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Abstract. The Mesopotamian Marshlands form one of the first
landscapes where people started to transform and manipulate the
natural environment in order to sustain human habitation. For
thousands of years, people have transformed natural ecosystems into
agricultural fields, residential clusters and other agglomerated
environments to sustain long-term settlement. In this way, the
development of human society has been intricately linked to the
extraction, processing and consumption of natural resources. The
Mesopotamian Marshlands, located in one of the hottest and most arid
areas on the planet, formed a unique wetlands ecosystem, which apart
from millions of people, sustained a very high number of wildlife and
endemic species. Several historical, political, social and climatic
changes, which densely occurred during the past century, completely
destroyed the unique civilisation of the area, made all the wild flora
and fauna disappear and forced hundreds of thousands of people to
migrate. During the last decade, many efforts have been made to
restore the marshlands. However, these efforts are lacking a
comprehensive design strategy, coherent goals and deep
understanding of the complex current geopolitical situation, making
the restoration process an extremely difficult task. This work aims at
providing strategies for recovering the Mesopotamian Marshlands,
organising productive functions in order to sustain the local population
and design a new inhabitation model, using advanced computational
tools while taking into account the extreme climatic conditions and
several unique cultural aspects. Part of the aim of this work is to
advance the use of computation and explore the opportunities that
digital tools afford in helping find solutions to complex design
problems where various design variables need to be coordinated to
satisfy the design goals. Today, advanced computation enables
designers to use population consumption demands, ecological
processes and environmental inputs as design parameters to develop
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more robust and resilient regional planning strategies. This work has
the double aim of first, presenting a framework for re-inhabiting the
Marshlands of Mesopotamia. Second, the work suggests a design
methodology based on computer-aided design for developing and
organising productive functions and patterns of human occupation in
wetland environments.

1. Introduction
Historically, human civilisation developed with some connection to
natural resources. It is no coincidence that human society developed next to
a spring, a river or close to a waterway. It is no coincidence that the great
ancient civilisations developed along the Nile River and between the Tigris
and Euphrates, where rich silts and fertile soils facilitated agriculture. At the
same time, technological development occurred as a need to transport and
process resources. The Egyptians and Sumerians developed boats made out
of reeds in order to take advantage of the river not only as source of food but
as infrastructure and transportation arteries that would start to define the
logistical frameworks of advanced forms of civilisation. With this in place,
the combination of technological development, social organisation and
natural advantage allowed cultivators to produce more than they needed to
subsist, which lead to a system of labour division and product distribution.
“The cities were the residential form adopted by those members of society
whose direct presence at the places of agriculture was not necessary. That is
to say, these cities could exist only in the basis of the surplus produced by
working the land” (Castells, 1977). For more than 5000 years the land of
Mesopotamia has continually been transformed making it one of the most
highly engineered environments to be found on earth. It was here where
humans began to transform ecosystems into pastures, agricultural land and
other engineered environments in support of long-term settlements. In this
sense, the land of Mesopotamia is intricately linked to the history of
urbanisation and city development.
In an era of intense urbanisation, it is important to re-examine the
relationship between urban centres where activity concentrates and the
productive landscapes that make this activity possible. In this regard, this
work investigates urbanisation from the perspective of its operational and
logistical processes. These processes happen in a space of transition. A space
that exists between people and resources. A space between the city and the
wildlands. A space between natural and built environments (Figure 1). The
land of Mesopotamia has always been defined by this condition.
Etymologically, Mesopotamia refers to the land between two rivers, a space
between land and water. Mesopotamia exists in a transitional space, where
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ecological systems meet human systems. This work aims at suggesting the
possibility of a new form of settlement to re-inhabit the marshlands of
Mesopotamia and seeks to re-evaluate the role of ecology, infrastructure and
architecture in shaping the countryside. In order to examine this subject, the
Marshes of Mesopotamia have been selected as an area of intervention.

Figure 1. Resource demand and Urbanisation

Throughout history, the Mesopotamian Marshlands have been a significant
site where land has been exploited to support human activities and
urbanization. Initially and for many centuries, the fertile soil of the marshes
was harnessed to support large-scale agricultural activities. During the past
fifty years, the character of the site has changed multiple times due to
various environmental, political and social transformations in the broader
area. Today, this site still serves the urban growth by providing enormous
amounts of oil while being populated by nearly one million people who are
occupied with small-scale agricultural activities. Unlike previous forms of
land use, the oil extraction industry is leaving long-lasting traces, which
combined with climate change; pose a big challenge concerning the future of
the wetlands and those who depend on them.
After surveying the general features of the Marshlands of Mesopotamia
an area of a 30 Sqm spanning between Al-Hammar village and the city of
Qurna was selected for the initial design intervention. The area selected is
part of the Central Marsh which has been partially re-flooded with water
from Euphrates since 2003. The area above Al-Chibaysh contained more
than 1,200 artificial islands until the late 70s. During this time, the
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community of the Marsh Arabs was completely self-sufficient and relied on
cultivating a few crops, fishing, hunting and trading with the neighbouring
tribes. Back in the 70s Al-Chibaysh was nothing more than a small village
along the Euphrates with a relatively important position as a small trading
centre because of its proximity to the river (Figure 2).

Figure 2. Mesopotamian marshland.

After the complete draught of the marshes, most of the people living there
migrated to either Al-Chibaysh or other small villages along Euphrates,
creating bigger semi-urban towns and leaving almost no trace of the earlier
inhabitation patterns in the marshes. The partial re-flooding of parts of the
Central Marsh (above the Chibaysh area), which started in 2003 and is still
in progress, was not a part of a coherent sustainable plan but rather a
spontaneous act from some locals. This has caused many problems and
challenges that are mostly related with the water quality and with the ability
of the marsh area to recover and be re-inhabited by humans and wildlife.
This work presents a strategy for recovering and re-inhabiting the Marsh
area above Al-Chibaysh village (Figure 3). This initial intervention suggests
that the population who would gradually relocate to this area will form selfsufficient community in coexistence with the ecology of the wetlands. The
preservation of the Marshes and controlled use of resources suggests a long-
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term plan for developing the area in a sustainable way. A similar approach
could be then expanded to greater areas of the marshes.

Figure 3. Site of intervention.

2. Methods
An important aim is this project is to advance the use of computation and
explore the opportunities that these design tools afford. To this end, a design
workflow involving various analytical and generative design tools was
established.
The workflow initiates with data collection from GIS databases. In order
to define the initial parameters for the project, basic spatial, environmental
and geographical information is gathered. Starting from the whole area of
the Middle East to understand the regional context and moving down to the
country of Iraq and marshes of Mesopotamia, various sets of data are
collected to inform the design. At the same time, the design goals and the
overall design objectives of the project are established and translated into
measurable (geometric and numeric) inputs. The collected data from GIS
and the design objectives are used as the starting parameters for a parametric
model. This model is based on an initial algorithm applied to the defined
area of intervention. The algorithm is used to determine the distribution of
uses and settlements and the possible configurations that can be achieved in
the site. Multiple design alternatives for land-use distribution are achieved
by means of an algorithm based on the circle-packing theorem.
Simultaneously, clusters of residential units are generated by using a
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magnetic field algorithm, which works in combination with the results
obtained by the circle packing distribution. This results in a number of
network configurations that are evaluated through network analysis tools.
The design option that best matches the design criteria is selected to be
further developed. Using agent-based simulations (ABMS), the base network
is extended to connect all the residential clusters with each other. The design
option that has the highest integration and connectivity values between the
residential clusters is selected to be further developed.
At this point, the information obtained from the previous processes can
be used to inform design decisions for developing specific areas of the
project. A sample area of the project is selected to distribute social functions
(education, health, recreation, etc.). A network based model (UNA) is used
to distribute these functions. The final outcome is a model that comprises all
the uses and functions tied together by a network that connects residential
units to productive and ecological zones (Figure 4).

Figure 4. Workflow.

3. Design
For a given area of marsh, the percentage of a certain product needs to meet
the demand established to feed a target population based on the average
consumption of produce per capita. Production should sustain the population
inhabiting the selected area and generate surplus product to generate
additional value. These numbers are allowed to fluctuate as long as about
50% of wild marsh is preserved. The marsh ecology needs to be preserved
not only for environmental conservation reasons but also because the
different products can benefit from interacting with the marsh ecology and
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its services. Therefore, the distribution strategy aims at increasing the
interaction between the various productive functions and the marsh.
Instead of separating and concentrating functions in zones, the goal is to
create a semi-random distribution of uses in order to establish the most
connections between product to products and marsh to products. This
condition can be described as a “field condition” to borrow Stan Allen
terminology. A field is capable of unifying distinct elements while
preserving its individual identity. Fields are characterised by being
permeable and porous. Fields promote interaction between its parts. Fields
are loosely bound and its overall shape is less important than its internal
relations. In this sense, the field condition offers an ideal arrangement of
uses that can extend or contract without destabilising the whole (Figure 5).
Whereas most industrial processes follow a linear behaviour, an
alternative designed strategy can be established to promote cyclic and nonlinear behaviour by harnessing synergistic relations between the marsh
ecology and the set of products that are to be introduced in the site. In simple
linear systems, a process constantly utilises the same inputs and produces the
same outputs. This results in inputting resources that are extracted from the
environment and outputting waste to the environment. Non-linear systems,
on the other hand, cannot be explained in terms of their individual parts
because their essential properties depend upon the interaction between their
parts. These systems are capable of exhibiting emergent behaviour, which
means that the outcome from the interaction of their parts produces a result
that is greater than the sum of their parts.
Not all interactions are beneficial and not all combinations are possible.
All biotic and abiotic elements in an ecosystem have some boundary
condition that defines whether synchronised behaviour and cooperation can
take place. In order to produce synergies, the main focus of design needs to
shift from the parts to the relations. To achieve synergetic relations there
needs to be some degree of diversity of processes taking place on different
but parallel levels. When parallel action takes place, different components in
the system process different resources and it is possible to connect what is
waste for one component to what is an input for another. In designing these
relations the goal is to make positive sum gains the attractor state. To do this,
network relations need to be established. This requires an investment in the
infrastructure that sets up the relations through which the different elements
of the system would interact. In order to establish productive relations
between the marsh ecology and the productive functions a set of rules for
combining positive adjacencies was established. Positive combinations were
identified in order to use them as rules to inform the distribution of functions
across the site of intervention.
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Figure 5. Land-use Distribution.

A series of “key” diagrams will follow that use a generic square as a
reference border. The diagrams (Figure 6) are going to explain the process of
generating the residential clusters/canals in the selected plot and
consequently the complete infrastructural canals network that hosts boats
serving productive or residential activities.
The functions have been distributed with different circles containing
different productive activities. Furthermore, each circle represents the area
for which a water tank (triangle) will store and provide fresh water according
to the different production needs throughout the year.
A different intensity is assigned to the centre of each circle (water tanks),
according to the intensity of the productive activity that is taking place there.
This ensures that there will not be much interruption to the more labour or
land-intensive productive activities.
The area of intervention is populated with randomly distributed points.
Every point represents a residential unit. The number of points is dependent
on the desired population density for that specific area. The amount of
inhabitants per unit ranges from 5 to 20 people, according to the residential
typologies that will be later placed there.
The field lines/canals are created, starting from the residential nodes
placed on the previous step and converging along the periphery of the
production areas. The field lines leave enough space for both the productive
activities to happen with the least possible residential interruption and for the
wild marsh to grow in order to ensure that no large, solely productive zones
will be created along the plot.
In this stage a preliminary evaluation of the field paths occurs. The field
paths that are not forming clusters (less than four intersecting lines) and
those that are interrupting a productive activity are eliminated.
These are the final field lines/canals, which are going to serve as the
paths that connect the residential islands with the rest of the network.
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The central paths were chosen after counting the number of intersections
within each cluster. The curve with the most intersections per cluster was
selected as the central path. These paths/canals were wider and deeper than
the rest of the canals within the cluster as they have to accommodate more
small and bigger boats. Agent-based modelling was used to connect the
central paths with each other and form a complete hierarchical network
within the site.

Figure 6. Generating the residential clusters.

In order to generate a complete network, all residential clusters needed to be
connected to each other. Each one of these clusters had a common central
path formed by the convergence of multiple local paths. To connect the
clusters with each other, an agent-based simulation was used, which through
a mechanism of indirect coordination, the agents self-organised and
generated a network without any need for central planning. The system was
based on a set of simple rules. The agents’ movement pattern was sign-based
and hence indirect, which meant that the agents followed the traces left by
other agents. The trace of the agents’ movement was left in the environment
making an indirect contribution to the task being undertaken and influencing
the subsequent behaviour of other agents performing the same task. The
mathematical model of the agents’ behaviour was developed to follow the
basic rules of flocking behaviour. (Figure 7)
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After connecting the main paths of the residential clusters with each other
(using the aforementioned agent-based simulations), the resulting networks
were evaluated and ranked using a network analysis software (integration
analysis).
The next step was to position the products’ distribution centres. The
distribution centres were placed along the most integrated parts of the
network, ensuring that they could be easily reached by as many parts of the
network as possible. Local and regional parameters such as the position of
the distribution centre in relation to the neighbouring productive uses and its
proximity to “densely” populated residential clusters further informed the
positioning of the centres. After that, the distribution centres were connected
to each other (primary canal – distribution path). The canals created were
drawn following the existing base network, being within a small deviation
from the “optimal” straight connections. Furthermore, the main distribution
paths were also drawn in a way that left the main productive areas
uninterrupted and therefore some connections between them were discarded.

Figure 7. Agent-based simulation.

After analysing, comparing and ranking all the options generated through
the program distribution phase the solution that best responded to all the
criteria was selected and further designed. Some of the criteria were
conflicting and there was no solution that was the fittest according to all the
criteria. Therefore, the selected solution was the one that responded the best
to all the criteria on average and in relation with the existing context of the
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city of Chibaysh and its existing main canals-water inlets. The selected
individual solution that contained the best integrated network, a large
number of residential clusters, high average reach and the deviation of the
main distribution path was within the limits (Figure 8).
The expected amount of production fitted in the selected plot exceeds the
current consumption needs of the inhabitants of Chibaysh plus the new
inhabitants needed to work/live in the marsh area itself. To design a more
elaborated version of this plan we further zoomed in, choosing a 3 x 3 km
patch, which includes all the different features found in the biggest plot.

Figure 8. Network generation
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4. Conclusions
The scope of research of this work aimed at interrogating the urban
question and presenting a more comprehensive view on urbanisation.
Urbanisation is understood as a totalising condition that has taken over the
entire surface of the earth. The goal of the project was to address the
transformations that are occurring in the countryside as a result of
urbanisation. This work also aimed to touch upon a number of issues that are
being discussed in current debates of architectural and urban design. The
increasing interest in landscape urbanism, resource management,
sustainability, the expansion of cities and the role of infrastructure and the
countryside in supporting human societies.
The custom circle packing algorithm developed in this project was
successful in offering a technique for semi-random distribution. Contrary to
other computation methods for random distribution such as Cellular
Automata, where patterns simply evolve from initial seeds without any
desired goal, the custom circle packing algorithm used in this project allows
users to gain a higher level of control over areas by granting the user the
opportunity to input specific numeric values (weights) for the radius of the
circles. Because of this the search algorithm (Genetic Algorithm) was able to
optimise target areas and distribute them in accordance to desired
adjacencies across the site while keeping the total areas close to the target.
The use of the magnetic field algorithm was successful in offering a
solution for clustering a random distribution of elements based on basic rules
of distance, direction and avoidance. Magnetic fields allow the designer to
assign charges (weights) and cluster elements in relation to a force of
attraction and repulsion. They generate convergence points that cannot be
anticipated and can only be generated by the computer. This method proved
efficient to establish some degree of order and structure to what otherwise is
a random distribution of elements. The magnetic charge introduces a force,
or intensive difference, that prompts the elements to self-organise into
clusters. The algorithm provides a lot of flexibility as values can be updated
and re-instantiated in relation to changes in the productive areas.
The marshes offered a unique environment for testing Agent Based
Simulation. Unlike cities where infrastructure is costly, fixed and highly
engineered, the infrastructure of the marshes is “soft”; movement happens
through shallow canals created by boat and animal movement. As in any
other aquatic environment movement is not prescribed. In this context, the
use of Agent Based Simulations provides a more accurate picture of the
movement that would occur in reality. The experiments were successful in
generating multiple possible scenarios for network configurations with more
or less similar results.
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One major limitation for evaluating the work was the difficulty to assign
numeric values to the interaction between products and simulate the complex
behaviour that occurs in natural environments. Using ecological processes as
design drivers is an area that deserves further exploration. However, in many
cases, this knowledge lies outside the scope of the designer. Research in this
area requires the participation of multiple disciplines with experts in various
fields. Another limitation was posed by the scale of intervention of the
project. Most of the efforts went into establishing a clear strategy at the
macro-scale, which outlined the basis for developing specific areas of the
project at the scale of architecture.

Figure 9. Function distribution and residential clusters
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Figure 10. Perspective Drawing of Proposed Project.
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