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size. This average annual growth rate of 8.1 percent was faster than any city
of more than 5 million people in East Asia, with the exception of Hangzhou,
China. The pattern of expansion shows satellite towns being absorbed into
the urban area, but new development was scattered and discontinuous.

The population of the urban area also grew very quickly, from 14 mil-
lion people to 24 million between 2000 and 2010, an increase of 5.6 per-
cent a year. Shanghai’s population overtook Beijing’s during this period,
too. However, because of its much faster spatial growth, the urban popula-
tion density decreased rapidly during this period, from 8,700 people per
square kilometer to 6,900.

The district with the greatest area of urban land within the administra-
tive boundary of Shanghai is Pudong, which doubled to 520 square kilo-
meters from 260. Pudong and Minxing each gained more than 1.5 million
people. At the same time, a number of the innermost districts of Shanghai
in the historic center of Puxi, including Changning, Hongkou, Huangpu,
Jingan, and Luwan, actually lost population. Other districts, like Qingpu,
Suzhou, Taicang, and Wujiang, did not lose population but contracted in
population density because of expansion of their built-up areas. Still, the
inner districts of Shanghai remained extremely dense, with nine districts
having more than 25,000 people per square kilometer. The densest district
was Huangpu, whose population density decreased from 58,000 people per
square kilometer to 43,000.°

The Beijing urban area (map A.4) grew from 1,800 square kilometers
to 2,700 between 2000 and 2010, an average annual growth rate of 4.0
percent. In contrast to the Pearl River Delta region, Beijing shows a more
traditional pattern of urban expansion, growing outward from a large,
well-defined core, absorbing surrounding centers as well as the hundreds of
small villages that dot the landscape of this region.

The population of the Beijing urban area increased from approximately
11 million people to 17 million during this period, growing 4.5 percent per
year. Its overall urban population density increased slightly, from 5,900
people per square kilometer to 6,200.

The vast majority of the urban land (94 percent) and urban popula-
tion (97 percent) lie within the urban districts of Beijing itself. The four
innermost districts were already fully built up by 2000, and saw either a
small amount of population increase or, in the case of Xicheng, a decrease
in population by 2010. However, these four districts remained very dense,
between 19,000 and 32,000 people per square kilometer, much denser than
other districts in the urban area. The next ring of districts saw large popu-
lation increases, with Chaoyang and Haidian adding more than a million
people each. However, it was the next ring that saw the greatest increases in
urban land, with Changping, Daxing, Shunyi, and Tongzhou adding more
than 100 square kilometers each.

There are, of course, many large urban areas in China besides the three
megacities described above. Of particular note is the Hong Kong urban
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Map A.4 Urban expansion in the Beijing, China, urban area, 2000-10

HUAIROU

CHANGPING
SHUNYE

SANAE ‘Sanhe

YUTIAN
MENTOUGOU
IJINGSHAN =<

TONGZHOU

Regional View of
Coastal China
1: 70,000,000

FANGSHAN

DAXING,

10 Maps produced by University of Wisconsin-Madison, September 2013
[ Jilometers 1:750,000
N

I urban extent c 2000 Il urban expansion ¢ 2000-2010 e B nter

Administrative boundaries from University of Michigan - China Data Center

Note: In this map, only labeled areas are counted as part of the Beijing urban area.

area (in Hong Kong SAR, China) whose urban population density was far
greater than any other urban area of any size in East Asia: 33,200 people
per square kilometer in 2000, dropping slightly to 32,100 in 2010. Chongg-
ing is often erroneously described as the largest city in the world because
the province of Chongqing is administratively considered a municipality,
but in fact, only about a quarter of the population (about 5 million people)
are part of the urban area, which covers just 1 percent of the administrative
area of the municipality.

Figure A.9 expresses the amount of new built-up land in the five eco-
nomic regions of China as compared with the area of Manhattan, under-
scoring the pace and scale of new construction in China. It shows that,
for example, the Yangtze River Delta economic region (around Shanghai)
has built-up land equivalent to 88 times the area of Manhattan in just this
10-year period. The figure also shows population growth in these areas,
emphasizing that at the scale of the economic region, new construction has
far exceeded population growth.®
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Figure A.9 Change in population and built-up land in China’s five economic regions,
2000-10, compared with the population and area of Manhattan
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Indonesia

Indonesia is at a more advanced stage of urbanization than many of its
neighbors, but still experienced a vast amount of urban expansion and
urban population growth between 2000 and 2010. Indonesian cities have
bigh population densities, and densities continue to increase. The Jakarta
urban area remains dominant within Indonesia, but is bighly fragmented
administratively.

Indonesia has the third-largest amount of urban land in East Asia, after
China and Japan. Between 2000 and 2010, the amount of land in urban
areas in Indonesia increased from about 8,900 square kilometers to 10,000,
an increase of 1.1 percent each year. Whereas this represented among the
slowest average annual rates of increase in the region, it was still the second-
largest increase in absolute amount of urban land, after China. For com-
parison, the amount of new urban land in Indonesia was more than twice
that of the Philippines and three times that of the Republic of Korea.

Indonesia has the second-largest urban population in the region after
China—94 million people in 2010, an increase of 28 million since 2000.
This increase was also the second largest in the region after China. The
proportion of people in Indonesia in urban areas of more than 100,000
people increased from 31 percent in 2000 to 39 percent in 2010. Its rate of
urban population growth, 3.5 percent per year, was slightly higher than the
Philippines’ and China’s (both 3.3 percent), but lower than Vietnam’s (4.1
percent) and Malaysia’s (4.0 percent).

Despite the large amounts of new urban land in Indonesia, the country
has, in fact, been remarkably economical in its increase in urban land per
person. The amount of new urban land added per new urban resident dur-
ing the 2000-10 period was less than 40 square meters, which was the
smallest amount of any country in the region. This compares to about 135
square meters per person in Malaysia and 180 square meters in China.

Total urban population density (total urban population divided by total
urban land) increased sharply in Indonesia between 2000 and 2010, from
7,400 people per square kilometer to 9,400. This is the largest increase in
urban population density of any country in the region. Urban population
density in Indonesia is among the region’s highest, more than double that
of Malaysia or Thailand, though lower than that of the Republic of Korea
and the Philippines. This increase in urban density is not driven by just a
few densifying cities: 80 of the 83 urban areas studied in Indonesia showed
an increase in urban population density.”

Because of the large land mass of the Indonesian archipelago, urban
areas cover only 0.5 percent of its total land area, among the lowest in the
region. Even though most of the increase in built-up land, 88 percent, was
on arable land, this area amounted to just 0.3 percent of the total arable
land in the country.®

Jakarta, Indonesia’s capital, is one of the region’s megacities (fig-
ure A.10). Indonesia also contains 2 urban areas with total populations
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Figure A.10
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between 5 million and 10 million (Bandung and Surabaya), 18 of 1 million
to 5 million, 27 of 500,000 to 1 million, and 29 of 100,000 to 500,000.

Of these size categories, the greatest proportion of urban land is in
medium-sized urban areas: 27 percent is in urban areas of between 1 mil-
lion and 5 million people, followed by 18 percent in the 500,000 to 1 mil-
lion range (figure A.11). This is also roughly the same as those categories’
shares of urban population (26 percent and 16 percent, respectively). All
size categories of urban areas grew in population during 2000-10 at similar
rates of between 3.5 and 3.7 percent per year, and as a result, in absolute
terms the largest increase in population was in the category that already had
the largest population, that is, the 1 million to § million category, which
saw an increase of more than 9 million people (figure A.12).

Of the 21 urban areas in Indonesia with populations of more than 1
million people, only 4 are contained within a single administrative bound-
ary. Of the remainder, 9 are “spillover” urban areas, that is, more than 50
percent within one jurisdiction, but urban expansion has spilled over into
others; and 8 are “fragmented” urban areas, that is, no single jurisdiction
has more than 50 percent of the overall urban land in the urban area.

The province with the greatest amount of built-up land is East Java
(Jawa Timur), followed by West Java (Jawa Barat) and Central Java (Jawa
Tengah) (figure A.13). These provinces also have the highest urban popu-
lations. The province of Greater Jakarta (Jakarta Raya) had the highest
proportion of urban land (85 percent).

The island of Java remains the location of most of the urbanization in
the country (figure A.14). Some 75 percent of the urban land in Indonesia in
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Figure A.11 Indonesia: Urban land by Figure A.12 Indonesia: Urban
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Figure A.13 Indonesia: The 10 most urban provinces by land, 2000
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Figure A.14 Indonesia: Urban area by island group, 2000 and 2010
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2010, as well as almost 75 percent of the increase in urban land since 2000,
was on Java. Of the island’s land, 5.5 percent was urban, whereas less than
1 percent of the land on every other island or island group was urban. Java
had 80 percent of the urban population in the country, as well as the same
proportion of the urban population growth.

Even in an urbanized country like Indonesia, with its many large urban
areas, Jakarta remains extraordinary in a number of ways. In 2010, the
Jakarta urban area was home to more than 23 million people and covered
1,600 square kilometers. Excluding China, this makes it the second-largest
urban area in East Asia as measured by population, following the Tokyo
urban region, and the fifth largest spatially.

Population growth in the Jakarta urban area between 2000 and 2010
was higher than in any other urban area in East Asia excluding China.
Jakarta’s population increased by 7 million people between 2000 and 2010.
(By comparison, Ho Chi Minh City, the largest urban area in Vietnam, has
a total of 7.8 million people.) At this rate of growth (3.7 percent per year),
the population of Jakarta would double between 2000 and 2020. Another
notable fact about Jakarta is its density: it is the second-densest large (5 mil-
lion people and more) urban area in East Asia, after the urban area of Hong
Kong SAR, China. Its density increased from 12,200 persons per square
kilometer of urban land in 2000 to more than 14,600 in 2010. Jakarta is
also much denser than other urban areas in Indonesia. It has about 12 per-
cent of the country’s built-up land, but 20 percent of its urban population.
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The Jakarta urban area covers more than twice the area of its nearest
Indonesian competitor, Surabaya. It is also expanding faster than other
Indonesian urban areas: it grew by 1.8 percent per year, whereas the aver-
age rate of increase in all other urban areas in the country was 1.5 percent
per year.

Jakarta is a prime example of metropolitan fragmentation. The built-up
area of the Jakarta metropolitan region crosses 12 municipalities or regen-
cies in the provinces of Greater Jakarta (Jakarta Raya), Banten, and West
Java (Jawa Barat). As map A.5 shows, Greater Jakarta was already nearly
completely built up by 2000, and subsequent growth has occurred along
broad corridors toward the east, west, and south.

Although the Greater Jakarta province at the center of the metropoli-
tan region remains highly populated and economically important, the
distribution of urban land and population across the metropolitan region
highlights the need to look beyond this core. Only 37 percent of urban
land lies in Greater Jakarta, as of 2010, while 42 percent lies in West Java
province (Jawa Barat) (figure A.15). The individual municipality or regency
with both the largest amount of total urban land and the highest growth

Map A.5 Urban expansion in the Jakarta, Indonesia, urban area, 2000-10
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Figure A.15 Jakarta, Indonesia, urban Figure A.16 Jakarta, Indonesia, urban
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in urban land is Tangerang, which is in Banten province, again not in the
province of Greater Jakarta. Half of all new increase in built-up land took
place in West Java, and almost a third was in Banten, with the remainder in
Greater Jakarta province.

Less than half the population of the metropolitan area lives in Greater
Jakarta (figure A.16). The jurisdiction with the highest population, as well
as the one with the highest population growth between 2000 and 2010, was
Bogor in West Java (not including the municipality of Kota Bogor, which
is a distinct jurisdiction). Bogor added more than a million people during
this period.

The Bandung urban area in West Java and the Surabaya urban area in
East Java, as defined in this study, are Indonesia’s second- and third-largest
urban areas, with populations of 6.9 million and 6.1 million, respectively.
Bandung is far denser than Surabaya, but still not as dense as Jakarta. Band-
ung’s two municipalities, Kota Bandung and Cimahi, were already nearly
completely built up by 2000, and most of the urban growth has occurred
in the surrounding regency of Bandung. Although it is less dense than the
municipalities at the center, more than half of the urban land as well as
more than half of the urban population are in Bandung regency.

Surabaya is also a “fragmented” city like Jakarta (map A.6). Most of
its urban land and urban population are situated outside the boundaries
of the city of Surabaya, and most of the growth in urban land and popula-
tion occurred outside it as well, mostly in neighboring Gresik and Sidoarjo
regencies.
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Map A.6 Urban expansion in the Surabaya, Indonesia, urban area, 2000-10
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Japan

Japan is among the most bighly urbanized countries in East Asia. However,
urban expansion and urban population growth between 2000 and 2010
were among the slowest in the region. Tokyo, although an enormous urban
region covering 240 municipalities, lost its place as the largest urban area in
the world during this period.

Despite being only the sixth-largest country in East Asia in total land area,
Japan has the second-largest amount of urban land, after China: about
15,500 square kilometers in 2000, which increased to 16,200 square kilo-
meters in 2010. In 2010, 4.3 percent of the area of the country was part of
urban areas, the highest proportion of any in the region except Singapore
(and Taiwan, China). However, built-up area in Japan is increasing very
slowly. The rate of increase in built-up land, 0.4 percent a year, on average,
was the slowest rate in the region. Almost every urban area in the country
grew at less than 1 percent a year.

Japan had the third-largest urban population in the region (population
in urban areas of more than 100,000 people), after China and Indonesia,
67 million in 2000, increasing to 77 million in 2010. It had the most highly
urbanized population in the region with the exception of Singapore and
Taiwan, China. However, it also had one of the lowest rates of urban popu-
lation increase in the region, 1.4 percent a year.

With regard to urban population density, urban areas in Japan were
less dense than those in the region as a whole, on average, about 4,700
people per square kilometer in 2010, up from about 4,300 in 2000. Even
though wealthier countries are often thought to be associated with more
urban sprawl, urban population increases in Japan did not appear to result
in much urban expansion, with only about 60 square meters of new built-
up land per additional urban resident, which was among the lowest in the
region.

Japan has 2 megacities, the Tokyo urban area (32 million people in 2010)
and the Osaka-Kobe urban area (12 million). Most of the urban land and
urban population in the country was concentrated in these 2 urban areas
(figures A.17 and A.18). Japan also had 1 urban area with between 5 mil-
lion and 10 million residents, Nagoya; 4 between 1 million and 5 million;
14 between 500,000 and 1 million; and 38 between 100,000 and 500,000,
for a total of 59 urban areas with more than 100,000 people. Figures A.19
and A.20 show changes in urban land and urban population in the 25
largest urban areas in Japan.

The Tokyo urban area is usually listed as the largest in the world. How-
ever, it was overtaken between 2000 and 2010, in both area and popula-
tion, by the Pearl River Delta urban area in China (if the Pearl River Delta
is considered a single entity, incorporating Dongguan, Foshan, Guangzhou,

and Shenzhen).
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Figure A.17 Japan: Urban land by Figure A.18 Japan: Urban population
population size category, 2000 and 2010 by population size category, 2000 and
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Figure A.19 Japan: The 25 largest urban areas by built-up area, 2000 and 2010
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Figure A.20 Japan: The 25 largest urban areas by population, 2000 and 2010
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Tokyo is a famously large and administratively fragmented metropolis,
covering 240 municipalities in Tokyo and six other prefectures. In total, it
grew from approximately 5,400 square kilometers to 5,600 between 2000
and 2010, a very low growth rate of 0.2 percent a year. As of 2010, only
about 20 percent of this area was within Tokyo itself, with 24 percent in
Saitama Prefecture north of Tokyo, 19 percent in Kanagawa Prefecture
to the south, and 16 percent in Chiba Prefecture to the east. Of the 240
municipalities, only 24 encompass more than just 1 percent of the total
area. Yokohama, in Kanagawa Prefecture, is the municipality with the larg-
est proportion, yet it too has less than 7 percent of the total built-up area
of the urban area within it. Practically no urban growth occurred within
Tokyo proper. The small amount of growth in the urban area as a whole
was mostly to the north in Saitama Prefecture, as well as scattered further
afield in Gunma, Tochigi, and Chiba Prefectures (map A.7).

Despite having arguably lost its global first-place position during this
period, the Tokyo urban area still had an extremely large population by any
standard: 28 million people in 2000, increasing to 32 million in 2010. This
growth rate of 1.4 percent was slow compared with other East Asian urban
areas, but it did result in an addition of more than 4 million people in 10
years. About 38 percent of the population of the urban area lived in Tokyo
itself, while 21 percent lived in Kanagawa and 18 percent lived in Saitama.
The greatest increase in population, about 1.6 million, took place within
the jurisdiction of Tokyo. In the urban area as a whole, only 33 square
meters were built per additional urban resident, among the lowest amounts
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Map A.7 Urban expansion in the Tokyo, Japan, urban area, 2000-10
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anywhere in East Asia. Tokyo had the lowest urban population density
among any of the region’s megacity urban areas, about 5,700 people per
square kilometer in 2010.

The Osaka-Kobe urban area, which by this study’s definition includes
Kyoto, Kobe, and surrounding areas,’ is Japan’s second megacity. It com-
prised about 2,100 square kilometers in 2010, having almost ceased to
expand spatially, with negligible growth (about 25 square kilometers)
between 2000 and 2010 (map A.8). The average annual rate of growth,
0.1 percent, was the slowest of any urban area in East Asia of more than
5 million people. Both the Beijing and Shanghai urban areas became spa-
tially larger than the Osaka-Kobe urban area during this period.

Despite still being larger in area than other megacity in the region, such
as Jakarta, Manila, and Seoul, the Osaka-Kobe urban area has a smaller
population due to its lower population density. Its urban population grew
from 10.6 million people to 12.3 million between 2000 and 2010, an
increase of 1.4 percent a year. Although among the slower rates of urban
population growth of urban areas in the region, it significantly outpaced
its spatial growth, resulting in an increase in density from 5,200 people per
square kilometer to almost 6,000. However, this density was still lower



92 East Asia’s Changing Urban Landscape

Map A.8 Urban expansion in the Osaka, Japan, urban area, 2000-10
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than the average for the megacities in the region (7,300 people per square
kilometer).

Of the built-up area, 49 percent was located within Osaka Prefecture, 40
percent was in Hyogo Prefecture, and the remainder in Kyoto Prefecture.
The population was more concentrated within Osaka Prefecture, which
had 59 percent of the population, or 7.3 million residents. The municipality
of Osaka was home to more than 2 million people itself. Hyogo Prefec-
ture had 29 percent of the population, or 3.5 million people, with Kobe
municipality within it having more than a million people. The remaining
12 percent, or 1.5 million people, lived in Kyoto Prefecture, with Kyoto
municipality having more than a million inhabitants as well.
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The Republic of Korea

The Republic of Korea is at a relatively advanced stage of urbanization. Its
urban areas are still growing, but densities have stabilized. The Seoul urban
area, which is very densely populated, accounts for nearly half of the urban
land and 60 percent of the urban population of the country.

In geographic size, the Republic of Korea is one of the smallest countries
on the mainland of East Asia. It is also one of the most urbanized, with 2.5
percent of its total land area being built up in 2010, up from 2.2 percent in
2000 (compared with, for example, 0.9 percent of Vietnam and China or
0.5 percent of Indonesia in 2010). In absolute terms, the amount of urban
land increased from 2,200 square kilometers to 2,500 during this period.
At this relatively advanced stage of urbanization, this rate of urban growth
(1.3 percent a year) is not rapid compared with most East Asian countries,
slightly less than half the rate for the region as a whole.

Demographically, the Republic of Korea is one of the most urbanized
countries in the region, with 24 million people in 2000 and 27 million in
2010 living in urban areas with more than 100,000 people. As of 2010, it
had the fourth-largest urban population in the region, after China, Indone-
sia, and Japan. The Republic of Korea’s urban population density remained
the highest in the region, at 10,500 people per square kilometer in 2010.
Its urban population is growing at a rate similar to that of its built-up area,
1.2 percent a year. This has resulted in stable overall urban density, making
the Republic of Korea one of the few countries in East Asia in which urban
density is not increasing.

The Seoul urban area, one of the region’s megacity urban areas, is home
to almost 16 million people. The country also has three urban areas of
1 million to 5 million people, four of 500,000 to 1 million, and eight of
100,000 to 500,000, as of 2010. Figures A.21 and A.22 show the growth
in urban land and population in these urban areas between 2000 and 2010.

The Seoul urban area dominates the urban landscape of the Republic
of Korea (map A.9). Half of the urban land and 60 percent of the urban
population were located in Seoul in 2010 (figures A.23 and A.24). In spa-
tial extent, it grew 1.1 percent a year between 2000 and 2010, from about
1,100 square kilometers to 1,200. This rate of growth was slightly slower
than smaller urban areas in the country. During the same period, its popula-
tion also grew at the same rate, 1.1 percent a year, from 14.3 million people
to 15.9 million. The density of built-up areas of Seoul remained stable at
about 13,300 people per square kilometer (more than twice as dense as the
megacities of Japan). In 2000, Seoul was the densest megacity in the region,
but it was overtaken by the Jakarta urban area by 2010.

The Seoul urban area, defined according to built-up area to include parts
of Incheon and Gyeonggi-do, covers 59 districts, including 25 in the city
of Seoul itself. Although the built-up areas of Seoul are dense, they are not
all contiguous. Almost all the new growth (97 percent) occurred outside
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Figure A.21 The Republic of Korea: Urban areas by built-up area,
2000 and 2010
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Figure A.22 The Republic of Korea: Urban areas by population,

2000 and 2010
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Figure A.23 The Republic of Korea: Figure A.24 The Republic of Korea:
Urban land by population size category, Urban population by population size
2000 and 2010 category, 2000 and 2010
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the administrative region of Seoul itself, with the majority in Gyeonggi-
do, the surrounding province, mostly in the districts of Hwaseong to the
south of the city, and Paju and Gimpo to the north. Approximately half
of the population of the urban area (7.8 million in 2010) lived within the
city of Seoul. The districts within Seoul with the highest residential density
were Jungnang (with almost 64,000 people per square kilometer), Gan-
dong, and Yangcheon. Outside the boundary of Seoul, historic towns such
as Bucheon and Gwangmyeong form pockets of higher density within the
broader urban area.
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Map A.9 Urban expansion in the Seoul, Republic of Korea, urban area, 2000-10
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Lao People’s Democratic Republic

Although it remains one of the least urban countries in the region, Lao
PDR is starting to urbanize rapidly, with the highest rates of urban spatial
expansion and urban population increase in East Asia. Its urban popula-
tion more than doubled between 2000 and 2010. Vientiane, the capital, is
very small by East Asian standards, but it doubled in size and population
during this period. Urban population densities in Lao PDR were among the
lowest in the region.

Lao PDR had the third-smallest amount of urban land among the coun-
tries studied, after Papua New Guinea and Timor-Leste. According to the
figures in this study, the only urban area of more than 100,000 people was
the capital, Vientiane, which covered less than 0.1 percent of the total land
mass of the country. This was the second-lowest proportion of urban land
in East Asia after Mongolia. However, the increase in urban land during
this period, from 50 square kilometers in 2000 to 100 in 2010, was the fast-
est rate of increase of any country in the region, 7.3 percent a year.

The same applies to population: Lao PDR had the smallest urban pop-
ulation, but the highest rate of increase during this period. Estimates of
urban population in Lao PDR vary greatly,'® but when including only
urban areas with more than 100,000 people, Lao PDR’s urban population
is situated entirely within the Vientiane urban area, which more than dou-
bled from 134,000 (2.5 percent of the total population) in 2000 to 307,000
(5.0 percent) in 2010. This rate of urban population increase, 8.6 percent
a year, was far higher than in any other country in the region; the second
fastest was Cambodia at 4.4 percent. Lao PDR’s urban population density
was the second lowest in 2010 among the countries studied, after Brunei
Darussalam, but increased slightly during this period, from 2,800 people
per square kilometer to 3,200.

About a quarter of the urban area, as well as a quarter of the urban
expansion, around Vientiane was in Chanthabuly district, while Hadxai-
fong, Sikhottabong, Sisattanak, Xaythany, and Xaysetha each had between
10 percent and 20 percent of the urban land as well as the urban expansion
(map A.10).
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Map A.10 Urban expansion in Vientiane, Lao PDR, 2000-10
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Malaysia

Malaysia is among the more urbanized countries of East Asia, and its urban
population continues to increase rapidly. However, urban areas in Malay-
sia are among the least dense in East Asia. The Kuala Lumpur urban area
is one of the largest in the region as measured by area, but not as measured
by population.

Malaysia had the fourth-largest amount of built-up land in East Asia as of
2010. Its urban land grew from about 3,900 square kilometers to 4,600
between 2000 and 2010, an average annual growth rate of 1.5 percent,
which was lower than the 2.4 percent average for the region. However
the absolute amount of urban spatial expansion was among the highest in
the region, lower than only China, Indonesia, and Vietnam. Urban areas
covered approximately 1.4 percent of the total area of the country in 2010,
which was among the highest in the region.

In comparison with the other countries, a lower proportion of increase
in built-up land occurred on arable land (76 percent, as opposed to more
than 85 percent for most countries). However, it also lost a larger propor-
tion of its total arable land to built-up land during this period: 1.2 percent,
as opposed to 0.7 percent for the region as a whole.!!

The urban population of Malaysia (in urban areas of more than 100,000
people) increased during this period from 10.2 million (43 percent of the
total population) to 15.0 million (53 percent), making it among the more
urbanized countries and economies in the region in demographic terms,
after Japan, the Republic of Korea, and Singapore (and Taiwan, China).
However, because of its smaller total population, it had only the seventh-
largest urban population in absolute terms. The rate of urban population
growth, 4.0 percent a year, on average, was among the fastest in the region,
surpassed only by Lao PDR, Cambodia (both of which have much smaller
urban populations), and Vietnam.

Urban areas in Malaysia were, on average, among the least dense in East
Asia, with an overall urban population density of 3,300 people per square
kilometer in 2010, up from 2,600 in 2000, and lower than the regional
average of almost 5,800 people per square kilometer.

As of 2010, Malaysia had 19 urban areas with more than 100,000
people: 1 urban area of more than 5 million people (Kuala Lumpur), 2
between 1 million and 5 million people (George Town and Johor Bahru),
5 of 500,000 to 1 million people, and 11 urban areas of between 100,000
and 500,000 people.

As of 2010, the Kuala Lumpur urban area was the eighth largest in the
region, larger than some megacity urban areas like Jakarta, Manila, and
Seoul despite its smaller population. It grew from about 1,500 square kilo-
meters to 1,700 between 2000 and 2010 (figure A.25), an average annual
growth rate of 1.2 percent, which was among the lower growth rates for
urban areas of this size in the region.
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Figure A.25 Malaysia: Urban areas by built-up area, 2000 and 2010
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Despite being the eighth-largest urban area in size, because of its low
density, the Kuala Lumpur urban area was only the twenty-second largest
in population. The overall urban area grew from about 4.0 million inhabit-
ants in 2000 to 5.8 million in 2010 (figure A.26), a relatively high average
annual growth rate of 3.8 percent. It had a very low urban population
density, just 3,300 people per square kilometer in 2010, up from 2,600 in
2000. This was the lowest of any urban area of 5 million inhabitants and
above in East Asia, and the third lowest among the 131 urban areas with
more than 1 million inhabitants in the region (with the second lowest being
Johor Bahru, also in Malaysia).

For the purposes of this study, the Kuala Lumpur urban area includes
the administrative areas of Kuala Lumpur and Putrajaya, as well as the
eight surrounding districts of Selangor, and areas in and around Seremban.
The pattern of growth of the Kuala Lumpur urban area is fairly fragmented
and scattered, and during this period no major new corridors of growth
appeared. Much of the new growth was infill development, closing some of
the gaps between existing built-up areas (map A.11).

Johor Bahru saw rapid growth during this period, taking advantage of
its location immediately across a narrow strait from Singapore (map A.12).
Growing from 270 square kilometers to 420 between 2000 and 2010 (4.4
percent a year), it surpassed George Town and Ipoh to become the sec-
ond-largest urban area in the country. However, despite rapid population






APPENDIX B

Urban Expansion in East Asia, Excluding China,

2000-10

ecause of China’s large size and population, regional averages for East

Asia as a whole are often distorted by trends in China. Because Chinese
urbanization is unique in many ways, as discussed earlier in this report,
this appendix examines a few trends in urbanization in East Asia excluding
China.

The East Asia region excluding China had 41,000 square kilometers of
urban land in 2000, growing to 45,000 square kilometers in 2010, an aver-
age annual growth rate of 1.1 percent. Despite China’s large total area, a
higher proportion of its land was urbanized than in the rest of the region;
excluding China, 0.57 percent of total land was in urban areas in 2000,
increasing to 0.64 percent in 2010.

The total urban population of the region excluding China increased from
233 million in 2000 to 300 million in 2010, an average annual growth rate
of 2.5 percent. Thus, when China is excluded, the rate of urban popula-
tion growth is more than twice as high as the rate of urban spatial expan-
sion. The proportion of the region’s total population that is urbanized is
roughly similar when excluding China—31 percent in 2000 and 37 percent
in 2010—as it is when including China.

Trends by Country Income Group

The same proportion of China’s land is in urban areas as the average for
other upper-middle-income countries (0.7 percent in 2000 and 0.9 percent
in 2010). However, China’s population was slightly more urbanized than
the populations of the other upper-middle-income countries (Malaysia and
Thailand), which means that when China is excluded, a lower propor-
tion of the populations of upper-middle-income countries is urbanized (27
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Figure B.1 Proportion of urban

Figure B.2 Rate of urban spatial
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percent in 2010) than of the populations of lower-middle-income countries
(33 percent; figure B.1).

China’s rate of urban population growth was similar to that of other
upper-middle-income countries, but the rate of urban spatial expansion
was much lower in Malaysia and Thailand, meaning that when China is
excluded, the annual rate of spatial expansion is actually higher in lower-
middle-income countries (1.7 percent) than in upper-middle-income coun-
tries (1.5 percent; figure B.2).

Trends by Urban Area

China has 15 of the 25 largest urban areas in East Asia by land area. When
China is excluded, Indonesia has 6 of the largest 25, followed by 5 in Japan
and 4 in Malaysia (figure B.3). China has 12 of the top 25 largest urban
areas by population. When China is excluded, Indonesia has 8 of the largest
25, while Japan has 4, and the Republic of Korea and Taiwan, China, have
3 each (figure B.4).

Trends by Size Categories

When China is excluded, the relative importance of different size categories
changes significantly. In the rest of East Asia, the five megacities then have
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Figure B.3 East Asia, excluding China: The 25 largest urban
agglomerations by Area, 2000 and 2010
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the largest amount of urban land (11,700 square kilometers), far more than
the 157 urban areas in the smallest size category (7,600 square kilometers;
table B.1 and figure B.5). However, the rate of growth of the megacities is
less than half that of urban areas in the next category, with urban areas of
5 million to 10 million people. Thus, although the overall proportion of
land in the different size categories remained almost stable between 2000
and 2010, there was a small shift in proportion away from the megacities
toward this second category.

Outside China the megacities also dominate population, even though the
megacities are growing more slowly than urban areas in other categories
(figure B.6 and table B.2).
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Figure B.4 East Asia, excluding China: The 25 largest urban
agglomerations by population, 2000 and 2010
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Density

Urban population densities in the rest of East Asia were higher than in
China. On average, the total urban population density in the rest of the
region was about 5,800 people per square kilometer in 2000 and 6,600 peo-
ple per square kilometer in 2010. When Chinese urban areas are excluded,
megacities remain the densest, but urban areas in the middle category, with
1 million to § million people, are more dense, on average, than urban areas
with 5 million to 10 million residents (figure B.7). Because China’s urban
areas were denser than those in the other upper-middle-income countries
(Malaysia and Thailand), the average density of urban areas in upper-
middle-income countries decreases from 5,200 people per square kilometer
to 3,700 when China is excluded.
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Table B.1 Urban land by population size category, excluding China
Proportion

of total Average
Population Total Urban land Increase in naand annual rate
size number (sq. km) urban land, (%) of urban
category of urban 2000-10 expansion
(millions) areas 2000 2010 (sg. km) 2000 2010 (%)
10 or more B 10,911 11,709 798 26.7 25.6 0.7
5-10 8 7911 9,237 1,327 19.3 20.2 1.6
1-5 37 8,209 9,259 1,051 20.1 20.2 1.2
0.5-1 62 7,146 8,010 863 175 175 1.1
0.1-0.5 157 6,740 7,595 854 16.5 16.6 1.2
Total 269 40,917 45,810 4,893 100 100 1.1

Source: Study team, incorporating WorldPop data, http://www.worldpop.org.uk/data/.
Note: Numbers may not add to totals because of rounding.

Figure B.5 Urban land by population
size category, excluding China, 2000
and 2010

Figure B.6 Urban population by
population size category, excluding
China, 2000 and 2010
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Metropolitan Fragmentation

Urban areas outside China display more metropolitan fragmentation and
spillover beyond local administrative boundaries. When China is included,
60 percent of the urban areas in the region are “contained,” and 24 percent
are “spillover” urban areas. However, when China is excluded, there are
more spillover urban areas (41 percent) than contained urban areas (38
percent). When China is excluded, the proportion of “fragmented” urban
areas increases from 15 percent to 21 percent.
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Table B.2 Urban population by population size category, excluding China

Profptm;titl)n Average
Increase CLALLE annual rate
. urban .
Urb lati in urban lati of increase
! a(n F_)Ill)_PU E; fon population, pop(l:)/a) fon in urban
Population size ITIONS 2000-10 ° population
category (millions) 2000 2010 (millions) 2000 2010 (%)
10 or more 81.10 99.91 18.81 34.7 33.3 2.1
5-10 42.41 55.83 13.42 18.2 18.6 2.8
1-5 50.15 65.68 15.53 21.5 21.9 2.7
0.5-1 32.97 43.65 10.68 14.1 14.5 2.8
0.1-0.5 26.85 35.21 8.36 11.5 1.7 2.7
Total 233.48 300.28 66.80 100 100 25

Source: Study team, incorporating WorldPop data, http://www.worldpop.org.uk/data/.
Note: Numbers may not add to totals because of rounding.

Figure B.7 Urban population density by population size category,
excluding China, 2000 and 2010
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APPENDIX C

Methodologies and Accessing the Data

Methodologies

Mapping Built-Up Areas

To create maps of built-up extents throughout the region, change-detection
methods were applied to analyze Moderate Resolution Imaging Spectrora-
diometer (MODIS) satellite data (Mertes and others, forthcoming). These
maps rely on a geophysical definition of built-up areas: built-up land refers
to places dominated by the “built environment,” which includes all nonveg-
etative, human-constructed elements (roads, buildings, and the like) with
greater than 50 percent coverage of a landscape unit (here, a 250 meter
pixel, that is, a square area of land with sides measuring 250 meters). The
maps of urban expansion were produced using multiple classifications of
MODIS time series imagery. To establish potential locations of urban land,
the study region was first established by merging all city point data (table
C.1) and the 2000 MODIS map of urban extent (Schneider, Friedl, and
Potere 2010), and buffering these areas by 100 kilometers. The 2010 urban
extent was classified within these areas using a three-year window of imag-
ery, an optimization algorithm that prioritized cloud-free data at the city
level, advanced data-mining algorithms (boosted decision trees [Quinlan
1993]) supplied with exemplars from interpretation of very high resolu-
tion Google Earth imagery, and a data fusion approach that combined
250-meter enhanced vegetation index (EVI) data and 500-meter multispec-
tral satellite data. It was assumed that all urban expansion was unidirec-
tional (that is, that land could only change from not built up to built up,
and not vice versa), so a multidate composite change-detection technique
was applied to areas within the 2010 urban extent. Ten years of EVI data
(2001-10) were used as input to a boosted decision tree to map (1) stable
urban areas and (2) areas that developed between 2000 and 2010.!
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Table C.1 City point location information

Location Data set Producer Citation Notes

Global GRUMP city CIESIN, IFPRI, Center for International Earth Point data set
points CIAT Science Information Network of 67,935 cities,

(CIESIN), Columbia Universi- towns, and
ty; International Food Policy settlements
Research Institute (IFPRI);

World Bank; and Centro

Internacional de Agricultura

Tropical (CIAT) (2004) Global

Rural-Urban Mapping Project

(GRUMP): Settlement points,

2000. http://sedac.ciesin.

columbia.edu.

Global Urban areas UN Department  United Nations (UN) Depart- Point data set
with >750,000 of Economic ment of Economic and Social of 633 cities
inhabitants, and Social Affairs Population Division of more than
201 Affairs Popula- (2013) Urban areas with 750,000 per-

tion Division >750,000 inhabitants in 2011. sons
http://esa.un.org/unup/
GIS-Files/gis_1.htm.
Global Universe of Angel, Lincoln Angel (2012) Point data
cities Institute of set of 3,943
Land Policy cities of more
than 100,000
persons

China Chinese city Chinese Chinese Academy of Point data set

point data Academy of Sciences (2011) Beijing, of 664 cities
Sciences China.

Global Google Earth Google Google Earth Pro v7.1.2 City point
populated (2013) Layers: populated location used
places places. http://www.google. to verify,

com/earth. geolocate, and
update city
points

Global MODIS University of Schneider, Friedl, and Map of 88,578
500-meter Wisconsin- Potere (2010) urban patches
map of global Madison greater than

urban extent

1 square
kilometer
used to verify,
geolocate, and
update city
points

Source: Study team.
Note: MODIS = Moderate Resolution Imaging Spectroradiometer. All data sets were synthesized and cross-

checked to produce a point data set of 1,448 cities in East Asia. This information was later used to develop the
urban area boundaries used for assessment of urban trajectories.

Assessing Accuracy

The final maps were assessed using a stratified random sample of more
than 8,600 sites labeled by multiple analysts in a double-blind procedure.
Overall accuracy measures for the maps at the country level range between
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79 percent and 93 percent for urban extent and between 70 percent and 91
percent for urban expansion, confirming their suitability for this analysis
(Mertes and others, forthcoming).

Map accuracy was examined using a two-tiered approach. The proce-
dure allows each land cover class to be evaluated in a manner consistent
with the data and methodology used given that the classification was also
performed in two stages. The quality of the 2010 urban extent was assessed
(tier one), then the urban expansion map accuracy was evaluated (tier two).
In tier one, only urban and nonurban classes were evaluated. In tier two,
only areas within the 2010 urban extent were considered, to assess the
urban and urban expansion classes.

The tier one test sites were assessed in Google Earth using high-
resolution data (< 4 meters) in a double-blind assessment procedure by a
team of photo-interpretation analysts. A final review of all sites was con-
ducted for quality control and to assign labels (designating built up vs. not
built up) in instances in which analysts disagreed. The overall accuracy of
the 2010 map of urban extent (tier one) was 84 percent (kappa = 0.62),
and was fairly consistent across countries (ranging from 79 percent to 93
percent) (table C.2). Producer’s accuracy (the probability that an urban
pixel known to be urban is labeled urban in the map) for the urban class
was high for the region (85 percent), indicating that urban areas were well
captured, with few errors of omission (table C.2). At 64 percent, the user’s
accuracy (the probability that an urban pixel in the map will be urban if
visited on the ground) for the region was reasonable, but suggests that
map errors were predominantly the result of commission errors in which
nonurban areas were mislabeled as urban land. As a result, the total urban
land area may have been overestimated in some locations, particularly the
Lao People’s Democratic Republic, Malaysia, and Thailand, where user’s
accuracies were less than 61 percent.

The tier two assessment was designed to evaluate the accuracy of the
urban expansion maps. Because the spectral and temporal signatures of
urban areas and urban expansion vary considerably across tropical, tem-
perate, and arid regions, as well as across political boundaries (Small and
Lu 2006), country boundaries and a biome stratification were used to dis-
tribute samples across the region. Once the sample distribution was estab-
lished, sites were selected at random from the buffered city point data using
the MODIS raster grid. Each site then corresponds to a 250-meter MODIS
pixel, corresponding to the data used for the change detection. Following
the same procedure as the tier one assessment, each site was assessed in
Google Earth and assigned one of three labels: urban land, urban expan-
sion, or nonurban land. The overall accuracy for the tier two urban expan-
sion maps is 75 percent (kappa = 0.36), slightly lower than the overall 2010
(tier one) accuracy (table C.3).2 More-developed locations (for instance,
Japan; the Republic of Korea; and Taiwan, China) generally have higher
accuracies (more than 80 percent) than other locations likely because of low
growth rates in these highly urbanized places. These locations also largely
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Table C.2 Tier one accuracy assessment results for the urban class

Tier one accuracy Test sites
(%) (number)

Country/economy Overall? Producer’s® User’s® Total Urban®
Myanmar 93 100 68 95 15
Korea, Dem. People’s Rep. 93 88 64 67 8
Korea, Rep. 91 71 81 215 41
Lao PDR 90 100 60 21 4
Cambodia 89 89 89 18
Thailand 87 73 58 324 51
Japan 86 91 74 563 185
Philippines 86 94 62 227 48
Indonesia 85 84 66 529 132
Singapore 85 89 80 20 9
Vietnam 85 77 68 209 53
China 83 85 62 4,034 1,042
Taiwan, China 80 0 5 0
Malaysia 79 97 60 201 63
Region 84 85 64 6,528 1,660

Source: Study team.
Note: Cells left blank

indicate there were no expansion sites drawn in the sample.

a. The average accuracy for the urban class.
b. Reference-based accuracy. This measure assesses the probability that an urban pixel known to be urban is

labeled urban in the
pixels from the map
c. Map-based accura

map. Lower accuracy in this category indicates that the errors are due to omitting urban
(for example, labeling an urban pixel as nonurban).
cy. This measure assesses the probability that an urban pixel in the map will be urban if

visited on the ground. Lower accuracy in this category indicates that the error is from labeling a nonurban pixel

as urban.

d. Number of test sites in sample (urban and nonurban).
e. Number of test sites in sample that are urban. This number can help interpret very low or high producer’s or
user’s accuracy (smaller sample indicates errors are more likely due to chance).

fall into temperate and forest biomes, which tend to have higher accuracy
than drier arid and semi-arid areas. This result is related to the spectral and
temporal signatures of the EVI data used for change detection, given that
peak EVI in arid regions may be quite similar before and after change (that
is, land outside the city that is spectrally bright and sparsely vegetated is
converted to spectrally bright urban land).

Mapping Population Distribution

The population maps were produced as part of the AsiaPop project (subse-
quently a part of WorldPop; see acknowledgments), with which this study
worked closely. For each study country, census-derived population counts
reported at as fine an administrative level as available were assembled for
the 2000 and 2010 rounds of censuses, when possible. In some cases, if a
census was not undertaken for a representative period, or the data were
not available, population estimates from government sources were used.
For each case in which the 2000 and 2010 censuses for countries were
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Table C.3 Tier two accuracy assessment, by country

Tier two accuracy Test sites
(%) (number)
Country/economy Overall Producer’s? User's® Total® Expansion®
Japan 91 100 17 243 5
Korea, Dem. People’s Rep. 90 0 20 0
Taiwan, China 86 71 50 28 &
Mongolia 85 0 20 0
Korea, Rep. 82 71 59 40 10
Lao PDR 80 75 86 20 7
Singapore 80 75 86 20 2
Indonesia 79 36 36 148 1
Malaysia 79 8 100 67 1
Philippines 78 100 33 36 5
Cambodia 75 71 71 20 7
Myanmar 75 33 50 20 2
Thailand 74 33 20 39 5
China 71 64 51 1,324 166
Vietnam 70 53 80 43 15
Region 75 61 50 2,086 419

Source: Study team.

Note: Cells left blank indicate there were no expansion sites drawn in the sample.

a. Reference-based accuracy. This measure assesses the probability that an urban expansion pixel known to be
new urban land is labeled correctly on the map. Lower accuracy in this category indicates that the errors are due
to the omission of urban expansion pixels from the map (for example, labeling an urban expansion pixel as
urban).

b. Map-based accuracy. This measure assesses the probability that an urban expansion pixel in the map will be
urban expansion (for example, new urban land 2000-10) if visited on the ground. Lower accuracy in this
category indicates that the error is from labeling an urban pixel as urban expansion.

c. Number of test sites in sample (urban and urban expansion).

d. Number of test sites in sample that are new urban land (urban expansion 2000-10). This number can help
interpret very low or high producer’s or user’s accuracy (smaller sample indicates errors are more likely due to
chance).

undertaken not exactly in 2000 or 2010, UN growth rates were used to
adjust population totals to match 2000 or 2010 estimates (United Nations,
Department of Economic and Social Affairs, Population Division, 2012).
Geographic information system (GIS) administrative boundary files for
each country for 2000 and 2010 were also assembled. The census (and
other) population counts for each administrative boundary were matched
to the corresponding units to create spatial representations of the 2000 and
2010 population count data at as high an administrative-unit level for each
country as possible.

These administrative-unit-level population data were then disaggre-
gated to approximately 100 meter by 100 meter grid cell estimates using
the modeling procedures outlined in Tatem and others (2007), Linard and
others (2012), and Gaughan and others (2013), and full details on the map-
ping approach can be found in these papers. In brief, the 2000 and 2010



138 East Asia’s Changing Urban Landscape

MODIS-derived built-up extents described above were integrated with
detailed land cover data derived from the “Landsat” remote sensing project
run by the U.S. Geological Survey and NASA. These refined land cover
data sets were then combined with land cover-based population density
weightings derived from exceptionally fine resolution census data, and used
to disaggregate the administrative-unit-level population counts to the 100
meter by 100 meter grid.

The population distribution maps used publicly available census data.
They are more reliable for places where the available census data were
highly disaggregated relative to the size of a settlement, that is, where cen-
sus units are small, as in Vietnam, and for larger urban areas. Where the
available census figures were for administrative units that are much larger
than urban areas, for example, in Mongolia and parts of Indonesia, esti-
mates of urban populations relied more heavily on modeling.?

Defining Urban Areas

As noted earlier, in this study an urban area was not defined according to
the local administrative boundary alone. So where is an urban area consid-
ered to end? Strict contiguity cannot be the deciding factor because urban

Map C.1 Urban expansion in Hanoi, Hai Phong, and Ha Long, Vietnam, 2000-10

Regional View of Vietnam
1:25,000,000

10 Maps produced by University of Wisconsin-Madison, August 2013
[ Jilometers 1:750,000
I Urban extent ¢ 2000 M Urban expansion ¢ 2000-2010

Albers equal-area conic projection

A
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Map C.2 Urban expansion in Hanoi, Hai Phong, and Ha Long, Vietnam, 2000-10
(with provincial boundaries)

Regional View of Vietnam
1:25,000,000
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areas are often physically broken up by natural or other obstructions but
still function as unified economic, social, or political entities. A number of
standardized methods for defining urban areas were considered, for exam-
ple, including areas within some predefined radius from the city center, or
thresholds for proportion of built-up area or density. However, given the
variety in size, form, and rate of expansion among the hundreds of urban
areas examined, and the absence of supplementary information at this scale
(such as commuting patterns, job locations, industrial location, and the
like), none of these standardized formulas would have resulted in satisfac-
tory definitions across countries and settlement sizes, given the input data.
Instead, each urban area was considered individually, and administrative
units were “hand-selected”; within these administrative units, all built-up
area would be considered part of the urban area.

Maps C.1 through C.3, of the Red River Delta in Vietnam, illustrate how
this study defines the physical extents of urban areas. As with all the maps
included in this report, gray represents built-up areas in 2000, and red rep-
resents areas that were built up between 2000 and 2010. Map C.1 shows
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Map C.3 Urban expansion in Hanoi, Hai Phong, and Ha Long, Vietnam, 2000-10
(with district boundaries)

Regional View of Vietnam
1:25,000,000

N

Maps produced by University of Wisconsin-Madison, August 2013
1:750,000

Albers equal-area conic projection

Administrative boundaries from GADM, levels 2 and 3

] 10
A [—_—kilometers
N

I urban extent ¢ 2000 M urban expansion ¢ 2000-2010

the pattern of built-up areas in this part of the country, which includes the
cities of Hanoi, Hai Phong, and Ha Long. There are also hundreds of small
pockets of settlement, some of which, arguably, may be considered part of
the greater urban areas around these cities.

How are these built-up areas grouped into distinct urban areas? Over-
laying this map with provincial boundaries, as in map C.2, does not yield
satisfactory definitions. Hanoi and Hai Phong are provincial-level cities, but
their urban extents appear to spill over into neighboring provinces.

For the purposes of this analysis, we further overlaid district-level
boundaries (map C.3), which provided units of analysis that could then be
grouped together. Those districts that appeared to belong to an urban area
around Hanoi were selected. These districts included a group of districts
to the west, belonging to four provinces besides Hanoi itself. All the pixels
identified as built-up within these districts (the grey ones for 2000 and both
the red and the grey for 2010) were included in this study’s definition of the
Hanoi urban area.

Similarly, the extents of the urban area of Shanghai are difficult to isolate
from the broader network of urbanization surrounding it. On one hand,
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Map C.4 Urban expansion in the Shanghai, China, urban area, 2000-10
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it is clear from map C.4 that looking only at the administrative area of
Shanghai (within the thicker grey boundary to the east of the map) does
not take into account urban areas immediately adjacent, which are use-
ful to think of as belonging to the same urban area. On the other hand,
it is not helpful to consider this entire part of coastal China as one urban
entity. For the purposes of this analysis, several districts of Shanghai, along
with Suzhou district and the counties of Kunshan, Taicang, and Wujiang in
Suzhou Prefecture, were included as part of the Shanghai urban area.

Most urban areas are easier to define than these. Given that these defini-
tions may not suit everyone, the data used for the analysis in this report are
being released publicly, so that others may experiment with definitions and
analysis that fit their purposes.

Accessing the Data

This report summarizes the findings of this study, but an equally impor-
tant output of this effort is the underlying spatial data, which we hope will
allow other teams of researchers to combine information on urban extents
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Figure C.1 Screenshot of the World Bank’s PUMA tool for exploring urban spatial data
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Note: PUMA = Platform for Urban Management and Analysis.

and populations with other data sources. For example, the maps of urban
expansion can be combined with layers showing disaster risk vulnerability,
locations of government investments and policies, transport networks, and
a practically unlimited number of other types of information that might not
be foreseen today.

To facilitate such efforts, all the data produced for this study are being
publicly released at puma.worldbank.org, both through an interactive
online mapping tool called Platform for Urban Management and Analysis
(PUMA), which allows users with no GIS training to view the data, as well
as in the form of downloadable GIS files and spreadsheets.

Notes

1. Because missing observations frequently occur within or near cities due
to cloud cover, three full years of monthly satellite data were selected for
each time point (2000-2002 for circa 2000 data, and 2008-2010 for
circa 2010 maps). While the input data covered multiple years, feature
selection, testing, and analysis were all conducted using year 2000 and
2010 data (Mertes and others, forthcoming).

2. This is as expected because change events are rare, particularly at conti-
nental scales, and are thus consistently mapped with lower accuracy than
stable areas in land cover mapping efforts (Strahler and others 2006). In
addition, some of the errors counted in the tier one accuracy assessment
are also reflected in the tier two results. After removing sites mislabeled
as nonurban land from the tier two sample, accuracies increase 5 percent
to 15 percent depending on location.

3. For example, for urban areas in Indonesia that do not have their own
municipal boundaries, the smallest available census unit is the large sur-
rounding regency. As a result, the proportion of the population that is
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urban can only be modeled, that is, estimated using a formula. Popula-
tion data for such urban areas, for example, Garut and Tasikmalaya,
should be used with caution.
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Table D.1 Changes in urban land, population, and density by country

Average
Total Total annual
urban urban rate of
Increase land, as a land, as a increase
Area within Urban Urban in urban share of share of in urban
administrative land,? land,? land, totalland  total land land,
boundary? 2000 2010 2000-10 area, 2000 area, 2010 2000-10
Country (sg. km) (sg. km) (sg. km) (sg. km) (%) (%) (%)
Brunei Darussalam 5,765 144 180 36 2.5 3.1 2.2
Cambodia 181,354 107 164 56 0.1 0.1 4.3
China 9,453,309 65,741 89,389 23,647 0.7 0.9 3.1
Indonesia 1,890,973 8,939 10,013 1,075 0.5 0.5 1.1
Japan 372,468 15,539 16,165 626 4.2 4.3 0.4
Korea,

Dem. People’s Rep. 122,755 306 321 15 0.2 0.3 0.5
Korea, Rep. 100,229 2,233 2,539 306 2.2 2.5 1.3
Lao PDR 229,878 48 97 49 0.0 0.0 7.3
Malaysia 329,424 3,924 4,572 648 1.2 1.4 1.5
Mongolia 1,566,250 210 271 61 0.0 0.0 2.6
Myanmar 670,747 762 828 66 0.1 0.1 0.8
Papua New Guinea 462,840 43 44 1 0.0 0.0 0.3
Philippines 295,988 1,779 2,257 479 0.6 0.8 2.4
Singapore 755 337 404 66 44.6 53.4 1.8
Taiwan, China 36,224 1,690 1,938 247 4.7 5.3 1.4
Thailand 514,093 2,359 2,705 346 0.5 0.5 1.4
Timor-Leste 15,007 28 28 0 0.2 0.2 0.0
Vietnam 328,385 2,208 2,924 716 0.7 0.9 2.8
Total 16,576,445 106,397 134,838 28,441 0.6 0.8 2.4

Source: Study team, incorporating WorldPop data, http://www.worldpop.org.uk/data/.
Note: Numbers may not add to totals because of rounding.
a. Administrative boundary data provided by GADM (2013); Myanmar Information Management Unit (2013); and the
University of Michigan China Data Center (2013).
b. Maps of urban expansion produced by A. Schneider and team, University of Wisconsin—-Madison, 2013, at a 250-meter
resolution. In the underlying maps, pixels containing at least 50 percent constructed surfaces are considered built up.

Urban land refers to built-up land in urban areas of 100,000 people and more.
c. Population data were taken from AsiaPop population distribution maps for built-up areas within the urban expansion
map. Urban population refers to population mapped to urban land as defined in note b.
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Urban

Average Average Average expansion
annual urban urban per

rate of population population additional

Change change density, density, urban
Urban Urban in urban of urban 2000 2010 inhabitant
population,® population,® population, population (persons/ (persons/ (sq. m/
2000 2010 2000-10 (%) sq. km) sq. km) person)

155,900 230,300 74,400 4.0 1,079 1,278 481
917,645 1,405,381 487,736 4.4 8,546 8,596 115
345,844,670 477,232,691 131,388,021 3.3 5,261 5,339 180
66,555,373 94,329,271 27,773,898 3.5 7,446 9,421 39
66,510,957 76,527,309 10,016,352 14 4,280 4,734 63
2,623,722 2,918,281 294,559 1.1 8,566 9,081 51
23,629,279 26,682,593 3,053,314 1.2 10,584 10,51 100
134,290 307,044 172,754 8.6 2,809 3,167 284
10,154,126 14,959,677 4,805,551 4.0 2,588 3,272 135
631,407 926,999 295,592 3.9 3,008 3,419 207
4,696,086 6,214,646 1,518,560 2.8 6,163 7,510 43
190,406 233,051 42,645 2.0 4,428 5,274 28
16,829,863 23,280,178 6,450,315 3.3 9,463 10,314 74
2,539,073 3,412,239 873,166 3.0 7,529 8,457 76
13,368,812 14,319,702 950,890 0.7 7,909 7,391 260
9,336,866 11,750,518 2,413,652 2.3 3,958 4,344 143
115,901 180,734 64,833 4.5 4,085 6,369 0
15,088,917 22,597,771 7,508,854 4.1 6,835 7,729 95

579,323,293 777,508,385 198,185,092 3.0 5,445 5,766 144




148 East Asia’s Changing Urban Landscape

Figure D.1 Changes in urban land and population by country, 2000-10
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Table E.1 Changes in urban land, population, and density in urban areas with more than
1 million people

Average
annual
rate of

Increase increase
Urban Urban in urban in urban
Rank by land,? land,? land, land,
2010 urban 2000 2010 2000-10 2000-10
population Urban area name Country/economy (sg. km) (sq. km) (sg. km) (%)
Urban areas with more than 10 million people in 2010
1 Pearl River Delta urban area China 4,478 6,969 2,491 4.5
2 Tokyo urban area Japan 5,434 5,670 136 0.2
3 Shanghai urban area China 1,605 3,482 1,877 8.1
4 Jakarta urban area Indonesia 1,338 1,600 262 1.8
5 Beijing urban area China 1,827 2,716 889 4.0
6 Manila urban area Philippines 1,024 1,275 251 2.2
7 Seoul urban area Korea, Rep. 1,067 1,192 124 1.1
8 Osaka urban area Japan 2,047 2,073 25 0.1
Subtotal 18,820 24,876 6,056 2.8
Urban areas with 5 million to 10 million people in 2010
9 Bangkok urban area Thailand 1,910 2,126 216 1.1
10 Tianjin urban area China 1,127 1,655 528 3.9
1 Shantou urban area China 980 1,207 227 2.1
12 Chengdu urban area China 605 1,069 464 5.9
13 Ho Chi Minh City urban area  Vietnam 549 815 266 4.0
14 Nagoya urban area Japan 1,772 1,882 110 0.6
15 Wuhan urban area China 713 945 232 29
16 Hong Kong SAR urban area China 201 219 18 0.9
17 Bandung urban area Indonesia 433 512 78 1.7
18 Shenyang urban area China 816 1,035 219 2.4
19 Taipei City urban area Taiwan, China 477 587 110 2.1
20 Hangzhou urban area China 518 1,318 800 9.8
21 Surabaya urban area Indonesia 644 726 82 1.2
22 Kuala Lumpur urban area Malaysia 1,541 1,739 199 1.2
23 Xi'an urban area China 476 735 260 4.5
24 Hanoi urban area Vietnam 584 851 266 3.8
25 Chonggqing urban area China 328 593 265 6.1
Subtotal 13,673 18,013 4,340 2.8
Urban areas with 1 million to 5 million people in 2010
26 Quanzhou urban area China 643 924 281 3.7
27 Nanjing urban area China 241 448 208 6.4
28 Xiamen urban area China 493 777 284 4.6

29 Taiyuan urban area China 561 728 167 2.6
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Urban
Average Average Average expansion
annual urban urban per
rate of population population additional
Change change density, density, urban
Urban Urban in urban of urban 2000 2010 inhabitant Administrative
population,® population,® population, population (persons/ (persons/ (sq. m/ boundary
2000 2010 2000-10 (%) sq. km) sq. km) person) arrangement®
26,835,836 41,757,816 14,921,980 4.5 5,993 5,992 167 Fragmented
27,695,526 31,788,261 4,092,735 14 5,097 5,707 33 Fragmented
14,020,969 24,196,318 10,175,349 5.6 8,735 6,949 184 Fragmented
16,291,976 23,431,674 7,139,698 3.7 12,174 14,643 37 Fragmented
10,754,014 16,707,094 5,953,080 4.5 5,887 6,151 149 Fragmented
12,202,314 16,521,948 4,319,634 3.1 11,916 12,958 58 Fragmented
14,277,211 15,898,238 1,621,027 1.1 13,378 13,342 77 Fragmented
10,637,811 12,273,967 1,636,156 14 5,196 5,922 16 Fragmented
132,715,657 182,575,316 49,859,659 3.2 7052 7,339 121
7,825,880 9,655,372 1,729,492 2.0 4,098 4,495 125 Fragmented
6,266,363 8,788,168 2,521,805 3.4 5,561 5,311 209 Fragmented
6,692,103 8,458,895 1,766,792 2.4 6,826 7,006 128 Fragmented
4,636,284 8,323,450 3,687,166 6.0 7,662 7,787 126 Fragmented
5,309,190 7,761,835 2,452,645 3.9 9,671 9,528 108 Fragmented
6,368,802 7426,344 1,057,542 1.5 3,594 3,946 104 Fragmented
5,474,500 7,342,134 1,867,634 3.0 7677 7,768 124 Fragmented
6,665,000 7,024,200 359,200 0.5 33,232 32,129 50 Contained
4,797,409 6,946,592 2,149,183 3.8 11,068 13,571 36 Spillover
5,842,383 6,904,495 1,062,112 1.7 7162 6,673 206 Fragmented
6,203,242 6,640,562 437,320 0.7 13,001 11,309 252 Fragmented
3,464,101 6,386,447 2,922,346 6.3 6,687 4,844 274 Spillover
4,395,779 6,104,808 1,709,029 3.3 6,822 8,410 48 Fragmented
3,972,896 5,750,078 1,777,182 3.8 2,579 3,306 12 Fragmented
4,187,660 5,736,306 1,548,646 3.2 8,806 7,801 168 Fragmented
3,534,648 5,642,882 2,108,234 4.8 6,049 6,634 126 Fragmented
3,347,836 5,035,794 1,687,958 4.2 10,218 8,497 157 Fragmented
88,984,076 119,828,362 30,844,286 3.0 6,508 6,652 141
3,451,403 4,789,766 1,338,363 3.3 5,368 5,184 210 Fragmented
2,837,423 4,505,328 1,667,905 4.7 11,798 10,051 125 Fragmented
2,342,286 4,267,814 1,925,528 6.2 4,747 5,491 147 Fragmented
3,162,224 4,243,100 1,080,876 3.0 5,637 5,830 154 Fragmented

(Table continues next page)
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Table E.1 Changes in urban land, population, and density in urban areas with more than
1 million people (continued)

Average
annual
rate of

Increase increase
Urban Urban in urban in urban
Rank by land,? land,? land, land,
2010 urban 2000 2010 2000-10 2000-10
population Urban area name Country/economy (sg. km) (sq. km) (sg. km) (%)
30 Qingdao urban area China 690 804 114 1.5
31 Medan urban area Indonesia 438 456 18 0.4
32 Harbin urban area China 446 533 87 1.8
33 Zhengzhou urban area China 244 404 161 5.2
34 Changsha urban area China 249 444 195 5.9
35 Hefei urban area China 217 406 188 6.4
36 Anshan urban area China 718 848 130 1.7
37 Dalian urban area China 493 550 57 1.1
38 Changchun urban area China 614 767 153 2.3
39 Yangon City urban area Myanmar 371 390 19 0.5
40 Singapore urban area Singapore 337 404 66 1.8
a1 Shijiazhuang urban area China 447 496 49 1.1
42 Fuzhou urban area China 368 525 156 3.6
43 Kunming urban area China 307 445 138 3.8
44 Busan urban area Korea, Rep. 240 275 35 14
45 Jinan urban area China 257 305 48 1.7
46 Wenzhou urban area China 205 299 94 3.8
47 Semarang urban area Indonesia 329 365 36 1.0
48 Wuxi urban area China 228 489 261 79
49 Ningbo urban area China 310 630 320 74
50 Kaohsiung urban area Taiwan, China 384 400 16 0.4
51 Changzhou urban area China 205 477 272 8.8
52 Nanchang urban area China 232 337 106 3.8
53 Urumgqi urban area China 326 466 140 3.6
54 Zibo urban area China 453 508 55 1.1
55 Taizhou urban area China 175 370 195 78
56 Malang urban area Indonesia 250 265 15 0.6
57 Lanzhou urban area China 163 194 30 1.7
58 Xinxiang urban area China 335 396 62 1.7
59 Surakarta urban area Indonesia 376 379 2 0.1
60 Tegal urban area Indonesia 216 248 33 1.4
61 Guiyang urban area China 106 150 44 3.5
62 Tangshan urban area China 421 525 104 2.2
63 Fukuoka urban area Japan 343 356 13 0.4
64 Xuzhou urban area China 249 325 76 2.7
65 Baotou urban area China 273 337 64 2.1
66 Taegu urban area Korea, Rep. 226 255 29 1.2

67 Luoyang urban area China 144 193 49 3.0
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Urban
Average Average Average expansion
annual urban urban per
rate of population population additional
Change change density, density, urban
Urban Urban in urban of urban 2000 2010 inhabitant Administrative
population,® population,® population, population (persons/ (persons/ (sq. m/ boundary
2000 2010 2000-10 (%) sq. km) sq. km) person) arrangement®
3,253,798 4,163,504 909,706 2.5 4,717 5,178 125 Fragmented
2,909,037 3,929,132 1,020,095 3.1 6,649 8,624 18 Fragmented
2,842,427 3,809,061 966,634 3.0 6,374 7,153 90 Fragmented
1,993,042 3,805,762 1,812,720 6.7 8,179 9,414 89 Fragmented
2,233,013 3,680,654 1,447,641 5.1 8,954 8,290 134 Fragmented
1,677,081 3,623,909 1,946,828 8.0 7717 8,937 97 Spillover
3,242,167 3,494,160 251,993 0.8 4,515 4,122 515 Fragmented
2,737479 3,488,541 751,062 2.5 5,650 6,339 76 Fragmented
2,489,821 3,477,619 987,798 3.4 4,058 4,534 155 Spillover
2,637,028 3,416,962 779,934 2.6 7113 8,771 24 Fragmented
2,539,073 3,412,239 873,166 3.0 7529 8,457 76 Contained
2,606,693 3,384,804 778,111 2.6 5,836 6,826 63 Fragmented
2,421,588 3,380,510 958,922 34 6,576 6,445 163 Fragmented
2,295,856 3,158,163 862,307 3.2 7,469 7,097 160 Spillover
2,832,947 3,132,865 299,918 1.0 11,798 11,384 17 Fragmented
2,255,667 2,952,471 696,804 2.7 8,792 9,694 69 Fragmented
1,693,733 2,920,413 1,226,680 5.6 8,247 9,767 76 Fragmented
2,025,802 2,857,742 831,940 3.5 6,155 7,832 43 Fragmented
1,713,658 2,808,589 1,094,931 5.1 7520 5,744 238 Contained
1,552,379 2,752,235 1,199,856 5.9 5,010 4,370 267 Fragmented
2,623,091 2,719,206 96,115 0.4 6,834 6,797 169 Spillover
1,578,729 2,698,018 1,119,289 5.5 7,706 5,654 243 Spillover
1,726,117 2,496,129 770,012 3.8 7,456 7,400 137 Spillover
1,634,389 2,460,166 825,777 4.2 5,015 5,279 170 Spillover
1,985,469 2,320,662 335,193 1.6 4,380 4,569 163 Fragmented
1,378,319 2,285,429 907,110 5.2 7,882 6,179 215 Fragmented
1,635,664 2,242,804 607,140 3.2 6,544 8,463 25 Spillover
1,618,504 2,179,529 561,025 3.0 9,910 11,264 54 Fragmented
1,775,110 2,137,221 362,111 1.9 5,304 5,393 170 Fragmented
1,589,226 2,125,451 536,225 3.0 4,225 5,615 4 Fragmented
1,433,025 2,106,735 673,710 3.9 6,640 8,480 48 Fragmented
1,482,035 2,104,868 622,833 3.6 13,924 13,997 71 Fragmented
1,836,665 2,103,384 266,719 14 4,359 4,004 390 Fragmented
1,735,889 1,992,756 256,867 1.4 5,058 5,592 51 Fragmented
1,483,869 1,910,886 427,017 2.6 5,949 5,873 178 Spillover
1,380,563 1,895,406 514,843 3.2 5,058 5,623 125 Spillover
1,589,839 1,845,485 255,646 1.5 7,035 7227 115 Fragmented
1,237,071 1,841,029 603,958 4.1 8,587 9,639 81 Fragmented

(Table continues next page)



154 East Asia’s Changing Urban Landscape

Table E.1

Changes in urban land, population, and density in urban areas with more than
1 million people (continued)

Average
annual
rate of

Increase increase
Urban Urban in urban in urban
Rank by land,? land,? land, land,
2010 urban 2000 2010 2000-10 2000-10
population Urban area name Country/economy (sg. km) (sq. km) (sg. km) (%)
68 Baoding urban area China 445 494 49 1.1
69 Huhehaote urban area China 241 291 50 1.9
70 Taichung urban area Taiwan, China 199 244 44 2.0
71 Nanning urban area China 176 236 59 2.9
72 Yogyakarta urban area Indonesia 233 234 0 0.0
73 Cixi urban area China 187 437 250 8.9
74 Sapporo urban area Japan 307 315 8 0.2
75 GeorgeTown urban area Malaysia 326 396 70 2.0
76 Datong urban area China 325 351 26 0.8
77 Cirebon urban area Indonesia 149 171 22 1.4
78 Linyi urban area China 245 348 103 3.6
79 Palembang urban area Indonesia 199 205 6 0.3
80 Tasikmalaya urban area Indonesia 78 93 15 1.8
81 Makassar urban area Indonesia 13 139 26 2.1
82 Handan urban area China 237 253 16 0.6
83 Huaiyin urban area China 308 327 19 0.6
84 Weifang urban area China 290 319 29 1.0
85 Kitakyushu urban area Japan 353 372 19 0.5
86 Cebu urban area Philippines 123 161 38 2.8
87 Changzhi urban area China 262 304 41 1.5
88 Denpasar urban area Indonesia 210 227 17 0.8
89 Anyang urban area China 217 242 25 1.1
90 Jiaozuo urban area China 259 328 69 2.4
91 Xining urban area China 131 215 83 5.0
92 Phnom Penh urban area Cambodia 107 164 56 4.3
93 Tongzhou urban area China 84 186 102 8.3
94 Haikou urban area China 167 195 27 1.5
95 P’yongyang urban area Korea, Dem. People’s 125 133 8 0.7
Rep.
96 Jiexiu urban area China 344 413 68 1.8
97 Yantai urban area China 200 246 46 2.1
98 Jember urban area Indonesia 227 231 3 0.1
99 Sukabumi urban area Indonesia 76 96 19 2.3
100 Liuzhou urban area China 119 154 36 2.6
101 Johor Bahru urban area Malaysia 271 416 145 4.4
102 Putian urban area China 291 355 64 2.0
103 Jilin urban area China 271 292 21 0.8
104 Kediri urban area Indonesia 248 274 26 1.0
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Urban
Average Average Average expansion
annual urban urban per
rate of population population additional
Change change density, density, urban
Urban Urban in urban of urban 2000 2010 inhabitant Administrative
population,® population,® population, population (persons/ (persons/ (sq. m/ boundary
2000 2010 2000-10 (%) sq. km) sq. km) person) arrangement®
1,537,185 1,835,688 298,503 1.8 3,454 3,713 165 Fragmented
1,249,880 1,825,047 575,167 3.9 5,196 6,278 87 Fragmented
1,641,289 1,815,569 174,280 1.0 8,230 7,445 255 Spillover
1,175,617 1,799,783 624,166 4.4 6,663 7,642 95 Contained
1,352,200 1,799,090 446,890 2.9 5,799 7,701 1 Fragmented
1,014,606 1,747,370 732,764 5.6 5,424 4,000 341 Spillover
1,464,374 1,705,112 240,738 1.5 4,763 5,414 31 Spillover
1,107,706 1,682,629 574,923 4.3 3,399 4,253 121 Fragmented
1,392,065 1,661,874 269,809 1.8 4,288 4,737 97 Fragmented
1,132,600 1,656,403 523,803 3.9 761 9,683 42 Spillover
1,198,264 1,655,936 457,672 3.3 4,886 4,753 225 Fragmented
1,192,519 1,602,228 409,709 3.0 5,998 7,806 16 Spillover
1,060,054 1,594,737 534,683 4.2 13,515 17,090 28 Spillover
1,094,912 1,591,997 497,085 3.8 9,684 11,464 52 Spillover
1,379,549 1,590,079 210,530 14 5,824 6,296 75 Fragmented
1,367,428 1,562,746 195,318 1.3 4,442 4,781 97 Fragmented
983,235 1,550,370 567,135 4.7 3,391 4,864 51 Fragmented
1,355,953 1,639,317 183,364 1.3 3,846 4,141 104 Fragmented
1,017,447 1,527,407 509,960 4.1 8,268 9,461 75 Fragmented
1,237,616 1,482,858 245,242 1.8 4,716 4,881 169 Fragmented
1,070,835 1,473,252 402,417 3.2 5,098 6,488 42 Fragmented
1,227,106 1,465,481 238,375 1.8 5,648 6,056 104 Spillover
1,194,575 1,430,027 235,452 1.8 4,608 4,362 291 Fragmented
953,312 1,425,406 472,094 41 7,267 6,643 177 Fragmented
917,645 1,405,381 487,736 4.4 8,546 8,596 115 Fragmented
788,922 1,401,105 612,183 5.9 9,413 7,551 166 Fragmented
954,719 1,395,896 441,177 3.9 5,706 7175 62 Contained
1,236,843 1,393,413 156,570 1.2 9,934 10,482 54 Spillover
1,190,879 1,383,251 192,372 1.5 3,457 3,352 354 Fragmented
909,546 1,364,297 454,751 4.1 4,556 5,653 101 Fragmented
1,021,160 1,358,347 337,187 2.9 4,494 5,890 10 Spillover
895,799 1,357,948 462,149 4.2 11,758 14,201 42 Spillover
1,035,513 1,329,755 294,242 25 8,716 8,617 121 Spillover
820,597 1,297,170 476,573 4.7 3,026 3,116 305 Contained
1,106,458 1,278,041 171,583 1.5 3,806 3,603 373 Contained
1,199,748 1,261,145 61,397 0.5 4,433 4,318 349 Fragmented
903,834 1,256,399 352,565 3.3 3,646 4,586 74 Spillover

(Table continues next page)
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Table E.1

Changes in urban land, population, and density in urban areas with more than
1 million people (continued)

Average
annual
rate of

Increase increase

Urban Urban in urban in urban
Rank by land,? land,? land, land,

2010 urban 2000 2010 2000-10 2000-10
population Urban area name Country/economy (sg. km) (sq. km) (sg. km) (%)
105 Maoming urban area China 135 152 17 1.2
106 Qinhuangda urban area China 256 306 50 1.8
107 Yingkou urban area China 405 442 37 0.9
108 Xingtai urban area China 186 203 17 0.9
109 Hai Phong urban area Vietnam 161 199 37 2.1
110 Yinchuan urban area China 72 157 85 8.2
m Lingxi urban area China 73 143 70 6.9
12 Xiangtan urban area China 74 156 82 78
13 Jiangyin urban area China 104 280 176 10.4
14 Daging urban area China 236 253 17 0.7
115 Jinzhou urban area China 237 262 25 1.0
116 Zhangjiakou urban area China 226 245 19 0.8
17 Garut urban area Indonesia 34 46 12 3.1
118 Mandalay urban area Myanmar m 130 18 1.5
119 Sendai urban area Japan 237 252 15 0.6
120 Cikampek urban area Indonesia 92 106 14 1.4
121 Kaifeng urban area China 193 202 10 0.5
122 Dandong urban area China 158 210 52 2.9
123 Huaibei urban area China 174 192 18 1.0
124 Chifeng urban area China 189 247 58 2.7
125 Cianjur urban area Indonesia 60 69 9 1.4
126 Kwangju urban area Korea, Rep. 87 108 21 2.2
127 Huainan urban area China 17 122 5 0.4
128 Changshu urban area China 87 244 157 10.8
129 Yungkang urban area Taiwan, China 216 226 1 0.5
130 Cilacap urban area Indonesia 94 101 7 0.7
131 Zhanjiang urban area China 103 130 27 2.3
Subtotal 26,584 33,927 7,343 2.5

Source: Study team, incorporating WorldPop data, http://www.worldpop.org.uk/data/.

Note: Numbers may not add to totals because of rounding.
a. Maps of urban expansion were produced by A. Schneider and team, University of Wisconsin-Madison, 2013, at a

250-meter resolution. In these maps, pixels containing at least 50 percent constructed surfaces are considered built up.
Urban land refers to built-up land in urban areas of 100,000 people and more.
b. Population data were taken from AsiaPop population distribution maps for built-up areas within the urban expansion

map. Urban population refers to population mapped to urban land as defined in note a.
c. “Contained” refers to urban areas whose built-up land is contained within a single administrative boundary;

“spillover” refers to those in which some built-up area (less than half) is outside the primary administrative boundary;
“fragmented” refers to those in which no single administrative boundary has even half the total urban area. Administra-
tive boundary data provided by GADM (2013); Myanmar Information Management Unit (2013); and the University of
Michigan China Data Center (2013).
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Urban
Average Average Average expansion
annual urban urban per
rate of population population additional
Change change density, density, urban
Urban Urban in urban of urban 2000 2010 inhabitant Administrative
population,? population,? population, population (persons/ (persons/ (sq. m/ boundary
2000 2010 2000-10 (%) sq. km) sq. km) person) arrangement®
982,408 1,250,113 267,705 2.4 7,294 8,241 64 Spillover
967,441 1,235,994 268,553 2.5 3,784 4,043 186 Fragmented
1,117,204 1,228,493 111,289 1.0 2,757 2,778 332 Fragmented
1,046,755 1,221,274 174,519 1.6 5,620 6,003 98 Fragmented
817,540 1,221,115 403,575 4.1 5,066 6,144 93 Fragmented
640,602 1,214,059 573,457 6.6 8,944 7,736 149 Fragmented
837,401 1,201,395 363,994 3.7 11,413 8,383 192 Spillover
675,776 1,192,105 516,329 5.8 9,155 7633 160 Fragmented
710,260 1,190,623 480,363 5.3 6,846 4,254 367 Contained
941,134 1,188,452 247318 2.4 3,995 4,704 69 Fragmented
992,998 1,153,086 160,088 1.5 4,198 4,403 158 Spillover
995,515 1,151,806 156,291 1.5 4,405 4,706 120 Fragmented
666,347 1,136,920 470,573 5.5 19,671 24,749 26 Contained
821,889 1,130,511 308,622 3.2 7,375 8,709 60 Fragmented
967,641 1,118,370 150,729 1.5 4,077 4,439 97 Spillover
762,106 1,116,340 354,234 3.9 8,295 10,556 39 Contained
992,299 1,096,110 103,811 1.0 5,148 5,415 93 Spillover
885,944 1,090,500 204,556 2.1 5,596 5,196 252 Fragmented
794,811 1,086,694 291,883 3.2 4,570 5,653 63 Spillover
901,473 1,076,946 175,473 1.8 4,776 4,365 331 Fragmented
715,682 1,066,550 350,868 4.1 11,854 15,415 25 Contained
875,400 1,037,511 162,111 17 10,098 9,634 130 Fragmented
760,337 1,028,920 268,583 3.1 6,492 8,421 19 Fragmented
514,981 1,013,254 498,273 7.0 5,902 4,151 315 Contained
966,804 1,010,274 43,470 0.4 4,481 4,464 243 Spillover
720,831 1,007,170 286,339 3.4 7,679 9,978 25 Contained
728,541 1,001,648 273,107 3.2 7,052 7712 97 Fragmented

154,651,309 211,889,294 57237985 3.2 5,817 6,245 128
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U rbanization is transforming the developing world. However, understanding the pace,
scale, and form of urbanization has been limited by a lack of consistent data. This

study aims to address this problem by using satellite imagery and other data to measure
urban expansion across the East Asia and Pacific region between 2000 and 2010. East
Asia’s Changing Urban Landscape presents trends in urban expansion and population
growth in more than 850 urban areas—by country, urban area, income group, and city size
categories—illustrated with maps and charts. It discusses findings related to increasing
urban population densities across the region and quantifies the administrative

fragmentation of urban areas that cross local boundaries.

East Asia’s Changing Urban Landscape goes on to discuss implications of the research
and outlines potential policy options for governments that can help maximize the benefits
of urban growth. These policy options include strategically acquiring land to prepare for
future urban expansion; creating national urbanization policies that address the growth of
the entire system of cities at once in order to support economically efficient urbanization;
investing in small and medium urban areas; ensuring spatial access to the poor in order to
make urban growth more inclusive; maximizing the benefits to the environment of existing
urban density through location, coordination, and design of density; and creating

mechanisms to support interjurisdictional cooperation across metropolitan areas.

Leaders and policy makers at the national, provincial, and city levels who want to
understand how trends in their cities compare with others in East Asia, as well as
researchers and students interested in the transformative phenomenon of urbanization in

the developing world, will find this book an invaluable resource.
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