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Megalopolis: An Assay for the Identification of the World Urban Mega-structures

ARELLANO, Blanca® & ROCA, Josep?
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Abstract

The urban development of the twentieth century can be characterized by the rise of the
metropolitanization process. However, since 1950, it has occurred a real change of scale in this
growth: the infinite growth of metropolitan peripheries, encouraged by the process of urban
sprawl, has increased the urbanization of rural environments in the interstices between cities
and metropolitan areas. Previously isolated urban systems have been caught in the web of
urbanization and generated new urban spaces characterized by increasing complexity.
Megacities, intuited in the early twentieth century by precursors of contemporary urbanism
(Geddes, 1915; Mumford, 1938), have come true (Gottmann, 1961).

The objective of this paper is to perform an analysis for the identification and preliminary
characterization of megalopolis in the early twenty-first century. The recent publication by NASA
of planetary image of night lights gives the opportunity to proceed with the development of
methodologies for image analysis to identify susceptible urban mega-structures on a planetary
scale.

Literature review

Although most of the work oriented to identifying the megalopolitan agglomerations agrees to
use hybrid methodologies for delimitation, that combine understanding of the regional mega-
cities as places space as well as spaces of flows (Taylor, 2004; Lang and Dhavale, 2005), the true
is that few efforts (Hall et al, 1973) have been made in this sense, prevailing in the literature the
sectoral work. In this regard the main contributions have focused on four key methodologies,
depending on the determinant of analysis: functional relationships; the density of human
settlements; the morpholog of urban development, especially the contiguity of urbanization;
and, more diffuse, what we might be called local knowledge.

Gottmann's seminal work (1957 and 1961) is the first of these methodologies, with a
geographical and functional approach. Although Gottmann characterized the megalopolis of the
Northeast of USA as an almost continous stretch of urban and suburban areas, see Figure 1, it
didn’t define precisely the conurbation from a physical point of view. His approach was
functional, qualitative, as juxtaposition of metropolitan areas (which was defined by the Census
functional areas of daily commuting of residence / work). So, the notion of contact, coalescence
and overlap (Clawson, 1971; Hall et al, 1973) of functional metropolitan areas is the primary
factor that allows the identification of Megalopolis.
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Figure 1. The Megalopolis of Gottmann (1957
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That geographical and functional approach is adopted also for other jobs like the America 2050
or the European project POLYNET (Hall and Pain, 2006). In the words of Peter Hall:

“The Mega-City Region is then defined in terms of contiguous FURs?, and is thus similar to the
so-called Consolidated Metropolitan Statistical Area (CMSA) used in the United States.
Contiguity is the sole criterion. There may be functional relations (cross-commuting) between
the constituent FURs, or there may not; this would emerge only in the course of the analysis.”
(Hall, 2009: 807)

The second approach to the definition of megalopolis is the analysis of the spatial patterns of
density of human settlements.

For Gottmann (1976) a superior average density to 250 inhabitants per sq km mark the border
to the delimitation of large urban regional agglomerations. However, megacities would be
characterized mainly by its polynuclear character, appearing between different urban centers
large undeveloped areas, making it difficult to use a predetermined standard density.

Morrill (2006), updated the work of Gottmann through the consideration of the Urbanized Areas
of the USA Census Bureau, which shows the evolution of the megalopolis of Boston-Washington
between 1950 and 2000 (Figure 2). The work of Morrill allows to see how the criterion density
is not an efficient mechanism for defining megacities. Not only because of the discontinuity of
densely populated areas, but the proliferation from the 70's of the phenomenon of ex-urban
sprawl.

3 Functional Urban Regions (FUR) were established since the late 60s, in the UK, as an application of the methodology of the US
Census Bureau adapted to the European reality (Royal Commission on Local Government in England, 1968; Hall et al, 1973; Hall y
Hay, 1980; Cheshire y Hay, 1989).



Figure 2. Urbanized Areas in Boston-Washington Megalopolis

Source: Morrill (2006).

The third of the methodologies developed in the literature is the morphological approach, which
emphasizes continuity of development, materialized mainly from structural axes of
communication. This methodology is inspired by the first criteria that were developed for the
definition of the urban phenomenon in the era of metropolitan growth. Conurbations, once
gone beyond the administrative borders of the central city, came to be defined under strictly
physical criteria. Contiguity of urban growth is presented as well as the decisive factor for the
distinction between the city and its rural surroundings.

Currently, remote sensing technology allows information about ground covers sufficiently
precise, and therefore map the artificialised land. But they do not facilitate the detection of
complex structures such as the megalopolis, where tissues with very different degrees of
urbanization are interspersed with open spaces of rural character.

In parallel way, nocturnal images obtained by remote sensing, have represented an alternative
way to define megacities, and overall urban and metropolitan systems. From the pioneering
work of Elvidge et al (2001) it has been developed a number of studies, based on the information
generated with the nocturnal images. This approach has allowed not only to build an atlas of
artificial night lights as shown in Figure 3 (Cinzano et al, 2001), but has resulted in a consistent
literature that has generated the construction of indices for analysis human development
(Elvidge et al, 2012), the global distribution of economic activity (Ghosh et al, 2010), mapping of
GDP and CO2 emissions on a regional scale (Doll et al, 2000 and 2006) and very particularly, the
delimitation and characterization of urban agglomerations as shown in Figure 4 (Florida et al,
2008).

Figure 3. Nighttime lights and the urbanization in Nor

Source: Cinzano et al (2001).



Figure 4. European Megalopolis
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Source: Florida et al (2008).

It can be concluded that the morphological methodology, from satellite imagery, are a useful
approach for identifying megalopolitan structures. However, given the extraordinary complexity
and plurality of forms of urban settlement along different continents, resulting from physical
settings (relief, hydrography, etc.) as well as different historical and cultural processes, it seems
inappropriate to use a criterion of continuity of urbanization such as the 200 meters usually used
to define urban agglomerations. Night lights represent a significant information for
understanding the megalopolitan phenomenon, although its implementation is still under
debate.

Finally, the fourth approach is a qualitative approach based on local knowledge. This
approach, which is certainly the most used in the literature, does not respond to specific
guantitative methodology, but responds to an intuitive vision, based on the professional
knowledge of urban planners. From this approach, the Lincoln Institute of Land Policy, together
with the Regional Planning Association and the Pennsylvania School of Design, developed in
2004, the proposal called Toward an America Spatial Development Perspective, which proposed
a qualitative change in the territorial management of United States that exceeds the merely
local (place, county), and even metropolitan proposing megalopolis as basic territorial scope of
planning.

Methodology

The present paper is part of the line that satellite images, especially those derived from the night
lights, represents the most useful contribution to the delimitation of megalopolis. So the
delimitation of the megalopolis on a global scale has been made by analyzing the image of night
lights that in 2013 NASA has published and called black marble, which has come to represent a
qualitative leap in our vision, from space, of urbanization phenomenon (Figure 5).



Figura 5. Black Marble, 2013

Source: NASA, Google Earth.
The methodology can be summarized in the following aspects:

- First we analyzed the file supplied by NASA, which offers, in the visible spectrum, three
images (RGB) differentiated from night lights. In this sense it has to proceed to the

composition of a single image in conventional greyscale palette (0-255), as can be seen in
Figure 6.

Figure 6. Nighttime Lights 2012
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Source: Self prepared from NASA (2012).

- The image conversion from grayscale to elevations allows developing contours at different
intensity levels, capable of identifying different hypothesis of global cities. In this regard have
been tried different alternatives (see Figures 7 and following), which have led to adopt, at first,
the level curve on the intensity 64 (on % of the light intensities analyzed 256).



Figure 7: Nighttime light intensity outline. Los Angeles-San Diego-Tijuana Area

Source: Self prepared from NASA (2012).

Figure 8. Nighttime light contours with intensity 50 for Europe

Source: Self prepared from NASA (2012).

This light intensity (64 of 256) allows better identify megalopolitan structures than alternative
thresholds. For example, the intensity of light reflected by the ice at the poles is around 40, and
very close to the light intensity of 38 is the reflection of the sandy deserts. For its part, the
intensity 50, in which the development effect begins to be clearly identifiable respect to the
lights of rural origin, generates hardly acceptable Megalopolitans contours, from the perspective
of local knowledge, and the existing mega-structure in Central Europe (see Figure 13) covering
the agglomerations of Brussels - Randstad - Rhine Ruhr, Stuttgart - Strasbourg, Zurich - Bern,
Geneva - Lion - Marseille, Barcelona -Tarragona - Girona, Torino - Milan - Veneto, and Rome -
Naples, with an area of 373,000 sq. km. The analysis of these results, contrasted from the
intuition of local knowledge has led to consider the threshold of 64 for the demarcation of the
global megalopolis. Figure 9 identifies, for the same view as the previous figure, aforementioned
contours of light, which seem better adapted to reality.



Figure 9. Nighttime light contours with intensity 64 in Europe

Source: Self prepared from NASA (2012).

- The contours of light (2012) with intensity equal to or greater than 64 have allowed to identify
the lighted urban continuum, which have been aggregated into larger structures when there
contiguity per vertex, or separation of one pixel at most, as it can be seen from Figure 10, where
the agglomerations are shown, Boston (in white) and New York (in red).

Figure 10. Detail of the lighted contours with intensity 64 of New York and Boston

Source: Self prepared from NASA (2012).

- Finally, we have estimated the population of the continuing intensity contours 64 or higher by
overlapping information on population (2008) of the LandScan data base developed by the Oak
Ridge National Laboratory, USA. LandScan allows to analyze the population structure of different
environments in the urbanized planet, with a close approximation to the reality, as can be seen
in Figure 11 refers to the area of Calcutta. Overlapping the lighted contours with intensity 64
and the LandScan database (see Figure 12) has allowed to calculate the population of the same
area, identifying planetary megalopolis (2008-12).



Figure 11. Spatial distribution of the human population by LandScan database
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Source: Self prepared from LandScan (2012).

The calculation of the population has been made for all the illuminated urban continuous from
the previous methodology. This approach has allowed us to identify and characterize from a
demographic point of view the different types of human settlement on the planet, from the
villages, small towns and intermediate cities to the metropolitan and megalopolitan
agglomerations. In this sense, the megalopolitan proto-structures have been differentiated
(understood as the continuous illuminated with a population of over 5 million inhabitants), of
megacities themselves, identified from threshold population of 20 million.

Following the work begun by Florida et al (2008), using the methodology of nighttime satellite
images as a method for the delimitation of the megalopolis our analysis allows the worldwide
identification of 444,502 populated areas illuminated with sufficient intensity (64 on a scale of
256) for consideration of urban nature. 433 of these illuminated areas reach a population of
over one million inhabitants, concentrating 2,537 million inhabitants, 37.8% of the population
of the planet. 92 over 5 million represent the seeds of megalopolitan structures. And 30
structures, that we call proto-megas, exceed 15 million, reaching a population of 1,298,757,300
inhabitants, placing as strong candidates to be characterized as megalopolis.



Table 1. Distribution of the population of the illuminated areas (intensity 64)

24 ,005 ,0

> 20.000.000

10.000.000-20.000.000 23 ,005 ,0
5.000.000-10.000.000 45 ,010 ,0
1.000.000-5.000.000 341 ,077 1
500.000/1.000.000 366 ,082 2
100.000-500.000 2.323 ,523 7
50.000-100.000 2.453 ,552 1,3
10.000-50.000 12.325 2,773 4,0
5.000-10.000 12.371 2,783 6,8
1.000-5.000 57.357 12,904 19,7
100-1.000 133.982 30,142 49,9
<100 222.892 50,144 100
TOTAL 444.502 100

Source: Self prepared from LandScan (2012).

Figure 13. Proto-Megas (more than 15 million of inhabitants)
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Source: Self prepared from LandScan (2012).

In the study we identified 26 megacities with a population exceeding 20 million, concentrating
1,374,291,094 people in their environment. These megalopolis are distributed throughout the
entire planet. Asia highlights the presence of 18 large agglomerations: 2 transnational (India-
Pakistan and India-Bangladesh), 5 in India, 6 in China (5 in the continent and one in Taiwan), and
1 in Japan, Indonesia, Korea, Philippines and the Middle East. America (4 megalopolis), Europe
(3 agglomerations) and Africa (1 agglomeration), demonstrate the global reach of the geography
of the megalopolis. Only Oceania is free of such urban agglomerations.

Six megalopolis stand out for its extraordinary population size, with a population exceeding 75
million. These megalopolis are what might be called the premier league of world urban
agglomerations. All of them located in Asia, with the exception of an African: the Indian-
Pakistani, Java Island, Yangtze Delta, the island of Hokkaido, the Nile and Beijing agglomeration
(Figure 14). No European or American megalopolis between these giants.




Figure 14. Premier League

Megalopolis (“premier league”):
1 M. Indio- Pakistani; 2 Nilo; 3 Java; 4. Hokaido; 5 Beijing; 6 Delta
del Yang Tse

Source: Self prepared from NASA-NOAA (2012) and LandScan (2012).

Faced with these giants it appears a second group of megacities (see Figure 22) which is led by
the large conurbation of Central Europe, which stretches from Brussels Dutch Randstad, the
Rhine-Ruhr, Strasbourg and Stuttgart. Europe completes its presence with English megacities
(London to Cardiff and Bristol on the one hand, and Birmingham, Sheffield, Manchester,
Liverpool and Leeds on the other), on the fourteenth place, and the vast agglomeration of
northern Italy, which It extends from Milan to Venice, in the twenty-first. With regard to
America, the megalopolis par excellence, the US Northeast (Boston - New York - Philadelphia -
Baltimore - Washington), does not appear until the tenth place ranking, preceded by the two
large Chinese structures Zhengzhou- Pearl River Xian. The rest of American megalopolis is
reduced to other giant, the large urban agglomeration round the city of Mexico, which only
appears in the fifteenth place, relegating Sao Paulo - Santos seventeenth, and other great
American agglomeration of Los Angeles - San Diego - Tijuana (Southern California), which is the
penultimate of the 26 megacities obtained in the present work.



Figure 15. European and American Megalo

Megalopolis Europeas y Americanas: 1 England; 2
Centro Europa; 3 Nord Italia; 4 Sao Paulo; 5 México; 6
Souyh California; 7 New York — Boston — Washington

Source: Self prepared from NASA-NOAA (2012) and LandScan (2012).

Conclusions

It can be concluded that megacities are a new form of urban settlement that affects the entire
planet. This fact is not a phenomenon exclusive of the first world versus what the pioneering
work of Geddes, Mumford and Gottmann seemed to suggest. Latin America, Africa and
especially Asia, are also protagonists of these new forms of occupation of space. Emerging urban
territories that seem to make out a new economic and social order in Europe, and North America
will no longer have the unique role of protagonists.
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