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The planning quality of refugee camps profoundly affects the people living there.
Because of the short time span allotted to planners due to the state of emergency,
camps are often poorly planned or not planned at all. This paper proposes tools
and methods developed through computational modelling algorithms that can
enhance the design procedure and provide instant feedback about the plan
performance to the planner. The developed planning framework allows defining
the planning guidelines which will be tested for compliance. The paper also
shows case studies of analysing an existing refugee camp.
Keywords: Refugee camp, shelter, generative design, UNHCR, humanitarian
architecture

INTRODUCTION
One of the major components of an emergency response is an emergency settlement. In the case of
refugees, it can be the refugee camp. Although
refugee camps are always advised to be a measure
of last resort, we often see the crisis leading to the
creation of such camps.
The outlook and location of camps are constrained by certain standards developed by governing entities. This is exempliﬁed by commonplace
modernist grid structure layouts. The reason for their
ubiquitous presence is the ease of their planning, deployment and monitoring.
An example of such camp is the Azraq refugee
camp in Jordan (see ﬁgure 1). It is a relatively recent settlement that adheres to the existing guidelines and planning principles. Many refugees that

were invited to live there have rejected the invitation.
This brings us to the notion that the existing planning
strategies still have many shortcomings and should
be revised. However, since the research presented
in this paper is the ﬁrst attempt of the authors in the
algorithmic planning of refugee camps, the existing
norms have been adapted without questioning their
eﬃciency.
There has been a lot of criticism towards the
planning principles of refugee camps in recent years.
The criticism comes not only from the dwellers but
also from the practising professionals in the ﬁeld.
For sure, there is a place for critique. Still, one key
consideration must always be taken into account,
which is that the planning practice of refugee camps
is entirely diﬀerent from the regular planning practice that an architect might have in a conventional
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working environment. The crucial thing that may affect the design is the time. Since it is an emergency
and some people are in urgent need of a place to
live quite often, the planners and architects prioritise quick and short-term eﬀective solutions as opposed to more deliberately planned and long-term
solutions. This paper aims to automate certain tasks
in the planning and analysis processes and make the
overall process faster and more eﬃcient.

•

The novelty of this research is the new parametric
framework created for both the design and the analysis of the refugee camps. To demonstrate the practical utility the framework is applied to analyse Zaatari
refugee camp.
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As such, there is not much time to take into consideration the wishes of the people that are going to live
there, study their background, test whether the given
solution is appropriate or not.
This paper aims to bring the advancements in
computational design closer to humanitarian architects. Several methods are developed for planning
and analysis. The methods include:
•
•
•

An algorithm that automates the design of a
refugee camp based on the supplied standards.
A method used to analyse the planned sanitation facilities.
Genetic optimisation of WASH facility placements

Fire safety analysis of refugee camp through a
graph traversal algorithm.

BIM - Building Information Modelling
CAD - Computer-Aided Design
CCCM - Camp Coordination and Camp Management
IFRC - International Federation of Red Cross
IOM - International Organisation for Migration
OCHA - Oﬃce for the Coordination of Humanitarian Aﬀairs
UNHCR - United Nations High Commissioner for
Refugees
WASH - Water, Sanitation and Hygiene

Figure 1
Azraq camp in
Jordan (The Red
Cross Society of The
Republic of
China(Taiwan)–
Light in the dark Red Cross Red
Crescent hospital in
Camp Azraq, n.d.)

RELATED WORK
Major actors in humanitarian aid
The ﬁrst procedure for outlining state of the art was
to ﬁnd and recognise the leading actors in the ﬁeld of
humanitarian response. As it is described in the (see
table 1), there are two main entities (so-called clusters) assembled to deal with the issues of settlements
and shelters, respectively. Depending on the type of
context, whether it is a natural disaster or conﬂict, a
diﬀerent agency may take the lead of actions such as
the IFRC or UNHCR. These two clusters have online
databases of resources that contain reports and case
studies that closely portray the situation of humanitarian response at hand [2].
Table 1
Management
matrix from OCHA.
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The two clusters together have published resources to guide humanitarian response, including
guidelines and standards for architects and urban
planners. The developments here are mostly from after second world war. Despite the vast amount of existing work, there is a place for improvement. Such
as bringing a deeper understanding of the ﬁre safety
measurement elaborated in this paper.
Furthermore, The information needed for architectural and urban design of emergency settlements and shelters is scattered among diﬀerent documents published by diﬀerent entities (Ally et al.,
2015; Corsellis & Vitale, 2005; UNHCR, 2006, 2007,
2016). Through this research, some of the planning
principles and standards from these sources have
been used to construct a design framework. This
framework contains controllable numerical parameters that the planner can use. Moreover, it performs
several automated routines for compliance check
and design analysis.

Computational planning of emergency settlements
The most prominent attempt to bring computational
modelling to the task of planning an emergency settlement was performed by a joint eﬀort of UNHCR,
Stanford University and Ennead Lab [1]. This work
was also reﬂected in details in work by (Huynh, 2015).
The key message in both works is the discrepancy
between the planned and actual longevity of emergency settlements. However, the project is not open
source and the available information about how the
developed toolkit is minimal. No public reports on
the toolkit performance were found during this research. Nonetheless, it was evident from the available limited presentation materials online that they
utilise similar methodology and tools as used in this
research. The ﬁeld of computational architecture has
been recently advancing at an increasing pace. After the above-mentioned research by UNHCR and Ennead Lab, more tools have become available that can
be beneﬁcial for research and planning in this domain. Namely, the “Urbano” by (Dogan et al., 2018)

and the “DeCoding Spaces Toolbox” [3]. They provide
many tools for the urban analysis (spatial structure,
mobility, centralities etc.) and urban structure generation. These two packages have been identiﬁed as
state-of-the-art tools and will be addressed in future
work for implementation. The advancement in algorithmic humanitarian architecture should be continuous. This paper combines some of the cutting edge
technologies in computational modelling and is expected to push forward the state-of-the-art.
It is worth mentioning that recent studies were
conducted with the aim to combine speed and seed
approaches in the response to a major disaster and
the creation of novel settlements, supplying prefabricated units for a speedy answer and implementing
them with local materials more appropriate for a speciﬁc community (Zanelli et al., 2012). The researchers
here have also utilised a similar methodology as presented in this paper.
Another similar work but on a smaller scale was
published by (Daher & Kubicki, 2017). This paper
is another stepping stone in bringing the computational modelling to humanitarian architecture. However, the model in this work is very simplistic. It is a
one-case experimental study using which will always
result in similar plans.

METHODOLOGY
The existing methods of design in humanitarian architecture are still through traditional CAD/BIM. It
means that both the design decision and execution
are made by the operator. This paper proposes a
semi-automated workﬂow for better and faster planning. All of the operations that are required for the
ﬁnal product are divided into two groups.
The ﬁrst group is the one where human input is
critical such as establishing the standards that the design should follow.
The second group includes operations that can
be automated such as the division of the land into
shelter plots or checking compliance to speciﬁc standards.
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Figure 2
Deﬁning suitable
regions

The planner deﬁnes the boundary and principal
roads of the future settlement. Then by reading the
standards deﬁned by the planner, the algorithm proceeds to determine the available area for shelter allocation, shelter positions, and more.
In several cases, both the street network and
the collection of shelters are described as graphs. A
graph traversal algorithm is applied to analyse the
graph network of streets and shelters.

Tools
All of the tools and methods are developed with visual/textual scripting in the Grasshopper graphical
algorithm editor. The following packages have also
been utilised:
•
•
•
•

Figure 3
Subdividing
untrimmed regions

Wallacei - Genetic optimisation
Shortest walk - Implementation of the A star
search algorithm in Grasshopper
Decoding Spaces
Lunchbox - Creation of RTrees of the big collection of points for proximity search

ALGORITHMIC PLANNING OF REFUGEE
CAMPS
Boundary creation method
The generative design process of planning a refugee
camp starts with the planner input of the curves that
represent the boundary of the future camp layout
and the road network. Once these are placed, the algorithm detects the areas between these curves taking into consideration the widths of the roads. As a
result of this phase, the planner obtains the boundaries of the regions that can be populated with shelter plots (see ﬁgure 2).
Later the algorithm recreates an oriented bounding rectangle of these regions. The untrimmed
boundaries are subdivided into plots with numerically controlled parameters such as the area per person standard proposed by UNHCR ( see ﬁgure 3).

As a result, some of the plots may be out of the
deﬁned boundary, therefore the following logic is
implemented to determine which ones should be
deleted. If the sum of the distances of the corner
points to their closest point in the region is greater
than a given threshold, then that plot is culled (see
ﬁgure 4). The pseudocode for this procedure is presented below.
For each plot in plot collection
For each corner in corner points
Find the closest point in the
,→ region surface
Measure the distance to the
,→ closest point
If distance > threshold
Remove the plot from plot
,→ collection
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The threshold used in the algorithm is a numerical
value used to control the strictness of culling procedure.
The remaining collection of plots is considered
valid. Shelter geometry is generated inside these
plots again following the UNHCR standards, and the
planner can see the clusters and the quantities of
shelters in each cluster (see ﬁgure 5).
Figure 4
Culling by the
threshold

Infrastructure
One of the aspects that the site planners should consider in planning refugee camps are the WASH facilities. The arrangement of those facilities is also guided
by the deﬁned standards. The standards include the
minimal and maximal distance to the shelters, the
number of households per facility etc. Here again,
the semi-automated workﬂow takes place. Once the
site planner places a point indicating the position of
the WASH facility, the algorithm takes out the shelters that are located very close to that latrine. Also,
given the maximum distance that the shelters should
be from the nearest WASH facility the algorithm determines the closest one for each shelter, then determines whether the distance to that particular point is
higher than the standard or not. If the shelter lies out
of reach, the sheltered plot is coloured to give visual
feedback to the planner (see ﬁgure 6).

Genetic optimisation
Figure 5
Camp stats

Several tasks that have no particular necessity for creative design and are rather technical assignments for
ﬁnding optimal solutions can be automated even further. For this, we have constructed a genetic optimization workﬂow that has freedom on the decision
of placing WASH facilities. The gene parameters are
the quantity of the WASH facilities (up to ten units)
and their coordinates. For each set of genes, the following three objectives are to be met,
1.

Figure 6
WASH facility reach

2.
3.

Minimise the quantity of the shelters that are out
of reach
Minimise the overlap between the eﬀective regions for each WASH point
Minimise the total length of the constructed piping

Given the positions of the WASH facilities, the piping
is constructed following the below-presented algorithm.
Indicate the outside supply point
Generate WASH points based on genes
Sort the points based on proximity to
,→ the supply point
Create an empty list of pipes
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Draw a pipe from the first point to
,→ the supply point
Add the pipe to the list
For each remaining point
Find the closest point on each
,→ pipe in the list
Sort the found points by distance
Select the closest one
Construct a new pipe between the
,→ two points
Add the pipe to the list

The multi-objective optimisation algorithm creates a set of solutions that are optimised and can
serve as a base model for the site planner to work
with. Overall, several thousand attempts of the design were made (see ﬁgure 7). From these attempts,
the designer can choose solutions that perform the
best on either one of the goals or on average. Several
compromise solutions can also be selected through
the Pareto Front method (see ﬁgure 8).

Figure 7
Optimisation
attempts: each
Cartesian axis
corresponds to a
ﬁtness goal. Green
boxes represent all
of the attempts.
Magenta boxes
show selected
solutions.

Figure 8
Selected
phenotypes

Fire safety
Researchers show that there is a dramatic increase
in refugee camp ﬁre occurrences in recent decades
(Kazerooni et al., 2016) which depends on settlement
planning (Atiyeh & Gunn, 2017). UNHCR deﬁnes that
there must be a ﬁre break every 300 meters. The presence of such guideline is instrumental since many
planners can refer to it. However, there is a certain
ambiguity about this guideline. Figure 9 shows an
example of shelter placement. For this layout, we can
calculate the ﬁre travel distance between the ﬁrst and
the last shelter. One way of doing it would be to take
the distance between the two points. Another way
would be to create the path of ﬁre propagation. As
we can see in the example, one may highly diﬀer from
another. In both cases, if the planner is dealing with a
settlement with hundreds of shelters, it can be a very
time-consuming task to check all potential ﬁre travel
paths. This error-prone activity may lead to poor performance of the settlement.
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Figure 9
Two methods of ﬁre
travel distance
measurement

For this planning task, the following algorithm
was developed. It starts with the collection of points
that represent the placed shelters. Based on their
proximity, they are clustered into ﬁre zones (see ﬁgure 10).
Figure 10
Fire zones

Usually, the separation will occur with the placements of roads. The assumption is that if a ﬁre starts
in the shelter of a particular ﬁre zone, it cannot spread
to other zones. Then for each ﬁre zone, all possible
pairs of shelters are separated. With the points of
shelters and ﬁre spread lines, a graph network is created (see ﬁgure 11).
Then using a graph traversal algorithm, the
shortest travel distances are found between each
pair. If the found ﬁre travel path is longer than the
given value (300 m in this case), the path is visualised
(see ﬁgure 12). This instant feedback helps the planner to identify the ﬁre risks and to act accordingly.

DISCUSSION
Analysis of existing refugee camps
Figure 11
All possible ﬁre
propagation lines

With the toolset mentioned above, Existing emergency settlements can also be analysed. As a case
study, the Zaatari refugee camp was selected. Open
source OSM data is available for this camp. Figure 13
shows the available data which includes:
•
•
•
•

Road network
Zone division
Several public facilities
Locations of WASH facilities

Existing OSM data

Figure 12
Longest samples of
shortest walk routes

However, the exact locations of shelters were not
available. A uniform distribution was placed in the
available regions to serve as a proxy for actual shelters. With the proxy locations, the distance to the
nearest wash facility for each shelter was calculated.
Then the distances were compared to a UNHCR norm
which is 50 meters. With the allocated information
about the distances to the closest facility, a colourcoded map was created to show the shelters that do
not have a WASH facility close enough to them (see
ﬁgure 14). An estimated 7% is not compliant to the
UNHCR norm. This study is not precise since both the
available OSM data and the distribution of shelters
are not accurate. However, it proves to be working,
and if given better data, it will show reliable analysis.
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Another issue is ﬁre safety. Following the UNHCR norm of 300 meters maximum distance for ﬁre
propagation, the algorithm analyses all potential ﬁre
spread lines. Whenever it identiﬁes a case where the
ﬁre may travel more than 300 meters, it draws the
path between the origin and destination. As we can
see, several regions are not compliant (see ﬁgure 15).

Figure 13
Zaatari camp OSM
data

FUTURE WORK
As we have discovered, more and more urban planning and optimisation algorithms become available
for architects and urban planners such as the DeCoding Spaces [3] and Urbano (Dogan et al., 2018).
Both provide many methods that can be utilised to
make advancements in the computational design of
refugee camps. Further implementation of those
packages can include:
•
•
•
•

Generation of street networks
Analysis of road network quality
Hydrology planning
Analysis of public amenities

Figure 14
Latrine reach
analysis

Figure 15
Fire propagation
lines
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Web user interface
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problem can be narrowed down to a simple set of inputs that the user needs to supply and the outputs
that are needed. To streamline this process we are
building a web user interface of the presented algorithms using Giraﬀe (Gardner et al., 2020). Giraﬀe is
a web application that allows Grasshopper scripts to
be deployed online via an intuitive interface (see ﬁgure 16). This allows non-experts to utilize the script
to solve problems without special training or software licenses. This technology is highly relevant for
refugee camps enabling them to be designed quickly
and with detailed automated analysis ensuring maximum safety for occupants.
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Figure 16
Web interface

CONCLUSION
Computational modelling in humanitarian architecture is a relatively new ﬁeld. This paper presents tools
and methods that can be implemented by planners
for better design and analysis of refugee camps. We
used the existing norms and knowledge to develop a
design framework which automates certain tasks and
provides real-time feedback about the design performance. Nevertheless, the results shown here are one
of the ﬁrst attempts in academia to adapt computational modelling to the tasks of planning for refugees.
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