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Abstract

Christopher Alexander famously declared that “a city is not a tree,” while Leslie Martin declared that “the grid is [a] gen-
erator.” This article investigates how Alexander’s call for overlap, adaptability, and order can indeed be manifested in grid
networks, as Martin claimed. Order has been measured using the entropy of street orientation, while adaptability has
been denoted by the streets’ betweenness values. Through the analysis of Abu Dhabi’s neighborhoods and global urban
areas, the study reveals that overlap, order, and adaptability can coexist in gridded street network. A fine-grain scale of the
grid plays a critical role in supporting the quality of urban space. To foster adaptation, planning policies should focus on
adaptability providing room for informal and spontaneous growth. We conclude by noting that this approach represents

a reconciliation between Christopher Alexander’s views and those of Leslie Martin.
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1. Introduction

Christopher Alexander is quoted as having said: “We
both know what the appliance is. What we need to do
now is to design the plugs to connect to the current
power grid” (Alexander, 2004, as cited in Mehaffy, 2008,
p. 69). He uses the power grid as a metaphor for the
mass production process that is the substrate of mod-
ern civilization. Nevertheless, there are great concerns
over issues of mass production. Koolhaas (1995, p. 28)
laments that “this century has been a losing battle with
the issue of quantity.” Andres Duany compares the pro-
cess of mass production with automated protocols in the
real estate industry that enable residential and commer-
cial buildings to be purchased and then developed in a
single transaction (Mehaffy, 2008).

Alexander’s metaphor equates the plug to a mecha-
nism that takes advantage of mass production, making

manufactured products more adaptable. The plug facil-
itates bottom-up and self-organized processes within a
top-down system. Planners need to design a functional
“plug”: a mechanism or special modus operandi for gen-
erating bottom-up or self-organized processes.

To create a truly adaptable and vibrant built envi-
ronment, planners must go beyond the traditional view
of the grid as a mere generator of order. A grid net-
work must be designed with qualities that promote effi-
ciency while also fostering informal qualities and diver-
sity. By doing so, planners can overcome the limitations
of mass production in planning and allow for the free
adaptation of built and non-built elements such as build-
ings, open spaces, and social activities.

The gridiron street network is ubiquitous in urban
history; it has existed since the dawn of civilization
to impose order and demonstrate control over nature
(Mazza, 2009). From Hyppodamus of Miletus plan
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to China’s Forbidden City (Kostof, 1991) and modern
American cities, the grid has remained a fundamental
planning language in building spaces. Its ability to facil-
itate rapid and efficient construction allows cities to
expand at an unprecedented pace.

Leslie Martin (1972, p. 9) famously argued that the
grid is not only a framework for urbanization but a tool
for generating complexity in a city, associating that with
“a net placed or thrown upon the ground.” Meanwhile,
Bettencourt (2015) recognizes that the grid, with its
large number of possibilities, yields an endless array
of social and economic arrangements in urban spaces.
In his analysis of the gridiron network, Martin has argued
that Alexander diminishes the value of such a system.
However, this view seems to be at odds with Alexander’s
own position. In his seminal article “A City Is Not a Tree,”
Alexander (1965) referred to the gridiron as an exem-
plar of a system, which he later called a “semilattice.”
In fact, Alexander has used Manhattan—a gridiron urban
environment—as a typical example of a grid that accom-
modates both order and complexity/adaptability. Thus, it
is important to understand the nuances of Alexander’s
position on the gridiron network. Despite Martin’s (1972)
statement about “the grid as a generator,” there is a
dearth of research on the mechanism of this genera-
tor: the way a grid generates adaptability or its modus
operandi. While several studies provide discourses about
planned cities (Al Sayed et al., 2009), an analyticapproach
is needed to investigate the physical conditions that influ-
ence how well a grid can generate adaptability. This
study attempts to explore how order and adaptability
can coexist in a grid network and the physical condi-
tions that facilitate these properties. Order has been mea-
sured from an analytical point of view. Boeing (2019) and
Gudmundsson and Mohajeri (2013) have used entropies
of street orientations to represent levels of order of a
city. However, adaptability has not been measured explic-
itly in any research. This article devises a new approach
for measuring adaptability, known as the quality of a
semilattice system which in turn can be defined in terms
of overlapping as stated by Alexander (1965). A semilat-
tice, as defined by Alexander (1965), is a network of ele-
ments that are connected in a way where multiple paths
between any two points are possible. This semilattice
structure allows for redundancy and flexibility, as any ele-
ment of this structure can be reached through multiple
routes. In the context of this article, a semilattice concept
is used to measure the adaptability of a grid network, as it
allows for multiple connections and routes between ele-
ments whether they are nodes or edges, which can facili-
tate the emergence of bottom-up and self-organized pro-
cesses within the top-down system.

The article examines betweenness values and
entropies of street network orientations—proxies for
the adaptability and order of grid networks. To catego-
rize cities with diverse street patterns in terms of order
and adaptability, the article assigns these proxies to the
vertical and horizontal axes, respectively, to quantify

order and adaptability for street networks. Specifically,
using Abu Dhabi’s street network as a case study, the
article aims to answer the following questions:

1. How do adaptability and order operate and mani-
fest in a grid network?

2. What morphological properties of a grid act as
generators for adaptability and order? To what
extent do adaptability and order perform in a grid
network?

3. What strategies can be used to design street
networks to accommodate both order and
adaptability?

This article investigates seven neighborhoods in Abu
Dhabi. In each neighborhood, three sample areas with
the same size of one square mile are selected. To give
a meaningful understanding of the way grid networks
operate, Abu Dhabi’s neighborhoods are compared with
those of 60 other urban areas throughout the world.
The cities are selected to represent diverse network
types and are located in different geographical and cul-
tural conditions. Through this comparison, a thorough
understanding of the mechanism that makes a grid net-
work become “great streets” emerges.

2. Literature Review
2.1. Virtues of a Grid Network

On the 50th anniversary of the publication of Alexander’s
article “A City Is Not a Tree,” Porta et al. (2015) redis-
covered the value of Martin’s argument on gridiron net-
works. “The grid is a generator” is a provocative essay
in which Martin (1972) pointed out that the grid is a
tool to generate complexity in a city. According to Martin
(1972, p. 75), a grid network is “a kind of playboard
that sets out the rules of the game.” The game’s play-
ers are stakeholders who act according to the rules but
have the freedom to use whatever initiatives and skills
they have. This essay is Martin’s refutation of Alexander’s
(1965) article. Martin criticized Alexander for diminish-
ing the value of a gridiron network, an erroneous rejec-
tion. In fact, Alexander asserted that a gridiron is a typical
example of a semilattice system and that it promotes the
adaptability that is essential for “natural cities.” Despite
Martin’s misjudgment, his support for a gridiron network
was insightful: a grid is “an ‘organic’ growth and, with-
out the structuring element of some kind of framework,
is chaos” (Martin, 1972, p. 75). Furthermore, he stated
that the grid sets a particular structure for a city but then
allows a city to develop and grow in its own way. Martin’s
observation about the grid’s merits in supporting organic
growth is congruent with the quality of “the semilattice
structure of natural cities” proposed by Alexander (1965,
as cited in Porta et al., 2015, p. 121).

Martin recognized the grids’ positive qualities. Yet,
he admitted the grid’s drawbacks, such as its monotony
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and rigidity. The way a grid accepts and responds to
growth and change is conceptualized in this article as
its adaptability. To understand “the interaction between
the grid and the built form” (Martin, 1972, p. 76)
or the “combinatorically large number of possibilities”
(Bettencourt, 2015, p. 45), we use order and adaptabil-
ity as the key performance indicators for the grid.

2.2. Urban Order

Order is usually perceived as good and disorder as evil.
Nevertheless, this distinction is not always sharp. Aferi
(2011, p. 54) states that it is “somewhat fuzzy,” and
Kostof (1991, p. 44) argues that the “irregularity of
unplanned cities is also a matter of degree.” He empha-
sizes that this kind of distinction is a matter of the “meta-
morphosis” of regularity/planned/order vs. irregularity/
unplanned/disorder. It is not hard to see the comingling
of order and disorder that is pervasive in traditional cities.
Therefore, the cohabitation of irregular and planned
street networks is not just a natural phenomenon but
also an exemplar of a good city form.

In this article, the term order is used in line with
Aferi’s (2011, p. 44) explicit order—“the recognizable
and explicit order in street layouts, consistent setbacks,
and coherent physical and visual attributes.” Recent
works on assessing the order of street networks use
street orientation entropy as an assessment measure
(Boeing, 2019; Gudmundsson & Mohajeri, 2013). This
article implements their method to quantify the level
of order of a grid network. There are several other
methods used in the literature for quantifying urban
order. One example is the spatial autocorrelation ana-
lysis, which examines the degree of similarity in spa-
tial patterns of different urban attributes. For instance,
some researchers have proposed using fractal dimen-
sions to measure urban order. For example, Frankhauser
and Pumain (2022) applied fractal geometry for a better
understanding of the hierarchical organization and spa-
tial structure of urban order. Similarly, Jia et al. (2019)
employed the correlation fractal method to explore
place diversity at the neighbourhood scale in Brisbane,
Australia. By measuring the spatial correlation between
the density of buildings in a given area and its surround-
ing, the study found that Brisbane’s urban form lacks
place diversity and is influenced by modernist planning
principles. These approaches demonstrate the diverse
methods available for quantifying urban order and high-
light the importance of using multiple measures to cap-
ture the complexity of urban form and its function.
This article uses Boeing’s (2019) and Gudmundsson and
Mohajeri’s (2013) methods to quantify the level of order
in a grid network.

2.3. Adaptability

Thinkers such as Alexander and Jane Jacobs criticized
the simplified tree pattern of a city, not order nor grid-

iron street patterns. Alexander particularly advocated for
the semilattice structure, in which urban elements over-
lap and interact. Porta et al. (2015) explain further that
the amalgamation of streets, block design, and place-
ment of buildings should not separate activities from one
another, but rather should promote integration between
people and the built environment. The lesson here is
that street patterns should “naturally overlap in space
in unpredictable ways” (Porta et al., 2015, p. 123) and
thereby build favorable conditions for overlapping activ-
ities to take place.

The general perception is that adaptation and
self-organization happen in informal settlements
(Kamalipour, 2016, p. 71), but incremental transforma-
tion also happens in a planned city, exemplified in its grid
network. Adaptation is often perceived as transforma-
tion through time. To our best knowledge, adaptability
has not been measured explicitly in any research. Thus,
this article devises a new approach to measuring adapt-
ability, the quality of a semilattice system which is in
turn defined as overlapping (Alexander, 1965). The arti-
cle finds that levels of movement on a street segment
represent overlapping activities in a street network. This
value of movement is known as betweenness centrality,
a measurement of movement intensity a street segment
through many shortest paths connecting different cou-
ples of nodes (Porta et al., 2006).

3. Methods

In this article, order and adaptability of street net-
works of Abu Dhabi and other international urban areas
are quantified as entropies and betweenness centrality.
These values are then plotted along vertical and horizon-
tal axes.

3.1. Sample Selection

Seven neighborhoods in Abu Dhabi are selected as case
studies. The selection includes West Island, Khalifa City,
Al Bahya East, Al Bahya West, Mohamed Bin Zayed
(MBZ), Al Falah, and Bani Yas (Figure 1). From each
neighborhood, three sample areas of one square mile
are selected, following the tradition of urban network
study by Jacobs (2001). The neighborhood planning
units (NPUs) are ordered chronologically from 1968 to
2015, representing the evolution of neighborhoods over
50 years. Each NPU is unique in terms of its street
layout and level of grid-likeness. Moreover, the sam-
ples included street networks with different levels of
grid-likeness, ranging from the perfect grid to high levels
of fragmentation and cul-de-sacs.

To acquire a reasonable understanding of grid net-
work structures, the study meticulously compares sam-
ples of Abu Dhabi’s neighborhoods with other urban
neighborhood samples taken from 60 cities worldwide
(Figure 2). In order to ensure consistency, each city
is represented by three sample areas measuring one
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Figure 1. Street networks of Abu Dhabi’s neighborhoods.

square mile, mirroring similar approaches conducted
in previous studies (Jacobs, 2001; Porta et al., 2006;
Scoppa et al., 2018). The street networks of Abu Dhabi
and the international case studies were retrieved using
OSMnx, a tool developed by Boeing (2017, 2019) that
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allows users to download, model, analyze, and visualize
OpenStreetMap data for any location in the world. It pro-
vides a simple and efficient way to download and work
with OpenStreetMap data, including street networks,
building footprints, points of interest, and other features.
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Additionally, OSMnx offers a range of network analysis
tools that enable users to measure network metrics such
as degree centrality, betweenness centrality, and clus-
tering coefficients. Overall, OSMnx is a powerful tool for
urban planners, geographers, and researchers interested
in studying urban form and function (Yabe et al., 2022).
The selection of the comparison urban areas is inspired
by Jacobs’ (2001) and Boeing’s (2017, 2019) works. Both
authors use diverse urban street networks from differ-
ent regions and cultures to represent the whole gamut
of street configurations, from the most connected and
grid-like to the most circuitous and fragmented.

3.2. Measuring Order

According to Gudmundsson and Mohajeri (2013), the
Shannon (1948) entropy of a city’s network system rep-
resents the order of street orientations in that city.
The higher the entropy, the higher the level of disorder
in its neighborhoods. To compare the level of order of
each NPU or urban area, the normalized value of orien-
tation entropy ¢, developed by Boeing (2017), is com-
puted. This value represents the level of disorder or uni-
formity of street networks in a city or neighborhood.
The smallest value of ¢ is 0, which represents complete
disorder, while ¢ = 1 represents perfect order. Values of
entropy of 21 NPUs of seven neighborhoods in Abu Dhabi
and 180 samples of 60 other urban areas are computed.
Implementing the same size of one square mile facilitates
a comparison of order levels across different geographic
locations. By comparing the adaptability and order of
Abu Dhabi NPUs with those of other urban areas, the
mechanism for building order and adaptability in a grid
network can be understood.

3.3. Measuring Adaptability

Grid is a generator of order. However, its capacity for
adaptation is unknown. Kostof (1991), Lynch (1981),
Porta et al. (2015), and other scholars state that a grid
can adapt to different topographic regions. But the ques-
tions of how and in what way a grid can facilitate both
adaptability and order and how these qualities man-
ifest in different grid typologies remain unanswered.
Alexander (1965) mentions that adaptability is repre-
sented in overlapped elements. He argues that a natu-
ral city (e.g., a self-organized settlement) contains vari-
ous levels of overlap. This overlapping structure is what
Alexander called semilattice, a structure that possesses
many overlapping characteristics yet maintains order.
To measure the flexibility of a grid and its capacity for
adaptation, the article evaluates its level of overlap.

In discussing the street network, Bettencourt (2015,
p. 50) argues that “while infrastructure and economic
activities, for example, change radically, the fact that
people need to interact over space remains.” He elabo-
rates on Alexander’s idea of the overlap of a semilattice
network, arguing that “it is people who, through their

movement and multiplicity of functions, create overlaps
between places in the city.” Hence, the more the peo-
ple’s movement takes place on the streets, the more
overlapping occurs.

Consider an example of a street segment which con-
nects buildings A and B, as in Figure 3. When people
move from building A to building B, they not only imple-
ment a movement but also carry out a functional and
social activity along their path from space A to space B
and vice versa. Therefore, the number of movements
on the street segment represents levels of overlapping
activities between buildings A and B. In centrality analy-
sis, measuring the movement intensity of a street seg-
ment is known as betweenness, which accounts for how
many times a street segment was part of multiple short-
est routes connecting pairs of nodes (Porta et al., 2006).
To illustrate the rationale for using betweenness as a
proxy for measuring adaptability of the street networks,
Figure 3 presents a diagram showing the way between-
ness values represent the potential overlapping activities
in a theoretical grid network. Street segment b2 repre-
sents the level of overlapping activities between A and
B, A and C, and A and D. The same patterns happen
with overlapping activities for B (to A, C, D), C (to A,
B, D), and D (to A, B, C). A segment of streets that
is selected most for walking is the segment that has
the highest betweenness value. Therefore, this segment
has the highest level of activity. The activities can be
any social or functional movements (e.g., shopping or
commuting). These activities require shared spaces, and
these spaces are the streets that have high betweenness
values. Thus, the authors argue that the betweenness
centrality represents levels of overlapping in a network.
The higher the mean value of betweenness in a street
network, the more likely it will be traversed by people.
This reflects the network’s increased adaptability. Due to
the absence of a betweenness benchmark for assessing
what is the level of adaptability that is acceptable, the
best assessment of betweenness values is to compare
them against a cohort of cities that are known for having
high levels of adaptability, such as Manhattan, Barcelona,
and San Francisco (Jacobs, 1961).

To measure the adaptation, the authors calculate
the betweenness values using momepy, a Python pack-
age developed by Fleischmann (2019). Using the analy-
sis and manipulation of urban form and street networks,
the package provides a range of tools for calculating
various metrics related to street networks, such as
block shape and size, street centrality, and connectivity.
It also includes functions for visualizing and plotting net-
work data. The momepy package is designed to work
with OpenStreetMap data, making it a valuable tool for
researchers and urban planners interested in analyzing
and modeling urban environments.

To understand the correlation between order
and adaptability, and especially to understand the
impacts that order has on adaptability, a linear regres-
sion between entropies and logarithmic values of
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Figure 3. Overlapping activities from A to B, A to C, and A to D for the theoretical case of a grid network.

betweenness is modeled. The linear regression provides
an understanding of the impact that order could have
on adaptability.

4. Results
4.1. Order
Table 1 presents the indicators for the 21 samples of one
square mile of the seven neighborhoods in Abu Dhabi.

Among these seven neighborhoods, Al Bahya West,
Khalifa City, Al Falah, and MBZ have the highest levels of

order, with a ¢ of 0.98, 0.86, 0.84, and 0.83, respectively.
West Island has the lowest level of order, with ¢ = 0.62.

According to Boeing (2019), a perfect grid would have an
entropy value of ¢ = 1. This means that West Island is
62% ordered, while Al Bahya West, at 98%, is close to
being perfectly ordered. The same kind of interpretation
applies to Khalifa City, Al Falah, and MBZ. The ¢ values

can also be interpreted as closeness to a perfect grid.

The higher the ¢, the closer the neighborhood’s street
network is to a perfect grid. Moreover, order is expressed
differently for the pre- and post-1990s neighborhoods.
Five out of seven studied neighborhoods that have been
built since 1990—Al Bahya East and West, Khalifa City,

MBZ, and Al Falah—have high levels of entropy, rang-
ing from 0.82 to 0.98. In contrast, neighborhoods built
before the 1990s, including Bani Yas and West Island,
have moderate to moderate-low levels of order (0.74 and
0.62, respectively). Hence, with an average value of order
¢ = 0.81 and five out of seven studied neighborhoods
with ¢ values larger than 0.82, Abu Dhabi can be labeled
as a city of high order.

4.2. Adaptability

Ranking Abu Dhabi neighborhoods in terms of
movements—represented by the mean values of
betweenness—the analysis reveals that West Island,
with a betweenness value of 7,193, has the greatest
number of movements (Table 1). This value indicates
that West Island has the highest level of overlap. While
West Island has the highest betweenness value, it has
the lowest level of order, with ¢ = 0.62. In contrast,
Al Bahya West has a mean betweenness value of only
118 but the highest level of order, with ¢ = 0.98. Other
neighborhoods’ values of order and betweenness tend
to confirm the trend of lower order/higher betweenness
and vice versa. The differences in betweenness values
are substantially different from the highest to the lowest
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Table 1. Mean values of betweenness and normalized entropies of one-square-mile samples of selected world’s urban

areas.
City H, ¢ B log, B Block size (m)
West Island 2.74 0.62 7,193 12.81 58.3
Bani Yas 2.51 0.74 2,010 10.97 82.9
Al Bahya East 2.27 0.82 1,499 10.55 88.4
MBz 23 0.83 1,323 10.37 101.1
Khalifa 2.19 0.86 838 9.71 108.6
Falah 2.17 0.84 750 9.55 136.5
Al Bahya West 1.66 0.98 118 6.88 192.8
Beijing 2.18 0.87 1,038 10.02 110
Shanghai 2.68 0.65 4,047 11.98 92.2
Tokyo 2.89 0.53 29,860 14.87 33.1
Barcelona 2.71 0.64 10,770 13.39 415
Moscow 2.84 0.56 21,307 14.38 43.2
Paris 2.75 0.61 7,174 12.81 50.3
Caracas 2.54 0.72 1,022 10 116.3
Boston 2.84 0.56 9,457 13.21 49.4
Chicago 2.73 0.62 10,157 13.31 47.1
Manhattan 2.58 0.69 5,895 12.53 53
Phoenix 244 0.76 3,315 11.69 87.8
San Francisco 2.6 0.69 11,206 13.45 455
Washington 2.64 0.66 12,034 13.55 47.1

values in Abu Dhabi. West Island has a betweenness
value 60 times higher than the betweenness value of
Al Bahya West. This significant difference among the
overlapping level of Abu Dhabi neighborhoods indicates
that older neighborhoods are more adaptable. Bani Yas
and Al Bahya East confirm this: Bani Yas has the second-
highest level of adaptability, with a betweenness value
of 2,010, and Al Bahya East has the third-highest level of
adaptability, with a betweenness value of 1,499.

Figure 4 demonstrates the relationship between the
betweenness values and ¢ values for Abu Dhabi’s NPUs.
Neighborhoods in Abu Dhabi can visually be grouped
into two main groups and two outliers. Bani Yas, built
during the 1970s, is the only member of the first group
of Abu Dhabi’s neighborhoods. It has a mean value of
betweenness of 2,010 and a ¢ value of 0.74, which makes
it quite different from the rest of the neighborhoods but
not different enough to make it an outlier as in the cases
of West Island (very high betweenness/low entropy)
and Al Bahya West (very low betweenness of 118/very
high entropy). The second group includes Al Bahya East,
MBZ, Al Falah, and Khalifa City. This group has ¢ values
that increase from 0.82 to 0.86 and mean betweenness
values that decrease from 1,499 to 750. As shown in
Figure 4, these neighborhoods form the second group of
street networks in Abu Dhabi.

5. Discussion

5.1. Abu Dhabi: A City of High Order and Low
Adaptability

Abu Dhabi’s neighborhoods accommodate a high level of
order. Its obtained normalized entropy has a high aver-
age value of ¢ = 0.81. The level of adaptability, in con-
trast, is quite low. The average value of betweenness
is only 1,962. Except for the two outliers of very high
and low adaptability of West Island (7,193) and Al Bahya
West (118), the average adaptability of the five neighbor-
hoods Bani Yas, Al Bahya East, MBZ, Khalifa, and A Falah
reaches only 1,284,

The high order and low adaptability in Abu Dhabi
neighborhoods may be attributable to its history of
having been planned and developed from a barren
semi-island—a tabula rasa—and having used a top-down
planning system since its inception. However, it is not evi-
dent whether cities with superblocks or NPUs always pro-
duce urban areas with high order and low adaptability.
To unravel this issue, the authors assess a variety of grid
networks, from the most fragmented to the most grid-
like, of different urban regions around the world.

Sixty urban areas around the world have been
selected; they represent diverse types of street networks
from the most connected, organic, and grid-like to the
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Adaptability and order in Abu Dhabi and world cities
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Figure 4. Relationship between order and adaptability of Abu Dhabi’s NPUs against the world urban areas.

most circuitous and fragmented (Table 1). The street net-
works of Manhattan, Chicago, Barcelona, and Paris rep-
resent almost perfect grids yet hold a high quality of
urban life (Boeing, 2019; Jacobs, 2001). Figure 4 repre-
sents the relationships of adaptability and order of differ-
ent groups of Abu Dhabi neighborhoods and these global
urban areas. The figure includes two outliers: Tokyo,
which has an exceptionally high betweenness value and
low order (29,860 and 0.53, respectively), and Beijing,
which has a low betweenness value and high order (1,038
and 0.87, respectively). The adaptability and order of the
world’s urban areas closely follow an inverse logarithmic
linear relationship. The higher the values of between-
ness, the lower the values of order, and vice versa.

To assist in the evaluation of adaptability and order
in grid networks, the authors propose classifications
for both based on values of betweenness and nor-
malized entropies. Values of adaptability are classi-
fied into very high (betweenness of 13,000 or higher),
middle-high (5,000-13,000), middle (2,000-5,000), low
(1,000-2,000), and very low (below 1,000). Similarly, val-
ues of order are classified into high (¢ > 0.8), middle-high
(¢ =0.6-0.8), and middle (¢ from 0.5 to 0.6); the analysis
revealed no middle-low or low order values among the
cities tested (¢ < 0.5).

The comparison of levels of order between Abu
Dhabi and other global urban areas reveals that Abu
Dhabi’s neighborhoods are more ordered than any other
city in the world. For example, among the studied urban
neighborhoods (except for those in Beijing), the highest
level of order, ¢ = 0.76 for Phoenix, is smaller than the

value for five of the seven neighborhoods in Abu Dhabi
(¢ = 0.82). Phoenix’s ¢ value is only higher than those of
Banis Yas (0.736) and West Island (0.622).

Similarly, comparing the adaptability of Abu Dhabi
neighborhoods with the world’s urban areas reveals that
Abu Dhabi has a lower level of adaptability. Table 1
demonstrates that Al Bahya West, the neighborhood
with the city’s highest level of order (¢ = 0.98), has a
mean value of betweenness of 118. This betweenness
value is substantially lower than that of any comparable
global urban area (the lowest mean betweenness value
for the comparison cities is 1,022, in Caracas).

5.2. The Coexistence of Order and Adaptability

Figure 4 shows the relationship between normalized
entropy and betweenness for Abu Dhabi and the compar-
ison urban areas. It indicates that all neighborhoods in
Abu Dhabi and the comparison cities feature an inverse
logarithmic relationship between adaptability and order.
For example, West Island and Prague have high levels of
overlap (7,193 and 14,546, respectively) while their lev-
els of order are low (¢ = 0.62 and ¢ = 0.53).

To answer the first research question on how adapt-
ability and order operate and are manifested in a grid net-
work, the analysis investigates the coexistence of order
and adaptability. An urban area that has the highest level
of adaptability with a low level of order is Tokyo (the
mean value of betweenness of 29,927 and ¢ = 0.53).
In Abu Dhabi, the high adaptability/low order relation-
ship expresses a similar trend in the case of West Island
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with a mean betweenness value of 7,193 and ¢ = 0.62.
This relationship of high adaptability/low order becomes
clearer for the rest of the other neighborhoods.

In most cases, for the “good” urban network, the level
of order has an upper limit around ¢ = 0.7. From the
regression calculation that is developed in Section 3, a
change in the value of ¢ from 0.7 to 0.6 generates an
increased value of betweenness of 5,276, and a change
from ¢ = 0.6 to ¢ = 0.5 generates a greater increase in the
value of betweenness of 13,204. Respectively, these are
17% and 44% increases in values of betweenness com-
pared with the value of betweenness of Tokyo, the city
with the highest level of adaptability. Because the rela-
tionship between adaptability and order is an inverse-
power relationship, a small decrease in order can yield
a significant gain in betweenness. This observation is cor-
rect in both Abu Dhabi and the comparison urban areas.
In most cases, it appears that ¢ values of 0.68-0.7 tend to
be the highest threshold for cities that have a high level
of adaptability. One example is Manhattan, with ¢ = 0.68
and a betweenness value of 5,838. Thus, if a city can trade
a small amount of order, a significant level of adaptabil-
ity can be gained. This observation answers the first ques-
tion: Order and adaptability can coexist in grid networks.

To answer the question about the morphological
properties of a grid that acts as a generator for adaptabil-
ity and order, the article focuses on neighborhoods and
urban areas with high levels of adaptability. The street
networks with nonhierarchical order tend to have high
adaptability—Tokyo, Cairo, and West Island are exam-
ples. The authors consider that this nonhierarchical
order facilitates movement in neighborhoods. Small
block sizes and small average street lengths character-
ize all neighborhoods and urban areas that have high
levels of adaptability, and grids with values of between-
ness above 5,000, in general, have average street lengths
less than 60 m (Table 1). Betweenness maps of urban
neighborhoods with high and low values of between-
ness in cities such as Tokyo and Beijing or West Island
and Al Bahya West show striking contrasts. Observing
streets in the first quantile (i.e., streets in red) of
betweenness reveals an important point. Thoroughfares,
streets that accommodate various types of vehicular
traffic and speed (Mehaffy et al., 2010), in cities with
high adaptability—Tokyo and West Island, for example—
usually divide the areas into several small parts. In con-
trast, cities or neighborhoods with low adaptability, such
as Beijing and MBZ, only have two or three of these
thoroughfares, which divide the areas into much larger
pieces. Therefore, neighborhoods with fine-grain street
networks are often conditioned for high adaptability
(Figure 5). It also means that streets in cities with high
adaptability configure areas into small blocks, whereas
streets in cities with low adaptability divide the sam-
ple areas into large blocks. Consequently, fine-grain net-
works are better in terms of adaptability.

Thus, the general guidelines for designing a street
network with high adaptability and an adequate level of

order are small blocks, fine-grain street networks, and
nonhierarchical grades of street systems (i.e., the avoid-
ance of classification of street networks into arterials,
highways, local roads, etc.). The neighborhoods with low
adaptability in Abu Dhabi and the comparison cities have
opposite patterns: super-block designs, disconnections
between blocks, and rigid hierarchical street systems.

5.3. The Desirable Networks: Implications for Practice

The above observations have implications for the grid
as the manifestation of mass production. Findings about
adaptability and order in Abu Dhabi and the world’s
urban areas indicate that a street network with a
middle-high to a high level of adaptability (a betweenness
mean of around 5,000 or above) and an adequate level
of order (¢ between 0.6 and 0.7) is a desirable network.
These networks are desirable because they have both
qualities: adaptability and order. A high level of adapta-
tion equates to a high level of overlap, the very quality
that Alexander (1965) used to describe “natural cities.”
While a grid network needs an overall framework to pro-
vide an adequate level of order, it also needs fine-grain
urban elements (e.g., small streets, small and diverse
open spaces, small blocks, etc.) to foster adaptability.

Several implications can be drawn from this study.
First, the scale of the grid (i.e., the dimensions of a net-
work) plays a critical role in supporting or impeding the
quality of urban space. The cases of Manhattan and
Barcelona are examples. Both cities have the capacity
to “accept and respond to growth and change” because
of their low levels of order and high levels of adaptabil-
ity. The key lies in their fine-grain structure. Their aver-
age street lengths are all less than 60 m: 58.3 m in West
Island, 53 m in Manhattan, and 41.5 m in Barcelona.
These low numbers are critical indicators of significant
overlapping of movements and activities. These street
lengths are quite small in comparison with those of
Beijing (110 m) and Caracas (116.3 m). The betweenness
maps show that streets in the first quantile of between-
ness tend to run straight through most sampled areas
(Figures 3.1 and 3.2 in the Supplementary File). These
movements distribute the flow of people to different
parts of the studied areas, not unlike the “city mobility
and fluidity of use” that Jacobs (1961, p. 117) praised.

Second, this finding implies that even though the
overall framework of a grid is considered rigid in form,
there are conditions that can promote its adaptability.
These conditions facilitate the capacity to add new or
adjust old physical components—e.g., streets or small
open spaces—while maintaining the overall order. If the
blocks are too big, as in the cases of Beijing and Caracas,
inserted elements can disrupt and bring more chaos,
while small blocks such as those of Tokyo and Cairo
generally allow for inserting small physical components
without disrupting the area; this is, in fact, an incre-
mental development that urbanists advocate for in their
research (Alexander, 1965; Jacobs, 1961).
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Figure 5. Betweenness maps of selected samples in Abu Dhabi and world cities.

6. Conclusion

This study assesses order and adaptability of street net-
works. It also introduces a new method to quantify
the network’s adaptability. While previous research has
used street orientation to measure order, this article
argues that betweenness values can be used to mea-

sure a street network’s adaptability. The article found
that West Island has the city’s highest level of adapt-
ability and an adequate level of order. The remaining
studied neighborhoods have lower levels of adaptabil-
ity when compared with neighborhoods in other world
cities. Al Bahya West, for example, has the smallest value
of adaptability.
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The article discovers that order and adaptability can
coexist. Urban areas such as Toronto, San Francisco,
Manhattan, and West Island have a high level of adapt-
ability while still possessing a decent level of order.
Furthermore, if a city can sacrifice a small degree of
order, a higher level of adaptability can be obtained.
A reduction in the value of the normalized entropy from
0.7 to 0.6 or from 0.6 to 0.5 increases by 17% or 44%,
respectively, the value of betweenness in Tokyo—the city
with the highest level of adaptability.

This study reconciles the contrasting views between
Alexander and Martin. At first glance, it seemed that
Alexander’s view of cities as “semilattices” with intercon-
nected elements and feedback loops implied that grid
networks are not capable of accommodating adaptabil-
ity and organic growth and change. In contrast, Martin
promoted grid networks as a tool to provide a frame-
work for organic growth that breaks away from rigid
order, offering higher degrees of freedom and overlap-
ping in activities.

Both Alexander and Martin’s views on grid networks
are actually not far from each other as this article demon-
strated quantitatively. The article proves that grid net-
works can indeed accommodate growth and change.
The regularity of the grid provides a stable foundation
that enables a high degree of adaptability and flexibility
in a city’s development over time. In other words, the
grid is a flexible and adaptable structure that can support
a diverse and dynamic urban environment.

This study is a revisionist view of the gridiron
network—a mechanism of mass production in an urban
environment—arguing that the grid has the capacity to
produce adaptability and order. The question now is not
whether to abandon the grid but how to enhance its
adaptability. The research concludes that scales of grid
networks play a critical role in supporting or impeding
the quality of urban space (i.e., highly adaptable spaces
enable high levels of human interaction and support
informal development). These activities are manifested
in human movements and fluidity. They are facilitated
by fine-grain urbanism that improves urban adaptabil-
ity. Finally, a mechanism for generating bottom-up or
self-organized processes can help break the rigidity of the
superblocks that are present in many urban areas.

Acknowledgments

This work was supported by the Khalifa University under
Grant No. 8474000184.

Conflict of Interests
The authors declare no conflict of interests.
Supplementary Material

Supplementary material for this article is available online
in the format provided by the authors (unedited).

References

Aferi, M. (2011). Order in informal settlements: A case
study of Pinar, Istanbul. Built Environment, 37(1),
42-56.

Alexander, C. (1965). A city is not a tree. Architectural
Forum, 122(1/2), 58-62.

Al Sayed, K., Turner, A., & Hanna, S. (2009). Cities as emer-
gent models: The morphological logic of Manhattan
and Barcelona. In D. Koch, L. Marcus, & J. Steen (Eds.),
Proceedings of the 7th International Space Syntax
Symposium (pp. 1-12). Royal Institute of Technology.

Bettencourt, L. M. (2015). The complexity of cities and
the problem of urban design. In M. Mehaffy (Ed.),
A city is not a tree: 50th anniversary edition (pp.
45-61). Sustasis Press.

Boeing, G. (2017). OSMnx: A Python package to work
with graph-theoretic OpenStreetMap street net-
works. The Journal of Open Source Software, 2(12),
Article 215.

Boeing, G. (2019). Urban spatial order: Street network
orientation, configuration, and entropy. Applied Net-
work Science, 4(1), Article 67.

Fleischmann, M. (2019). momepy: Urban morphology
measuring toolkit. Journal of Open Source Software,
4(43), Article 1807.

Frankhauser, P., & Pumain, D. (2022). Fractals and geog-
raphy. In S. Carta (Ed.), Machine learning and the
city: Applications in architecture and urban design
(pp. 31-55). Wiley.

Gudmundsson, A., & Mohajeri, N. (2013). Entropy and
order in urban street networks. Scientific Reports,
3(1), Article 3324.

Jacobs, A. (2001). Great streets. The MIT Press.

Jacobs, J. (1961). The death and life of great American
cities. Vintage.

Jia, M., Liu, Y., Lieske, S. N., & Chen, T. (2019). A frac-
tal approach to explore Australian urban form and its
impacting factors at neighbourhood scale. In L. D’Acci
(Ed.), The mathematics of urban morphology: Model-
ing and simulation in science, engineering and tech-
nology (pp. 123-144). Birkhauser.

Kamalipour, H. (2016). Forms of informality and adapta-
tions in informal settlements. International Journal of
Architectural Research: Archnet-lJAR, 10(3), 60-75.

Koolhaas, R. (1995). Whatever happened to urbanism?
Design Quarterly, 1995(164), 28-31.

Kostof, S. (1991). The city shaped. Thames & Hudson.

Lynch, K. (1981). A theory of good city form. The MIT
Press.

Martin, L. (1972). The grid as a generator. In L. Martin & L.
March (Eds.), Urban space and structures (pp. 6-27).
Cambridge University Press.

Mazza, L. (2009). Plan and constitution—Aristotle’s Hip-
podamus: Towards an “ostensive” definition of spa-
tial planning. Town Planning Review, 80(2), 113-141.

Mehaffy, M. (2008). Generative methods in urban design:
A progress assessment. Journal of Urbanism: Interna-

Urban Planning, 2023, Volume 8, Issue 3, Pages 172-184

183


https://www.cogitatiopress.com

S Cooitatio

tional Research on Placemaking and Urban Sustain-
ability, 1(1), 57-75.

Mehaffy, M., Porta, S., Rofe, Y., & Salingaros, N. (2010).
Urban nuclei and the geometry of streets: The “emer-
gent neighborhoods” model. Urban Design Interna-
tional, 15, 22-46.

Porta, S., Crucitti, P, & Latora, V. (2006). The network
analysis of urban streets: A primal approach. Envi-
ronment and Planning B: Planning and Design, 33(5),
705-725.

Porta, S., Rofe, Y., & Vidoli, M. (2015). The city and the
grid: Building beauty at large scale. In M. Mehaffy
(Ed.), A city is not a tree: 50th anniversary edition (pp.

About the Authors

and suburban development.

163-184). Sustasis Press.

Scoppa, M., Bawazir, K., & Alawadi, K. (2018). Walk-
ing the superblocks: Street layout efficiency and the
sikkak system in Abu Dhabi. Sustainable Cities and
Society, 38, 359-369.

Shannon, C. E. (1948). A mathematical theory of com-
munication. The Bell System Technical Journal, 27(3),
379-423.

Yabe, T, Jones, N. K., Rao, P. S. C.,, Gonzalez, M. C., &
Ukkusuri, S. V. (2022). Mobile phone location data
for disasters: A review from natural hazards and epi-
demics. Computers, Environment and Urban Systems,
94, Article 101777.

Ngoc Hong Nguyen is a senior lecturer at the Faculty of Architecture at the Danang University of
Science and Technology (Vietnam). His research is devoted to urban design and the contribution of
the built environment to human well-being. Dr Nguyen is a member of the International Making Cities
Livable’s Board of Stewards, an interdisciplinary, international network of individuals and cities dedi-
cated to making cities and communities more livable, and a board member of the Sustasis Foundation.

Khaled Alawadi is the first UAE national scholar to specialize in the design of sustainable cities.
He holds a PhD in Community and Regional Planning from the University of Texas at Austin. Dr Alawadi
is an associate professor of Sustainable Urbanism at Khalifa University, where he founded the MSc
in Sustainable Critical Infrastructure. He is a trained architect and urban designer whose research is
devoted to urban design, housing, and urbanism, especially the relationships between the built envi-
ronment and sustainable development.

Sara Al Hinai is a master’s student at Khalifa University in the Sustainable Critical Infrastructure pro-
gram. She holds a bachelor’s degree with honors in Civil and Environmental Engineering from the
United Arab Emirates University. Sara has assisted in carrying out topics focused on network analysis

Urban Planning, 2023, Volume 8, Issue 3, Pages 172-184

184


https://www.cogitatiopress.com

	1 Introduction
	2 Literature Review
	2.1 Virtues of a Grid Network
	2.2 Urban Order
	2.3 Adaptability

	3 Methods
	3.1 Sample Selection
	3.2 Measuring Order
	3.3 Measuring Adaptability

	4 Results
	4.1 Order
	4.2 Adaptability

	5 Discussion
	5.1 Abu Dhabi: A City of High Order and Low Adaptability
	5.2 The Coexistence of Order and Adaptability
	5.3 The Desirable Networks: Implications for Practice

	6 Conclusion

