging de Binnenvaart (2013) 

Inland ships have a long life time  Adjusting the fleet is not 

possible in the short run   Long term developments (such as 
climate change) are of great importance for IWT sector 



Cost calculations (1) 

Generalised cost are calculated for each transport mode 

 

.i i handling iGC OPC C U VoT  

    

. .i i i i iOPC u U d D 

GC = Generalised cost transport mode i 

OPC  =out of pocket cost mode i 

VoT = Value of time 

Ui and Di are distances for transport mode i and ui and di are 
the cost coefficients for mode i 



Cost calculations (2) 

Generalised cost are calculated for each transport mode 

 Mode share can be calculated  

1

exp( )
_

exp( )

i

n

i

i

GC
Mode share

GC











    

Alpha = parameter(-) 

Alpha will be determined by calibrating model to known modal 
split data from PoA 

,

1

.
n

j k i i

i

GC MS GC




Hinterland cost from port j to hinterland region k is: 



Cost calculations (3) 

For the base case (current situation) the hinterland is 
calculated (draft is 3.5 meters) (mass container = 12 tonne) 

In the calculations a region is assigned to a port j when the 
GCj,k are at least 5% smaller then the nearest competitor  

(difference smaller then 5%  multiple ports to one region) 
 

Purple = ANT 

Yellow = ROT + ANT 

3.250.000 TEU of the 
5.150.000 has an 
origin (64%) in the 
ports of Antwerp and 
Rotterdam (PoA-data 
2012) 



Cost calculations (4) 

What if the draft is reduced to 3.0 meters?  

(mass container = 12 tonne) 

RED = ROT + ANT + 
Le Havre 

Inference of the port 
of Antwerp increase 

+ increase in influence 
of Le Havre 

 When IWT 
transport increases in 
cost other modes are 
chosen  



Cost calculations (5) 

What if the draft is reduced to 2.5 meters?  

(mass container = 12 tonne) 

 
Blue = ANT + Le 
Havre 

Influence of the port 
of Antwerp increase 
further 

Influence of 
Rotterdam decreases 

+ increase in influence 
of Le Havre 



Cost calculations (6) 

What if the draft is reduced to 2.0 meters? 

The influence of Antwerp increases further if containers are fully 
loaded  

Mass container = 12 tonne Mass container = 5 tonne 



Cost calculations (7) 

Detail theoretical calculations of the modal split from the port 
of Antwerp to Switzerland (mass container = 12 tonne)  

Mode share of rail increases when water levels decreases 

Share of IWT decreases to almost zero (because GC increase 
with a factor 2) 



Conclusions (1) 

Transport of empty containers via the Rhine are not influenced 
by water levels   
 

The port of Antwerp increases it hinterland share in the Rhine 
regions when the water levels decreases if containers are 
loaded 
 

 Studied regions are closer located to the ports of Rotterdam 
and Antwerp than to the north German ports  

Direct transport via rail and road is still competitive compared 
to the rail connections from Hamburg and Bremerhaven 

 The main advantage of the port of Antwerp is that it is 
located further inland then Rotterdam 



Conclusions (2) 

 More use will be made of rail transport when water levels on 
the Rhine decrease when containers are fully loaded 

 Shippers and agents will become more flexible in the future 

when variations in water levels increases  

 1) To chose a transport mode (IWT or rail) (dependent 
 on mass of container) 

 2) Select a port to unload or load cargo (dependent on 
 mass of container) 

Analysis was made for container transport 

IWT is best known for dry cargo transport (sand, iron ore, coal, 
etc. ) and liquid bulk  influence of water level on these 
cargos are larger then on containers (mass transport and less 
volume transport) 

 Additional analysis need to be made for these cargo types 



Questions 


