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Abstract 

Delta areas all over the world face multiple interconnected problems. They are increasingly threatened by 

flood damage, land subsidence, sea level rise, and extreme weather events. This article shows that these 

trends can be divided into two main components; food issues and space issues. The main challenge is how 

to accommodate a huge increase in population while at the same time reducing the pressure of delta areas 

on the environment. This article uses the concept of productive urbanization based on cyclic resource 

flows. Current modern cities produce hardly anything else than waste. At the same item, cities extract all 

resources from rural areas and ecological systems. This parasitic behaviour should be reversed and cities 

should be built that have a positive impact on their environment and create pleasant living conditions for 

involved and resilient communities. The article introduces the concept of the Cyclicity. The Cyclicity is a 

spatial intervention for delta areas that is based on cyclic patterns of resource flows. It establishes a sym-

biotic relation with an existing delta where it is plugged in. Cyclicity represents a “productive” floating ur-

ban development, in contrast with the traditional “consuming” city. Conventional urbanized areas con-

sume large amounts of food, fuel and other goods, often transported over long distances, and produce 

waste and emission. Because it is a floating city, the Cyclicity will adapt to any future water level and will 

not suffer flood damage due to extreme weather events. The floating city can also function as wave 

breaker, protecting vulnerable delta areas. The article presents some key elements for the governance of a 

Cyclicity. Sufficient attention should be paid to stakeholder receptivity, improving innovations, creating a 

commercial market, a new task for designers and institutional mechanisms are important elements to re-

alize a Cyclicity as a new direction to protect deltas and preserver marine ecosystems.  
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1. Introduction 
Delta areas all over the world face multiple inter-

connected problems. They are increasingly threat-

ened by flood damage, land subsidence, sea level 

rise, and extreme weather events. This article 

shows that these trends can be divided into two 

main components; food issues and space issues. 

This chapter provides an outline of some urgent 

delta problems and challenges.  

1.1  Spatial issues 

Land subsidence 

Over-exploitation of groundwater resources in 

delta areas has led to land subsidence and saltwa-

ter intrusion in many delta cities such as Jakarta, 

Bangkok, Shanghai and Venice. In Jakarta, Indone-

sia, land subsidence of 20 cm to 200 cm has been 

reported in various locations and land subsidence 

rates of more than 10 cm a year are not uncommon 

(Abidin et al. 2007). As a result, large parts of the 

cities have subsided below the sea level. Due to the 

construction of dams upstream in the river and 

dikes along the river, the natural sedimentation 

process in deltas no longer takes place. This makes 

it impossible for the land to keep up with rising 

water levels in the river. The problem of land sub-

sidence is aggravated by the expected impacts of 

sea level rise (IPCC, 2011). Groundwater extraction 

and land subsidence are not limited to delta cities 

only. The centre of Mexico City, for instance, has 

experienced land subsidence of 7.5 meters due to 

decades of groundwater extraction (Ortega-

Guerrero et al, 1993).  

Land scarcity 

With the continuing growth of urbanization, cities 

in delta areas face land scarcity. It is expected that 

in 2050, 75% of the world’s population will be liv-

ing in cities (Arup, 2011) and the urban population 

will increase from 3.5 billion to 6 billion (FAO, 

2011). This urbanization mainly takes place in ar-

eas that are located in coastal areas and river 

plains. It is estimated that in 2030, about 50% of 

the world's population is expected to be living 

within 100 kilometers of the coast (Adger et al, 

2005). Continuing urbanization will lead to an in-

crease of the number of people who are exposed to 

hazards in vulnerable areas (World Bank, 2009). 

Land scarcity usually leads to an increase in land 

value and property value. Poor city dwellers are 

forced to live in vulnerable areas near cities where 

land prices are still low. As a consequence, slums 

emerge that are often located on the most vulner-

able places such as flood plains of rivers and 

coastal plans.  

Flood damage 

Over the past decades there has been a steady in-

crease in the number of natural catastrophes from 

around 400 a year in the early 1980’s to almost a 

1000 a year in the late 2000’s. Due to the rising 

number of extreme weather events and continuing 

urbanization in vulnerable areas, global flood dam-

age in urban areas has increased up to more than 

100 billion US$ a year (Munich Re, 2010). The IPCC 

(2011) predicts that climate change is likely to fur-

ther increase the number of extreme weather 

events. Moreover it is very likely that sea level rise 

will contribute to an increasing frequency of ex-

treme coastal high waters such as storm surges. 

This will further increase flood damage. 

Degradation of ecosystems 

River basins are polluted by agricultural and urban 

activity. As a result, pesticides, fertilizers, organic 

pollutants, pharmaceuticals, heavy metals, plastics 

and other pollutants end up in marine coastal eco-

systems due to unsustainable human activities. 

This is problematic because coastal areas play a 

key role in marine ecosystems that both have a 

huge intrinsic value but also support other ecosys-

tems and human food supply. Most biodiversity is 

concentrated on the land-water interface. This 

means that delta areas have a key position for the 

ecological preservation of migratory birds and fish. 

Coastal ecosystems such as wetlands, mangroves 

and coral reefs also protect cities from coastal 

flooding. In New Orleans, human activities caused 

the deterioration of the Mississipi Deltaic Plain. 

This increased the vulnerability during the severe 

flooding during the Katrina Hurricane in 2005 (Day 

et al, 2007). Removal and destruction of these eco-
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systems increases the flood vulnerability of many 

delta areas. Degradation of ecosystem in delta ar-

eas has accelerated over the last decades. Coastal 

ecosystems are under strain because of land culti-

vation, reclamation, destruction of habitat and pol-

lution. Around 50% to 70% of all coral reefs are 

under threat of human activities such as overex-

ploitation, pollution, human induced climate 

change and tourism (Hoegh-Guldberg, 1999).  

1.2 Food issues 

Food availability 

Due to urbanization and population growth, the 

land area available for food production is continu-

ously decreasing while the demand for food is con-

tinuously increasing. This has led to rising food 

prices over the past years which endangers the 

food availability for many poor people. There are 

four negative impacts of urbanization on food 

availability (FAO, 2011): 

 Increased competition between urban land use 

and agriculture land use; 

 Increased required food supplies, leading to 

greater traffic congestion and pollution, and to 

stress being placed on overloaded food distri-

bution systems; 

 Changing food consumption habits, with in-

creased demand for convenience and proc-

essed foods; 

 Distance of low-income families from markets 

increasing, meaning additional costs in time 

and transport to access food 

In more than 20 countries, rising prices and in par-

ticular the price volatility led to food riots in 2007, 

2008 and also 2011.  

From the 18th century up to now agriculture has 

changed dramatically. Several developments re-

sulted in unprecedented crop yields that could sus-

tain a much larger world population. The most im-

portant are the invention of artificial fertilizer and 

pesticides, genetic seed development and mechani-

zation. These developments each have huge risks 

that are increasingly becoming apparent. Excessive 

use of artificial fertilizer and pesticides leads to soil 

degradation. The world is losing topsoil at an as-

tounding rate.  The Guardian reports that in 2007 

approximately 40% of the world's agricultural land 

is seriously degraded (Sample, 2007).  

The earth’s total available surface is 510 million 

km2.  About 100 million km2 of biologically produc-

tive land is available and in use. Figure 1 shows 

that more than two third exists of water. Mostly the 

expansion of agricultural land decreases the 

amount of forests. An example of this it the exten-

sive deforestation in Brazil for the sake of soybean 

production, mainly used as food for livestock farm-

ing (Wallace, 2009). Figure 1 shows that largest po-

tential area available for food productions is the 

sea. However, only if it is managed in a sustainable 

way, the ocean could be the new food production 

space for the planet. 

Livestock is the largest user of land in the world, 

utilizing 3.9 billion hectares in total. This is about 

78% of all agricultural areas and amounting to one 

third of all the land on our planet (FAO, 2006). 

Livestock farming is significantly less sustainable 

than crop farming. In comparison with grain live-

Figure 1. Representation of land use on earth. Categories are  crops, livestock, build up area, forests, non-productive and water.   
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stock, meet production requires up to 80 times as 

much land to produce the same amount of food en-

ergy. To produce one unit of beef protein requires 

10 times as much land as producing one unit of 

grain protein. For chicken protein, the number is 

2.5 (MNP, 2007). With the consumption of meat 

and fish increasing, especially in the developing 

countries as Asia, Latin America and the Caribbean 

(FAO, 2000), (McMicheal et al, 2007),  land scarcity 

will become more and more a pressing problem for 

delta areas.  

Dependency on fossil fuels 

Modern industrialized food supply is highly de-

pendent on fossil fuels. An amount of 10 kJ of fossil 

fuels is needed to produce and deliver 1 kJ of   food 

to a consumer in the US (Pfeiffer, 2006). An esti-

mate of combined agriculture and livestock emis-

sions was published by Scientific American (Fiala, 

2009), as can be seen in figure 2. Data from the 

United Nations Food and Agriculture Organization 

(FAO) and the Emission Database for Global At-

mospheric Research shows that in total 30% 

(about a third) of the global GHG emissions can be 

attributed to agriculture and meat production. 

Moreover 95% of the fertilizer is produced using 

natural gas (Smil, 2001). In 2009, only 3% of the 

world energy supply was from renewable re-

sources (excluding hydro power) (IEA, 2011). Al-

most half of the increased energy demand in the 

past decade was met by coal, a non-renewable en-

ergy source that produces more pollution than 

other fuels. The known gas- and oil reserves will 

decline with 40% to 60% in 2035 (IEA, 2011). At 

the same time, with economic development and 

population growth the energy demand will in-

crease. Cambridge University professor David 

Mackay (2009) elaborates in his book that switch-

ing to 100% renewable for a developed country 

such as the UK, is only possible if almost the whole 

country is used for energy production including 

significant parts of the coasts. On the other hand, if 

the world succeeds in reducing the energy demand 

by 15% in 2050 compared to 2005, it is possible to 

switch to 100% renewable (Ecofys et al, 2011).  

Nutrient depletion and eutrophication 

Another problem related to food availability is the 

depletion of nutrients, in particular phosphate. Nu-

trients such as phosphate are nitrate are critical to 

food supply. Currently, the global food supply de-

pends on artificial fertilizers. The production of 

most fertilizers is based on mining of finite re-

serves of rock phosphate. Proven phosphate re-

serves are sufficient for 100 years of economic use 

(Driver et al, 1999; Isherwood, 2000). Local urban 

sources such as local wastewater streams are 

hardly used. According to scientists with the Global 

Phosphorus Research Initiative, the world is not 

going to have enough phosphorous to meet agricul-

tural demand in just 30 to 40 years. 

One of the major issues that affects delta areas is 

the excess of nutrients (nitrogen and phosphorus) 

dissolved in river water. These nutrients, resulting 

from intensive agricultural practices, industrial ac-

tivities and urban runoff, are ending up in the envi-

Figure 3 Virtual water of daily products (Siencemediacentre, 

2009) 
Figure 2. Energy components of agricultural production 

(FAO, 2006)  

http://ideas.blogs.nytimes.com/2010/04/27/peak-phosphorus/
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ronment. The over-enrichment of water by nutri-

ents such as nitrogen and phosphorus causes eu-

trophication (excessive growth of phytoplankton, 

micro- and macroalgae), which leads to hypoxia 

(oxygen depletion) and algal blooms, destroying 

aquatic life in affected areas. 

Hypoxia and eutrophication is directly related to 

fertilizer consumption. Other sources of high nutri-

ent runoff are wastewater effluent, untreated sew-

age, pollutant industries and runoff from pastures 

and animal feedlots. To reduce these impacts it is 

necessary to close the nutrients cycle. The nutri-

ents which are mainly dissolved in wastewaters 

can be used to harvest and grow algae (WRI, 2012).  

Over exploitation of water resources 

Technically, food production can be increased but 

this often requires irrigation and thus leads to an 

increase in water extraction from river basins. Wa-

ter resources are already overexploited in most 

river basins (Smakhtin et al. 2004). Water accounts 

for the largest material inputs to cities in terms of 

mass (Kennedy et al., 2007). The amount of im-

ported virtual water to cities is even larger. Virtual 

water is the water needed to produce agricultural 

commodities (Allen, 2001). It requires about 1,000 

cubic meters of water to produce a ton of grain. If a 

city imports a ton of grain it also imports 1,000 cu-

bic meters of virtual water. This means water is not 

imported literally, however the amount of water 

had to be extracted in a rural area to be able to 

produce the grain that was imported by the city. An 

overview of virtual water consumption of various 

products is shown in figure 3. This makes the city 

very dependable and highly consuming of her sur-

roundings. Harvesting of rainfall in cities only takes 

place at a relatively small scale. In the future cities 

should make better use of local rainfall. It is esti-

mated that China and India will need all runoff that 

is generated to meet urban and agricultural water 

demand in the next 20 years (Jury and Vaux, 2005). 

According to the World Bank, an equivalent of 130 

million people in China and 175 million people in 

India are being fed with grain with irrigated with 

water that is being pumped out of aquifers faster 

than it can be replaced (George, 2011). 

Due to overexploitation of water resources, some 

rivers no longer reach the sea anymore because all 

water is extracted for irrigation and drinking water 

extraction. Examples are the Colorado River and 

Rio Grande in the United States and the Yellow 

River in China. In other rivers such as the Nile in 

Egypt and the Indus in Pakistan, the discharge has 

considerably dropped (Pearce, 2006). Because 

river flow is severely reduced or even eliminated, 

salt water intrusion threatens several coastal areas. 

The productivity of these areas decreases, further 

putting food production under strain. Many cities 

face water scarcity. While desalination is often seen 

as solution for the water scarcity of cities, this 

technology requires much energy and leads to a 

high emission of CO2 if fossil fuels are applied.  

Depletion of fish stocks 

Improving the food supply by increasing the yield 

from the oceans is not a solution, at least not with 

current practice of fisheries. The majority of all the 

world’s major commercial fish stocks are threat-

ened and overexploited. A study of fisheries data in 

2006 concluded that if the current trend in marine 

species population declines continues, all such 

populations will have collapsed by 2048 (Cohen, 

2012).   Overall, 80 percent of the world fish stocks 

are reported as fully exploited or overexploited 

and (FAO, 2008). This is an indication that the 

boundary of maximum fish yield has been reached 

or even exceeded. Increasingly efficient fishing 

technology, lacking management systems, insuffi-

cient enforcement and lack of awareness among 

consumers have led to depletion of many fish spe-

cies.  

Aquaculture become increasingly important and 

accounts for almost half of the total fish supply.  

“Aquaculture is the farming of aquatic organisms 

such as fish, shellfish and plants. The term aquacul-

ture refers to the cultivation of both marine and 

freshwater species and can range from land-based 

to open-ocean production” (DMR, 2006). Intensive 

aquaculture in open seas often has an industrial 

character and requires a high amount of antibiotics 

and fish feed. The result is a low quality product 

that pollutes waterways and degrades the coastal 

http://www.newscientist.com/article/mg20927986.400-earth-economist-the-food-bubble-is-about-to-burst.html
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ecosystem even more. According to a study pub-

lished by Bioscience (Duarte et al, 2009) aquacul-

ture can cause health hazards to humans. Organic 

pollutants and heavy metals are found in fishmeal 

and oil that may accumulate in aquaculture prod-

ucts. Fish food is subsequently enriched with nu-

trient supplements, antibiotics and hormones what 

can lead to resistant pathogens that may affect hu-

mans. Also the escaping of fish could have a nega-

tive impact on native species. For this the global 

spread of aquaculture could have negative effects 

on biodiversity and ecosystems. 

Another large environmental impact is the use of 

fish food and fish oil containing wild caught feed. 

The production of fish oil is a large scale environ-

mental hazard of its own. An example of this unsus-

tainable fish farming is salmon farming. The big-

gest issue here is that much of the fishmeal and oil 

produced in Peru from anchovy fish stocks is the 

principal ingredient of feed used in salmon farm-

ing. Therefore, aquaculture can also cause a decline 

in natural fish stocks that are used for the produc-

tion of fish meal and fish oil. Furthermore, the pro-

duction of fish food often is connected with poor 

labour condition for the production workers and 

detrimental environmental impacts (Wasley, 

2008).   

1.3 The Delta Alliance 

With the mission of improving the resilience of the 

world’s deltas, coping with the issues elaborated in 

the previous paragraphs, the international Delta 

Alliance has been established. For the Alliance, a 

comparative assessment was made on the vulner-

ability and resilience of 10 deltas (Bucx et al, 

2010). This analysis showed that in most deltas the 

sustainability was not satisfactory due to an imbal-

ance between supply and demand for water and 

land, an inadequate or ageing infrastructure, dis-

ruption of natural delta processes, inadequate gov-

ernance to address problems and implement solu-

tions. The following delta participate in the Delta 

Alliance in so-called network wings: California Bay 

(USA), Ciliwung and Mahakam (Indonesia), Me-

kong (Vietnam), Rhine-Meuse (the Netherlands), 

Nile (Egypt), Pantanal (Brazil), Ganges-

Brahmaputra (Bangladesh), Mississippi (USA), 

Yangtze (China) and Parana (Argentina).  To repre-

sent the footprint of the delta areas the most sig-

nificant cities have been analyzed. In figure 4 rela-

tions between the city footprint and the ecological 

footprint are visualized. An ecological foot-

print measures the total amount of land and re-

sources used by a person, organization or country 

(Bestfootworward, 2011).   Based on the calcula-

tions from the living planet report (WWF, 2010) 

the global hectares that are needed per inhabitant 

per year are compared to the area of the city di-

vided by the number of inhabitants. This analysis 

shows that food is a large part in the footprint of all 

the cities.  Also the excess of nutrients are shown 

which are largely concentrated around coastal ar-

eas especially where rivers mouth into the sea.  

To reduce the existing negative effects a mode of 

urbanization is needed that reduces the current 

footprint, eliminates nutrient problems and does 

not need the already scarce and overexploited 

space.  
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Figure 4 Ecological Footprint of delta cities and eutrophication zones 



SUBMISSION FOR THE DELTA ALLIANCE YOUNG PROFESSIONALS AWARD 
CYCLICITY: A NEW DIRECTION TO PROTECT DELTAS AND PRESERVE MARINE ECOSYSTEMS 

 

11 
 

2. Problem analysis 

This chapter analyzes the connections between the 

problems that were presented in chapter 1. The 

principle of circular metabolism, the accumulation 

effect and the trophic level form the basis of the so-

lution that will be presented in chapter 3.  

Delta cities are almost entirely dependent on sur-

rounding areas. They use resources (land, water, 

energy, food, materials) as inputs and exert waste 

and emissions. In such urban systems, resources 

are used without much concern about their origin. 

Neither is there much awareness about the desti-

nation of waste. A linear metabolism leads to de-

pletion of resources at the beginning of the re-

source flow and accumulation of waste at the end. 

Therefore, linear flows are finite.  To be sustain-

able, cities have to close their cycles, in a way that 

waste of one component of the system becomes a 

resource for another.  

A systems perspective is applied to analyse the 

problems in delta areas. This approach is needed 

because the spatial and food related problems oc-

curring in delta areas are inextricably linked. When 

one problem occurs it can influence other problem 

areas. These connections have been divided in 

three categories and applied on the issues of chap-

ter one: 

 Post - Linear: When development 1 occurs it 

can lead to the occurrence of development 2. 

 Pre - Linear:  The occurrence of development 2 

causes development 1 to occur.   

 Cyclic: Development 1 leads to occurrence in 

development 2 which on the other hand again 

enlarges the effect of development 1.  

Figure 6 shows the connections between the prob-

lem areas. What can be concluded is that some of 

the themes are interlinked far more than others. 

The graph shows that food availability is the cen-

tral theme with most connections to other issues, 

followed by flood damage.  The problem areas are 

outlined below. 

Land subsidence 

Land subsidence is caused by overexploitation of 

ground water resources. Water is often applied for 

the irrigation of crops or for animal farming.  Land 

subsidence is also caused by lowering groundwater 

level for growing crops (WMD, 2012) when suit-

able land for agriculture is not available because of 

land scarcity. With land subsidence, flood damage 

becomes higher. 

Flood damage 

When floods occur often food availability decreases 

due to the overload of the water and possible crop 

diseases (UMass, 2012). Flood damage can also 

cause a wash out of nutrients from the soil. Land 

subsidence leads to more flood damage. The last 

connection in both ways is with the degradation of 

ecosystems. Flood damage can lead to the degrada-

tion of ecosystems. At the same time, degradation 

of ecosystems such as wetlands, that protect areas 

during floods, increases the flood damage. 

Land scarcity 

Because of land scarcity people start to inhabit 

more vulnerable areas such as flood plains of rivers 

and coastal plains. This causes an increase in flood 

damage. Cropland is scarce, especially in highly 
Figure 5. Linear and circular metabolism (Blogs-

pot, 2007) 
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populated areas. The scarcity of land also influ-

ences the availability of food because the agricul-

ture has to compete with urbanization.  

Degradation of ecosystems  

Flooding can cause eutrophication of ecosystems, 

the wash out of nutrients from the soil, drowning 

of life stock and crops, and the release of chemicals 

from industrial areas (KIWA, 2007). Wetlands for 

example play a vital role in controlling floods 

(Maine.Gov, 1996), if they degrade, flood damage 

increases.  

Food availability 

Food availability has several connections to other 

issues. Important is the dependency on fossil fuels 

for a variety of stages of the food process; from the 

manufacturing of fertilizer to the transportation of 

the food. The supply of fossil fuel is finite and for 

this reason, alternatives as biofuels are examined. 

Biofuel is a type of fuel whose energy is derived 

from biological carbon fixation.  

Land previously used for food production is now 

used for biofuel crops. This creates a potential 

competition for land between food production and 

biofuels that could cause food prices to rise up to 

75% (Chakrabortty A., 2008) (Walsh B., 2011).  

Due to overexploitation of land leads to land deg-

radation. This influences the food availability. The 

overexploitation of water resources is mainly 

caused by agriculture. At the same time the food 

availability is threatened when water resources are 

under strain. Also the depletion of the fish stock in-

fluences the food availability. 

Dependency on fossil fuels 

Food and fossil fuels are interconnected in several 

ways. Fertilizer is produced using natural gas, the 

operation of field machinery, transportation, irriga-

tion and pesticide production all need excessive 

amounts fossil fuels.      

 Nutrient cycle 

Nutrients such as phosphate and nitrate are critical 

to food supply. Currently, the global food supply 

depends on artificial fertilizers. The production of 

most fertilizers is based on mining of finite re-

serves of rock phosphate. So the availability of food 

is influenced when nutrients deplete, on the other 

hand when nutrients deplete the availably of food 

will be influenced.  Also floods can cause nutrients 

to wash out causing ecosystems to degrade.  

Over exploitation of water resources 

Over exploitation of water resources is mainly 

caused by extracting water for agricultural use. The 

total amount of water needed highly depends on 

the type of product. For example a potatoes and 

tomatoes need relatively little water; 105 – 130 

m³/ton of food. For meat products the numbers are 

higher. Poultry needs 4,100 m³/ton and other 

meats 11,350 m³/ton (FAO, 2002). Over exploita-

tion of water resources can lead to the decrease in 

water level which in it s turn can lead to land sub-

sidence. 

 Depletion of fish stocks 

Because of the growing consumption fish stocks 

are depleted in a high rate. This influences the 

availability of food and many coastal populations 

who depend on fish as their main source of protein.  

http://www.guardian.co.uk/profile/adityachakrabortty
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3. Solution strategy  

Based on the problem description and analysis in 

the previous chapters the characteristics of sus-

tainable urbanization in delta areas can be out-

lined. The main challenge is how to accommodate a 

huge increase in population while at the same time 

reducing the pressure of delta areas on the envi-

ronment. This article introduces the concept of 

productive urbanization based on cyclic resource 

flows. Current modern cities produce hardly any-

thing else than waste. At the same item, cities ex-

tract all resources from rural areas and ecological 

systems. This parasitic behaviour should be re-

versed and cities should be built that have a posi-

tive impact on their environment and create pleas-

ant living conditions for involved and resilient 

communities. The solution space for a productive 

city consists of  the following key elements.  

Use of space on water  

Delta areas are lacking space for both urbanization 

as food production. On the other hand all delta ar-

eas are close to the water. This is also the reason 

they often suffer from floods. By applying floating 

urbanization and floating food production these 

problems are prevented. The effect grows even lar-

ger because new agricultural land on the water 

does not have to compete with nature for the 

scarce land. Instead the abundant water surface is 

used. Vulnerable delta eco systems will have the 

chance to recover because excessive nutrients are 

extracted from the water for the production of food 

and energy. Besides, because production of food is 

close to the city, the use of fossil fuels for transpor-

tation is reduced.  

Aquaponics and integrated multi trophic 

aquaculture 

To use the benefits of aquaculture in a sustainable 

way, creating a closed cycle according to the circu-

lar metabolism strategy, the method of aquaponics 

can be applied. Aquaponics is the combination of 

aquaculture and hydroponics. Hydroponics is a 

method to grow plants in a liquid solution consist-

ing of water and the required nutrients for a par-

ticular plant (NorthernAquaFarms.com, 2010). Aq-

uaponics combines plant growing with fish farming 

in a self contained eco system. Plants and bacteria 

use the nutrients that fish create and purify the wa-

ter. The water use for crops can be reduced up to 

one tenth of regular vegetable growing and reduces 

the water needed for single usage fish farming by 

95% or greater. The system can be applied in fresh 

water and salt water. In fresh water systems; toma-

toes, bell peppers, cucumbers, herbs, lettuce, spin-

ach, chives, basis and watercress can be grown in 

combination with tilapia, trout, perch, arctic char 

and bass (Diver, 2006). In saltwater the current 

species are seaweeds and kelp in combination with 

shrimps, abalone and barramundi (Aquaponics 

Shop, 2012).  

For salt water fish another type of aquaculture that 

can be framed into the idea of circular metabolism 

is integrated multi-trophic aquaculture. In this sys-

tem a simplified ecosystem is recreated. The cur-

rent existing system consists of three components 

(salmon, kelps and mussels) but other components 

like sea cucumbers will soon come into the picture 

(Chopin, 2006).  

 

Figure 7 Aquaponics (Fincalasnuber.com, 2012)                      Figure 8 Trophic energy pyramid (Davey, 2000) 



SUBMISSION FOR THE DELTA ALLIANCE YOUNG PROFESSIONALS AWARD 
CYCLICITY: A NEW DIRECTION TO PROTECT DELTAS AND PRESERVE MARINE ECOSYSTEMS 

 

15 
 

Trophic level 

 The trophic level is the position an organism occu-

pies in the food chain. Wildlife biologists often call 

it a natural "economy of energy" that is based upon 

solar energy”.  

Organisms can be organized in three categories; 

producers, consumers or decomposers. Producers, 

like plants and algae use nutrients and photosyn-

thesis to supply in their own nutrition. Consumers 

are organisms eating other consumers (omnivore 

and carnivore) or producers (herbivores). Decom-

posers, like bacteria and fungi, break down re-

mains of the two other categories (Wikipedia, 

2012).  

The trophic pyramid consists of five levels where at 

the top there are the predators which have no 

predators and at the bottom the primary produc-

ers. Considering the estimated energy efficiency of 

only 10% per level in the pyramid, consuming fish 

from the highest levels in the pyramid requires the 

most energy. Focussing on the two lowest levels for 

food production of a productive city is therefore 

the most energy efficient choice. 

Nutrient cycle 

To enable the delta city to become more sustain-

able the concept of circular metabolism including 

the nutrient cycle is an important element. Large 

amounts of nutrients especially exist in delta areas. 

Seafood viruses often originate from human 

sources like sewage inputs to coastal waters 

(Duarte et al, 2009). These nutrients can increase 

algae growth and have a negative impact on their 

surroundings. However, under well controlled cir-

cumstances algae can have many beneficial appli-

cations. Algae are made up of proteins, carbohy-

drates, fats and nucleic acids, which vary in per-

centage according to the type of algae. For this rea-

son algae can be used for: 

 bio fuel production 

 food production 

 organic fertilizers 

 

The negative characteristics of this byproduct of 

nutrient effluent will be turned into organic fertil-

izer used for fish farming and crop farming on the 

mainland. Combining this organic fertilizer with 

the exhibiting artificial fertilizer can lead to higher 

Figure 9 How pollutants can turn into essential nutrients 
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crop yields while it causes less deterioration of the 

soil. A second application is biofuel. Algae yield the 

highest quantity of oil, compared to other biofuels 

(Leong, et al, 2012). Two main systems are used to 

produce energy from algae: 

 photobioreactors 

 open ponds 

 

A photobioreactor (also known as PBR) is a piece 

of equipment that provides a controlled environ-

ment to cultivate algae. It is better than cultivating 

it in a small pond as it allows all the requirements 

of algae growth to be introduced into the system in 

a very controlled manner. For example, parameters 

such as carbon dioxide, water, temperature, expo-

sure to light, mixing regime, etc. can be controlled 

very accurately. However, the cost of cultivation 

using photobioreactors is very high, preventing the 

photobioreactor from being used that much.  

Algae are grown in natural waters (lakes, lagoons, 

ponds) and artificial ponds or containers. The most 

commonly used systems include shallow big ponds 

and tanks. The ponds have to be shallow and wide 

as this maximizes the sunlight taken in by the al-

gae. The biggest advantage of open ponds is their 

simplicity and convenience. They are easier to con-

struct and operate, resulting in low production and 

operating costs. This results in maximum produc-

tion most of the time. However, uneven light inten-

sity and distribution within the pond would have 

negative effects on the algae's growth (Leong et al, 

2012). 
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4. The Cyclicity 

The Cyclicity is a spatial intervention for delta ar-

eas that is based on cyclic patterns of resource 

flows. It establishes a symbiotic relation with an 

existing delta to which it is plugged in. Cyclicity 

represents a “productive” floating urban develop-

ment, in contrast with the traditional “consuming” 

city. Because it is a floating city, the city will adapt 

to any future water level and will not suffer flood 

damage due to extreme weather events. The float-

ing city can also function as wave breaker, protect-

ing vulnerable delta areas.  

Based on the theory of circular metabolism, the 

Cyclicity will plug into a delta area to enable to 

close these cycles and can use waste of this delta 

area (CO2 and nutrients) as inputs to produce en-

ergy and food. The main focus will be on solving 

food and space issues. Many other problem areas 

are interlinked with one or both of these issues. 

Consequently, a solution in one area will positively 

influence other linked issues. For example, produc-

ing local food supplies on the water will save fuel 

for transport and recycling nutrients will save fuel 

for the production of artificial fertilizer. 

Urban waste as a resource 

In many urbanized delta areas large quantities of 

nutrients from agriculture fertilizers, industrial 

waste water and sewage plants are introduced into 

the ecosystem. According to recent study, waste 

water is an efficient fertilizer for algae farming 

(Yang et al, 2010). Nitrogen and phosphorus dis-

solved in the water are used to cultivate algae, 

which will find application as biofuel, feed for fish 

or organic fertilizer for agriculture. On a yearly ba-

sis, a city the size of Los Angeles flushes an esti-

mated 15,000 tons of nutrients to the sea. This 

amount would produce enough algae for some 

8000 tons of biodiesel and would allow 4000 peo-

ple to run their cars on biofuel. Urban waste water 

is likely to make up almost a half of the effluent nu-

trients that are used in the Cyclicity. Additional nu-

trients from agriculture and industrial facilities will 

substantially increase this number. More impor-

tantly, high eutrophication and hypoxy levels, that 

destroy complete ecosystems, will be lowered and 

nutrients will be regained for use in food produc-

tion. In the Los Angeles example, the production of 

Figure 10 Scheme of the Cyclicity. Waste from delta areas is used for production of food en energy. 
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15,000 tons of artificial fertilizer would normally 

require about 20,000 tons of oil. This can be saved 

by creating organic fertilizer from algae. Taking 

into account nutrients from agriculture and indus-

try, it would be reasonable to conclude that 60,000 

ton fossil fuels can be saved each year by closing 

the nutrient cycle. 

For delta cities that have sanitation, catching waste 

water effluent will be easy. Agricultural effluent 

will be more challenging. High nutrient concentra-

tions are likely to be found at places where excess 

irrigation water is sent to. In many low-lying delta 

areas pump houses are being used to get rid of ex-

cess water in agriculture areas. The Cyclicity will 

plug in to such systems and, if possible, make use 

of the existing pumps to transport the nutrient-rich 

water to the algae farms on the sea. In addition to 

nutrients, a city the size of Los Angeles produces 

enough plastic waste (EPA, 2012) to construct the 

foundation of about 5000 floating plastic houses a 

year. 

Aquaponics 

An aquaponic system will be applied to cultivate 

crops for the inhabitants of the Cyclicity and the 

delta area where the city is located. Producing local 

sources of food will decrease the ecological foot-

print of food consumption and fish feed produc-

tion. This will take the concept of Aquaponics a 

step further, then the current conventions in which 

fish feed is often from external sources. For exam-

ple, when farming Tilapia, a typical farm fish, it will 

feed on floating aquatic plants, such as duckweed  

(Lemna sp.) and similar "undesirable" submerged 

plants, and many forms of algae. Tilapia thrives in 

temperatures between 26 to 30 degrees, which is 

found in several of the Delta Alliance delta areas. 

Blue energy 

Since most of the surface area of the Cyclicity that 

receives sunlight will be used for photosynthesis, 

solar energy will not be the main method of energy 

production. The transportation of large quantities 

of dissolved nutrients into the floating cities, does 

however create interesting opportunities to har-

vest energy from the osmotic pressure between 

fresh and saline water. Delta areas and estuaries 

form a transitional zone between river and ocean 

environment. Because of the different concentra-

tions of electrically charged particles in fresh and 

saline water, the fluids will mix to restore balance.  

By introducing a membrane that acts as a particle 

filter, a chemical reaction can be induced that cre-

ates an electrical current.  At the Dutch Afsluitdijk, 

a 32 km long barrier, an osmotic energy pilot pro-

ject was built. The system takes up about the size 

of several shipping containers and produces 500 

kW of osmotic energy, enough for about 1250 

homes, producing about 4 million kWh per year 

(IPO, 2011). 

Food production as green space 

Many city-dwellers are pleased to enjoy the quiet 

countryside, even though it is mostly made up of 

agricultural areas instead of natural landscape. 

Moreover urban developments that still enjoy a 

view of crops or farms, will often have a higher 

value. In the Cyclicity, integrating food production 

in the urban context may increase the living quality 

of the city by creating green floating spaces. In ad-

dition, it has already been mentioned that local 

food production uses less energy on transport 

benefit from urban waste, but there is also a social 

issue that may be solved. While there is more and 

more awareness and attention for a sustainable 

food production, well-being of livestock, cut-down 

on antibiotics, and other issues, many people still 

feel powerless to intervene in the global food in-

dustry. Local food production will increase aware-

ness, enable monitoring and educational opportu-

nities and stimulate sustainable operation. At the 

same time it will improve the urban environment. 

The Cyclicity uses energy and fertilizers and ex-

tracts from the ecosystem a large quantity of nutri-

ents that originated from land based agriculture. 

These nutrients can be directly collected from their 

source using plug-in elements connected with the 

floating delta city, where algae and fish farms are 

situated. Nitrogen and phosphorus dissolved in the 

water are used to harvest algae farms. Algae can 

find application as biofuel, food or organic fertil-

izer. 

http://en.wikipedia.org/wiki/Duckweed
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6. Cyclicity governance 

To be able to move from the current vulnerable 

and parasitic deltas towards implantation of the 

Cyclicity requires system innovation rather than 

system optimization. This means a fundamental 

new way of working is needed that will be an-

chored in the mainstream practice of professionals 

and citizens in the deltas of the Delta Alliance. 

Some essential elements for the transformation of 

current deltas and the realization of Cyclicities are 

outlined below. 

Stakeholder receptivity 

A crucial factor for the implementation of a Cycli-

clity in the deltas in the world, is the receptivity of 

urban planners, decision makers and other stake-

holders to the new approaches, new policies and 

new technologies that have been outlined in this 

article. For the full receptivity to be addressed it is 

necessary that stakeholders(1) are aware of inno-

vations, (2) want to apply these innovations, (3) 

have the required capabilities, and (4) have suffi-

cient incentives to change their way of working 

(Jeffrey and Seaton, 2003). In the Delta Alliance an 

awareness program could be started to inform 

stakeholders on the possibilities of Cyclicities and 

use the stakeholder feedback to further improve 

the concept. Next, capacity building to develop the 

skills and knowledge to realize and maintain the 

innovative solutions should be executed. These 

measures will accelerate the implementation proc-

ess. 

Improving innovations 

Many innovations in the Cyclicity are relatively 

new and require a new way of working, new skills 

and new knowledge. Also they should be further 

tested and developed. Therefore, the Cyclicity will 

be constructed in a modular way. It will start with 

small scale demonstration projects that will be ex-

tensively tested. The experience will be used to fur-

ther improve the effectiveness and efficiency of in-

novations to make them competitive to main-

stream technologies.  

Creating a commercial market 

Most governments will not be able to accumulate 

the needed investments to build a Cyclicity. There-

fore it is important to attract investments from the 

private sector. However there should be coherent 

incentives and binding legislation to secure that 

the Cyclicity is developed according to the philoso-

phy that was outlined in this article. Only investors 

that comply with strict rules on positive environ-

mental impact and innovations should receive 

permits to join the development process of the 

Cyclicity. 

The task of designers 

In a spatial development process of the Cyclicity 

there can be a more important role for citizens. The 

role of the designer will change from a determining 

role to a facilitating and inspiring role. Co-design 

with citizens becomes an important approach to 

develop solutions that are feasible from a societal 

point of view. The role of design is not to produce a 

blueprint for a future situation, but to inspire 

stakeholders to develop unique solutions within 

the concept of the Cyclicity. Additionally, the role of 

design is to provide input for discussions and 

stakeholder involvement.  

Institutional mechanisms 

Organizations in delta areas should not be re-

warded based on effective execution of their frag-

mented statutory tasks, short term targets and 

costs minimisation. Instead, they should be judged 

on their contribution to the total system perform-

ance and long term targets. This creates room for 

stakeholders to be involved in long term collabora-

tive projects such as the development of the Cyclic-

ity. To secure public interests, selection of urban 

development partnerships should be based on 

costs, quality and positive system impacts rather 

than costs only. This should be supported by a 

management culture that is leadership driven 

rather than responsibility driven. These changes 

will increase the potential of the Cyclicity to be im-

plemented.  
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7. Conclusion 

Delta areas all over the world are threatened by a 

large number of developments such as land subsi-

dence, flood damage, ecosystem degradation, and 

land scarcity. This article categorizes these prob-

lems in food issues and spatial issues. A systems 

perspective shows that food availability is the issue 

that is most connected to other issues. The article 

introduces the concept of the Cyclicity. The Cyclic-

ity is a spatial intervention for delta areas that is 

based on cyclic patterns of resource flows. It estab-

lishes a symbiotic relation with an existing delta to 

which it is plugged in. Cyclicity represents a “pro-

ductive” floating urban development, in contrast 

with the traditional “consuming” city. Because it is 

a floating city, the Cyclicity will adapt to any future 

water level and will not suffer flood damage due to 

extreme weather events. The floating city can also 

function as wave breaker, protecting vulnerable 

delta areas.  

Based on the theory of circular metabolism, the 

Cyclicity will plug into a delta area to enable to 

close these cycles by using waste of this delta area 

(CO2, nutrients) as inputs to produce energy and 

food. The Cyclicity uses energy and fertilizers and 

extracts from the ecosystem a large quantity of nu-

trients from agriculture fertilizers, industrial waste 

waters and sewage plants. These nutrients can be 

directly collected from their source using plug-in 

elements connected with the floating delta city, 

where algae and fish farms are situated. Nitrogen 

and phosphorus dissolved in the water are used to 

harvest algae farms. Algae can find application as 

biofuel, food or organic fertilizer. Aquaponics and 

sustainable aquaculture are applied in the Cyclicity 

to alleviate the food shortage in many delta areas. 

The proposed mode solution does not further in-

crease water consumption for irrigation because 

mainly salt water is used. Moreover, no more land 

is used for this mode of urbanization. Instead the 

water surface is used to build on. At the same time 

nutrients from delta areas are captured by the 

Cyclicity, a new direction to protect deltas and pre-

server marine ecosystems.  

 

Figure 11. Artist impression of the Cyclicity.  
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