
This thesis analyses transportation systems in floating cities. In 2050, three times the amount 
of land currently available on earth will be needed if the current lifestyle is maintained. 
Because most of urbanisation is in delta areas, and because Earth’s surface consists of 70% 
water, floating cities could provide a solution to this problem. 
Floating cities, however, require new infrastructure and transportation systems for their 
inhabitants. One way to facilitate transportation in a floating city is to use the same network, 
infrastructure and transportation modes that are used in regular urban and transportation 
planning on the land, but to place them on the water. On the other hand, it may be that 
building new transportation systems will lead to an improvement, because they would better 
suit the specific demands. The main research question is how to facilitate passenger 
transportation in a floating city in a feasible way, and how to evaluate the designs of these 
transportation systems. With feasible it is meant whether it is possible in a technical and 
economic sense to construct these transportation systems and whether they are safe enough 
for the inhabitants.  
 
Floating cities of 25,000 inhabitants or more that facilitate the modern-Western lifestyle do 
not yet exist and it will probably take some time before such floating cities are developed. It is 
not known how transportation systems will function in such cities.  
This has consequences for the research method. It is, first of all, not sufficient to collect data 
about transportation in floating cities or to analyse existing situations, because current floating 
settlements do not have the required size and do not offer the required comfort for the 
Western modern lifestyle. 
Collecting data about transportation systems in a contemporary situation is also not sufficient 
for this research. The behaviour of the inhabitants can be different in the future, so it will be 
necessary to first translate the data to the specific situation.  
Creating floating cities or parts of floating cities for experimental research will probably be 
expensive and is not possible in the timeframe of the research, so simulating these cities and 
transportation systems would be the best choice. 
It is necessary to focus on a case study, because it is not possible to create thousands of 
simulations in the short timeframe. 
A research-by-design method is chosen for this research. This method generates insight and 
knowledge by studying the effects of a number of design interventions in an existing 
situation.(Jong and Voordt) Because of the number of uncertainties in this particular case, it is 
also necessary to create variants for the future situation of the design, the city. In this report, 
variants of both the transportation systems and the layout of the floating city are therefore 
considered.   
Although there is always something arbitrary about the choice of criteria, they should fit the 
characteristics of the research project. The amount of the criteria furthermore should be big 
enough to be able to create a insight into the situation, but there should also not be  too much 
criteria, because the project could become too complex and not so transparent anymore. The 
criteria furthermore should differ from each other to create a good overview of the situation.  
 
The criteria, chosen for this research project, are created together with the client. These 
criteria include keeping the advantages of current transportation systems, improving the 
drawbacks of the systems and case-specific criteria. The advantages of current transportation 
systems that should be taken into consideration are: comfort, cost, speed and safety. Though 
current transportation systems are not seen as fast, comfortable, safe or cheap, they have made 
it possible to travel distances greater than ever and are more comfortable and safe than 
transportation centuries ago. 



The disadvantages of the current system that should be taken into account are the following: 
nuisance caused by transportation, a decrease in walkability and the output of emissions. 
Nuisances can consist of noise and fumes; the deciding factor is whether inhabitants are 
bothered by the transportation systems. The criterion emissions concerns the CO2 output of the 
system, so the focus is more on the environment than on the inhabitants. The decrease in 
walkability is a bit unusual in that it is not based on the transportation system but on the urban 
environment.  
Case-specific characteristics that should be taken into account are the following: flexibility, 
scalability, innovation and required space. Floating cities are more flexible than conventional 
cities. The layout of a city can be changed more easily. Furthermore, floating cities can grow 
over time in a manner like that in which cities grew historically. Innovation concerns how 
innovative the transportation systems are and whether this would add something to the image 
of the city. The criterion required space has to do with how much space is needed in the city 
for the transportation system.   
 
Figure 1, Research approach shows the approach developed for this study based on the 
existing methodology. In the first step analysis, the situation will be analysed and criteria will 
be created for the design project.  
Based on these criteria design variants will be created. In step 2a, design-variants for the 
scenario are made and in step 2b, design-variants for the transportation systems. In the third 
step, the 4-step analysis, the designs will be simulated. This sub method evaluates the effects 
of the combination of the designs of the city and the transportation systems.  
The 4-step model will provide information about the capacity, the amount of trips that will be 
made, the travel time and distances. This model determines whether the capacity of the 
systems fit the demand. Low capacities could lead to congestion, whereas high capacities are 
not cost effective. The numbers obtained from this simulation will also be used in the 4rth 
step, the multi criteria analysis.  
Alternatives for a 4-step model are: choice models or activity based models. A 4-step model is 
chosen because it suits the scale of the design well and because the lay out of the city will be 
developed during the research project. This can be seen as zonal data on which the model can 
be based. 
Commonly used modelling software (e.g., Omnitrans) was not used for the simulation; 
instead, a tailor-made model was used. The city will be developed in the future, and the 
lifestyle could be completely different than the current lifestyle. A new model is easier to 
fine-tune it to the specific situation and criteria. Using common software also means that 
workarounds need to be made to model the specific situation.  
A multi-criteria analysis is used to evaluate the effects of the systems (step 5) because it 
allows a certain amount of freedom for selecting criteria and provides clear insight during the 
decision-making process. Furthermore, the number of uncertainties makes it difficult to make 
a decision based solely on the monetary value of the effects.  
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Figure 1, Research approach 
 
 
The research approach is not necessary a linear method. Sometimes things can be created 
simultaneously. There are furthermore feedback loops between the simulation and the design 
period and the evaluation and the design phase. The research will lead to conclusions and 
recommendations for further research and to criteria for further research. A case study is 
chosen to test this approach: the Seasteading city. The city is designed for the Seasteading 
community. This is a group of entrepreneurs from Silicon Valley that wants to experiment 
with new forms of government. It is therefore assumed that the inhabitants of the city want to 
be independent as soon as possible and as a consequence will pay for the whole system. The 
lifestyle of the inhabitants should be similar to Western societies. 
The city consists of different modules that can be attached and detached, and is designed so 
that it can grow organically next to the land and be placed on the sea when big enough. This 
also means that the city itself can change, because it can grow over time and modules can be 
added or removed. The focus of the report will be on analysing the transportation of persons. 
 
Scenarios 
Two scenarios are developed for the Seasteading city: a concentrated scenario, in which 
regions are specialized in certain services; and a scenario in which the functions are dispersed 
over the city like a scrambled egg. 
As stated before, it is necessary to develop more than one scenario for the 4-step model. 
Floating cities are more flexible than current cities and can change relatively easy. The 
designer has less control over the city. Furthermore, it is clear that a relation between the 
functionality of the transportation systems and the layout of the city exists, but is not known 
precisely what the effects of certain planning decisions will be. By evaluating these two 
scenarios, more insight can also be obtained into this research topic.  
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Figure 2, Scenario’s 
 
Transportation systems 
It is also important to create a number of transportation systems, because it is not yet known 
which system should be used in the floating cities. Developing and analysing systems that 
differ significantly from each other will yield the most insight. 
Because they differ conceptually, one system is chosen that focusses on personal systems and 
another is chosen that focusses on collective transportation. A system that focusses on water 
transportation is also added, because it is a floating city and there is a lot of water. Both 
personal and collective transportation is used in transportation system 3: water transportation. 
All transportation systems also have a slow-mode network.  
Transportation system 1 consists of a combination of personal transportation—such as cars or 
small personal vehicles—and slow mode transportation. 

 
Figure 3, Transportation system 1, personal transportation 
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The second transportation system consists of a collective system. Because of the scale of the 
city, an on-demand ULTRA rapid transit system is chosen. This system is combined with 
slower transportation, such as walking or cycling. Figure 5 shows a network with an inner 
ring on the left and a wider network on the right. From now on this network will be called 
collection and distribution. 

  
Figure 4, Transportation system 2, collective transportation 
 
The third transportation system combines water transportation and slow modes. Inhabitants 
can walk everywhere or use collective transportation such as a ferry. It is also possible for 
inhabitants to use their own boats. It will be necessary to build bridges and harbours on 
certain locations for this system to function. Roads or dedicated lanes are not necessary. 

  
Figure 5, Transportation system 3, water transportation 
 
The 4-step model 
The 4-step model consists of four sub-models: trip generation, trip distribution, mode choice, 
and assignment. The results are shown in and Table 2. Based on the 4-step model, it can be 
concluded that the transportation systems in scenario 1 have more roads with high travel loads 
and more regions with a high need for parking places than scenario 2.  
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In general most travellers will choose to travel with slow transportation. Transportation 
system 1 (personal) has furthermore the highest share of users. Transportation system 2 
(collective) has the lowest modal share.  
The average distance of the trips is highest for transportation system 3 (water). This is 
probably because it takes some time before a trip starts. Someone has to go to a mooring place 
and then wait a couple of minutes before he can travel. This waiting time is higher than in 
transportation system 2 (personal). Because the system has a lot of shortcuts in comparison to 
the land based transportation it is faster for the longer routes.  
The travel time (in vehicle time + waiting time) is therefore also longer for transportation 
system 3. The in vehicle time is low for transportation system 1 (personal) and transportation 
system 2 (collective), because more people take small trips.  
The average travel time is lowest for transportation system 1 (personal) and longest for 
transportation system 2 (collective). The reason for this difference is –mainly- due to the fact 
that more people walk in transportation system 2 (collective). The travel time of 
transportation system 3 (water) sits in between the other two.  
 
Table 1, overview characteristics transportation systems 
	   Transportatio

n	  system	  1	  
(personal)	  

Transportatio
n	  system	  2	  
(network	  1)	  

Transportatio
n	  system	  2	  
(network	  2)	  

Transportatio
n	  system	  3	  
(water,	  
personal)	  

Transportatio
n	  system	  3	  
(water,	  
collective)	  

	   Sc.	  1	   Sc.	  2	   Sc.	  1	   Sc.	  2	   Sc.	  1	   Sc.	  2	   Sc.	  1	   Sc.	  2	   Sc.	  1	   Sc.	  2	  
Modal share  
(slow mode) 

76%	   76%	   89%	   90%	   84%	   86%	   75%	   75%	   75%	   75%	  

Mode share (specific 
transportation systems) 

24%	   24%	   11%	   10%	   16%	   14%	   19%	   19%	   5 % 5% 

Distance (average(m))  900	  	   1,000	   740	   750	   765	   937	  	   1,200	   1,500	  	   1,200	   1,500	  	  
In vehicle time + 
waiting time (minutes) 

3.2	   3.7	   3.4	  	   3.4	  	   4.5	   6	   7.2 8 9 10 

Average travel time 
(minutes) 

11.5 11.9 12.8 13.7 11.8 12.2 11.8 12.6 11.8	   12.6	  

 
 
Table 2, Requirement of the parking and mooring places of the transportation systems 
	   Transportatio

n	  system	  1	  
(personal)	  

Transportatio
n	  system	  2	  
(network	  1)	  

Transportatio
n	  system	  2	  
(network	  2)	  

Transportatio
n	  system	  3	  
(water,	  
personal)	  

Transportatio
n	  system	  3	  
(water,	  
collective)	  

>1500	  parking/mooring	  places	   2 0 2 0 2 0 1 0 0 0 
1000-‐1500	  parking/mooring	   0 0 4 2 4 2 3 0 2 0 
	  500-‐1000	  parking/mooring	  	   2 6 13 19 13 19 12 10 1 3 
<500	  parking/mooring	  places	   7 5 50 56 50 56 46 52 8 8 
 
Multi-criteria analysis 
During step 4, the multi-criteria analysis, the designs are evaluated on the chosen criteria. 
Weights are used to judge the importance of the criteria. Two sets of weights have been 
created for the multi-criteria analysis. One set was made by the employees of Blue21; another 
was made by the author based on what future inhabitants would find important 
In Table 3, Results of the multi-criteria analysis the scores for the transportation systems are 
presented as a scorecard. This scorecard is based on the combination of the scores of the 
different criteria and the weights, as chosen by the author. The transportation system with the 
highest score is shown in the darkest shade of blue and the system with the lowest score in the 
lightest shade. The three transportation systems are evaluated in this step. The second 



transportation system (collective) is evaluated in combination with the two networks. 
Transportation system 3 (water) consists of two different modes. This however does not lead 
to different scores, so a total of four systems is evaluated in this step.  
The total costs of the transportation system is lowest for transportation system 2 (collective) 
in combination with network 1 and highest for transportation system 3 (water). Transportation 
2 (collective) combined with network 2 scores less good than transportation system 1 
(personal). Transportation system 2 (collective) scores best on the criterion safety, this is 
mainly due to the fact that the amount of casualties is low for automated systems. 
Transportation system 1 (personal) on the other hand scores best on the criterion travel time, 
because it has –as stated before- the lowest average travel time. Transportation system 1 
(personal) offers most comfort, because people walk least in that transportation system.  
The difference in scores for walkability is low for the different transportation systems, but 
transportation system 2 (collective), scores best. Transportation system 3 (water) scores best 
on the criterion nuisance. The transportation system 2, (collective), has the lowest emissions. 
Transportation system 1 (personal) scores highest on flexibility. Transportation system 2 
(collective) scores best on flexibility and scalability. Transportation system 3 (water), requires 
the least space in the city and 
Transportation system 2 (collective) is the most Innovative system, while transportation 
system 3 (water) scores highest on required space. 
The transportation system 2 (collective), in combination with network 1 scores best on both 
weight sets, followed by the combination of the system with network 2. This transportation 
system also scores best on the subsets keeping the advantages and improving the drawbacks, 
while transportation system 3 (water) scores best on the criteria specific for floating cities. 
It is likely that these criteria are also important to other future floating cities, so collective 
transportation and water transportation can be considered good systems for floating cities. It is 
however possible that due to certain characteristics of other floating cities, this will change. If 
the cities for example grow very large or if the city is very wide-spread and has a very low 
density, transportation systems with higher speeds might become more important.  
 
Table 3, Results of the multi-criteria analysis 
 1, Personal 

transportation 
2, Collective transportation 3, Water 

transportation 
Criteria: Final Score:  Final Score: Final Score: Final Score: 
Keep the advantages of transportation systems: 
Costs:	   +/-‐	   +	   - -‐-‐	  
Safety:	   -‐-‐	   +	   + -‐-‐	  
Travel time:	   +	   -‐-‐	   +/- +/-	  
Comfort:	   +	   -‐-‐	   - +/-	  
Improve disadvantages of the transportation systems:	  
Walkability:	   -‐	   +	   +	   +/-‐	  
Nuisance:	   -‐	   +/-‐	   -‐	   +	  
Emissions:	   -‐	   +	   +	   -‐-‐	  
Criteria specific for floating cities:	  
Flexibility:	   +/-‐	   -‐	   +/-‐	   +	  
Scalability:	   -‐-‐	   +/-‐	   +	   +/-‐	  
Innovative:	   -‐-‐	   +	   +	   -‐	  
Required space:	   -‐-‐	   +/-‐	   -‐	   +	  
 Total:	   	  -‐-‐	   +	   +/-‐	   -‐	  
 
 
 



Conclusions 
A collective transportation system seems to be the best option for a floating city with this 
characteristics and scale. Although transportation system 3 (water) scores best on criteria 
related to floating cities.  
The results of the 4-step analysis show that it is unlikely that problems due to congestion will 
occur at the links themselves. Problems at crossings are however possible. Whether the 
transportation systems have too much capacity and are not cost effective enough, is a 
recommendation for further research. It is necessary to calculate if the robustness of the 
networks leads to costs that are higher than delays that could exist on these systems. The 
amount of parking and mooring spaces furthermore has to be taken into account when 
designing the city, especially the amount of parking space in transportation system 1 
(personal) could lead to capacity problems, or problems related to the criteria flexibility and 
scalability. When functions in the city are placed at other locations, parking space will need to 
be moved too. 
The methodology can be considered adequate, because it has been able to get insight into this 
subject, while there was little data available and there were a lot of uncertainties. By 
designing two lay-outs of the city and a number of transportation systems, it was possible to 
get insight into a situation that had a lot of inconsistencies. One of the advantages was that it 
was not necessary to know where functions needed to be. 
The transportation systems were also different enough to give insight into the situation.  
Although the research consists of a simple 4-step model, it gives insight into the future 
situation. The multi-criteria analysis –as was used in this report- made it possible to generate 
scores about the criteria, even when there was little information about them. 
The research approach is furthermore transparent and it is clearly stated how scores on the 
criteria are given.  
There are however a number of criteria that could have been researched in greater depth. One 
of the most important recommendations is doing more research about the behaviour of 
inhabitants in a floating city. This way the congestion and a number of criteria can be 
modelled in a better way.  
Furthermore it would be possible to generate more designs, different case studies can be 
chosen or the floating city can be placed at other locations, for example near a big city. The 
chosen transportation systems on the other hand seem to differ enough from each other to 
create insight into the situation.  
The proposed methodology can be used for the design of a floating city and the transportation 
systems in such a city. The criteria can be tweaked towards to reflect the important elements 
of the particular case study. 


