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Abstract  Based on current predictions of sea level rise and other climatic changes, 
in the near future, large urban coastal areas will no longer provide viable urban 
environments for human habitation. In response, floating city design proposals of 
various scales, degrees of connectivity and mobility are emerging as potential ad-
aptations to predicted climate changes which partially or completely replace exist-
ing coastal urban typology. 
The prospect of utilizing large floating structures for urban habitation and energy 
production seems highly appealing from an urban development perspective as it 
allows for a certain degree of continuity between the existing coastal typology and 
its envisioned floating counterpart. However, transplanting the large scale, static 
and perpetually connected land-based city model within an aquatic environment 
may prove challenging in terms of maintaining an equitable relationship between 
urban growth and marine ecosystem maintenance. 
By analyzing the floating city model as a graft onto marine ecosystems, the paper 
explores site selection, scale and mobility, highlighting opportunities for future 
floating city proposals to enhance and contribute to the host marine environments 
they inhabit. 
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1 Introduction 

In April 2019, the first UN High-Level Round Table on Sustainable Floating Cities 
was held in New York. The UN Deputy Secretary-General Amina Mohammed re-
marked that cities “are often our testing ground for new ideas and solutions” and 
acknowledged that we currently “live in a time when we cannot continue building 
cities the way New York or Nairobi were built” [1]. In this context, sustainable 
floating city proposals were introduced as “part of our new arsenal of tools” [1] that 
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help us respond to changes in climatic conditions but also to social and economic 
issues which emerge as consequences of urban growth trends. 

Although various floating solutions exist [2,3], modern floating cities which, in 
terms of location and size, fall under the category of very large floating structures 
(VLFS) have yet to be fully implemented and tested. Compared to land-based urban 
design, the design of floating infrastructure as urban habitation is less established in 
terms of urban and environmental management and other regulatory frameworks.  

From a design perspective, sustainable floating cities, therefore afford an oppor-
tunity for re-thinking existing strategies and implementing knowledge gained via 
land-based testing. This is especially relevant in terms of the relationship between 
modern city infrastructure and the natural environment.  

Land-based designs have, thus far, been slow to shift towards a more sustainable 
and equitable relationship. For example, while cities have been relying on natural 
ecosystem services since the agricultural revolution, the term “ecosystem services” 
was only coined in 1981 [4] and recognized within policy frameworks much later. 
The same can be observed in case of the of vegetation bridges which allow for con-
tinuity in terms of animal migration paths over highway infrastructure. Initially, 
transport infrastructure design did not account for ecosystem continuity, leading to 
the development of separate infrastructure to support wildlife migration rather than 
achieving an integrated design solution which serves both needs.  

When expanding design criteria to include ecosystem requirements, it can be ar-
gued that the resulting relationship between man-made and natural systems is sim-
ilar to that of graft and host organism.  

In the fields of medicine and biology a graft is defined as a "a piece of healthy 
skin or bone cut from one part of a person's body and used to repair another damaged 
part, or a piece cut from one living plant and attached to another plant so that it 
grows there" (Oxford Dictionary). As a verb, grafting signifies "to join or add some-
thing new" (Oxford Dictionary). 
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Fig. 1 Conceptual diagram showing differences of approach and resulting relationships between 
natural and built environments in traditional land-based cities and floating cities performing as 
grafts. 

In looking at how cities perform as grafts in relation to the host ecosystems they 
inhabit, traditional land-based designs often create inequitable relationships where, 
although striving to minimize detrimental impacts, cities often do not actively and 
positively contribute to establishing growth at the ecosystem level. However, if the 
graft function of healing deriving from the medical field would be considered as a 
main design driver, this relationship could become more balanced and potentially 
enhance both natural and anthropic environments.  

In this context, floating solutions create opportunities for “equitable grafting”, 
where the design of human infrastructure and habitat generates hybrid environments 
that could help repair and enhance both the natural and anthropic environments.  
In order to achieve this, several directions that diverge somewhat from typical land-
based cities should be explored. The basic parameters of location, size and mobility 
are further discussed, highlighting opportunities afforded by floating city designs to 
improve the relationship between new floating development and the natural marine 
environments they will become a part of. 

On the basis of an interdisciplinary, qualitative literature review regarding the 
relationship between cities and ecosystems, this paper presents a conceptual ap-
proach to identifying design directions and considerations for future floating solu-
tions in order to enhance this relationship.  

The concept of grafting, via its associated functions of healing and creating hy-
brid configurations, was used to focus an initial analysis, identifying possible points 
of overlap between urban and environmental agendas.  

The following sections, regarding location, scale and mobility, are used as con-
ceptual experiments, exploring how the grafting approach could be applied in order 
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to achieve positive environmental impacts through the design and engineering of 
floating cities.  

The analysis highlights ways in which this approach would diverge from current 
conventional design considerations, provides examples of opportunities for floating 
cities to enhance ecosystem growth and speculates on how the identified design 
considerations could be applied within future floating cities.  

Lastly, the speculative design considerations identified via location, scale and 
mobility examples are compiled as a set of criteria and opportunities which support 
the use of the graft conceptual approach as a potentially viable future research di-
rection. 

2 Location  

One of the first parameters to consider in the design of future floating city structures 
is their location and the strategic thinking behind site selection. Based on their lo-
cation and the specific technological and logistic challenges encountered, VLFS can 
be split into two categories: Offshore and Nearshore structures [3].  

Site selection also reflects the underlying function of the structure. For example, 
floating runways such as the Mega-float in Tokyo Bay or floating energy farms (e.g. 
floating solar arrays or wind farms) are traditionally considered for nearshore areas. 
This location provides shorter connections (e.g. to decrease transmission losses for 
energy delivery) which increase mobility and shorten transport routes between ex-
isting infrastructures (e.g. between coastal city and floating airport runway). On the 
other hand, structures such as oil-rigs or Mobile Offshore Bases (MOB) can be sited 
offshore, in locations of military tactical importance (for MOB) or near resources 
(for oil extraction).  

The UN Habitat press release regarding the 2019 High-Level Round Table on 
Sustainable Floating Cities mentions that discussions revolved around floating so-
lutions which “would be situated close to cities and could be used to house those 
fleeing from rising sea levels and other threats from natural or climate-related dis-
asters in their home areas and overcome housing shortages”[5].  

Negative climate-related impacts are, however, not limited to human develop-
ment. Given our relative reliance on various ecosystem services and the fact that 
human activity has a strong impact on adjacent ecosystems, mitigation strategies 
relating to the preservation and enhancement of ecosystem services could play an 
important role in the successful establishment of future floating communities.  

For example, the 2019 IPCC report [6] relating to marine ecosystems and de-
pendent communities, shows that loss of wetland habitat, a type of ecosystem 
providing important services for both human and natural activity, is “primarily 
caused by non-climatic drivers” which derive from human disturbance.  

In 2013, research findings [7] showed that the effect of wetland loss not only 
impacts local ecosystems but has far-reaching effects via their connectivity to mi-
gratory species routes. The study shows that, depending on the location of the 
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wetland loss, a predicted 30% loss in wetland ecosystems could lead to up to 72% 
population reduction in migratory bird species. This in turn would have significant 
impacts on the local distribution of species in each location and ultimately on the 
communities depending on local fisheries and other ecosystem services.  

From a strategic point of view, given the need for connection to existing physical 
and economical infrastructure, floating communities will likely be located near ex-
isting human activity hubs. There is, therefore, a degree of overlap between loca-
tions which hold potential for human development and locations in which natural 
ecosystems are most affected by human activity. This presents an opportunity for 
the design of new floating structures to enhance and protect natural systems.  

Specifically, in nearshore applications, floating solutions could incorporate float-
ing wetland areas which could help to preserve vital nesting and feeding grounds 
for local and migratory species. While sea level rise (SLR) is predicted to cause 
species redistribution and landward relocation of wetland areas [6], especially in 
areas close to urban development, this survival strategy is often limited due to com-
petition between expansion of urban and wetland areas. The inclusion of floating 
wetlands within nearshore zones could, thus, provide additional foraging and nest-
ing grounds for migratory species and allow for the sea-ward expansion of existing 
wetlands by engineering designs to enhance sedimentation and allow for the natural 
processes of wetland land formation to occur.  

 
Fig. 2 Conceptual diagram showing opportunities for positive environmental impacts via strategic 
site selection 

The notion of integrating the “healing” function of grafts as a design parameter 
which influences site selection creates opportunities to support and enhance ecosys-
tem functioning and implicitly, the ecosystem services that can be relied upon. The 
strategy for site selection, could therefore revolve around identifying locations 
where human and environmental needs, resultant from climate change and urban 
growth, intersect. 
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3 Scale  

A second basic aspect which can have a significant impact on how future floating 
cities will perform is scale. In studying and predicting the environmental impacts of 
global warming, effects are explored across multiple scales ranging from global to 
local and micro scale impacts. It is proposed that, in order to adequately respond to 
the challenges deriving from changing climatic conditions, floating city designs 
should consider effects and opportunities to enhance natural system resilience 
across all scales. 

Partly due to the engineering challenges as well as the specific construction 
methods developed for floating solutions, VLFS and implicitly some floating city 
solutions are designed as modular systems of relatively small scale when compared 
to their land-based counterparts. 

A recent example of a modular design was the Oceanix proposal by architect 
Bjarke Ingles, which was promoted at the aforementioned UN Roundtable discus-
sions. The proposal consists of several 4.5-acre hexagonal platforms, each forming 
a village and combining to form full scale floating cities [8]. In terms of scale, the 
platforms can be categorized as VLFS which, by definition, range in sizes between 
1 and 10 km in length [3].  

At this localized scale, some studies on ecosystem adaptation and survival in the 
context of predicted climate change highlight the conservation and management of 
microclimate areas [9] and localized climate refugia [10] as potentially productive 
approaches towards increasing the resilience and chance of survival for marine eco-
systems.  

Although, the environmental effects of floating city proposals have not yet been 
fully studied, there are some observed examples of man-made climate refugia hav-
ing positive impacts on specific species survival [11] as well as positive impacts of 
small floating structures on water quality and species richness [12] and positive im-
pacts of offshore windfarm structures[13].  

While the positive impacts mentioned above are mostly unintended conse-
quences, they highlight a potential opportunity to design future floating cities as 
man-made climate refugia which contribute to and enhance their surrounding envi-
ronments.  

In identifying past and present climate refugia that occur naturally, some of the 
known traits of such climate havens, present a good indication of design criteria 
which could be applied to create man-made refugia. Climate refugia may be identi-
fied via their “higher species richness than the surrounding landscape”, “relatively 
high number of endemic species”, high diversity of resources, topography and lo-
calized climatic conditions [14].  

In simpler terms, man-made climate refugia could potentially be achieved by 
locally engineering the resulting habitat and environmental parameters (lighting 
levels, oxygenation, surface water temperature, etc.) to increase species richness, 
support endemic species, diversify topography, resources and habitat type.   
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At a local scale, design approaches for enhancing resource diversity and endemic 
species richness could include diversifying aquaculture, agriculture and biofuel 
crops based on endemic vegetation and allowing for shared resource allocation be-
tween human and ecosystem demands in order to maintain and support local food 
webs.  

One possible implication is that design sites might include areas larger than those 
necessary for meeting human needs, allocating zones which can support productive 
ecosystem engineer species such as whales (help cycle nutrients and water [15]) and 
reef building bivalves (help prevent coastal erosion and filter nutrients [16]). 

At the micro-scale, building material choices that allow for oxygenation (for ex-
ample by providing diffuse natural light to allow photosynthesis) and create micro-
habitats via a rich topography towards the water environment [17] could help to 
encourage the development of floating cities as biodiversity hotspots.  

 
Fig. 3 Conceptual diagram showing opportunities to enhance ecosystem productivity and create 
climate refugia by designing across multiple scales (from micro to macro) 

Adding to the idea of interdependence and locating future floating cities at the in-
tersection of human and natural needs, further opportunities for enhancing human 
and ecosystem growth emerge from introducing the graft function of healing and 
enhancement across various scales. At the micro and local scale, floating designs 
could help enhance natural productivity and diversity, ultimately providing refugia 
from the effects of the changing climate.  

At the global (macro) scale, by allowing mobility via strategic site selection 
along migration routes and creating a network of floating refugia, future floating 
communities could aid to increase the overall resilience of multiple species, ecosys-
tems and ecosystem services available.  
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Mobility is, therefore a third basic parameter which can drive the sustainable 
development of floating solutions. The local aspects of mobility and opportunities 
deriving from the intrinsic qualities of floating structures are further discussed. 

4 Mobility  

At both local and global scales, mobility can have an impact at multiple levels: basic 
transport infrastructure required, degree to which floating communities are able to 
connect and rely on existing land-based infrastructure and economy, ability of the 
community to relocate to more favorable sites. For example, the Oceanix proposal 
is scaled in order to facilitate minimization of transport infrastructure and encourage 
pedestrian access while, via its modular design, it allows the community to easily 
relocate and expand [8]. 

In terms of the relationship between floating communities and their surrounding 
ecosystems, however, there are further opportunities which could enhance the avail-
ability of resources by taking advantage of the ease of mobility afforded by floating 
solutions.  

One potentially productive avenue emerges from the field of marine fishery man-
agement. While in land-based scenarios, the use of crop rotations is an established 
management strategy, it is a less common practice for marine environments. How-
ever, research suggests that, in terms of harvesting some marine species, rotating 
harvest sites over periods as long as six years would generate “improvement in bi-
ological and economic performance” and would help to avoid overexploitation of 
resources [18].  

The design of future floating cities as mobile infrastructures that change their 
location over time, could therefore minimize the impact of human exploitation on 
marine environments as well as enhance the economic productivity of marine har-
vest activities.  

Furthermore, in the case of smaller scale modular assemblies, the ability to re-
configure the resulting city network could be utilized to respond to seasonal patterns 
such as changing water conditions (e.g. to form break waves when needed). Recon-
figuration could also provide an optimal solution to temporarily accommodate ur-
ban and natural spatial requirements (e.g. seasonal nursery space for food and en-
ergy crops or temporary public space for human activity).  
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Fig. 4 Conceptual diagram showing opportunities for optimized resource distribution and spatial 
use by taking advantage of the enhanced mobility of floating structures 

In terms of the relationship between city and ecosystem, the main advantage of the 
enhanced mobility of modular floating solutions is, therefore, the ability to optimize 
the use of space and resources by reconfiguring and relocating the structures in sea-
sonal or longer cycles that correlate with natural growth patterns.  

5 Conclusions  

Coming back to the notion of grafting, when looking at floating city designs through 
the lens of cities performing as grafts which heal, add to and create hybrid symbiotic 
relationships to the natural host environments, several opportunities and associated 
design criteria have been identified.  

Figure 5 summarizes potential design criteria in relation to the basic parameters 
of location, scale and mobility. Strategic site selection, design across multiple scales 
and enhanced mobility (via reconfiguration and cyclic relocation) could thus create 
opportunities to support wetland ecosystems located near urban areas, create marine 
biodiversity hotspots and microclimate refugia, optimize resource and space alloca-
tion as well as sustain global resilience by maintaining migration corridors. 



10  

 
Fig. 5 Summary of design criteria identified that could help to establish equitable relationships 
between floating cities as grafts and ecosystems as host organisms 

Given the reliance of human communities on ecosystem services for habitat, energy, 
food and leisure activities, it is important to expand design criteria across disciplines 
and identify common points between urban growth and environmental agendas as 
well as develop strategies for future cities to become a productive partner in the 
relationship between built and natural environment.  

In this context, the notion of future floating cities performing as grafts and posi-
tively contributing to the environmental balance to achieve equitable relationships 
seems to generate opportunities for sustainable growth and should be further ex-
plored. 
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